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Preface

Tobacco: The public health disaster
of the twentieth century
At the dawn of the twentieth century, public health interventions and medical break-
throughs were beginning to radically curb many forms of disease and premature death
(CDC 1999a). It was also a time in which lung cancer was so rare that surgeons traveled
to witness and learn from the few operations performed to save the lives of those
afflicted (Kluger 1996; Wynder 1997). It was also a time in which an outgrowth of the
cottage tobacco industry was metastasizing into one of the largest companies in the
United States (Corti 1931; Taylor 1984; White 1988). That company was the American
Tobacco Company, and it came to rival US Steel and Standard Oil as an economic and
political powerhouse in the first few two decades of the twentieth century (Taylor 1984;
White 1988). In the decades to follow, it would come to be rivaled by no industry and
no war in terms of destruction of human life. By the end of the twentieth century, the
offspring of this company, which I will collectively refer to as ‘Big Tobacco’, were selling
enough cigarettes to kill more than 400 000 people annually in the United States and
5 million, worldwide (Garrett et al. 2002). On current course, the global trajectory will
increase to 10 million deaths per year early in the twenty-first century and will cost the
lives of nearly one-half of the world’s 1.1 billion cigarette smokers (World Bank 1999).

The enormity of that number is almost incomprehensible, but in terms of lives lost
to tobacco, it is equal to the Titanic sinking every 27 min for 25 years, or the Vietnam
War death toll every day for 25 years.

These statistics can become numbing by their almost inconceivable magnitude. So it
becomes important to frame the challenge, and our focus, constructively. When I became
the United States’ spokesperson for AIDS in the early years of the epidemic, I said we
were fighting a disease, not the people who had it. For tobacco use, however, I have to say
that we are fighting the diseases produced by tobacco as well as the purveyors of
tobacco products, who have knowingly spread disease, disability, and death throughout
the world. We should not ostracize those who have been harmed the most, namely
tobacco-addicted persons, but rather should work with them to reduce their risk of
disease and to prevent the further spread of this deadly affliction. Ostracism should
be reserved for those whose greed and duplicity have made Big Tobacco our most
loathsome industry.

Insofar as the vector that spreads the disease is Big Tobacco, the major challenge is to
isolate and contain it. This will not be easy. Big Tobacco enjoys unparalleled protection
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from legal recourse, and possesses enormous political influence and economic power
that it is willing to use to undermine public health efforts (Orey 1999; Kessler 2000).
In addition, it sells a highly addictive product that, ironically, makes many of its
most debilitated consumers its strongest supporters (Taylor 1984; Kluger 1996;
Givel and Glantz 2001). By way of contrast, there are probably few malaria-afflicted
persons who would fight for their ‘right’ to continue to be exposed to the mosquitoes
spreading this disease, nor are HIV-afflicted persons lobbying for the right of
other persons to willfully afflict others with the disease, but there is a ‘smokers rights’
movement, which must be appropriately addressed and hopefully recruited to the side
of public health.

The enormity and complexity of the public health assault demands a broad and
sophisticated public health response. I would like to take this opportunity to comment
briefly on what I believe should be our vision for health, and how we can achieve it.
I will begin with a few additional comments on how we got to this place in the epidemic,
because an understanding of these issues is crucial in addressing the problem.

Historical perspective
Tobacco use and addiction have existed for centuries, and there surely was resultant
death and disease (Corti 1931; US DHHS 1989). However, tobacco-based mass destruc-
tion of life on a global scale was only possible with the emergence of multinational
companies capable of the daily production and distribution of billions of units of the
most destructive of all forms of tobacco—the cigarette. Further, the modern cigarette
has extraordinarily toxic and addictive capability: its increasingly smooth and alkaline
smoke both enable, and require, inhalation of the toxins deep into the lungs to maxi-
mize nicotine absorption. James Albert Bonsack, who invented the modern cigarette
machine, also deserves some discredit; however, if he hadn’t invented it, someone else
would have done so soon enough.

In the early days of the industry’s growth, tobacco manufacturing and selling might
have appeared to be a legitimate form of consumer product development and marketing.
However, there were two important distinctions between legitimate consumer market-
ing and the tobacco industry that were not generally recognized until decades after the
industry was well entrenched in the economic and political framework of many coun-
tries, and the fabric of their cultures. The first distinction was clearly appreciated by
the first modern cigarette marketers, i.e. following a few occasions of smoking, many
cigarette smokers would come to be as addicted to their daily fix of tobacco as other
drug addicts become to their form of narcotic. The industry discovered that nicotine
was critical to this process (US DHHS 1988; Slade et al. 1995; Hurt and Robertson
1998; Kessler 2000). The second distinction was that cigarette smoking carried a sub-
stantial risk of lung cancer, as discovered in the pioneering studies of Richard Doll,
Alton Ochsner, Ernst Wynder, and others in the 1950s (Wynder 1997).
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The cigarette companies hid much of their knowledge of the addiction issue and, until
recently, disputed the possibility that cigarette smoking was addictive (Kessler 2000).
The industry addressed the lung cancer issue head on in the press, with their Frank
statement to cigarette smokers, published in major newspapers in 1954. In this state-
ment, Big Tobacco disputed the link between cigarette smoking and lung cancer,
accepted an interest in people’s health as a basic responsibility, and pledged to cooperate
closely with public-health experts, among other promises broken long ago. Such strate-
gies enabled Big Tobacco to buy time, buy influence over politicians, buy exemptions
for their products from consumer product laws intended to minimize unnecessary
harm from other products, and even to buy questionable science in an effort to under-
mine, or at least complicate, interpretation of the science that damned their products
(Taylor 1984; White 1988; Kluger 1996; Hirschhorn 2000; Hirschhorn et al. 2000).

In the 1960s the US Federal Trade Commission (FTC) tried to provide consumers
with a means of selecting presumably less toxic products and to provide cigarette com-
panies with an incentive to make such products. The Commission adopted a cigarette
testing method originally developed by the American Tobacco Company (Bradford
et al. 1936) and later recognized as the FTC method for measuring tar and nicotine
levels (National Cancer Institute 1996, 2001). Big Tobacco responded by developing
creative methods to circumvent the test, in order to enable consumers to continue to
expose themselves readily to high levels of tar and nicotine with ‘elastic’ cigarette
designs, and then to thwart efforts to revise constructively the testing methods
for greater accuracy (National Cancer Institute 1996, 2001; Wilkenfeld et al. 2000).
The FTC method was codified internationally as the International Standards
Organization (ISO) method and Big Tobacco globally extended its deadly game of con-
sumer deception and obfuscation of efforts to provide meaningful information about
the nicotine and toxin deliveries of its products (Bialous and Yach 2001; World Health
Organization 2001).

It was not until the 1990s that the American Cancer Society (Thun and Burns 2001)
and National Cancer Institute (1996) recognized that the advertised benefits of
so-called ‘reduced tar’ or ‘light’ cigarettes were virtually nonexistent, and that the mar-
keting of these products may have actually impaired public health by undermining
tobacco use prevention and cessation efforts (Stratton et al. 2000; Wilkenfeld et al.
2000; National Cancer Institute 2001). Many smokers, realizing the scientifically
proven health risk to smoking cigarettes, switched to ‘reduced tar’ or ‘lighter’ cigarettes,
believing they were doing the reasonable thing to reduce risk and improve their health.
We can never let history repeat itself. As Big Tobacco, and small tobacco companies,
attempt to entice us with the false promises of their new generations of so-called
‘reduced risk’ products (Fairclough 2000; Slade 2000), we must be at least as skeptical
of them as we would be of pharmaceutical and food products sold on the basis of their
health claims (explicit or implied). Scientific proof to the satisfaction of an empowered
agency, such as the Food and Drug Administration, must be the gold standard for
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‘reduced risk’ or other health claims made by the tobacco industry. This standard
should apply to claims including those implied through the use of terms such as ‘light’
or ‘low tar’. Meeting the standard should be required prior to the marketing of any
new brand of cigarettes and any new type of tobacco product making such claims.

My vision for tobacco and health in the twenty-first century
My vision for the future is simple and achievable: To improve global health by drastically
reducing the risk of disease and premature death in existing tobacco users and by sever-
ing the pipeline of tomorrow’s tobacco users. I turn your attention to Fig. 1, developed
by the World Bank (1999), projecting mortality from the middle of the twentieth cen-
tury to 2050 (see above, p. 00). This figure illustrates the grim current course. What gives
us hope for the future is the powerful effect of reducing disease by smoking cessation.
The benefit would be apparent within a few years, because there is a dramatic reduction
in risk of heart disease, evident within 1–2 years of smoking cessation. I believe it is
within our reach to do much better than the effect predicted by the World Bank, a
decrease in tobacco-related deaths of almost 200 000, but the public-health community
will need to marshal powerful political allies to impact that projected figure. We need to
make it as easy to get treatment for tobacco addiction as it is to get the disease.

In addition to the dramatic impact of smoking cessation, is the delayed, but powerful,
effect of preventing initiation. It will have only a minimal effect by 2050, because
the main increase in mortality does not begin until about age 50. Therefore, the effect
will be apparent about 30–50 years after prevention, as the generation exposed to
prevention reaches the age at which smoking-caused diseases begin to escalate
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dramatically. Once more, I am not satisfied with a goal of 50% reduction of initiation,
because I think we can do better. If we look at the results of tobacco prevention and ces-
sation efforts in California and Massachusetts during the 1990s, we see that smoking
initiation and prevalence can be reduced, and it is reasonable to predict even stronger
results if the efforts and expenditures were more commensurate with the magnitude of
the health problem caused by tobacco (CDC 1999b, 2000). I would also point out that
Fig. 1 shows only premature mortality; it does not include the important, and more
rapid, benefits of preventing initiation in terms of projected missed days of school, and
lost work productivity due to diseases that may not be life threatening, but can be debil-
itating and account for unnecessary suffering. Of course, the greatest effect on smoking
prevalence in the near and long term would be from the simultaneous reduction of initi-
ation and increase in cessation, which could have synergistic effects (Farkas et al. 1999).

I believe that my vision is possible because we already have the science foundation to
support substantial progress. We know enough to predict significant reductions in risk
through substantial increases in smoking cessation (US DHHS 1989; World Bank
1999). We have treatments, both behavioral and pharmacological, that can help people
quit smoking at far less cost per person and far greater cost benefit than treatment
costs of many of the diseases caused by tobacco (Cromwell et al. 1997; World Bank
1999). We know that the prevention of initiation of tobacco use can be accomplished
by comprehensive educational programs that increase awareness of the harms inherent
in smoking, and by decreased access and increased costs at the point of purchase
through increased tobacco taxes (Kessler et al. 1997; Chaloupka et al. 2001; Bachman
et al. 2002). We have a solid scientific foundation that will allow us to move forward
and make considerable progress in the US and globally (WHO 2001).

Realizing the vision
I have already touched upon some of the elements that will be critical to the realization
of my vision for the twenty-first century, and many other potential features are dis-
cussed in this volume. At this point, I would like to make some general observations
that I think are particularly important for focusing our efforts, so that we may achieve
our goals.

First, we have to understand that we are fighting disease and Big Tobacco, not ciga-
rette smokers. We have to isolate and contain Big Tobacco interests in the interest of
health. We have to fight for the resources to support the science that is yet needed, and
to support the application of its lessons in order to protect those who do not use
tobacco products, and to serve those who are addicted and those who will yet become
addicted. We need to work to keep our political leaders on the right path, or the powerful
interests of Big Tobacco will surely deliberately lead them astray.

As I have written before, we will have to channel outrage to ensure that, from local
communities to the global community, we do not become complacent. Our tasks will
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consume all the energy we can muster (Koop 1998a). Consider that on the backs of the
approximately 50 million smokers in the United States alone, lawsuit settlements
generated a potential monetary pipeline approaching 10 billion US dollars per year for
25 years. But across the nation, the percentage of these funds being used to contain
Big Tobacco, to prevent initiation, and to treat the addicted is in the single digits. The
decisions to divert the vast majority of those funds have been unconscionably wrong,
and I continue to wonder at the relative absence of outrage at this fact (Koop 1998a, b).
Perhaps I should not be surprised, because, as I have reviewed previously secret docu-
ments from Big Tobacco, I have seen that this is not only an evil industry, it is also one
that has ensnared its potential political, regulatory, and legal adversaries as tightly as it
has the consumers of its products.

Moving forward will require us to build linkages to isolate and contain Big Tobacco.
The linkages we need are many and varied. Global, country, community, and organiza-
tional linkages are needed to coordinate policy and political efforts. Linkages among
research, education, and service sectors are important to maximize their impact.

In addition to linkages, there is much about the process of initiation and mainte-
nance of tobacco addiction that needs to be considered if we are to prevent and treat
it more effectively. We need to consider racial, gender, age-related, cultural, and philo-
sophical issues to prevent tobacco use, just as Big Tobacco exploits these same charac-
teristics to initiate the use of its products. We need to appreciate the fact that once
exposed to the pernicious effects of tobacco-delivered nicotine, the structure and
function of the brain begins to change, so that tobacco use is not a simple adult choice.
It is, in part, a behavioral response to deeply entrenched physiological drives created
by years of daily exposure to nicotine during the years of adolescent neural plasticity.
This means that tobacco users will need education to guide their decisions and, often,
treatment support, to act upon them. Addiction to tobacco-delivered nicotine should
be considered the primary disease, to which the major causes of morbidity and prema-
ture mortality are secondary. We should treat it no less seriously than we treat conse-
quences such as lung cancer and heart disease, because treatment of addiction may
help avoid the subsequent need for treatment of lung cancer and heart disease. In fact,
such efforts will support prevention because the children of parents who quit smoking
are half as likely to initiate, and twice as likely to try quitting if they have already begun
(Farkas et al. 1999).

Our prevention and containment messages need to move people to action. Decades
of research show that perception of harm is a major determinant of use and addiction
to drugs, ranging from tobacco to cocaine and marijuana (Bachman et al. 2002).
Messages that generate emotion convey information about the harms that are mean-
ingful to the targeted populations, and messages that challenge the myths that have
been foisted upon the public by Big Tobacco need to become as ubiquitous as Big
Tobacco’s lies. More than ‘tobacco kills’, we need consumer-tested messages to ensure
that every individual understands that using tobacco does a lot more than simply ‘kill’,
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it impairs quality of life for years until the killing is accomplished. Similarly, policy
makers should care about reduced productivity and economic viability of the work-
force, if not the economics of tobacco-caused disease (Warner 2000).

Our efforts to communicate the relevant reasons for freedom from tobacco will be
countered by Big Tobacco, and we must resolve to never again let its false and mislead-
ing statements go unanswered. We need a strong voice to ensure that policy makers
know the truth about the tobacco products of today and tomorrow. We are beginning to
see the twenty-first century version of ‘low tar’ cigarettes from the tobacco industry—
new products with even stronger allusions to reduced risk, with even less precedent
upon which to base policy and reaction. We must not forget the lessons of the twentieth-
century products and product promotions that were intended, by Big Tobacco, to
address smokers’ concerns, even as they perpetuated the pipeline of death and disease
(Kessler 2000). The release of the tobacco industry documents has been a treasure
trove for tobacco-control advocates and policy makers alike. It is tantamount to crack-
ing the genetic code of the malaria-carrying mosquito, or the operational plans of an
illicit drug smuggling ring. This inside knowledge does not make our course of actions
as clear or as easy as we would like, but it provides a sobering view of what we are up
against and what kinds of challenges we face.

Getting the message out
I would like to propose a strategy for ensuring that public perceptions will begin to
reflect the truth about tobacco. The experience in California and elsewhere has shown
that effective public education strategies can mobilize action, and reduce smoking
(Balbach and Glantz 1998). However, to be effective we need to know who the public is,
how the public can use our expertise, and what the public should know.

Who?
The public is a diverse patchwork of cultures, each with special languages, values,
norms, and expectations. I propose that at least one-third of our strategic planning
and daily endeavors be devoted to understanding cultural diversity, protecting human
dignity, and helping each ‘public’ develop its own means to become free of tobacco
disease.

How?
We can take as a starting point the fact that the information and emotions held by con-
sumers with respect to tobacco products are derived heavily from explicit advertising,
and implicit purchasing of good will, by Big Tobacco, such as its ‘philanthropic’ efforts
to sponsor sporting events, entertainment, charities, and, in some countries, public
street signs and traffic signals. Following well-accepted principles of advertising, our
message must be simple, consistent, pervasive, repetitious, and delivered through many
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sources. It must be framed so that it is interesting and relevant to the intended listeners.
Although our motivation may be to reverse the course of death and disease, our
message should be upbeat and provide hope and opportunity, rather than the promise
of death and disease.

We must engage all manner of organizations that provide for society and its well-
being. Even as the tobacco industry has attempted to subvert various organizations, we
must reclaim them to serve humanity, and to help disseminate messages of freedom from
tobacco and its attendant diseases. There can be no place for turf wars or divisive exer-
cises if we are to maximize our effectiveness. Unity should be the watchword, from the
level of local community organizations to the World Health Organization. To reach the
diverse populations of smokers, we must enlist the support of a diversity of organiza-
tions, as measured by culture, ethnicity, and even those with entirely different purposes,
ranging from religious organizations to hobby industries, to the entertainment industry.

What?
It is clear that the motivation of Big Tobacco is greed. I believe greed that flourishes at
the expense of the destruction of millions of lives a year can only be described as evil; it
cannot be reconciled with personal and corporate ethics and morality. Such greed is
infectious and pervasive, and in the tobacco industry extends into the realm of finan-
cial investment. Those who hold large portfolios such as, colleges, universities, pension
plans, etc., by keeping investments in tobacco stock, have convinced themselves that the
rules of the marketplace override separation from evil if a profit is to be made. President
Reagan called the Soviet Union, ‘the evil empire’, and President George W. Bush referred
to Iraq, Iran, and North Korea, as ‘the axis of evil’. Yet these entities to whom evils were
attributed have not killed more than 400 000 citizens of the United States, or millions
worldwide, each year. The evil empire is Big Tobacco and, unlike military and political
enemies who say, ‘I intend to kill you if I can’, Big Tobacco disguises its evil with the
invitation to light up, and become alive with pleasure.

We need more focused themes that can be communicated effectively. The public
needs to know that good health and quality of life are taken away by tobacco, and
are achieved through its avoidance. The public needs to know that the so-called
economic benefits of tobacco to society are naught, and that stronger economic health
at the individual and national level is possible without tobacco. The public also needs
to know that commercial speech in the form of advertising can be appropriately held
to standards of truth and scientific proof, even within the context of freedom of
speech. The public needs honest information about the ingredients and design features
of their products, presented in a regulated manner, so that, under the guise of full
disclosure, the industry is not given new tools to promote their products. Finally,
the public needs to know that the tobacco industry does not represent business as
usual. Big Tobacco has stepped beyond the bounds of even the most unethical of busi-
ness practices. This has been made evident through the disclosure of previous secret
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documents and through litigation by State attorneys general in the United States and
elsewhere.

A place for harm reduction?
Much of public health can be viewed as efforts to reduce disease prevalence and sever-
ity by reducing exposures to pathogens, and by treating those exposed. In principle,
this approach could be applied to reduce the death and disability caused by tobacco in
ongoing tobacco users. This has been discussed elsewhere, and in this volume, with
respect to tobacco (Food and Drug Law Institute 1998; Warner et al. 1998; Stratton et al.
2000; Henningfield and Fagerstrom 2001; Warner 2001). It is certainly one of the most
controversial elements among potential strategies for reducing the risk of death and
disease in tobacco users who, despite our best efforts, will be unable to completely
abstain from tobacco. We should not ignore their plight anymore than we should
ignore the plight of the person who has contracted a tobacco-caused disease. After all,
their volitional control over their tobacco use may be little different than their voli-
tional control over the expression of cancer in their bodies. Furthermore, if we can
reduce their risk of disease despite aspects of their behavior that we cannot control, are
we not better off, both as a global community and as individuals? Here again, I draw
upon my experience with the HIV epidemic in the United States. Before we were even
certain that a virus was the etiological culprit, I, as the nation’s surgeon general, advo-
cated strategies to reduce the spread of the disease—strategies ranging from the use of
condoms to drug abuse measures, including treatment. Despite our best efforts, we
could not eliminate risky sex or drug abuse, but we were able to reduce the spread of
the disease by reducing the risk of transmission (Bullers 2001).

The problem with harm reduction approaches is that may pose theoretical benefits
to a few individuals, along with real and theoretical risks to many others. This was the
experience with smokeless tobacco products in the United States, in which relatively
few recalcitrant cigarette smokers may have switched from cigarettes to snuff, incur-
ring theoretical (but as yet uncertain) disease reduction, while, at the same time, a new
epidemic of smokeless tobacco was observed in young boys, who happened to be
athletes (US DHHS 1986). In this domain I concur with the general conclusions of the
Institute of Medicine report, which said, in essence, that although there is great poten-
tial to reduce disease by harm-reduction methods, none have yet been studied ade-
quately to allow their promotion, and those promoted by tobacco companies, in
particular, carry substantial risks of worsening the total public health picture by under-
mining prevention and cessation (Stratton et al. 2000). This is also an area in which
our science needs to be substantially expanded, because, at present, the main body of
knowledge pertaining to the potential health effects of tobacco product design and
ingredient manipulations seems to reside within Big Tobacco. This has been proven an
unreliable source of complete and accurate information. In the future we cannot be
held hostage to such a state of affairs.
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Concluding comments
I have a vision for public health that is optimistic and realistic. In my lifetime, I have
seen the rise and fall of epidemics, and I have come to believe that well-intentioned
men and women, motivated by a will to serve and guided by science, can control dis-
ease and eradicate plagues. Unlike other epidemics, the disease of tobacco addiction
and its many life-threatening accompaniments has an important ally in Big Tobacco.
But no form of institutionalized evil can perpetuate itself for long when the truth
about its intentions and methods becomes known. Therefore, it is realistic to believe
that we will turn the tide on this epidemic. We will isolate and contain Big Tobacco,
and we will see the decline of tobacco-caused disease and disability. We have the foun-
dation to make tobacco-caused disease history, and the dawn of the next century
a time that, once again, will see lung cancer a relative rarity.

There is not unanimity among those in the profession of public health concerning
how Big Tobacco should be brought to its knees. Some public-health advocates believe
it is possible to have a dialog with Big Tobacco; this implies that it is possible to negotiate
morality with Big Tobacco, even though the industry has deliberately spurned such
opportunities for many decades, while using their deceitful data to serve the ends of
greed rather than health. These folks in public health, in general, are kind, compassionate,
and truly believe that the tobacco industry will eventually come around. It is my belief
that nothing is further from the truth. I firmly believe that the aforementioned tactic
will never work, but with due diligence, the second tactic might work under carefully
orchestrated circumstances.

There is another segment of the public-health profession that has quite a different
attitude toward Big Tobacco and thinks that the only way it can be brought to its knees
is to destroy it as it presently exists. In days of yore, when military combatants pro-
tected themselves with suits of armor, combat was at close quarters, and frequently
hand-to-hand. You destroyed your enemy by finding the chink in his armor and
through it you thrust your spear, shot your arrow, or guided your blade.

Isn’t it time that public-health people, united, studied the armor of Big Tobacco care-
fully, found the chinks therein, and acted accordingly? The tobacco enemy is big,
powerful, extraordinarily wealthy, and has learned to practice its deceitful ways over
half a century, but the one thing it does not have on its side is righteousness. I do believe
that, in the long run, Big Tobacco can be brought to its knees with the combined right-
eous outrage of the citizens of the world.

Of course, none of this will be easy, and we do not have all the answers to the ques-
tions before us. Never has so deadly an epidemic been so well protected by intertwined
commercial and political interests. But never has so deadly a commercial empire faced
so many assaults on so many fronts. I do believe in the ultimate triumph of right over
wrong. The tobacco industry has been blatantly and reprehensibly wrong for much of
the twentieth century, and is attempting to extend that record into the twenty-first, but
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it will not succeed. Now that the truth has leaked out through documents, through
research, and through testimony in the courtroom, the clock cannot be turned back
and its denials will not hold. Good people will not allow the lies to stand, nor the
destructive course to be stayed. Good and dedicated people need to work together,
from the voluntary workers in the charitable organizations, to the public-health
leaders, and to many leading politicians, who, increasingly, are refusing to take tobacco
money and are willing to stand up for public health. The challenge will not be easy,
but there is a public-health path, and I predict that many will follow it.

As a doctor, and as the nation’s surgeon general, I learned to be guided by scientific
truth, even as I was motivated by basic principles of justice and service to humanity.
My appraisal of the state of the science confirms that reducing tobacco-caused disease
is an achievable goal, and that continued research can be the supportive companion of
our public-health efforts. When the history of the twenty-first century is written,
I believe it will be observed that its dawn was the beginning of the end for Big Tobacco
and its diseases, and that by its end, lung cancer was once again relegated to the status
of a rare disease.

Koop Institute, Dartmouth College C. Everett Koop
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The publication of this book is timely. Over fifty years after the establishment of the
substantial evidence that tobacco caused a great deal of serious disease we are about
halfway through the global tobacco epidemic. Declines in consumption and mortality
in (some) developed countries are being matched by increases in the developing world,
but it seems likely that global tobacco consumption may have reached its peak and be
starting to decline.

The severity and social costs of this epidemic are defined clearly now and are covered
in the relevant chapters. The reader will probably come to share the editors’ wonder
that such a controllable man-made epidemic, of complex diseases but simple aetiology,
has resisted public health attempts to control it for so long.

The scientific understanding of tobacco, tobacco smoke, and the relationships with
disease are now well understood and new factual knowledge in these fields is unlikely
to change this greatly. The major toxic and carcinogenic components of smoke are
known and the mechanisms by which these substances cause disease is becoming clear.
Knowledge exists which, if applied, could reduce the disease-causing potential of
tobacco. Although it is clear that no safe cigarette will ever be manufactured, less dan-
gerous variants and other forms of nicotine delivery systems are either here or on the
horizon, albeit not at the stage where they can compete with current tobacco products
for the global nicotine addiction market.

The chemistry and physiology of nicotine are well documented and the addictive
properties of the drug well delineated. The mechanism of addiction is reasonably well
understood even though there remains much to learn about methods of treatment and
whether there is a substantial genetic contribution towards susceptibility to addiction.

Why, then, is progress against tobacco use and mortality so slow?
The answer lies in the sections devoted to prevalence, policy, and tobacco-related

behaviour. A further component of the answer lies in the societal failings of our politi-
cal systems to deal with the corrupting effects of tobacco industry’s behaviour, and to
focus on preventing what is preventable about the factors contributing to initiation of
the habit. Another failure is the lack of effort committed to stimulating cessation
efforts which offer the greatest promise of early (i.e. within one to two decades) mor-
tality decreases, associated with consideration of better sources of competitive nicotine
delivery products.

This book sets out to cover the known levers which could be pulled to reduce
tobacco’s death toll. The information in it will be useful to any student or practitioner
of medicine and other health sciences who will gain an understanding of the crucial
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relationships between science and policy, plus a realistic appraisal of the difficulties
which must be overcome before policy is actually applied in the marketplace.

Only when the knowledge we have is used will this most devastating epidemic be
brought to a close. This challenge is global.

The authors have been chosen with care for comprehensive knowledge of their topic
and global reputation in their fields, and the editors express their thanks for the whole-
hearted cooperation received.
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Chapter 1

Evolution of knowledge of the
smoking epidemic

Richard Doll

Introduction
Tobacco was grown and used widely in North, Central and South America for two to
three millennia before being introduced to Europe at the end of the fifteenth century.
Its use was promoted initially for medicinal purposes, for the treatment of a variety of
conditions from cough, asthma, and headaches to intestinal worms, open wounds, and
malignant tumours, when it was prescribed to be chewed, taken nasally as a powder,
or applied locally.

The use of tobacco for pleasure was discouraged by Church and State and it was not
until the end of the sixteenth century that it came to be smoked widely in Europe, at
first in pipes in Britain, where it was popularized by Sir Walter Raleigh. Here it became
so common that by 1614 there are estimated to have been some 7000 retail outlets in
London alone (Laufer 1924). Attempts to ban its use for recreational purposes were
made in Austria, Germany, Russia, Switzerland, Turkey, India, and Japan, but prohibi-
tion was invariably flouted and control by taxation came to be preferred. This eventu-
ally proved to be such an important source of revenue that, in 1851, Cardinal Antonelli,
Secretary to the Papal States, ordered that the dissemination of anti-tobacco literature
was to be punished by imprisonment (Corti 1931).

Gradually, the way in which tobacco was most commonly used changed. By the end
of the seventeenth century, its use as nasal snuff had spread from France, largely replac-
ing pipe smoking. This practice remained common until a century later, when it, in
turn, began to be replaced by the smoking of cigars, which had long been smoked in a
primitive form in Spain and Portugal. By then cigarettes were already being made in
South America and their use had spread to Spain, but it was not until after the Crimean
War that they began to be at all widely adopted. They were made fashionable in Britain
by officers returning from the Crimea, and by the end of the nineteenth century ciga-
rettes had begun to replace cigars. Consumption in this form increased rapidly during
the First World War, and by the end of the Second World War cigarettes had largely
replaced all other tobacco products in most developed countries.

By this time, smoking had become so much the norm for men that, in Britain, some
80 per cent were regular smokers and some doctors even offered a cigarette to patients
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who came to consult them, to put them at their ease. Women began to smoke in large
numbers much later, except in New Zealand, where, by the end of the nineteenth cen-
tury, Maori women were commonly smoking pipes. Then, in the 1920s, women began
to smoke cigarettes, at first in the USA and then in Britain, where the practice gained
popularity during the Second World War, as an increasing proportion of women began
to work outside the home and have an independent income. However, in many other
developed countries, women have begun to smoke in large numbers only in the past
few decades.

The reason for the swing to cigarettes
The important change in the use of tobacco, for its impact on health, was the swing to
cigarettes. This was brought about by two industrial developments. The first was a new
method of curing tobacco. With the old method, the smoke that had come from pipes
and cigars was alkaline, irritating, and difficult to inhale. However, the nicotine in it
was predominantly in the form of a free base which could be absorbed across the oral
and pharyngeal mucosa. Blood levels of nicotine could consequently be high and
addiction was readily produced; but only small amounts of other constituents were
absorbed. The new method, called flue-curing, was introduced in North Carolina in
the mid-nineteenth century (Tilley 1948). It exposed the leaf to high temperatures and
increased its sugar content, which caused the pH of the smoke to be acid. In this envi-
ronment, the nicotine was predominantly in the form of salts and was dissolved in
smoke droplets, which were less irritating than the free base and easier to inhale. With
each inhalation there was a rapid rise in the level of nicotine in the blood, which
was perceived in the brain, and was particularly satisfying to the addict, but other
constituents of the smoke were also absorbed and distributed throughout the body.

The second development was mechanical: namely, the introduction of cigarette-
making machines. One was patented in 1880, and was eventually adapted by the Duke
family to work so efficiently that 120 000 cigarettes of good quality could be produced
every 10 hours by one machine, the equivalent of the production of about 100
unassisted workers. As a result, the price fell and a mass market became feasible.

The impact of tobacco on health
Until cigarette smoking became common, very little evidence of harmful effects was
detected—for the good reason that relatively little harm was probably caused. One
harmful effect, which was first suggested more than 200 years ago (Sömmering 1795),
was the production of cancer of the lip. In the course of the nineteenth century, on the
basis of clinical series in France (Bouisson 1859), Germany (Virchow 1863–7), and the
United Kingdom (Anon 1890), additional consequences were linked to smoking, such
as the production of cancers of the tongue and other parts of the mouth. These find-
ings, are now simply explained because we know that these cancers can be produced at
least as easily by the smoking of pipes and cigars as by the smoking of cigarettes.

EVOLUTION OF KNOWLEDGE OF THE SMOKING EPIDEMIC4
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However, little attention was paid to these effects by clinicians, who characterized can-
cer of the lip as the result of smoking clay pipes, which was a custom of agricultural
workers. When, as a medical student in the mid-1930s, I asked the senior surgeon
at my teaching hospital whether he thought pipe smoking or syphilis was a cause of
cancer of the tongue, he replied that he didn’t know, but that the wise man should
certainly avoid the combination of the two.

However, one disease was unequivocally attributed to tobacco, and taught as being
so: namely, tobacco amblyopia. It was described by Beer in 1817, and occurred in heavy
pipe-smokers in combination with malnutrition. It was probably caused by the
cyanide in smoke not being detoxified because of a deficiency of vitamin B12 (Heaton
et al. 1958). The disease is no longer seen, at least in developed countries.

The early impact of cigarette smoking
With the advent of the twentieth century, several new diseases began to be associated
with smoking: first, intermittent claudication, which was described by Erb in 1904 and
then, in 1908, a rare form of peripheral vascular disease affecting relatively young peo-
ple, which Buerger called thrombo-angiitis obliterans, and which has subsequently
been named after him. It is now recognized that both diseases were made much more
common by smoking, with the latter almost limited to smokers, but neither reached
the epidemic proportions that two other, relatively new, diseases achieved in the next
few decades.

One of these was coronary thrombosis or, as we would now prefer to say, myocardial
infarction. It was first described at autopsy in 1876 (Hammer 1878), although it had
certainly occurred earlier, and it was not diagnosed in life until 1910, when it was diag-
nosed by Herrick (1912) in Chicago. Subsequently it was reported progressively more
often every year for four or five decades. As early as 1920, Hoffman, an American stat-
istician, linked the increase in coronary thrombosis with the increasing consumption
of cigarettes. Several clinical studies of the relationship between the disease and smok-
ing were published, but the findings were confused, and no substantial evidence was
obtained until 1940, when English et al. reported finding an association in the records
of the Mayo Clinic. Their findings led them to conclude that the smoking of tobacco
probably had ‘a more profound effect on younger individuals owing to the existence of
relatively normal cardiovascular systems, influencing perhaps the earlier development
of coronary disease’. However, they eschewed reference to causation, because the sub-
ject would be controversial, adding perceptively that ‘Physicians are not yet ready to
agree on this important subject’. That cigarette smoking played a part in the increasing
incidence of the disease was eventually clearly demonstrated. The association was not
close enough for it to have been the only cause of the increase, or even probably the
most important, and, unlike the other disease that burst into medical prominence in
the first half of the twentieth century, the full explanation of its rapid increase is still a
matter for debate (Doll 1987).
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The other disease was, of course, cancer of the lung. Until then it had been thought
to be exceptionally rare. A small cluster of cases in tobacco workers in Leipzig had led
Rottmann to suggest, in 1898, that the disease might be caused by the inhalation of
tobacco dust. The first suggestion that it might be due to smoking was not made until
14 years later, by Adler (1912), who noted that, although the disease was still rare, it
appeared to have become somewhat less so in the recent past. Many people were subse-
quently struck by the parallel increase in the consumption of cigarettes and the inci-
dence of the disease and by the frequency with which patients with lung cancer
described themselves as heavy smokers, several even ventured to suggest that the two
were related (Tylecote 1927; Lickint 1929; Hoffman 1931; Arkin and Wagner 1936;
Fleckseder 1936; Ochsner and de Bakey 1941). However, few believed it. Koch’s postu-
lates, which were taught as criteria for determining causality, could not be satisfied, as
one required the agent to be present in every case of the disease and cases certainly
occurred in non-smokers. Moreover, pathologists generally failed to produce cancer
experimentally by the application of tobacco tar to the skin of animals. Only Roffo
(1931), in Argentina, succeeded in doing so, and his results were discounted in the
United Kingdom and the United States because he had produced the tar by burning the
tobacco at unrealistically high temperatures. However, diagnostic methods had
certainly improved, notably the widespread use of radiology and bronchoscopy, and
the idea that the increase in the incidence of the disease was an artefact of improved
diagnosis came to be widely believed.

Three case-control studies that were carried out in Germany and The Netherlands
between 1939 and 1948 should have focused attention on smoking, as all three suggest-
ed, albeit on rather inadequate grounds (Doll 2001), that smoking was a possible cause
of lung cancer. However, the war distracted attention from the German literature
(Müller 1939; Schairer and Schöniger 1943), and the Dutch paper (Wassink 1948) was
published in Dutch and not noticed widely for several years. Outside Germany, smok-
ing was still commonly regarded as having only minor effects as late as 1950, and inside
Germany, where chronic nicotine poisoning had been thought to produce effects in
nearly every system, the reaction against the Nazis brought with it a reaction against
their antagonism to tobacco—for propaganda against the use of tobacco had been a
major plank in the public health policy of the Nazi government (on the grounds that it
damaged the national germ plasm and that addiction to it detracted from obedience to
the Führer) (Proctor 1999).

The 1950 watershed
Then in 1950, five case-control studies were published in the United Kingdom (Doll
and Hill 1950) and the United States (Levin et al. 1950; Mills et al. 1950; Schrek et al.
1950; Wynder and Graham 1950), with much larger numbers of cases and, in some, so
refined a technique, that Bradford Hill and I were able to conclude that ‘cigarette
smoking is a factor, and an important factor, in the production of carcinoma of the
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lung’ (Doll and Hill 1950). The results were given wide publicity, but the conclusion
was not widely believed. Medical scientists had as yet to appreciate the power of epi-
demiology in unravelling the aetiology of non-infectious disease. Statisticians had
failed to recognize the implication of such high relative risks as those estimated from
the findings, and argued that the association with smoking might be due to confound-
ing with some other factor that was the true cause of the disease. Fisher (1957), of
international statistical fame, thought that the lack of an association with inhaling in
our first report was a major difficulty, and preferred the idea that some genetic factor
caused both the disease and the individual to want to smoke, while Berkson (1955), a
leading medical statistician at the Mayo Clinic, argued that the cases and the controls,
not being random samples of the population, might have been subject to selection
bias. The tobacco industry was consequently able to present the findings as controver-
sial. However, Scientific curiosity had been aroused, a great deal of research was initiat-
ed, and government departments were forced to consider the implications of the
findings for the practice of public health.

Acceptance of evidence of harm
Further evidence was clearly needed if the scientific world was to accept that cigarette
smoking was the cause of the lung cancer epidemic, which was, by then, spreading in
all developed countries, and this was rapidly produced. Cohort studies were begun in
which people who had provided information about their smoking habits were fol-
lowed to see the extent to which their habits predicted mortality. One such study
obtained information from 34 000 male doctors in the United Kingdom, and showed,
within 3 years, that mortality from lung cancer was proportional to the amount
smoked—as predicted by the case-control studies—and suggested that there might
also be a similar, although less marked, relationship with coronary thrombosis (Doll
and Hill 1954). Another study, based on larger numbers in the United States, gave sim-
ilar results, and found that, under 65 years of age, the mortality from coronary throm-
bosis among men who smoked 20 or more cigarettes a day was twice that of
non-smokers (Hammond and Horn 1954). In the larger study in the United States, the
results were much clearer for coronary heart disease than for lung cancer. This was
because the switch to cigarette smoking occurred on a mass scale later in North
America than it did in the United Kingdom, and it takes several decades of smoking
before the risk of cancer is high, whereas less time is required to produce a major risk
of coronary disease.

Meanwhile, laboratory workers had shown that tobacco tar, appropriately produced,
contained polycyclic aromatic hydrocarbons that were known to be carcinogenic
(Cooper and Lindsay 1955), and that the tar could cause cancer on the skin of mice
if applied regularly for months on end (Wynder et al. 1953; Doll 1998). As a conse-
quence of these results, in 1957 the Medical Research Council was able to advise the
British government that cigarette smoking was the cause of the increased incidence of
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lung cancer. Similar conclusions were reached, over the next 3 years, by a study group
on Smoking and Health (1957) appointed jointly by the US National Cancer and Heart
Institute and the US Public Health Service (Burney 1959), and by specially appointed
committees in The Netherlands and Sweden, and the World Health Organization
(see Doll 1998).

Impact on total mortality
A few years later, when the Royal College of Physicians (1962), in England, and the
Surgeon General (1964), in the United States, issued reports on smoking, it had
become clear that its total impact was greater than had at first been conceived, and that
the incidence of more diseases might be affected. With the passage of time, more and
more diseases were found that were linked in some way to smoking. The total number
now believed to be caused in part by smoking is at least 35, 22 of which can be recog-
nized in the cohort study of British doctors and in the massive study of a million men
and women subsequently undertaken by the American Cancer Society (Table 1.1).
Other harmful effects caused in part by smoking are listed in Table 1.2. These are
mostly relatively rare and less lethal, and evidence relating to them has often had to be
obtained from case-control studies or surveys, or, occasionally, from cohort studies in
which special enquiries have been made about the condition of interest. That so many
conditions are affected by smoking should not be surprising, as tobacco smoke con-
tains some 4000 different chemicals and many of the diseases are caused by similar
mechanisms.

Even the 35 smoking-related diseases mentioned above do not complete the list,
because a few others that are primarily associated with smoking through confounding
are also probably caused by it in part, including cancer of the liver (Doll 1996) and
death from conflagration—two doctors in our study, for example, set fire to themselves
by smoking in bed.

Of course, confounding does account for some of the excess mortality from all
causes of death. However, detailed investigation has shown that the amount is rela-
tively small and, in some populations, may not exist at all, for confounding can
operate in both directions, and certainly does in elderly populations in countries in
which there is a high mortality from ischaemic heart disease. Here, confounding
with alcohol both causes the excess for cirrhosis of the liver and reduces the mortality
from ischaemic heart disease.

It now appears that the excess mortality from smoking is greater than was long sus-
pected, for it has increased with time, as the smoking epidemic has matured and old
people have come to be smoking cigarettes throughout their smoking lives. This is
shown by the data in Table 1.3 from both the British doctors’ study, which has continued
for over 40 years with periodic updates on changes in smoking habit, and the studies of
the American public carried out by the American Cancer Society over two different
periods. Regular cigarette smoking since youth is now seen to double mortality,
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Table 1.1 Principal diseases caused in part by smoking

Disease Ratio of mortality rates in continuing cigarette 
smokers and lifelong non-smokers

British doctors US population
1951−91a 1984−91b

Men Men Women

Cancers of mouth, pharynx, and larynx 24.0 11.4 6.9

Cancers of the oesophagus 7.5 5.6 9.8

Cancers of the lung 14.9 23.9 14.0

Cancers of the pancreas 2.2 2.0 2.3

Cancers of the bladder 2.3 3.9 1.8

Ischaemic heart disease 1.6 1.9 2.0

Hypertension 1.4 2.4 2.6

Myocardial degeneration 2.0

Pulmonary heart disease ∝c 2.1 2.1

Other heart disease −

Aortic aneurysm 4.1 6.3 8.2

Peripheral vascular disease − 9.7 5.7

Arteriosclerosis 1.8 2.7 3.0

Cerebrovascular disease 1.5 1.9 2.2

Chronic bronchitis and emphysema 12.7 17.6 16.2

Pulmonary tuberculosis 2.8 − −

Asthmad 2.2 1.3 1.4

Pneumonia 1.9
2.5 1.7

Other respiratory disease 1.6

Peptic ulcer 3.0 4.6 4.0

All causes 1.8 2.5 2.1

a Doll et al. (1994).
b C. Heath Jr and M. Thun, personal communication.
c No death was reported in British doctors who were lifelong non-smokers.
d Continuing cigarette smokers and ex-cigarette smokers combined, as asthma may cause smokers to stop smoking.

}

}

on average, throughout middle and old age, so that 1 in 4 smokers die prematurely as a
result of their habit in middle age (now defined as from 35 to 74 years) and 1 in 4 die
similarly in old age.

The epidemic that the world is now facing is not, in truth, a smoking epidemic so
much as a cigarette epidemic, for the small effect of smoking pipes and cigars that gave
rise to so little concern in the nineteenth century has continued to be relatively small.
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For example, in our study of British doctors, the mortality of pipe and cigar smokers
who had never smoked cigarettes was only 9 per cent greater than that of lifelong
non-smokers (Doll and Peto 1976). This represents a material increase in all-cause
mortality, certainly, but one qualitatively different from that of cigarette smoking,
and it is only the effect of the latter that I shall consider further.

The spread of the epidemic
Two things about the epidemic are clear. First, the number of manufactured cigarettes
consumed has increased astronomically, from near zero in 1880 to some 5700 billion a
year worldwide in the mid-1990s, since when there has been a very slight decrease
(Proctor 2001). Secondly, the increase in cigarette smoking occurred at different rates,
at different periods, in each sex, in different countries. Even within developed coun-
tries, to which the increase was initially confined, the differences were substantial.

Developed countries
Detailed consumption rates of different tobacco products in 22 developed countries
have been brought together by Nicolaides-Bouman et al. (1993) from the time of the
earliest record to 1985. The three highest and three lowest rates of consumption of
manufactured cigarettes by adults, averaged over the decade 1920–29, are shown in
Table 1.4, together with the corresponding age-standardized mortality rates for lung
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Table 1.2 Other conditions caused in part by smoking

Cancer of lip Crohn’s disease

Cancer of nose Osteoporosis

Cancer of stomach Periodontitis

Cancer of kidney pelvis Tobacco amblyopia

Cancer of kidney body Age-related macular degeneration

Myeloid leukaemia Reduced fecundity

Reduced growth of fetus

Table 1.3 Cigarette smokers compared with lifelong non-smokers:
change in all-cause mortality in men

British doctorsa Period 1951−71 1971−91
Relative risk 1.6 2.1

American Publicb Period 1959−65 1982−86
Relative risk 1.8 2.3

a Doll et al. (1994)
b Surgeon General (1989).
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cancer in 1955, some 30 years later, to allow for a sufficiently long period of exposure
to produce an appreciable effect. That lung cancer was more common when manufac-
tured cigarettes were taken up early is clear, but the correlation is not close. This is
hardly surprising, because many factors affect the incidence of the disease other than
the one examined in Table 1.4: the changes in cigarette consumption over the interven-
ing period, the distribution of consumption by sex and age, the characteristics of the
cigarettes, the way they are smoked, the amount of tobacco consumed in hand-rolled
cigarettes and in other tobacco products, which are not without hazard, and, it appears,
the local diet, which may modify the quantitative effect of a given number of cigarettes
(see Darby et al. 2001).

In order to determine the extent of the proportion of the total threat to mortality
caused by smoking, a method for estimating the mortality attributable to cigarette
smoking that is not dependent on statistics for tobacco consumption was suggested by
Peto et al. (1992). It is worth describing in some detail as so much depends on it. In brief,
Peto et al. used the excess mortality from lung cancer over that observed in non-smokers
in the American Cancer Society’s massive second cancer prevention study, as an indica-
tion of the extent to which the population had been exposed to tobacco products in the
past. This is justified for developed countries because, whenever data are available, the
mortality from lung cancer in lifelong non-smokers has been found to be low, approxi-
mately the same in each country, and not to have changed over time. However, the same
method cannot be used directly to estimate the effects of smoking on mortality from
other diseases, as the rates for other diseases in non-smokers vary considerably, and
smoking interacts with other causes in a complex way that is nearer multiplicative than
additive. Peto et al. (1992) consequently divided other causes into eight broad categories
(Table 1.5) and used the second cancer prevention study’s data as an indication of the
proportional excess mortality for each broad cause group to be associated with the corre-
sponding absolute excess of lung cancer in each 5-year age group. However, to be on the
safe side (that is, to under-, rather than to overestimate the mortality attributable to
smoking) they excluded all deaths in two categories (cirrhosis and non-medical causes)

RICHARD DOLL 11

Table 1.4 Manufactured cigarette consumption in 1920s and lung
cancer mortality in 1955

Country Mean number of cigarettes Lung cancer
smoked daily by adults, 1920−29

Finland 3.6 89

Greece 3.4 57

UK 3.0 109

Sweden 0.8 16

Norway 0.7 11

Portugal <0.7 11
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and all deaths under 35 years of age in all categories, even though some deaths in both
groups were attributable to smoking, and then halved the estimated excess proportion
for each of the remaining six categories. This last, it should be noted, is not as extreme
as halving the number of excess deaths, for it has little effect on the number of deaths
attributable to tobacco when the relative risks are high; reducing it, for example,
by only 10 per cent if the relative risk is ninefold.

The trends in the proportions of mortality consequently attributed to smoking
between 1955 and 1995 are shown in Table 1.6 (the data for 1995 were projected from
the trend between 1980 and 1985, but have been found to be generally reliable). They
are given separately for men and women, and for the United Kingdom, the United
States, and all developed countries, the latter being divided into the Organization for
Economic Collaboration and Development (OECD) countries, and former socialist
economies. The highest percentage of mortality attributed to smoking was in men in
the United Kingdom in 1975; since when the proportion has dropped by a quarter and
is now less than that in the United States. The OECD countries, as a group, had slightly
lower proportions than the United States and the proportion stabilized after 1985. In
the former socialist economy countries, the percentage has increased progressively, and
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Table 1.5 Categories of disease used by Peto et al. (1992)

Lung cancer

Upper aerodigestive cancers Vascular diseases

Other cancers Cirrhosis of liver

Chronic obstructive pulmonary disease Other medical causes

Other respiratory diseases Non-medical causes

Table 1.6 Trends in per cent mortality attributed to smoking: selected populations

Sex Country Year

1955 1965 1975 1985 1995

M UK 27 35 36 34 27

M USA 14 20 26 28 29

M OECD 12 19 23 25 25

M Former socialist 15 22 24 29 32

F UK 3.0 5.9 9.8 14 17

F USA 0.3 2.0 7.1 14 22

F OECD 0.5 1.7 3.9 7.4 12

F Former socialist 1.3 2.0 3.0 3.7 5.2
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in 1995 was approaching the maximum previously recorded in the United Kingdom.
In women the proportions have generally been much lower, but in 1995 were approach-
ing the figures for men, in both the United Kingdom and, most notably, the United
States of America. In all four categories the increase in female mortality has been pro-
gressive and in the United States and many parts of the United Kingdom lung cancer
has now displaced cancer of the breast from its position as the leading cause of death
from cancer in women.

Developing countries
For the developing countries there are few quantitative data, apart from those for
China, where cigarette consumption per adult increased from about 1 per day in 1952,
to 10 per day in 1992. Two studies are particularly revealing. One, a case-control study
of a million deaths in men and women in 98 parts of China, both urban and rural,
obtained information about the deceased persons’ smoking habits and compared those
of men and women who died of cancer, respiratory disease, and vascular disease with
those of men and women who died of other diseases, postulated not to be due to
smoking (Liu et al. 1998). The other, a cohort study of a quarter of a million men aged
over 40, in 45 selected representative areas, provided mortality rates by smoking habit
over a 5–6-year period (Niu et al. 1998). Both led to the conclusion that about 12 per
cent of deaths in middle-aged and elderly men were attributable to smoking, while the
case-control study provided the much lower figure, of 2–3 per cent, in women, few of
whom, outside the big towns, had been smoking for long. However, the pattern of
mortality was different from that in the developed world, with a much smaller propor-
tion of attributable deaths due to ischaemic heart disease and lung cancer, and a
greater proportion due to stroke, chronic obstructive pulmonary disease, and cancers
of the oesophagus, stomach, and liver.

Future expectations
What then of the future? For China it is relatively easy to predict, for the prevalence of
smoking and attributable mortality are reproducing what was observed in the United
States 40 years previously, where cigarette consumption per adult had been 1 per day in
1910 and 10 per day in 1950, and the risk of premature death in smokers, attributable
to smoking, increased from 1 in 4 in the early 1960s, to 1 in 2 in the 1980s. For Chinese
men who began smoking before they were 20 years old, after the revolution in 1949,
the risk is already 1 in 4 and must be expected to become 1 in 2 in 20 years time. Two-
thirds of men now become smokers before 25 years of age and, if present patterns con-
tinue, about 100 million of the 300 million Chinese males now under 30 years of age
will be killed by tobacco. However, the number of female deaths attributable to smok-
ing in the future may be relatively small, as, contrary to what has happened in the West,
progressively fewer women have been starting to smoke, and the prevalence for those
born between 1950 and 1964 is now only 1–2 per cent.
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For the developing world as a whole, Peto and Lopez (1990) estimated that, in the
1990s, there were already likely to have been 1 million deaths per year attributable to
tobacco, against approximately 2 million in the developed world. However, in many
parts, the prevalence of smoking in men, like that in China, already exceeds 50 per cent,
although, again, the female prevalence is relatively low. We also know that in India, for
example, where tuberculosis has become a major cause of death, the impact of smoking
on that disease is to increase the incidence of clinical cases and double the fatality, as it
was in the developed world 40 years ago. However, in many countries there is still
major mortality from causes unrelated to tobacco, such as other infectious diseases and
trauma, much greater than in the developed world, so that the proportion of persistent
smokers eventually killed by the habit may be a third, rather than the half suggested by
the North American, British, and, indeed, also the Chinese, data. Therefore, perhaps
only about 250 million of the 800 million young people who, according to current pat-
terns, will be smokers in early adult life will be killed by the habit. The majority
of the deaths will not, of course, occur for some decades, when smoking has been
prolonged and the chronic diseases of middle age become common; but in two or
three decades the total toll must be expected to be about 10 million deaths a year
worldwide, of which some 7 million will be in what are now the developing countries
(Peto et al. 1996).

The benefit of stopping smoking
If the prevalence of smoking stays as it is, the death toll of tobacco in the first half of
the twenty-first century will be tremendous, but it does not have to be. For the preva-
lence can be reduced and with it, some years later, the mortality from lung cancer and
from all other tobacco-related diseases. This is illustrated for lung cancer by the find-
ings in our recent study of the disease in Devon and Cornwall (Peto et al. 2000) and in
our study of British doctors, in which we found that survival was improved whatever
the age at which smoking was stopped. With the numbers we had, survival was indis-
tinguishable from that of lifelong non-smokers when smoking was stopped under 35
years of age (corresponding, in our study, to less than 10 years continued smoking),
and longer than that of continuing smokers even if smoking was stopped only after 65
years of age (Doll et al. 1994).

I believe, therefore, that with adequate education of the public, for which both doc-
tors and the media must take responsibility, and with the support of government in
increasing taxation on tobacco and prohibiting the promotion of the habit, we may see
the current predictions materially reduced.
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Chapter 2

The great studies of smoking and
disease in the twentieth century

Michael J. Thun and Jane Henley

Introduction
Much of what is known about the harm caused by tobacco use was learned from large
prospective epidemiologic studies conducted during the second half of the twentieth
century in the United Kingdom and United States. To understand why these studies
were so important in documenting the deleterious effects of smoking, one must appre-
ciate the pervasive grip that tobacco, particularly cigarette smoking, held on the United
Kingdom and its former Western colonies at the close of the Second World War. The
culture of cigarettes was sustained not only by nicotine addiction and by the political
and economic power of the tobacco industry, but also by the symbols and imagery
with which advertising had imbued it, and by prevailing social norms. How could an
apparently ordinary behavior, practised by so many people with so little evidence of
acute toxicity, prove to have such severe chronic effects?

Sir Richard Doll, a pioneer of tobacco epidemiology, has examined the history of sci-
entific and social factors that led ultimately to the recognition of the carcinogenicity
and pathogenicity of smoking (Doll 1998b). He notes that, in retrospect, the medical
evidence of the adverse health effects of tobacco accumulated for 200 years before it
was generally accepted, in the late 1950s, that smoking caused lung cancer and, in the
two subsequent decades, that it caused many other diseases as well (Doll 1998b).
He cites three factors that contributed to the strength of resistance to the idea that
smoking was a major cause of lung cancer: ‘the ubiquity of the habit, which was as
entrenched among male doctors and scientists as among the rest of the adult male
population and had dulled the collective sense that tobacco might be a major threat to
health’, ‘the novelty of the epidemiological techniques, particularly as applied to non-
infectious diseases’, and ‘the primacy given to Koch’s postulates in determining causa-
tion’, since criteria had not yet been developed to assess the causation of chronic
diseases such as cancer.

This chapter examines the contributions of several large prospective studies, con-
ducted over the second half of the twentieth century, to our understanding of the
health hazards of tobacco use. The designation ‘Great Studies’ is used to refer to
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prospective studies that were particularly informative about tobacco during this inter-
val. It does not imply that other studies have not been equally important for under-
standing health scourges other than tobacco, or that all of the really important
questions about tobacco have been answered. There is a continuing need for large
cohort studies to understand, and limit, the progression of the tobacco pandemic as it
evolves in different cultures with varying background disease profiles, cofactors, and
patterns of usage.

Background
Two aspects concerning the historical use of tobacco in Europe help to explain the sur-
prisingly low level of scientific scrutiny regarding its adverse health effects until the mid-
twentieth century. First, for approximately 400 years after the introduction of tobacco
into Europe by Spanish explorers returning from the New World in the late fifteenth
century, most tobacco usage involved pipe or cigar smoking, or use of snuff or chewing
tobacco, rather than cigarettes. The historical review by Doll notes that these products
were widely used, first for medicinal purposes and then for pleasure (Doll 1998b).
Tobacco was denounced periodically by critics such as James VI of Scotland (who later
became James I of England), who published the tract entitled ‘A Counterblaste to
Tobacco’ in 1603. Attempts to ban its use in Japan, Russia, Switzerland, and parts of
Germany were unsuccessful, and for the most part anti-tobacco movements through the
nineteenth century emphasized undesirable moral and social consequences of addic-
tion, rather than documented evidence of adverse health effects (Doll 1998b). Medical
concern about carcinogenicity was limited to a few case reports of pipe smokers who
developed cancer of the lip, tongue, or oral cavity (Bouisson 1859; Anonymous 1890;
Hoffman 1927; Lombard and Doering 1928). However, these were not taken very
seriously and, according to Doll, were commonly attributed to the heat of the clay pipe
stem rather than to any carcinogenic component of the smoke (Doll 1998b).

Beginning in the late nineteenth century, a series of technological innovations
resulted in the rise of manufactured cigarettes and transformation of tobacco use (Slade
1993). The invention of safety matches in the late 1800s made it possible to smoke
tobacco more frequently throughout the day in diverse settings. The development of
machines to mass-produce and package cigarettes inexpensively allowed the cigarette
to displace more expensive or cumbersome products, such as cigars and pipes. New
strains of tobacco and new curing processes were patented that produced less-irritating
smoke that could be inhaled more deeply than the smoke from traditional tobacco
products. Whereas the nicotine released by older products such as cigars, pipes, roll-
your own cigarettes, chewing tobacco, and snuff was highly alkaline and could be
absorbed in ionized form through the oropharyngeal mucosa, nicotine released from
the newer strains of tobacco was un-ionized and had to be inhaled to provide efficient
absorption through the trachea and large bronchi. Deeper inhalation increased the
surface area exposed to tobacco smoke. These changes in cigarette design were coupled,
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in the early twentieth century, with mass advertising campaigns to glamorize smoking
of particular brands of cigarettes (Slade 1993). Free cigarettes were distributed in
military rations to allied soldiers in the First and Second World Wars.

Collectively, these changes caused a large increase in the number of people smoking
manufactured cigarettes, greater daily consumption of cigarettes, and a much greater
surface area of tissues exposed to the carcinogens in tobacco smoke. A dramatic increase
in cigarette smoking occurred first among men in the United Kingdom and United
States, and later among women. In Britain, nearly 70 per cent of men and over 40 per
cent of women between the ages of 25 and 59 were currently smoking cigarettes by the
mid-twentieth century (Peto et al. 2000). In the United States, 57 per cent of men, and 28
per cent of women, reported current cigarette smoking in 1955, the time of the first
national survey (Haenszel et al. 1956). Despite widespread smoking, little scientific
attention was paid to the negative health effects of cigarettes before the mid-twentieth
century. Rottman had reported a small cluster of lung cancer among tobacco workers in
Leipzig in 1898 (Rottmann 1898). Several correlation studies noted the statistical associ-
ation between the rise in cigarette consumption and the increasing population rates of
lung cancer in men (Adler 1912; Tylecote 1927; Lickint 1929; Hoffman 1931; Arkin and
Wagner 1936; Fleckseder 1936). Raymond Pearl described reduced longevity in smokers,
based on family history records at the Johns Hopkins School of Hygiene (Pearl 1938).
Several small case-control studies of smoking and lung cancer published before 1950
found a higher percentage of smokers among patients with lung cancer than with other
diseases (Muller 1939; Schairer and Schioninger 1943; Wassink 1948). A series of skin-
testing experiments in rabbits were either negative (Leitch 1928; Passey 1929), or demon-
strated some increase in skin tumors (Roffo 1931; Cooper et al. 1932) after prolonged
contact with tar extracts from cigarettes. However, the tumorigenicity of tobacco extracts
appeared to be less than that of coal tar, and interpretation of the animal experiments
was complicated by controversy about the temperature at which the tar was extracted
from tobacco for the animal experiments, compared to the typical burning conditions in
a cigarette (Doll 1998b). Only in Germany were doctors and the Nazi political authorities
concerned about the potential cardiovascular and reproductive toxicity of ‘nicotinism’,
which was not at the time based on sound scientific evidence (Doll 1998b).

It was the extraordinary rise in lung cancer that began early in the twentieth century
among men in the United Kingdom, later among men in other countries, and subse-
quently in women, that finally drew serious attention to the hazards of smoking (Doll
and Hill 1950; Wynder and Graham 1950). Lung cancer had hitherto been a rare disease.
The increase in the age-standardized death rate from lung cancer among men in England
and Wales had begun by 1912 and accelerated sharply after the First World War (Doll
and Hill 1950). The number of lung cancer deaths recorded per year in England and
Wales increased approximately 15-fold over the 25-year period between 1922 and 1947,
far in excess of the increase in the size, or longevity of the population. In the United
States, where cigarette smoking began later and vital statistics data on mortality did not
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become available for most of the nation until 1930, the age-adjusted lung cancer death
rate increased approximately fivefold from 1930 to the mid-1940s (Thun et al. 2000).

For some years it was debated whether the apparent increase in lung cancer inci-
dence and death rates represented a true increase in occurrence, or merely an artifact of
improved diagnosis. Skeptics noted that several technologies introduced from the
1920s onwards could have increased recognition of previously undiagnosed disease
(Doll 1998b). These included the widespread introduction of chest X-rays in the
United Kingdom in the 1920s, bronchograms in the 1930s, and bronchoscopy in the
1950s. Open-chest surgery became practicable following improvements in anesthesia
during the Second World War (Doll 1998b). The introduction of sulfapyridine in 1938
reduced mortality from pneumonia that had previously been lethal in the early stages
of lung cancer, allowing cases to live long enough to be diagnosed. Nevertheless, the
continued increase in lung cancer over several decades, and its more frequent diagnosis
in men than women, made it more and more unlikely that improved diagnosis could
explain the entire increase (Doll 1998b).

Five case-control studies published in 1950
In 1950 the publication of five case-control studies reporting an association between
smoking and lung cancer (Doll and Hill 1950; Levin et al. 1950; Mills and Porter 1950;
Schrek et al. 1950; Wynder and Graham 1950) provoked sudden interest among the
medical and scientific communities in the potential health hazards of tobacco use. The
two studies that drew the most attention were the British study by Doll and Hill (1950)
and an American study by Wynder and Graham (1950). These were considerably larger
than were earlier case-control studies of smoking and lung cancer (Muller 1939;
Schairer and Schioninger 1943; Wassink 1948), had higher response rates, and defined
smoking more precisely. The association between smoking and lung cancer was very
strong in the largest case-control studies in Britain [odds ratio (OR) = 14] (Doll and
Hill 1950) and the United States (OR = 6.6) (Wynder and Graham 1950); and even the
study by Schrek et al., which showed the weakest association, had an odds ratio of 1.8
(Schrek et al. 1950).

Although the case-control studies suggested that cigarette smoking was an impor-
tant cause of lung cancer, the results were viewed as provocative rather than conclusive.
Scientists were initially uncertain of the utility of case-control studies for studying
chronic conditions such as cancer, since the methods had been developed for infec-
tious diseases (Doll 1998b). Some epidemiologists questioned whether smokers with
lung cancer were more likely to be hospitalized because of cough, perhaps introducing
selection bias (Berkson 1955), or whether the control group might be biased by cul-
tural factors related to smoking (Hammond 1953). Cuyler Hammond, of the American
Cancer Society, noted that the studies ‘disagree so markedly in their measurement of the
size of that relationship’ that one could not tell whether the relationship is of ‘major clin-
ical interest’ or ‘of academic interest only’ (Hammond and Horn 1952). In retrospect,
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it seems likely that some of this variation may have arisen from including in the control
series patients hospitalized for diseases that later proved to be smoking-attributable.
In any case, epidemiologists agreed that sound evidence was essential, given the high
prevalence of smoking and the social and economic implications of the results.

The need for cohort studies
Doll and Hill realized that the simplest way to attempt to replicate the findings of the
case-control studies, using a different methodology, was to obtain information on the
individual smoking habits of a large number of people, and to follow them to deter-
mine whether an individual’s smoking habits predicted the risk of developing disease
(Doll 1998b). Such cohort studies would need to be large so that they could provide a
sufficient number of events to be informative within a reasonable time period. They
would need to collect questionnaire information on smoking behavior, since such
information was not then (and is not now) routinely collected on vital statistics
records. In turn, the cohort studies would provide several important advantages over
case-control studies. They could examine the relationship between smoking and many
different end points, not just a single disease. This was important, because more than
70 per cent of deaths caused by smoking result from diseases other than lung cancer
(CDC 2002). The comparison group in cohort studies could be defined as lifelong
non-smokers, thus avoiding the problem of including patients with other smoking-
attributable diseases in the control group. Finally, cohort studies are intuitively more
understandable than case-control studies, because they reflect the desired temporal
sequence in which exposure precedes disease.

The earliest cohort studies
The two earliest cohort studies of tobacco use and mortality were the British Doctors
Study, which began in the United Kingdom in 1951 (Doll and Hill 1954, 1956), and the
Hammond Horn or Nine-State study, initiated by the American Cancer Society (ACS)
in 1952 (Hammond 1953, 1954). Both of these were designed to facilitate enrollment
and follow-up of large populations. For instance, the physicians who participated in
the British Doctors Study were identified from the Medical Register of the United
Kingdom and followed through the Registrars General, the British Medical Association,
and the General Medical Council (Doll and Hill 1956). The information on clinical
diagnoses and cause of death was thought to be more accurate for doctors than for the
general population. Similarly, the extensive network of local volunteers for ACS pro-
vided an extraordinary human resource to enroll, and help to follow, large prospective
epidemiological studies in the United States (Thun et al. 2000). Both the ACS cohorts
and the British Doctors Study provided effective conduits for disseminating informa-
tion about the adverse effects of tobacco use. Publicity about the studies caused many
doctors in the United Kingdom and United States to stop smoking, well ahead of the
general public.
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British Doctors Study
In 1951, a questionnaire on smoking habits was sent to all British doctors included in
the Medical Register. Of the 41 024 replies received, 40 701 were sufficiently complete to
be utilized (Doll and Hill 1954). The 34 494 men and 6207 women included in the
follow-up comprised 69 per cent and 60 per cent of the men and women, respectively, in
the registry. Further questionnaires about changes in smoking habits were sent in 1957
to men, in 1960 to women, and in 1966 and 1972 to all participants. On each occasion,
approximately 97 per cent of the doctors responded. The analyses defined lifelong non-
smoking as never having smoked as much as one cigarette per day, or 1/4 ounce of other
forms of tobacco, for as much as 1 year. A preliminary report was published by Doll
and Hill (1954), and a second report in 1956 (Doll and Hill 1956). Results from the
10-year follow-up of male doctors were published in 1964 (Doll and Hill 1964), the
20-year follow-up (through October 1971) for men in 1976 (Doll and Peto 1976), and
the 22-year follow-up for women in 1980 (Doll et al. 1980). Results from the 40-year
follow-up were published in 1994 (Doll et al. 1994), and the final report of the 50-year
follow-up is now being prepared (personal communication, Sir Richard Doll).

Hammond Horn (the nine-state) study
The Hammond Horn study began in October 1952, when over 22 000 ACS volunteers dis-
tributed a questionnaire to 10 white men, aged 50–69 years, whom he or she knew well
(Hammond 1954). A total of 204 547 men in nine states participated. Patterns of cigarette,
cigar, and pipe smoking were similar in the Hammond Horn cohort to those found in a
representative survey of American males in 1955 (Haenszel et al. 1956). Study participants
were enrolled from among the friends, neighbors, and acquaintances of local volunteers,
and thus resembled the socio-demographic characteristics of the volunteers. A higher
percentage were graduates of high school or college, and were more affluent, than in the
general United States population. After exclusions, a cohort of 187 783 men was followed
from 1952 through 1955. A total of 11 783 deaths (6.2 per cent) occurred during an aver-
age of 44 months of follow-up, with 1.1 per cent of the cohort being lost to follow-up.
Death certificates were collected for all reported deaths and further information was
collected from the physician, hospital, or tumor registry whenever cancer was mentioned
(Hammond and Horn 1958a). Preliminary results from the first 20 months of follow-up
were published in 1954 (Hammond 1954). Final results were published in 1958 for total
mortality (Hammond and Horn 1958a), and for specific causes of death (Hammond and
Horn 1958b). The Hammond Horn study was terminated after 44 months of follow-up.

Early findings from the British Doctors and
Hammond Horn Studies
Preliminary results from both the British Doctors and the Hammond Horn studies
were published in 1954. The British cohort demonstrated a statistically significant and
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steady increase in lung cancer occurrence among smokers, although this was based on
only 36 lung cancers. The age standardized rate increased from 0.00 per 1000 among
the 3093 non-smokers, to 1.14 per 1000 among the 5203 men recorded as smoking 25 g
or more of tobacco daily. A similar, but less steep, rise was seen in mortality from coro-
nary thrombosis (from a rate of 3.89 in non-smokers, to 5.15 in the heaviest smokers).
In the Hammond Horn study, men with a history of regular cigarette smoking had a
substantially higher death rate from all causes (based on 4854 deaths), from coronary
heart disease (1328 deaths), and from lung cancer (167 deaths) than men who had
never smoked regularly.

A second report from the British Doctors Study was published in 1956, based on 84
confirmed cases of lung cancer. This, too, demonstrated a steady increase in the annual
death rate from lung cancer with increasing amount smoked (Doll and Hill 1956). The
annual death rate in men who smoked at least 25 g (approximately 25 cigarettes) per
day was 1.66 per 1000, over 20 times the death rate of the non-smokers (0.07 per
1000). Greater cigarette consumption was also associated with higher death rates from
chronic bronchitis, peptic ulcer, and pulmonary tuberculosis, although the trend was
statistically significant only for chronic bronchitis.

Of interest is that the principal investigators of the earliest cohort studies did not ini-
tially expect that cigarette smoking would prove to be the cause of the increasing lung
cancer incidence in the United Kingdom and United States. When Doll first began
work on the British case-control study in 1948, he suspected that ‘motor cars and the
tarring of roads’ were a more likely explanation than cigarette smoking (Doll 1998a).
However, both Doll and Hill were impressed by the results of the case-control study,
and in their 1950 publication concluded that ‘smoking is a factor, and an important
factor, in the production of carcinoma of the lung’ (Doll and Hill 1950). Hammond
and Horn, both of whom were smokers at the time, remained skeptical of the earlier
case-control studies that associated lung cancer with cigarette smoking. When they
began the first ACS cohort study, they considered it equally plausible that automotive
exhaust, dust from tarred roads, and/or air pollution from coal and oil furnaces might
be partly or wholly responsible (Hammond and Horn 1952; Hammond 1953).
However, the results of their Nine State Study (Hammond 1954; Hammond and Horn
1958a, b) persuaded Hammond and Horn to stop smoking and to focus ACS attention
on tobacco use as an important cause of cancer and other diseases.

Growing scientific consensus
Sufficient scientific evidence had accumulated by the late 1950s that at least six scien-
tific consensus groups concluded that cigarette smokers had higher lung cancer death
rates than non-smokers. These expert reviews were convened by health ministries in
the United Kingdom (Medical Research Council 1957), United States (Burney 1959),
Canada (National Cancer Institute of Canada 1958), Sweden (Swedish Medical
Research Council 1958), and The Netherlands (Netherlands Ministry of Social Affairs
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and Public Health 1957), and by cancer societies in Denmark, Norway, and Finland
(United States Public Health Service 1964). The evidence at the time included
early reports from the cohort studies (Doll and Hill 1954, 1956; Hammond and Horn
1954, 1958a, b), additional case-control data (Doll and Hill 1952; Kouloumies 1953;
Linckint 1953; Gsell 1954; Randig 1954; Kreyberg 1955; Schwartz and Denoix 1957;
Segi et al. 1957), and experimental evidence that prolonged application of condensates
of tobacco smoke induced skin cancer in rabbits and mice (Wynder et al. 1953, 1955;
Sugiura 1956; Engelbreth-Holm and Ahlmann 1957; Guerin and Cuzin 1957;
Croninger et al. 1958).

Counterarguments to the idea that smoking caused lung cancer grew increasingly
implausible in the face of the evidence that had accumulated by the late 1950s. The
hypothesis proposed by R. A. Fisher, that some underlying constitutional factor predis-
posed smokers to both smoking and lung cancer (Fisher 1957, 1958, 1959) did not
explain the temporal increase in lung cancer in the population, nor the decrease in
lung cancer in persons who stopped smoking. Berkson’s contention that the hospital-
based case-control studies were biased by the differential effects of illness on enroll-
ment (Berkson 1955) was countered by the stability of the association between
smoking and lung cancer during longer follow-up of the British Doctors Study (Doll
and Hill 1956). The lack of specificity whereby smoking was associated with multiple
diseases (Berkson 1958) was also not considered strong evidence against causation,
because of the complex mixture of chemicals in tobacco smoke (Doll 1998b).

The scientific consensus that tobacco smoking caused lung cancer became even
stronger after 1960, with the publication of reports from the World Health
Organization (1960), the Royal College of Physicians of London (1962), and the
Advisory Committee to the United States Surgeon General (US Public Health Service
1964). In 1962 the Royal College of Physicians concluded, ‘Cigarette smoking is a cause
of lung cancer and bronchitis and probably contributes to the development of coro-
nary heart disease . . . It delays healing of gastric and duodenal ulcers’. The 1964 Report
of the Advisory Group to the Surgeon General in the United States (US Public Health
Service 1964) was particularly influential, according to Doll, because of its thorough-
ness and because its members had been individually vetted by the tobacco industry to
exclude those who had publicly expressed views on the topic (Doll 1998b). Based on
independent analyses of seven published and unpublished prospective studies, and
review of 29 retrospective studies of smoking and health, the report stated, ‘Cigarette
smoking is associated with a 70 percent increase in the age-specific death rates of males
and to a lesser extent with increased death rates of females’. It concluded:

Cigarette smoking is causally related to lung cancer in men; the magnitude of the effect of ciga-
rette smoking far outweighs all other factors. The data for women, though less extensive, point
in the same direction. A relationship exists between cigarette smoking and emphysema, but it
has not been established that this relationship is causal: Male cigarette smokers have a higher
death rate from coronary artery disease than non-smoking males. Although the causative role of

THE GREAT STUDIES OF SMOKING AND DISEASE IN THE TWENTIETH CENTURY24

03_Chap02.qxd  6/23/04  1:10 AM  Page 24



cigarette smoking in deaths from coronary disease is not proven, the Committee considers it
more prudent from the public health viewpoint to assume that the established association has
causative meaning than to suspend judgment until no uncertainty remains.

(US Public Health Service 1964)

After 1964 there was no serious scientific controversy about whether smoking caused
lung cancer. The official skepticism of the tobacco industry was maintained as a legal
and political strategy, rather than a consequence of any genuine scientific debate, as
was revealed later through the disclosure of internal documents (Glantz et al. 1996).
However, many important scientific questions remained concerning other deleterious
effects of tobacco use, the magnitude of the problem, and the potential benefits of
cessation and other possible interventions.

Additional cohort studies
Among the seven cohort studies considered by the 1964 Report to the Surgeon General
(US Public Health Service 1964) were two that, like the British Doctors Study, were of
sufficient size and duration to qualify as ‘Great Studies’. These were the US Veterans
Study, begun by the National Institutes of Health and the US Veterans’ Administration
in 1954, and Cancer Prevention Study I, a second large cohort study initiated by the
American Cancer Society, in 1959 (Auerbach et al. 1961).

The US Veterans (Dorn) Study
In September 1954, the US Veterans’ Administration contacted 293 958 men who had
served in the armed forces at any time between 1917 and 1940, and who held US gov-
ernment life insurance policies (Kahn 1966). Subjects were mainly white men of the
middle and upper social classes. A total of 248 195 men (response rate 85 per cent after
two mailings) returned a questionnaire on their smoking habits. The vital status of
these veterans was followed until death by tracking life insurance claims to the Veterans
Administration, or termination of the policy for other reasons. Supplemental informa-
tion was obtained on deceased persons from certifying physicians or hospitals. Results
from the Veterans Study were published in 1958 (Dorn 1958), 1959 (Dorn 1959), 1966
(Kahn 1966), 1990 (Hsing et al. 1990), and 1995 (Chow et al. 1995). A total of 192 756
deaths occurred during the 26-year follow-up from 1954 to 1980.

Cancer Prevention Study I (CPS-I)
Between October 1959 and February 1960, volunteers for the American Cancer Society
in 25 states recruited more than 1 million subjects, from among their friends, neigh-
bors, and acquaintances, to complete a four-page questionnaire (Hammond 1964,
1966). Known as Cancer Prevention Study I (CPS-I) or the 25 State Study, the
cohort was substantially larger than the Hammond Horn study, and included women
as well as men (Hammond 1964; Garfinkel 1985). Enrollment was by family; all family
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members over 30 years of age were requested to fill out detailed questionnaires on
smoking behavior (Auerbach et al. 1961). For the 1 045 087 subjects with usable ques-
tionnaire information, vital status was determined annually through the volunteers.
Updated information on smoking was obtained every 2 years. Approximately 1 per
cent of subjects were lost during the first 6 years of follow-up, through September 1965
(Hammond 1966). Three states were then dropped from the study (Hammond and
Seidman 1980) and follow-up in the remainder was 98.49 per cent complete through
September 1971, and 92.8 per cent through September 1972 (Garfinkel 1985). Death
certificates were obtained from state or local authorities and, when cancer was
mentioned, further information was sought from physicians.

Several other large cohort studies initiated after 1960 examined the deleterious
effects of tobacco in women and in other geographic regions and time periods. These
are described briefly below.

Swedish Study
In 1963, questionnaires about smoking were mailed to a national probability sample of
55 000 Swedish adults, aged 18 through 69 years (Cederlof et al. 1975). The response
rate was 69 per cent. Information on smoking status was collected in 1963. Mortality
follow-up over the ensuing 10 years was conducted through linkage with the national
death registry. The results for 10 years of follow-up were published in 1975 (Cederlof
et al. 1975) and for longer follow-ups in 1987 (Carstensen et al. 1987) and 1997
(Nordlund et al. 1997).

Japanese Six Prefecture Cohort Study
In late 1965, 142 857 women and 122 261 men, aged 40 years and older, were inter-
viewed in 29 health districts in Japan (Akiba and Hirayama 1990; Hirayama 1990).
The study group comprised between 91 and 99 per cent of adults of this age in the dis-
tricts represented, which were distributed throughout six prefectures. Information on
tobacco smoking, diet, alcohol consumption, occupation, and marital status was
obtained by interview at enrollment. After 6 years, a second interview of 3728 randomly
selected women showed that the percentage of smokers had decreased only slightly
(from 10.4 to 9.7 per cent). A record linkage system was established for annual follow-
up. During 16 years of follow-up, 51422 deaths occurred. Until recently, the Hiriyama
cohort was unique in being the only large prospective study of smoking and mortality
among Asians.

Nurses’ Health Study I
A cohort of 121 700 30–55-year-old female nurses was assembled in the United States
in 1976. At enrollment, and periodically thereafter, the nurses completed a mailed
questionnaire on risk factors for cancer and heart disease. Much of the exposure infor-
mation concerned nutritional factors, yet the cohort has been very informative about
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the effects of smoking and smoking cessation on many health end points in women
(Kawachi et al. 1997; US Department of Health and Human Services 2001).

Kaiser Permanente Study
Between 1979 and 1986, the Kaiser Permanente Medical Care Program obtained base-
line information about tobacco smoking from 36 035 women and 24 803 men aged 35
years or older (Friedman et al. 1997). Participants in the program made up about 30
per cent of the population in the areas it served. Follow-up through 1987 identified
1098 deaths among all women. The study provides the only published data on prema-
ture death associated with cigarette smoking among African-American women.

Cancer Prevention Study II (CPS-II)
The third large prospective study, begun by the American Cancer Society, was called
Cancer Prevention Study II (CPS-II). Started in 1982, it is a prospective mortality study
of nearly 1.2 million adults, 30 years of age and older, drawn from the entire popula-
tion of the USA. Like CPS-I, it included more than 50 per cent women. Enrollment
into the study was accomplished by completing a brief confidential mailed question-
naire addressing alcohol and tobacco use, diet and other factors affecting mortality.
Deaths were ascertained from month of enrollment through 1988 by personal inquiries
by American Cancer Society volunteers at 2-year intervals. Follow-up after 1988 has
continued through linkage with the National Death Index. Analyses of smoking and
mortality have largely been restricted to the first 6 years of follow-up, since informa-
tion on tobacco use was not updated after enrollment. By 1988, 2 per cent of the cohort
were lost to follow-up and 0.2 per cent could not be followed because the personal
identifiers provided were insufficient for linkage to the National Death Index. By 1991,
12 per cent of the cohort had died and death certificates were obtained for 98 per cent
of the deceased. Participants in CPS-II were more likely to be white (93 per cent),
married (81 per cent), middle class, and educated (high school graduates or above,
85.6 per cent) than the general population of the United States of America.

Contributions of later cohort studies
Continuing follow-up of the original cohorts and the initiation of new large cohort
studies proved essential to the scientific consensus that smoking caused a multiplicity
of diseases besides lung cancer. One advantage of cohort studies was their ability to
examine many end points simultaneously. Initially this invoked criticism of the lung
cancer hypothesis—Berkson argued that smoking was associated with so many differ-
ent diseases that none of the associations were interpretable (Berkson 1955, 1958).
However, the relative risk for lung cancer was 10.8 among all cigarette smokers, com-
pared to non-smokers, in the seven cohort studies analyzed by the 1964 Advisory
Committee to the Surgeon General (US Public Health Service 1964) and was 24 among
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heavy cigarette smokers in the British Doctors Study (Doll and Hill 1956). While the
relative risk (RR) estimates were lower for death from laryngeal cancer (RR = 5.4) and
chronic bronchitis (RR = 6.1) than for lung cancer, they nevertheless persuaded the
1964 Advisory Committee to conclude that cigarette smoking caused lung cancer,
laryngeal cancer, and chronic bronchitis in men (US Public Health Service 1964).

Early consensus groups were more cautious in interpreting the relationship of smok-
ing with various cardiovascular diseases and other conditions. The 1964 Report to the
Surgeon General noted that ‘Male cigarette smokers have a higher death rate from
coronary artery disease than non-smoking males, but it is not clear that the association
has causal significance’ (RR = 6.1) (US Public Health Service 1964). The median rela-
tive risk for death from coronary heart disease in male smokers compared to non-
smokers was 1.7 (range 1.5–2.0) in the cohort studies reviewed in 1964. However, by
1967 a later Surgeon General Report concluded, ‘The convergence of many types of evi-
dence—epidemiological, experimental, pathological, and clinical—strongly suggests
that cigarette smoking can cause death from coronary heart disease’ (US Public Health
Service 1967). The language attributing causation became progressively stronger over
time, as results from the Framingham Study and other cardiovascular cohorts
confirmed that smoking, hypertension, and increased cholesterol were all strong and
independent risk factors (Kannell et al. 1966).

With prolonged follow-up, the cohort studies included many more cases and/or
deaths from less common conditions, and more detailed analyses of diseases attributa-
ble to smoking. By 1989, the US Surgeon General had designated 14 disease categories
that contribute to smoking-attributable deaths in the United States (US Department of
Health and Human Services 1989). These included coronary heart disease; hyperten-
sive heart disease; cerebrovascular lesions; aortic aneurism (non-syphilitic); ulcer (gas-
tric, duodenal, jejeunal); influenza and pneumonia; bronchitis and emphysema; and
cancers of the lip, oral cavity, and pharynx, esophagus, pancreas, larynx, lung, kidney,
and bladder and other urinary organs (US Department of Health and Human Services
1989). An updated review by the International Agency for Research on Cancer (IARC)
in 2002 refined this list by including cancers of the naso-, oro-, and hypopharynx, nasal
cavity, paranasal sinuses, stomach, liver, kidney (parenchyma as well as renal pelvis),
ureter, uterine cervix, and bone marrow (myeloid leukemia) (IARC 2002).

Besides contributing to the inventory of diseases officially designated as caused by
smoking, the cohort studies also reveal how the epidemic changed, and evolved, over
time. This progression is particularly evident in the increase in lung cancer death rates
that occurred among women smokers in the two American Cancer Society cohorts,
during the past 50 years (Garfinkel and Stellman 1988; Thun et al. 1997), and in the
growing disparity in overall survival rates between smokers and non-smokers from the
first to the second half of the British Doctors Study (Doll et al. 1994, 2000).

Figure 2.1 illustrates the death rate from lung cancer among women who smoked
cigarettes, within 5-year age intervals, for four time periods between 1960 and 1986.

THE GREAT STUDIES OF SMOKING AND DISEASE IN THE TWENTIETH CENTURY28

03_Chap02.qxd  6/23/04  1:10 AM  Page 28



Lung cancer mortality increased enormously in women smokers over the 26-year
period. Not shown in Fig. 2.1 is that the death rate from lung cancer remained essen-
tially constant over this interval among women who had never smoked (Garfinkel
1981; Thun et al. 1997). Consequently, the relative risk associated with current ciga-
rette smoking in women increased from approximately 2 in 1960–64 to nearly 11 in
1982–86. The protracted increase in lung cancer among women smokers contradicted
the hypothesis of the early 1950s, that women might be less susceptible than men to
the adverse effects of smoking, and refuted the theory proposed by R. A. Fisher that the
absence of increasing lung cancer among women smokers in the 1950s was evidence
that smoking did not cause lung cancer (Fisher 1958). Instead, it supported Doll’s pre-
diction (Doll et al. 1980), that as successive birth cohorts of women smoked more inten-
sively from earlier ages, their lung cancer risk would approach that of male smokers.

An analogous picture of the progression of the epidemic is apparent in the widening
gap in overall survival between cigarette smokers and lifelong non-smokers from the
first to the second half of the British Doctors Study. Figure 2.2 illustrates the probabil-
ity of survival to various ages beyond 40 years among male British doctors who never
smoked tobacco, or who currently smoked cigarettes during the first or second 20-year
interval of follow-up (Doll et al. 1994). During both time periods, the percentage sur-
viving was higher among men who had never smoked than among those who smoked
regularly. The percentage surviving to age 70 was 58 per cent among current cigarette
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smokers and 76 per cent among lifelong non-smokers in the interval 1951–71, and 60
per cent and 83 per cent in the follow-up from 1971 to 1991. Furthermore, the median
difference in overall survival between smokers and non-smokers widened over time,
from 5 years in 1951–71, to 8 years in 1971–91. The difference widened largely because
improvements in survival affected never-smokers more than smokers.

Contributing to the increase in lung cancer mortality among female smokers, and to
the widening disparity in survival between smokers and non-smokers, was a genera-
tional shift towards initiating cigarette smoking at younger ages. Successive birth
cohorts of both male and female smokers began smoking regularly earlier in adoles-
cence (Anderson et al. 2002). The relationship between an early age of initiation
and lung cancer risk is illustrated in Fig. 2.3, showing the lung cancer death rate
(per 100 000) among men aged 55–64 years in the US Veterans Study (Kahn 1966).
Men who began smoking at an earlier age have higher death rates from lung cancer at a
given level of smoking than men who initiated smoking later. The difference in risk is
seen for both ‘moderate’ (10–20 cigarettes per day) and ‘heavy’ smokers (21–39 ciga-
rettes per day). This analysis cannot differentiate whether the higher lung cancer rate in
persons who begin smoking early reflects a longer duration of smoking or greater vul-
nerability of the immature lung to the carcinogenicity of smoke, since the two factors
are inseparably correlated in current smokers of the same age. However, Fig. 2.3 does
illustrate that earlier age of initiation is a strong predictor of higher lung cancer risk.

Finally, the cohort studies demonstrate the substantial benefit of smoking cessation in
preventing much of the increased mortality caused by continued smoking. Figure 2.4
illustrates the cumulative probability of death from lung cancer, conditional on
survival from other conditions, during 7 years of follow-up of CPS-II, in relation to
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age, sex, and smoking status. The highest risk is seen in men and women who actively
smoked cigarettes at the time of enrollment into the study in 1982. The cumulative risk
in men and women older than 85 equals 24 per cent and 11 per cent, respectively. The
lowest risk of lung cancer is seen in men and women who have never smoked regularly.
The risk is intermediate among men and women who have quit smoking at various
ages, prior to enrollment in the study, and decreases most the earlier the age of quit-
ting. Persons who stop smoking avoid much of the dramatic further increase in risk
incurred by those who continue.

Continuing need for cohort studies
It is important to note that there is a continuing need for cohort studies to monitor
the course of the pandemic in other countries and to improve strategies for ending
tobacco dependence. Not all of the important questions have been answered. There is
still much to learn about the nature and treatment of addiction, the phenomenon that
obligates continued smoking for most adults. This is very important for the 46.5 mil-
lion Americans (CDC 2002) and over 1.2 billion people worldwide (Corrao et al. 2000)
who are addicted to tobacco use. Most of the attention of cohort studies in the past has
been directed at understanding the disease burden caused by smoking, not at develop-
ing or testing interventions.

Furthermore, the diseases that tobacco use causes differ somewhat in different coun-
tries, depending on the background risks of contracting diseases that either compete
with, or interact with, smoking. For example, much of the disease burden caused by
tobacco in the United States and other Western countries involves cardiovascular dis-
eases, because of the high background rate of these conditions. The same is not true in
China, where a much higher proportion of the burden involves chronic obstructive
pulmonary disease (Liu et al. 1998), or in India, where tuberculosis is the most
common disease by which smoking causes premature death.

Summary and conclusions
Since the early 1950s, large cohort studies have played a major role in helping to iden-
tify the multitude of adverse health effects caused by tobacco use, particularly in man-
ufactured cigarettes. They demonstrated that the harmful effects applied to women as
well as men, and that the burden of disease caused by smoking increased over time, as
smokers initiated regular cigarette smoking at progressively earlier ages. Large cohort
studies will continue to be important for monitoring the course of the epidemic as it
evolves in different cultures, and for sustaining the political resolve to end it.
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Chapter 3

Dealing with health fears: Cigarette
advertising in the United States in the
twentieth century

Lynn T. Kozlowski and Richard J. O’Connor

Since the beginning of the twentieth century, cigarette advertising in the United States
has been largely an effort to deal with the health fears related to smoking. Three main
techniques have been used: reassurance, misdirection of attention, and inducements to
be brave in the face of fear. Others have also considered the history of cigarette adver-
tising and carried out content analyses (Warner 1985; McCaullife 1988; Pollay 1989;
Ringold and Calfee 1989; Cohen 1992). This chapter depends on this earlier work and
is an extension of an earlier paper on the topic (Kozlowski 2000). Note that we focus
on advertising in the United States—similar themes have been examined in Canadian
advertising (see Pollay 2002).

Background
In the 1890s, the leading tobacco companies became organized in a large commercial
conglomerate (Heimann 1960). By 1910, the large majority of tobacco products sold in
the United States were sold by this group. This monopoly was prosecuted under the
Sherman Anti-trust Act and, as a result, was broken up into separate companies in
1911. When the R. J. Reynolds Tobacco Company became a separate company again, as
part of this action, it was given no established cigarette brand as part of the settlement
(Tilley 1985); Richard Joshua Reynolds responded by creating a new brand. Earlier, he
had been successful with a burley-based pipe tobacco blend called Prince Albert, and
soon developed a new cigarette brand that made heavy use of burley tobacco in the
blend (Heimann 1960). Camel® was introduced in 1913 as a cheaper cigarette with a
milder, novel taste. Backed by a national advertising campaign, sales of Camel®

cigarettes rose from 1 145 000 cigarettes shipped in the first year, to 2 255 310 000 in
1915, 11 923 640 000 in 1917, and 31 424 218 000 in 1924 (Tilley 1985). It was the leading
cigarette of the period. Three national cigarette brands dominated cigarette sales for
the first 50 years of the twentieth century: Camel® (R. J. Reynolds), Lucky Strike®

(American Tobacco), and Chesterfield® (Liggett and Myers).

04_Chap03.qxd  6/23/04  1:10 AM  Page 37



The risks of smoking were known
Many smokers at that time were likely to have been aware of health concerns about
tobacco. In the late 1800s and early 1900s, the Anti-Cigarette League, under the direc-
tion of Lucy Page Gaston, helped spread the word about the dangers of cigarettes (Tate
1999). States had even placed bans on cigarettes. See Tate (1999) for a detailed account
of anti-smoking activities, many directed specifically at the dangers to health of ciga-
rette smoking (cf. Robert 1967). There were also widespread concerns in the news-
papers about possible impurities, adulterants, and dirty conditions involved in
cigarette making (see Young 1917).

President Ulysses S. Grant died a very public death due to throat cancer, and
Patterson (1989) has argued that this death of a famous cigar smoker contributed
greatly to fear of tobacco-caused cancer in the United States around the turn of the
century. A prevailing theory of cancer during the early twentieth century held that can-
cers were caused by ‘irritation’ (Patterson 1989). This model proposed that excessive
use of tobacco irritated the linings of the throat and mouth, eventually leading to can-
cerous growths. (‘Moderate’ tobacco use was viewed as not especially dangerous, even
if definitions of moderate and excessive were far from clear—see Young 1917). At this
time, cigarettes were a small fraction of the market, and excessive pipe and cigar use
were implicated in oral cancers; lung cancer was virtually unheard of at the time
(Patterson 1989). Since cigarettes were so mild they could be inhaled, they could be
positioned as the obviously safer form of tobacco use (Kozlowski 1982).

During the first few decades of the twentieth century, few laws or guidelines impeded
the marketing of cigarettes or the claims that could be made about them. Manufacturers
were free to say just about anything they wanted. Once restrictions were enacted, manufac-
turers could not directly claim safety or healthfulness of their products. Therefore, they
had to use alternative routes (within the bounds of the restrictions) to convince customers
that smoking was less dangerous than critics claimed. The claims made by manufacturers
about cigarettes might be seen both as what was most advantageous for manufacturers to
say, and what consumers most desired to hear: cigarettes are safe, and you can continue to
smoke. Over the years, the messages have been varied; reassurance, misdirection of atten-
tion, and inducements to be brave in the face of fear are three themes that recur repeatedly.

Reassurance
This theme attacks the health issue straight on, offering ways to smoke ‘safely’.Various tech-
nical ‘innovations’ over the years have been advertised as ‘health protection’. Reassurance
marketing began early—consider the text of a 1932 advertisement for Lucky Strike®:

Do you inhale?
What’s there to be afraid of? 7 out of 10 inhale knowingly the other 3 do so unknowingly.

Do you inhale? Lucky Strike meets the vital issue fairly and squarely … for it has solved the vital
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problem. Its famous purifying process removes certain impurities that are concealed in even the
choicest, mildest tobacco leaves. Luckies created that process. Only Lucky’s have it!

(cited in Brecher et al. 1963)

It later proclaims: ‘IT’S TOASTED! Your protection against irritation, against cough’ (as
cited in Brecher et al. 1963). This advertisement sets Lucky Strike® apart from other
cigarettes as purer and safer to inhale. What supposedly sets ‘Luckies’ apart is their
special processing, which removes unspecified impurities (a technical ‘innovation’).
Other ads at the time touted cigarettes as so healthful athletes could smoke them
without affecting their performance (see Lewine 1970).

Filter tips and the ‘tar derby’
The introduction of the filter tip, and the concomitant ‘tar derby’, is one of the best
examples of reassurance marketing. Beginning in the 1950s, concern began to appear
about the tar content of cigarettes and its relationship to disease (e.g. Wynder and
Graham 1950; Doll and Hill 1952). Although manufacturers have argued that the
introduction of filter tips was only circumstantially related to health concerns (e.g.
Tilley 1985), recently revealed industry documents tell a different story. Ernest Pepples,
Vice-President and General Counsel for Brown and Williamson Tobacco, noted in
1976 that ‘the manufacturers’ marketing strategy has been to overcome and even to
make marketing use of the smoking/health connection [emphasis added]’ (as cited in
Glantz et al. 1996). Pepples wrote that the smoker had abandoned regular (unfiltered
cigarettes) because of health concerns, and that ‘… the ‘tar derby’ in the United States
resulted from industry efforts to cater to the public’s concern and to attract consumers
to the new filtered brands’ (as cited in Glantz et al. 1996).

Filters, although they appeared as early as the 1930s, did not begin to become popu-
lar until the 1950s. During this time, filters made of paper, asbestos, and cellulose
acetate, among other materials, were attached to cigarettes. Kents® were promoted as
the ‘greatest health protection in cigarette history’ (an ironic claim given the Micronite
filter contained asbestos). Other manufacturers were making similar claims regarding
the health benefits of their filters (see Table 3.1).

At the height of the tar derby of the late 1950s, the United States Congress held a
hearing on false and misleading advertising of filter-tip cigarettes (False and Misleading
Advertising 1957), now known as the Blatnik report (Tilley 1985; see Kozlowski
2000 for discussion). During the hearing, the then Federal Trade Commission (FTC)
chairman, Sechrest, testified about the Cigarette Advertising Guides developed by his
agency (15 September 1955). The Guide specifically prohibited health or physical
claims, forbade linking filters to such claims, and eliminated false testimonials. All this
seems to have been a legitimate effort to eliminate the most far-fetched health claims.
Chairman Sechrest noted that: ‘Prior to the issuance of the guides, cigarette advertising
generally involved health claims. Since their issuance, the theme of all such advertising,
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including that of filter tips, has centered around taste and flavor’ (False and Misleading
Advertising 1957, p. 304). This is a key concept, for the FTC’s guide stated quite clearly,
‘…Nothing contained in these guides is intended to prohibit the use of any representation,
claim, or illustration relating solely to taste, flavor, aroma, or enjoyment [emphasis
added]’.

By 1956, the most egregious health claims had vanished, and statements regarding
taste and flavor proliferated. In 1960, the industry and the FTC concluded an agree-
ment to eliminate tar information from advertising. In 1964, the Surgeon-General’s
Report was released (USDHEW 1964), reporting a dose–response relationship between
number of cigarettes and disease. This report was seen to encourage using filter
cigarettes, as well as those with less tar.

During the 1960s, both the American Cancer Society and Reader’s Digest criticized the
loss of tar information in cigarette advertising. The FTC maintained that any claims had
to be supported by objective evidence, and so they began to seek input on devising a
standardized test for tar and nicotine content (for a review, see Peeler 1996). FTC
Commissioner Sechrest was worried that standardized testing might lead consumers to
say, ‘I want the one with the least tar’ (False and Misleading Advertising 1957, p. 303),

CIGARETTE ADVERTISING IN THE UNITED STATES IN THE TWENTIETH CENTURY40

Table 3.1 Advertising slogans from the tar derby eraa

Kent (one of the first lower tar and nicotine cigarettes)

1952 ‘No other cigarette approaches such a degree of health protection and
taste satisfaction.’

‘Because this filter is exclusive with KENT, it is possible to say that no other
cigarette offers smokers such a degree of health protection and taste
satisfaction.’

L&M

1953 ‘…Alpha Cellulose. Exclusive to L&M Filters, and entirely pure and harmless to
health.’

1954 ‘L&M Filters are Just What the Doctor Ordered!’

Parliament

1952 ‘…like millions today, you are turning to filter cigarettes for pleasure plus 
protection … it’s important that you know the Parliament Story.’

Philip Morris

1954 ‘The cigarette that takes the FEAR out of smoking!’

Viceroy

1951 ‘Filtered cigarette smoke is better for your health.’

1953 ‘New King-Size Viceroy gives Double-Barreled Health Protection … is safer for
throat, safer for lungs than any other king-size cigarette.’

aThe slogans come from various sources, including: Lewine (1970), Harris (1978), Sobel (1978), Mullen (1979),
Glantz et al. (1996).
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which might be a health issue. In 1966, the FTC announced that tar and nicotine state-
ments were not considered health claims, and instituted its cigarette testing program
the following year. This opened the door for manufacturers to develop a cigarette that
could make health claims implicitly, rather than explicitly: the Light cigarette.

Light cigarettes
Light cigarettes were the natural extension of the tar derby of the 1950s. Since tar was
linked to lung cancer, the most dreaded smoking-related disease, smokers would natu-
rally be attracted to products that reduced tar to lower and lower levels. So, lower-tar
cigarettes were reassuring, particularly when combined with a consoling name such as
‘Light’ that implied fewer toxins and purity at the same time (more on this point later).

Several design changes can reduce standard tar and nicotine numbers (for a review,
see Kozlowski et al. 2001). Probably the most important is filter ventilation (Kozlowski
et al. 1998a). This introduces air into the mainstream smoke, diluting it and reducing
standard machine measurements. However, filter ventilation does not necessarily
reduce the amounts of tar and nicotine delivered to smokers, in that smokers are able
to compensate for the dilution, primarily by taking bigger puffs, or by blocking the
vents with their lips or fingers (Kozlowski and Pillitteri 1996; Kozlowski and O’Connor
2002). For brands with less than 60 per cent ventilation, small increases in puff volume
will adequately compensate for the dilution, while for heavily ventilated brands
(greater than 60 per cent), vent blocking is more important for compensation.

The Light cigarette increased in popularity in the 1970s, when Light versions of
established brands began to appear, and smokers began to switch from ‘Full-Flavor’
to ‘Light’ brands (National Cancer Institute 2001). The sales-weighted average tar
yield dropped from 21.6 mg in 1968 to 12.0 mg in 1997, a 44.4 per cent decline. See the
recent National Cancer Institute (2001) monograph on Lights for a more detailed
overview of the product and its epidemiology.

The Light cigarette took full advantage of the allowable advertising claims (Glantz
et al. 1996). Internal memos from the time show that these products were marketed
precisely to keep smokers who were concerned about their health from quitting by
offering them a ‘safer’ smoke. One Brown and Williamson employee wrote:

All work in this area [communications] should be directed towards providing consumer reassurance
[emphasis in original] about cigarettes and the smoking habit … by claiming low deliveries, by
the perception of low deliveries and by the perception of ‘mildness’. Furthermore, the advertising
for low delivery or traditional brands should be constructed in ways so as not to provoke
anxiety about health, but to alleviate it, and enable the smoker to feel assured about the habit
and confident in maintaining it over time.

(Short 1977)

Amercian Tobacco (Carlton®) and R. J. Reynolds (Now®) competed for the lowest-
yield cigarette, and positioned these brands as having the lowest recorded tar and
nicotine levels (even though the hard-pack versions that measured the lowest were
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generally unavailable in stores; Pollay and Dewhirst 2001). Now® was described as a ‘break-
through’ (1980, as cited in Pollay and Dewhirst 2001), while Carlton® advertisements
claimed that ‘Latest U.S. Gov’t Laboratory test confirms, of all cigarettes: Carlton is lowest’
(1985, as cited in Pollay and Dewhirst 2001). In 1980, Brown and Williamson introduced
Barclay®, a cigarette they promoted as ‘99 per cent Tar Free’ (as cited in Pollay and Dewhirst
2001). However, this cigarette employed a unique ventilation system that was subject
to easy compensation, so much so that Brown and Williamson’s competitors sued to stop
the cigarette’s low-tar claim (FTC v. Brown and Williamson 1985). A campaign for True®

cigarettes was explicit about reassurance: ‘Considering all I’d heard [presumably about
smoking and health], I decided to either quit or smoke True. I smoke True’ (as cited in
Pollay and Dewhirst 2001). This sort of advertisement allowed smokers to conclude that
some cigarettes were a reasonable alternative to quitting, and indeed many smokers were
lulled into a false sense of security by Lights (National Cancer Institute 2001).

A secondary effect of ventilation is that it makes the smoke actually taste ‘lighter’.
That is, even though smokers are very likely not getting less tar and nicotine per ciga-
rette, each puff tastes lighter than a puff of equivalent yield on a regular cigarette
(Kozlowski and O’Connor 2002). In national surveys, smokers note that Lights do taste
lighter (e.g. Kozlowski et al. 1998b), and industry studies note that adding ventilation
can significantly reduces smokers’ ratings of ‘irritation’, ‘impact’, and increase ratings of
‘mildness’ (Anderson 1979; Hirji 1980; Philip Morris 1989).

To sell lower-tar cigarettes to a public used to higher-tar brands, manufacturers had
to convince the public that the new cigarettes would offer the same satisfaction or great
taste that their old cigarettes did, but still be less dangerous. However, the advertise-
ments also had to deal with issues of lighter taste and satisfaction. Consider a 1972
Vantage® advertisement:

Anyone who’s old enough to smoke is old enough to make up his own mind.
By now, as an adult, you must have read and heard all that’s been written and said for and

against cigarettes. And come to your own conclusions … if you like to smoke and have decided
to continue, we’d like to tell you a few facts about a cigarette you might like to continue with …
Vantage gives you real flavor like any high ‘tar’ and nicotine cigarette you ever smoked, without
the high ‘tar’ and nicotine. And since it is the high ‘tar’ and nicotine that many critics seem most
opposed to, even they should have some kind words for Vantage. We don’t want to mislead you.
Vantage is not the lowest ‘tar’ and nicotine cigarette. But, it is the lowest ‘tar and nicotine ciga-
rette you’ll enjoy smoking. It has only 12 milligrams ‘tar’ and 0.9 mg nicotine. With anything
lower, you’d have to work so hard getting taste through the filter that you’d end up going back to
your old brand…

(R. J. Reynolds 1972)

This advertisement promises that the cigarette will: (1) deliver less tar and nicotine
(implicitly healthier); and, at the same time, (2) still deliver good taste. This doubly
reassures the smoker that he can continue to smoke, with reduced health risk but with-
out losing the taste and pleasure he enjoys. It implies that health advocates who say tar
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and nicotine are dangerous might have ‘kind words’ for Vantage®. The ‘work so hard’
phrase acknowledges that compensatory smoking can require significant effort,
but reassures the smoker that Vantage® will not be like that. Other brands have been
marketed using similar tactics (see Table 3.2).
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Table 3.2 Selected slogans for Light cigarette brands, 1970s to 1990s

Merit

1980 Merit Wins Taste Honors. Research establishes low tar MERIT as proven taste 
alternative to high tar smoking. [20610112428]a

1992 Merit introduces surprising flavor at only 1 mg tar. [20610071836]a

1996 (Merit) Yes! Yes, you can switch down from full flavor and still get satisfying
taste. [206100073377]a

True

1974 New. True 100’s. Lower in both tar and nicotine than 98% of all other 
100’s sold. [502293758]b

1974 Is new True 100 lower in tar than your 100? Tests for tar and nicotine
by U.S. Gov’t Method prove it. New True 100 mm is lowest in both tar
and nicotine of all these leading 100 mm cigarettes [lists several brands].
[502293760]b

Vantage

1971 (Vantage). You don’t cop out. We don’t cop out. You demand good taste.
But want low ‘tar’ and nicotine. Only Vantage gives you both.c

Triumph

1980 TRIUMPH BEATS MERIT! Triumph, at less than half the tar, preferred over Merit. 
Taste the UMPH! in Triumph at only 3 mg tar.c

Barclay

1981 Barclay. 99% Tar Free. The pleasure is back.c

Winston Lights

1976 Most low ‘tar’ cigarettes have no taste. A lot of new cigarettes give you
low ‘tar’ and nicotine numbers. But I can’t taste numbers. What I can
taste is Winston Lights. I get lower ‘tar’ and nicotine. But I still get real
taste. And real pleasure. For me, Winston Lights are for real.
[515222693]b

Kent Golden Lights

1976 Kent Golden Lights. As low as you can go and still get good taste and smoking
satisfaction … Kent Golden Lights. Tastes so good, you won’t believe the
numbers. [500331489]b

aAvailable at http://www.pmadarchive.com
bAvailable at http://www.rjrtdocs.com
cAs cited in National Cancer Institute (2001).
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Reassurance marketing has not abated, even into a new century. Consider the adver-
tisements for Omni™ that have appeared recently:

NEW! Omni.™ Reduced Carcinogens. Premium Taste. Introducing the first premium cigarette
created to significantly reduce carcinogenic PAH’s, nitrosamines, catechols, and organics, which
are the major causes of lung cancer in smokers.

(Vector Tobacco 2001)

What happens to a [picture of cigarette] when you reduce carcinogens? You get a really good
tasting smoke. The only cigarette to significantly reduce carcinogens that are among the major
causes of lung cancer. The only one to still deliver premium taste. The only one to finally give
smokers a real reason to switch. Only Omni.™

(Vector Tobacco 2002)

The advertisements feature disclaimers, in smaller type, noting that reductions in
carcinogens are not proven to make a cigarette safer. Still, the offer of ‘reduced carcino-
gens at a premium taste’ is likely to be very reassuring to the health-concerned smoker.
These advertisements resemble early ‘tar derby’ ads by making a nearly explicit health
claim, small-print disclaimers notwithstanding.

Reassurance marketing took different forms over time, but all of them aimed to keep
smokers smoking by encouraging them to believe that smoking was less dangerous.
The addition of filters and their aggressive marketing, followed by the introduction of
Lights, fostered the notion that cigarettes were getting safer without needing to say so
directly. Smokers were doubly reassured that their cigarettes were giving them less
deadly tar, but would still taste good enough to keep them satisfied, and the lighter
taste of Lights helped convince smokers that Lights were safer for them.

Misdirection of attention
Reassurance marketing can go only so far to convince consumers to keep smoking.
Misdirection of attention, as an advertising theme, only indirectly engages the health
issue. Instead of directly confronting the health issue with reassurance, advertising
simply focuses on other attributes of the product that are consistent with reduced risk.
From the earliest days, cigarettes were promoted for their mildness and for their ability
to satisfy. Table 3.3 lists slogans from the first decades of the twentieth century. Note
the prominence of the ‘mild’ theme.

To understand how misdirection of attention can work to deflect health concerns,
one must understand how words can relate to one another. Kozlowski (2000) has
described how ‘hyponomy’, or the heiarchical organization of words under broader
concepts, relates to cigarette advertising. By mentioning ‘mild’, for example, one can
extend its meaning in several directions, following the hyponymic branches. Antonyms
such as ‘harsh’ can come to mind, as well as concepts such as ‘good’, ‘safe’, ‘not irritating’.
Crucial hyponyms of ‘good’ are ‘pleasantness’ and ‘safety’. Basically, positive terms such
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as ‘pleasantness’, ‘mildness’, ‘tastiness’, or ‘mellowness’ evoke ‘goodness’, which is a
hyponym for ‘healthful’. If something is ‘mild’, ‘mellow’, or ‘Light’, it is unlikely to be
‘unhealthful’. The health issue does not need to be engaged directly, because evoking
the semantic networks associated with taste and satisfaction can be enough to influ-
ence the consumer’s thinking that the cigarette isn’t so bad.

Some words or phrases, called tropes, are used in a non-literal way that still carries
important meaning (Bloom 1975). In the current case, ‘light’, ‘smooth’, ‘mild’ are all
tropes that carry meanings for consumers: less irritating, less risky, less deadly. Those
in the industry, and their supporters, often claim that Light labels are justified because
Lights actually deliver less tar to machines than ‘full-flavors’. However, humans do not
smoke like machines. Smokers generally believe that tar numbers reflect what they are
inhaling, and that lower-tar cigarettes are safer (see Rickert et al. 1989; Giovino et al.
1996). Surveys of American smokers show that 39 per cent (n = 360) of Light and 58
per cent (n = 218) of Ultra-light smokers state that they smoke their brands to reduce the
risks of smoking (Kozlowski et al. 1998b). A Light cigarette, to the consumer, must seem
similar to Light ice cream, or Light beer—indicating that they are actually ingesting
less of something (fat or calories in the cases of ice cream and beer, tar in the case of
cigarettes). The meaning of Light as ‘lower standard tar yield’ is only a ‘technical truth’
that should not carry assumptions about reduced risk [cf. P. Lorillard Co. v. FTC
(1950)]. Light is also a trope referring to ‘more pure’ and ‘not as dangerous’ (and literal-
ly, ‘not heavy’). It makes implicit health and safety claims. Groups in both the United
States, and Canada have called for a ban on Light descriptors (National Cancer
Institute 2001; Ministerial Advisory Council on Tobacco Control 2002).
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Table 3.3 Selected cigarette advertising slogans, early twentieth centurya

1929 [Chesterfield] ‘MILD … and yet THEY SATISFY’

1929 [Lucky Strike] ‘20,679 physicians have confirmed the fact that Lucky Strike 
is less irritating in the throat than other cigarettes’

1936 [Philip Morris] ‘… tests proved conclusively that after changing to Philip 
Morris, every case of irritation due to smoking cleared completely or
definitely improved’

1937 [Camel] ‘They’re so mild and never make my throat harsh or rough’

1938 [Viceroy] ‘Viceroy’s filter neatly checks the throat-irritants in tobacco … Safer
smoke for any throat. Inhale without discomfort’

1943 [Viceroy] ‘… filtering the flavor and aroma of the world’s finest tobaccos
into the smoothest of blends and checking OUT resins, tar and throat
irritants that can spoil the EVENNESS of smoking enjoyment!’

1946 [Camel] ‘More Doctors Smoke Camels Than Any Other Cigarette’

aThe slogans come from various sources, including: Lewine (1970), Harris (1978), Sobel (1978), Mullen (1979),
Glantz et al. (1996).

04_Chap03.qxd  6/23/04  1:10 AM  Page 45



Inducements to bravery
A third way advertisers can encourage smokers to keep smoking is to help them identify
with being a risk-taker. Without acknowledging the risks of smoking, advertising
creates an image of smoking that encompasses bravery, risk taking, and other positive
images. The best known, and most successful, of these campaigns has been the cowboy
of Philip Morris’ Marlboro® brand (the world’s best-selling brand).

Marlboro® advertisements generally have little text, but contain strong imagery.
Marlboro® print ads often involve obviously dangerous activities, such as bronco-riding
or roping horses. By linking smoking with such activites, smoking is acknowledged
as dangerous, but possessing similar dangers to those encountered by the Marlboro®

cowboy in his life. These images have been extended to Marlboro® Lights (1970s) and
Marlboro® Ultra Lights (1990s). Consider an advertisement for Marlboro® Lights
(Philip Morris 1976): ‘The spirit of Marlboro in a low tar cigarette’. This text is accom-
panied by a painting of the Marlboro® cowboy riding with horses, seemingly traveling
rather quickly. Marlboro® Lights and Ultra Lights might be seen as cigarettes for the
cowboy who might be concerned for his health, but not so concerned that he would
give up his exciting life style, or his favorite smoke.

R.J. Reynolds has used similar themes to market Camel® Filters and Camel® Lights. In
the late 1970s and early 1980s, male smokers were variously seen sitting around camp-
fires with mountains in the background (Pollay Collection, Camel 19.13), canoeing
(Pollay Archive, Camel 16.16), whitewater rafting (Pollay Collection, Camel 26.14),
driving Jeeps up mountains (Pollay Collection, Camel 34.15), and arm wrestling (Pollay
Collection, Camel 10.01) (advertisements available in the Richard W. Pollay 20th

Century Tobacco Advertisement Collection at http://roswell.tobaccodocuments.org/
pollay/dirdet.cfm). Tag lines proclaimed ‘Share a new adventure’ and ‘Where a man
belongs’. During the Joe Camel promotion, Joe was depicted water skiing (Pollay
Collection, Camel 20.14), riding motorcycles (Pollay Collection, Camel 35.15), wind-
sailing (Pollay Collection, Camel 20.13), and driving race cars (Pollay Collection, Camel
20.19). He was even seen in a bombadier jacket with fighter jets behind him (Pollay
Collection, Camel 27.14). Clearly these images are meant to set the Camel® smoker
apart as adventurous and masculine—someone willing to take on the risks of smoking.

Consumer perception and types of persuasion
The raison d’être of advertising is to convince consumers to buy and use a particular
product, often by convincing them it is the right thing to do (for an overview, see Jones
1998). People generally want to believe the ‘right’ thing (Cacioppo et al. 1996). That is,
people do not like to be wrong. Advertisements that present messages aimed at per-
suading individuals are likely to be consciously processed by consumers. But argument
also invites evaluation. Consumers then have the opportunity to consider what is being
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said, what points are being made, what arguments are being advanced, and who the
source is. This is known as the ‘central route to persuasion’ (cf. Petty et al. 1983).
Advertisements that rely on reassurance generally follow this route. When a message con-
tains no arguments, however, a ‘peripheral route to persuasion’ is involved (cf. Petty et al.
1983). Little conscious scrutiny is involved: the attractiveness of the images and positive
feelings become influential. Ads that rely on misdirection of attention or inducement to
bravery involve peripheral persuasion heavily. A claim that a cigarette is Light or Mild or
Smooth is not something for which objective evidence can be produced. Similarly,
imagery alone is not subject to evaluation in the same way as a claim of ‘great taste, less
tar’. When an advertisement makes the case that cigarette X is not as dangerous, central
processing is engaged. Consumers may or may not be persuaded by the information pro-
vided. However, when a cowboy sits alone in the desert smoking a cigarette, the heart and
mind process the imagery and are unencumbered by conscious information processing.

An overall effect of the FTC’s advertising guidelines, which were enacted to prevent
cigarette makers from making specific (unsupportable) claims, was to encourage
advertising based on subtle implications and symbolism related to taste and satisfac-
tion (Kozlowski 2002). However, since ‘health protection’ messages may remind
the consumer that their health needed protection (i.e. cigarettes are dangerous), elimi-
nating health claims may have benefited manufacturers. Making use of semantic
networks allows manufacturers to imply safety without ever having to say the word.
This also has the added benefit of not needing objective evidence—for example, the
smokers’ own judgement, that the cigarette tastes lighter, can be enough to substantiate
the claim. By using the peripheral route of persuasion, manufacturers run less risk
of consumers rejecting the message by evaluation, because the Marlboro® cowboy
is unevaluable—he simply is. Consumers can accept or reject new charcoal filters,
exclusive blends, and even claims about better taste, but Joe Camel the fighter pilot,
and the name Merit Ultra Light are much harder to dismiss.

Advertising since the Master Settlement Agreement
The Master Settlement Agreement, entered into by 47 states’ attorneys general and the
major cigarette manufacturers, set new guidelines for advertising, primarily aimed at
reducing appeals to children. Billboards, product placements, and advertisements
in magazines with large youth readership were banned (National Association
of Attorneys General 2002). However, the agreement did not address the crucial adver-
tising issues discussed in this chapter (National Association of Attorneys General
2002). The Marlboro® cowboy is alive and well. Omni® implies that its cigarettes
are safer. Only recently have counter-marketing efforts begun to correct consumers’
misapprehensions surrounding Light cigarettes (e.g. Kozlowski et al. 1999, 2000;
Shiffman et al. 2001a, b). Both Brown and Williamson and Philip Morris, perhaps
responding to such countermarketing, have added disclaimers to their listings of
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FTC test results in advertising: Brown and Williamson: ‘Actual deliveries will vary
based on how you hold and smoke your cigarette’; Philip Morris: ‘The amount of ‘tar’
and nicotine you inhale will vary depending on how you smoke the cigarette’.

Because the MSA made no provisions for the advertising themes discussed in this
chapter, manufacturers remain free to use health fears to market their products.

Conclusions
Cigarette advertising in the United States since the beginning of the 20th century has
been an enterprise in reducing health fears around smoking. Advertisements have relied
on three basic themes. Some ads reassure smokers that (1) new developments are making
cigarettes safer, and (2) these developments will not remove the flavor and enjoyment
from smoking. Others use tropes and semantic networks to imply safety without actually
making explicit health claims. A third class of ads uses imagery to convince smokers that
smoking might be risky, but is worth the risk. By allowing imagery and claims based on
taste, regulators opened the door for manufacturers to subtly suggest that cigarettes were
becoming less dangerous and that consumers could continue to smoke.

References
Anderson, P. (1979). HTI test of production Marlboro 85 versus Marlboro 85, Model ‘1’ with 10%

dilution and no reduction in tar delivery. Philip Morris. Available at http://www.pmdocs.com
(Bates Number 2040077052).

Bloom, H. (1975). A map of misreading. Oxford University Press, Oxford.

Brecher, R., Brecher, E., Herzog, A., Goodman, W., and Walker, G. (ed.) (1963). The consumers union
report on smoking and public interest. Consumers Union, Mount Vernon, New York.

Cacioppo, J. T., Petty, R. E., Feinstien, J. A., Blair, W., and Jarvis, G. (1996). Dispositional differences
in cognitive motivation: The life and times of individuals varying in need for cognition.
Psychological Bulletin, 119, 197–253.

Cohen, J. B. (1992). Research and policy issues in Ringold and Calfee’s treatment of cigarette health
claims. Journal of Public Policy and Marketing, 11, 82–6.

Doll, R. and Hill, A. B. (1952). A study of the aetiology of carcinoma of the lung. British Medical
Journal, 1271–82.

False and Misleading Advertising (Filter-tip cigarettes) (1957). Hearings before a subcommittee of the
Committee on Government Operations, House of Representatives, 85th Congress, First Session,
(18–26 July). John A. Blatnik, chair.

FTC v. Brown and Williamson Tobacco Corporation (1985). 580. SUPP 981 (D.C.C., 1983), 778F.2d
35 (D.C.CIR. 1985).

Giovino, G. A., Tomar, S. L., Reddy, M. N., Peddicord, J. P., Zhu, B. P., Escobedo, L. G., et al. (1996).
Attitudes, knowledge and beliefs about low-yield cigarettes among adolescents and adults.
In: The FTC cigarette test method for determining tar, nicotine, and carbon monoxide yields of
U.S. cigarettes: report of the NCI Expert Committee, pp. 39–57. National Cancer Institute,
US Department of Health and Human Services, Bethesda, Maryland.

Glantz, S. A., Slade, J., Bero, L. A., Hanauer, P., and Barnes, D. E. (1996). The cigarette papers.
University of California Press, Berkeley.

Harris, R. W. (1978). How to keep on smoking and live. St. Martin’s Press, New York.

Heimann, R. K. (1960). Tobacco and Americans. McGraw-Hill, New York.

CIGARETTE ADVERTISING IN THE UNITED STATES IN THE TWENTIETH CENTURY48

04_Chap03.qxd  6/23/04  1:10 AM  Page 48



Hirji, T. (1980). Effects of paper permeability, filtration, and tip ventilation on deliveries, impact, and
irritation. British American Tobacco. Available at http://www.bw.aalatg.com (Bates Number
650331009).

Jones, J. P. (ed.) (1998). How advertising works: the role of research. Sage, Thousand Oaks, California.

Kozlowski, L. T. (1982). The determinants of tobacco use: Cigarettes in the context of other forms of
tobacco use. Canadian Journal of Public Health, 73, 236–41.

Kozlowski, L. T. and O’Connor, R. J. (2002). Filter ventilation is a defective design because of lighter
taste, bigger puffs, and blocked vents. Tobacco Control, 11(Suppl. 1), i40–i50.

Kozlowski, L. T. and Pillitteri, J. L. (1996). Compensation for nicotine by smokers of lower yield
cigarettes. In The FTC cigarette test method for determining tar, nicotine, and carbon monoxide
yields of U.S. cigarettes: report of the NCI Expert Committee. National Cancer Institute,
US Department of Health and Human Services, Bethesda, Maryland.

Kozlowski, L. T., Mehta, N. Y., Sweeney, C. T., Schwartz, S. S., Vogler, G. P., Jarvis, M. J., et al. (1998a).
Filter ventilation and nicotine content of tobacco in cigarettes from Canada, the United Kingdom,
and the United States. Tobacco Control, 7(4), 369–75.

Kozlowski, L. T., Goldberg, M. E., Yost, B. A., White, E. L., Sweeney, C. T., and Pillitteri, J. L. (1998b).
Smokers’ misperceptions of light and ultra-light cigarettes may keep them smoking. American
Journal of Preventive Medicine, 15, 9–16.

Kozlowski, L. T., Goldberg, M. E., Sweeney, C. T., Palmer, R. F., Pillitteri, J. L., Yost, B. A., et al. (1999).
Smoker reactions to a ‘radio message’ that light cigarettes are as dangerous as regular cigarettes.
Nicotine and Tobacco Research, 1, 67–76.

Kozlowski, L. T., Yost, B., Stine, M. M., and Celebucki, C. (2000). Massachusetts’ advertising against
light cigarettes appears to change beliefs and behavior. American Journal of Preventive Medicine,
18(4), 339–42.

Kozlowski, L. T. (2000). Some lessons from the history of American tobacco advertising and its
regulations in the 20th century. In: R. Ferrence, J. Slade, R. Room, and M. Pope, Nicotine and
Public Health. Washington DC: American Public Health Association.

Kozlowski, L. T., O’Connor, R. J., and Sweeney, C. T. (2001). Cigarette design. In: Risks associated with
smoking cigarettes having low machine-measured levels of tar and nicotine. Smoking and Tobacco
Control Monograph, No. 13. US Department of Health and Human Services, National Institutes
of Health, National Cancer Institute, Bethesda, Maryland.

Lewine, H. (1970). Good-bye to all that. McGraw-Hill, New York.

P. Lorillard Co. v. FTC (1950). 6140, US Court of Appeals, 4th Circuit, 29 December, pp. 52–9.

McCaullife, R. (1988). The FTC and the effectiveness of cigarette advertising regulations. Journal of
Public Policy and Marketing, 7, 49–64.

Ministerial Advisory Council on Tobacco Control (2002). Putting an End to the Deception: Proceedings
of the International Expert Panel on Cigarette Descriptors. Ottawa, ON: Canadian Council for
Tobacco Control.

Mullen, C. (1979). Cigarette pack art. Totem Books, Toronto.

National Association of Attorneys General (2002). Multistate settlement with the tobacco industry.
Available at: http://www.tobacco.neu.edu/Extra/multistate_settlement.htm.

National Cancer Institute (2001). Risks associated with smoking cigarettes having low machine-measured
levels of tar and nicotine. Smoking and Tobacco Control Monograph, No. 13. US Department of
Health and Human Services, National Institutes of Health, National Cancer Institute, Bethesda,
Maryland.

Patterson, J. T. (1989). The dread disease: Cancer and modern American culture. Harvard University
Press, Cambridge, Massachusetts.

LYNN T. KOZLOWSKI AND RICHARD J. O’CONNOR 49

04_Chap03.qxd  6/23/04  1:10 AM  Page 49



Peeler, C. E. (1996). Cigarette testing and the Federal Trade Commission: a historical overview. The FTC
cigarette test method for determining tar, nicotine, and carbon monoxide yields of U.S. cigarettes.
Smoking and Tobacco Control Monograph, No. 7. National Cancer Institute, Bethesda, Maryland.

Petty, R. E., Cacioppo, J. T., and Schumann, D. (1983). Central and peripheral routes to advertising
effectiveness: The moderating role of involvement. Journal of Consumer Research, 10, 135–46.

Philip Morris (1976). Advertisement for Marlboro Lights cigarettes. Available at
http://www.pmadarchive.com (Bates Number 2061015726).

Philip Morris (1989). Korea product tests. Philip Morris. Available at http://www.pmdocs.com (Bates
Number 2504034439).

Pollay, R. W. (1989). Filters, flavor . . . flim-flam, too! On ‘health information’ and policy implications
in cigarette advertising. Journal of Public Policy and Marketing, 8, 30–9.

Pollay, R. W. and Dewhirst, T. (2001). Marketing cigarettes with low machine measured yields.
In: National Cancer Institute, Risks Associated with Smoking Cigarettes with Low
Machine-Measured Yields of Tar and Nicotine. Bethesda, MD: National Cancer Institute.

Pollay, R. W. (2002). How cigarette advertising works: Rich imagery and poor information. Tobacco
Research Unit, Special Report Series, June 2002, Toronto, Ontario .

R. J. Reynolds (1972). Advertisement for Vantage cigarettes. Available at http://www.rjrtdocs.com
(Bates Number 502612052).

Rickert, W. S., Robinson, J. C., and Lawless, E. (1989). Limitations to potential uses for data based on
the machine smoking of cigarettes: Cigarette smoke contents. In: Nicotine, smoking and the low tar
programme (ed. N. Wald and P. Froggatt), pp. 85–99. Oxford University Press, New York.

Ringold, D. J. and Calfee, J. E. (1989). The informational content of cigarette advertising: 1926–1986.
Journal of Public Policy and Marketing, 8, 1–23.

Robert, J. C. (1967). The story of tobacco in America. The University of North Carolina Press,
Chapel Hill.

Shiffman, S., Pillitteri, J. L., Burton, S. L., Rohay, J. M., and Gitchell, J. G. (2001a). Effect of health
messages about ‘Light’ and ‘Ultra Light’ cigarettes on beliefs and quitting intent. Tobacco Control,
10(Suppl 1), i24–i32.

Shiffman, S., Burton, S. L., Pillitteri, J. L., Gitchell, J. G., Di Marino, M. E., Sweeney, C. T., et al.
(2001b). Test of ‘Light’ cigarette counter-advertising using a standard test of advertising
effectiveness. Tobacco Control, 10(Suppl 1), i33–i40.

Short, P. L. (1977). Smoking and health item 7: The effect on marketing. BATCO, April 14. (Minnesota
Exhibit 030).

Sobel, R. (1978). They satisfy: The cigarette in American life. Doubleday, New York.

Tate, C. (1999). Cigarette Wars: The Triumph of the Little White Slaves. Oxford: Oxford University Press.

Tilley, N.M. (1985). The R.J. Reynolds Tobacco Company. The University of North Carolina Press,
Chapel Hill.

US Department of Health, Education, and Welfare (1964). Smoking and health: Report of the advisory
committee to the Surgeon General of the Public Health Service, 1964. Public Health Publication,
No. 1103. US Public Health Service, Washington DC.

Vector Tobacco (2001). Advertisement for Omni cigarettes. Parade, 23 December.

Vector Tobacco (2002). Advertisement for Omni cigarettes. Playboy, June.

Warner, K. E. (1985). Tobacco industry response to public health concern: A content analysis of
cigarette ads. Health Education Quarterly, 12, 115–27.

Wynder, E. L. and Graham, E. (1950). Tobacco smoking as a possible etiologic factor in bronchiogenic
carcinoma: a study of 684 proven cases. Journal of the American Medical Association, 143, 329–36.

Yang, W. W. (1917). The Story of the Cigarette. New York: D. Appleton & Company.

CIGARETTE ADVERTISING IN THE UNITED STATES IN THE TWENTIETH CENTURY50

04_Chap03.qxd  6/23/04  1:10 AM  Page 50



Part 2

Tobacco: Composition

05_Chap04.qxd  6/24/04  3:27 PM  Page 51



This page intentionally left blank 



Chapter 4

The changing cigarette: Chemical
studies and bioassays

Ilse Hoffmann and Dietrich Hoffmann

Introduction
In 1950, the first large-scale epidemiological studies on smoking and lung cancer
(by Wynder and Graham in the United States and by Doll and Hill in the United
Kingdom) strongly supported the concept of a dose response between the number of
cigarettes smoked, and the risk for cancer of the lung (Doll and Hill 1950; Wynder and
Graham 1950).

In 1953 the first successful induction of cancer in a laboratory animal with a tobacco
product was reported, with the application of cigarette tar to mouse skin (Wynder
et al. 1953). (Throughout this chapter, the term ‘tar’ is used as a descriptive noun only.)
The particulate matter of cigarette smoke generated by an automatic smoking machine
was suspended in acetone (1:1) and painted on to the shaven backs of mice three times
weekly for up to 24 months. A clear dose response was observed between the amount
of tar applied to the skin of mice and the percentage of animals in the test group bear-
ing skin papillomas and carcinomas (Wynder et al. 1957). Since then, mouse skin has
been widely used as the primary bioassay method for estimating the carcinogenic
potency of tobacco tar and its fractions, as well as for particulate matters of other com-
bustion products (Wynder and Hoffmann 1962, 1967; Hoffmann and Wynder 1977;
National Cancer Institute 1977a, b, c, 1980; International Agency for Research on
Cancer 1986a). Intratracheal instillation on rats of the polynuclear aromatic hydrocarbon
(PAH)-containing neutral subfraction of cigarette tar led to squamous cell carcinoma
of the trachea and lung (Davis et al. 1975). A cigarette tar suspension in acetone painted
on to the inner ear of rabbits led to carcinoma, with metastasis in thoracic organs
(Graham et al. 1957).

Dontenwill et al. (1973) developed a method whereby Syrian golden hamsters were
placed, individually, into plastic tubes and exposed twice daily, 5 days a week, for up to
24 months to cigarette smoke diluted with air (1:15). The method led to lesions, pri-
marily in the epithelial tissue of the outer larynx. Using an inbred strain of Syrian golden
hamsters with increased susceptibility of the respiratory tract to carcinogens,
long-term exposure to cigarette smoke produced a high tumor yield in the larynx
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(Bernfeld et al. 1974). A dose response was recorded between the amount of smoke
exposure and the induction of benign and malignant tumors in the larynges of the
hamsters.

In general, inhalation studies with tobacco smoke have not led to squamous cell
carcinoma of the lung (Wynder and Hoffmann 1967; Mohr and Reznik 1978;
International Agency for Research on Cancer 1986a, b). Dalbey et al., from the
National Laboratory in Oak Ridge, Tennessee, exposed female F344 rats to diluted
smoke of up to seven cigarettes daily, five times a week for up to 2.5 years. A high
percentage of the smoke-exposed rats developed hyperplasia and metaplasia in the
epithelium of the nasal turbinates and in the larynx, and also some hyperplasia in
the trachea. The sham-treated rats developed a small number of lesions in nasal and
laryngeal epithelia, but none in the trachea. Ten tumors of the respiratory system were
observed in 7 out of 80 smoke-exposed rats. These were: 1 adenocarcinoma, 1 squa-
mous cell carcinoma in the nasal cavity, 5 adenomas of the lung, 2 alveologenic carci-
nomas, and 1 squamous cell carcinoma of the lung (Dalbey et al. 1980). In the control
group of 93 sham-exposed rats, one developed an alveologenic carcinoma (Dalbey
et al. 1980). In 1952, Essenberg reported that cigarette smoke induces an excessive
number of pulmonary adenomas, whereas the sham-exposed mice, as well as the
untreated mice, developed significantly lower rates of pulmonary tumors. In the
following years, the Leuchtenbergers repeatedly confirmed the findings by Essenberg.
They also demonstrated that even the gas phase, as such, increased the occurrence
of pulmonary tumors in mice (Leuchtenberger et al. 1958; Leuchtenberger and
Leuchtenberger 1970). Several additional studies demonstrated the induction of
pulmonary tumors in several strains of mice exposed to diluted cigarette smoke
(Mühlbock 1955; Wynder and Hoffmann 1967; Mohr and Reznik 1978; International
Agency for Research on Cancer 1986a, b). Otto (1963) exposed mice to diluted cigarette
smoke for 60min daily, for up to 24 months. Of 30 exposed mice, 4 developed lung
adenomas, and 1, an epidermoid carcinoma of the lung. In the untreated control
group, 3 of 60 mice developed lung adenomas.

Identification of carcinogens and tumor promoters
in tobacco smoke
Green and Rodgman estimated that there were about 4800 compounds in tobacco
smoke. In addition, several additives out of a list of 599 compounds disclosed by tobacco
companies (Doull et al. 1994) may be added to cigarette tobacco during the manufac-
turing process in the United States (Doull et al. 1994; Green and Rodgman 1996).
Tables 4.1 and 4.2 list the major constituents of the vapor phase (Table 4.1) and the
particulate phase (Table 4.2), and their concentrations in the mainstream smoke (MS)
of non-filter cigarettes (Ishiguro and Sugawara 1980; Hoffmann and Hecht 1990).
Agricultural chemicals and pesticides, as well as their specific thermic degradation
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products, are omitted from the two tables because of the many variations in the nature
and amounts of these agents in tobacco from country to country, and from year to year
(Wittekindt 1985). Table 4.3 lists the major toxic components in the MS of cigarettes
(Hoffmann and Hoffmann 1995).

ILSE HOFFMANN AND DIETRICH HOFFMANN 55

Table 4.1 Major constituents of the vapor phase of the mainstream smoke of nonfilter
cigarettes

Compounda Concentration/cigarette (% of total effluent)

Nitrogen 280–320 mg (56–64%)

Oxygen 50–70 mg (11–14%)

Carbon dioxide 45–65 mg (9–13%)

Carbon monoxide 14–23 mg (2.8–4.6%)

Water 7–12 mg (1.4–2.4%)

Argon 5 mg (1.0%)

Hydrogen 0.5–1.0 mg

Ammonia 10–130 µg

Nitrogen oxides (NOx) 100–600 µg

Hydrogen cyanide 400–500 µg

Hydrogen sulfide 20–90 µg

Methane 1.0–2.0 mg

Other volatile alkanes (20) 1.0–1.6 mgb

Volatile alkenes (16) 0.4–0.5 mg

Isoprene 0.2–0.4 mg

Butadiene 25–40 µg

Acetylene 20–35 µg

Benzene 12–50 µg

Toluene 20–60 µg

Styrene 10 µg

Other volatile aromatic hydrocarbons (29) 15–30 µg

Formic acid 200–600 µg

Acetic acid 300–1700 µg

Propionic acid 100–300 µg

Methyl formate 20–30 µg

Other volatile acids (6) 5–10 µg

Formaldehyde 20–100 µg
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Table 4.1 (continued) Major constituents of the vapor phase of the mainstream smoke of
nonfilter cigarettes

Compounda Concentration/cigarette (% of total effluent)

Acetaldehyde 400–1400 µg

Acrolein 60–140 µg

Other volatile aldehydes (6) 80–140 µg

Acetone 100–650 µg

Other volatile ketones (3) 50–100 µg

Methanol 80–180 µg

Other volatile alcohols (7) 10–30 µg

Acetonitrile 100–150 µg

Other volatile nitriles (10) 50–80 µgb

Furan 20–40 µg

Other volatile furans (4) 45–125 µgb

Pyndine 20–200 µg

Picolines (3) 15–80 µg

3-Vinylpyridine 10–30 µg

Other volatile pyridines (25) 20–50 µgb

Pyrrole 0.1–10 µg

Pyrrolidine 10–18 µg

N-Methylpyrrolidine 2.0–3.0 µg

Volatile pyrazines (18) 3.0–8.0 µg

Methylamine 4–10 µg

Other aliphatic amines (32) 3–10 µg

aNumbers in parentheses represent the individual compounds identified in a given group.
bEstimate.

Table 4.2 Major constituents of the particulate matter of the mainstream smoke of nonfilter
cigarettes

Compounda �g/cigaretteb

Nicotine 1000–3000

Nornicotine 50–150

Anatabine 5–15

Anabasine 5–12

Other tobacco alkaloids (17) na

Bipyridyls (4) 10–30
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Table 4.2 (continued) Major constituents of the particulate matter of the mainstream smoke
of nonfilter cigarettes

Compounda �g/cigaretteb

n-Hentriacontane (n-C31H64)c 100

Total nonvolatile hydrocarbons (45)c 300–400c

Naphthalene 2–4

Naphthalenes (23) 3–6c

Phenanthrenes (7) 0.2–0.4c

Anthracenes (5) 0.05–0.1c

Fluorenes (7) 0.6–1.0c

Pyrenes (6) 0.3–0.5c

Fluoranthenes (5) 0.3–0.45c

Carcinogenic polynuclear aromatic hydrocarbons (11)b 0.1–0.25

Phenol 80–160

Other phenols (45)c 60–180c

Catechol 200–400

Other catechols (4) 100–200c

Other dihydroxybenzenes (10) 200–400c

Scopoletin 15–30

Other polyphenols (8)c na

Cyclotenes (10)c 40–70c

Quinones (7) 0.50

Solanesol 600–1000

Neophytadienes (4) 200–350

Limonene 30–60

Other terpenes (200–250)c na

Palmitic acid 100–150

Stearic acid 50–75

Oleic acid 40–110

Linoleic acid 150–250

Linolenic acid 150–250

Lactic acid 60–80

Indole 10–15

Skatole 12–16

Other indoles (13) na

Quinolines (7) 2–4

Other aza-arenes (55) na
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Table 4.2 (continued) Major constituents of the particulate matter of the
mainstream smoke of nonfilter cigarettes

Compounda �g/cigaretteb

Benzofurans (4) 200–300

Other O-heterocyclic compounds (42) na

Stigmasterol 40–70

Sitosterol 30–40

Campesterol 20–30

Cholesterol 10–20

Aniline 0.36

Toluidines 0.23

Other aromatic amines (12) 0.25

Tobacco-specific N-nitrosamines (6) 0.34–2.7

Glycerol 120

aNumbers in parentheses represent individual compounds identified.
bFor details, see Table 4.4.
cEstimate.

na, Not available.

Table 4.3 Major toxic agents in cigarette smokea (from Hoffmann et al. 1998)

Agent Concentration/ Toxicity
nonfilter cigarette

Carbon monoxide 10–23 mg Binds to hemoglobin, inhibits respiration

Ammonia 10–130 µg Irritation of respiratory tract

Nitrogen oxide (NOx) 100–600 µg Inflammation of the lung

Hydrogen cyanide 400–500 µg Highly ciliatoxic, inhibits lung clearance

Hydrogen sulfide 10–90 µg Irritation of respiratory tract

Acrolein 60–140 µg Ciliatoxic, inhibits lung clearance

Methanol 100–250 µg Toxic upon inhalation and ingestion

Pyridine 16–40 µg Irritates respiratory tract

Nicotineb 1.0–3.0 mg Induces dependence, affects cardiovascular 
and endocrine systems

Phenol 80–160 µg Tumor promoter in laboratory animals

Catechol 200–400 µg Cocarcinogen in laboratory animals

Aniline 360–655 µg Forms methemoglobin, and this affects respiration

Maleic hydrazide 1.16 µg Mutagenic agent

aThis is an incomplete list.
bToxicity: oral/rat, LD50 free nicotine 50 mg/kg, nicotine bitartrate 65 mg/kg.
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Development of highly sensitive analytical methods, as well as reproducible short-
term and long-term assays, has led to the identification of 69 carcinogens in cigarette
smoke (Table 4.4). Of these, 11 are known human carcinogens (Group I), 7 are proba-
bly carcinogenic in humans (Group 2A), and 49 of the animal carcinogens are possibly
carcinogenic to humans (Group 2B). This classification of the carcinogens is according
to the International Agency for Research on Cancer (IARC) (1983, 1984, 1986b, 1988,
1990, 1991, 1992, 1994a, b, c, d, 1995a, b, 1996, 1999a, b). Two suspected carcinogens
have, so far, not been evaluated by the IARC.
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Table 4.4 Carcinogens in cigarette smoke

Agent Conc./nonfilter IARC evaluation of 
cigarette carcinogenicity

in lab animals in humans Group a

PAH

Benz(a)anthracene 20–70 ng Sufficient 2A

Benzo(b)fluoranthene 4–22 ng Sufficient 2B

Benzo( j)fluoranthene 6–21 ng Sufficient 2B

Benzo(k)fluoranthene 6–12 ng Sufficient 2B

Benzo(a)pyrene 20–40 ng Sufficient Probable 2A

Dibenz(a,h)anthracene 4 ng Sufficient 2A

Dibenzo(a,l)pyrene 1.7–3.2 ng Sufficient 2B

Dibenzo(a,e)pyrene Present Sufficient 2B

Indeno(1,2,3-cd)pyrene 4–20 ng Sufficient 2B

5-Methylchrysene 0.6 ng Sufficient 2B

Heterocyclic compounds

Quinoline b 1–2 ng

Dibenz(a,h)acridine 0.1 ng Sufficient 2B

Dibenz(a,j)acridine 3–10 ng Sufficient 2B

Dibenzo(c,g)carbazole 0.7 ng Sufficient 2B

Benzo(b)furan Present Sufficient 2B

Furan 18–37 ng Sufficient 2B

N-Nitrosamines

N-Nitrosodimethylamine 2–180 ng Sufficient 2A

N-Nitrosoethylmethylamine 3–13 ng Sufficient 2B

N-Nitrosodiethylamine ND–2.8 ng Sufficient 2A

N-Nitroso-di-n-propylamine ND–1.0 ng Sufficient 2B
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Table 4.4 (continued) Carcinogens in cigarette smoke

Agent Conc./nonfilter IARC evaluation of 
cigarette carcinogenicity

in lab animals in humans Groupa

N-Nitroso-di-n-butylamine ND–30 ng Sufficient 2B

N-Nitrosopyrrolidine 3–110 ng Sufficient 2B

N-Nitrosopiperidine ND–9 ng Sufficient 2B

N-Nitrosodiethanolamine ND–68 ng Sufficient 2B

N-Nitrosonornicotine 120–3700 ng Sufficient 2B

4-(Methylnitrosamino)-
1-(3-pyridyl)-1-butanone 80–770 ng Sufficient 2B

Aromatic amines

2-Toluidine 30–337 ng Sufficient 2B

2,6-Dimethylaniline 4–50 µg Sufficient 2B

2-Naphthylamine 1–334 ng Sufficient Sufficient 1

4-Aminobiphenyl 2–5.6 ng Sufficient Sufficient 1

N-Heterocyclic amines

AaC 25–260 ng Sufficient 2B

IQ 0.3 ng Sufficient 2B

Trp-P-1 0.3–0.5 ng Sufficient 2B

Trp-P-2 0.8–1.1 ng Sufficient 2B

Glu-P-1 0.37–0.89 ng Sufficient 2B

Glu-P-2 0.25–0.88 ng Sufficient 2B

PhIP 11–23 ng Sufficient Possible 2A

Aldehydes

Formaldehyde 70–100 µg Sufficient Limited 2A

Acetaldehyde 500–1400 µg Sufficient Insufficient 2B

Volatile hydrocarbons

1,3-Butadiene 20–75 µg Sufficient Insufficient 2B

Isoprene 450–1000 µg Sufficient 2B

Benzene 20–70 µg Sufficient Sufficient 1

Styrene 10 µg Limited 2B

Misc. organic compoundsc

Acetamide 38–56 µg Sufficient 2B

Acrylamide Present Sufficient 2B
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Table 4.4 (continued) Carcinogens in cigarette smoke

Agent Conc./nonfilter IARC evaluation of 
cigarette carcinogenicity

in lab animals in humans Groupa

Acrylonitrile 3–15 µg Sufficient Limited 2A

Vinyl chloride 11–15 ng Sufficient Sufficient 1

DDT 800–1200 µg Sufficient Probable 2B

DDE 200–370 µg Sufficient 2B

Catechol 100–360 µg Sufficient 2B

Caffeic acid < 3 µg Sufficient 2B

1,1-Dimethylhydrazine Present Sufficient 2B

Nitromethane 0.3–0.6 µg Sufficient 2B

2-Nitropropane 0.7–1.2 µg Sufficient 2B

Nitrobenzene 25 µg Sufficient 2B

Ethyl carbamate 20–38 µg Sufficient 2B

Ethylene oxide 7 µg Sufficient Sufficient 1

Propylene oxide 12–100 ng Sufficient 2B

Methyleugenol 20 ng

Inorganic compounds

Hydrazine 24–43 ng Sufficient Inadequate 2B

Arsenic 40–120 µg Inadequate Sufficient 1

Beryllium 0.5 ng Sufficient Sufficient 1

Nickel ND–600 ng Sufficient Sufficient 1

Chromium (only hexavalent) 4–70 ng Sufficient Sufficient 1

Cadmium 7–350 ng Sufficient Sufficient 1

Cobalt 0.13–0.2 ng Sufficient Inadequate 2B

Lead 34–85 ng Sufficient Inadequate 2B

Polonium-210 0.03–1.0 pCi Sufficient Sufficient 1

ND, not detected; PAH, polynuclear aromatic hydrocarbons; AaC, 2-amino-9H-pyrido[2,3-b]indole;
IQ, 2-amino-3-methylimidazo[4,5-b]quinoline; Trp-P-1, 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole;
Trp-2, 3-amino-1-methyl-5H-pyrido[4,3-b]indole; Glu-P-1, 2-amino-6-methyldipyrido[1,2-a:3′,2″-d]imidazole;
Glu-P-2, 2-aminodipyrido[1,2-a:3′,2″-d]imidazole; PhIP, 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine.

aIARC Monographs on the Evaluation of Carcinogenic Risks. Volume 1 and Supplements 1–8, 1972–1999.
(1) Human carcinogens; (2A) probably carcinogenic in humans; (2B) possibly carcinogenic to humans;
(3) not classifiable as to their carcinogenicity to humans.

bUnassigned carcinogenicity status by IARC at this time.
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Smoking conditions
In 1936, the American Tobacco Company began using standard machine-smoking
conditions, which reflected, to some extent, the smoking habits of cigarette smokers at
that time. The estimated sales-weighted average nicotine yields of the cigarettes
smoked at that time were around 2.8 mg (Bradford et al. 1936). In 1969, in agreement
with the United States tobacco industry, the Federal Trade Commission (FTC) adapted
the standard method of 1936 with only slight modifications. Since then, machine-
smoking conditions have been 1 puff/minute, with a volume of 35 ml drawn during
2 seconds, leaving a butt length of 23 mm for a non-filter (plain) cigarette and length
of the filter plus overwrap, plus 3 mm for filter cigarettes (Pillsbury et al. 1969). In
Canada and the United Kingdom, the standard smoking conditions of the International
Standards Organization (ISO) have been accepted since 1991 (ISO 1991). In other
European countries, the standard smoking conditions for cigarettes are those devel-
oped by CORESTA (Centre De Cooperation Pour Les Recherches Scientifiques
Relative Au Tabac), which are similar to the FTC standard smoking conditions
(CORESTA 1991). In Japan, the FTC standard smoking conditions are employed for
machine smoking of cigarettes (Pillsbury et al. 1969). The FTC method defines tar as
smoke particulates minus water and nicotine, whereas CORESTA defines tar as total
particular minus water (Pillsbury et al. 1969; CORESTA 1991; ISO 1991). The standard
conditions for machine smoking of tobacco products used by the different testing pro-
tocols are presented in Table 4.5. Using the FTC method, the sales-weighted average tar
and nicotine yields of United States cigarettes decreased from about 37 mg and 2.7 mg,
respectively, in 1954, to 12 mg and 0.85 mg in 1993 (Fig. 4.1).

More than 20 years ago, M. A. H. Russell in the United Kingdom and N. L. Benowitz
in the United States reported that long-term smokers of cigarettes with lower nicotine
yields took more than one puff per minute, drew puff volumes exceeding 35 ml, and
inhaled the smoke more deeply than smokers of higher yield cigarettes (Russell 1976
1980; Benowitz et al. 1983).

Table 4.6 presents the smoking characteristics of 56 volunteer smokers who regularly
consumed low-yield cigarettes (≤0.8 mg nicotine/cigarette according to the FTC
machine-smoking method) and of 77 volunteer smokers regularly consuming
medium-nicotine cigarettes (FTC, 0.9–1.2 mg nicotine/cigarette). These two ranges of
nicotine yield constituted more than 73.4 per cent of all cigarettes smoked in the
United States in 1993 (Federal Trade Commission 1995). The results of this study
clearly indicate that the majority of smokers in the United States smoke their cigarettes
much more intensely to satisfy their acquired need for nicotine. Comparing the yields of
the same cigarettes smoked under FTC standard machine-smoking conditions with the
smoke inhaled by the consumers of cigarettes with low- and medium-nicotine content,
reveals that smokers inhale 2.5 and 2.2 times more nicotine/cigarette, 2.6 and 1.9 times
more tar, 1.8 and 1.5 times more carbon monoxide, 1.8 and 1.6 times more
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Table 4.5 Standard conditions for machine smoking of tobacco products

Parameters Tobacco product

Cigarettes Bidis Little cigars Small cigars Cigars Premium Pipes*

FTC CORESTA – FTC CORESTA CORESTA CORESTA CORESTA

Weight (g) 0.8–1.1 0.8–1.1 0.55–0.80 0.9–1.3 1.3–2.5 5–17 6–20

Puff

Frequency (s) 60.0 60.0 30.0 60.0 40.0 40.0 40.0 20.0

Duration (s) 2.0 2.0 2.0 2.0 1.5 1.5 1.5 2.0

Volume (ml) 35.0 35.0 35.0 35.0 40.0 40.0 40.0 50.0

Butt length (mm)

Non-filter 23.0 23.0 23.0 23.0 33.0 33.0 33.0

Filtered F and OW + 3 F + 8 F and OW + 3

FTC, Federal Trade Commission method; CORESTA, Centre De Cooperation Pour Les Recherches Scientifiques Relative Au Tabac method; F, filter tip; OW, overwrap.

*One gram of pipe tobacco smoked.

Sources: aHoffmann et al. (1974); bInternational Committee for Cigar Smoking (1974); cMiller (1963).
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benzo(a)pyrene (BaP), and 1.7 and 1.7 times more 4-(methylnitrosamino)-
1-(3-pyridyl)-2-butanone (NNK) than is generated by the FTC machine-smoking
method (Table 4.6, Djordjevic et al. 2000).

The discrepancy in exposure assessment between recent measurements and former
interpretations of machine-smoking data has led to criticism of the FTC standard
machine-smoking method for consumer guidance. The suggestion that there is a
meaningful quantitative relationship between the FTC-measured yields and actual
intake (by the cigarette smoker) is misleading (Benowitz 1996). In view of these con-
cerns, it appears ‘that the time has come for meaningful information on the yields of
cigarettes’ (Wilkenfeld et al. 2000a, b). The FTC agrees, in principle, that a better and
more comprehensive test program for cigarettes is needed (Peeler and Butters 2000).

Changes in cigarette smoke composition with various
design changes

Filter tips
In 1959, Haag et al. reported the selective reduction of volatile smoke constituents by
filtration through charcoal filter tips (Haag et al. 1959). Several of the compounds that
are selectively removed from mainstream smoke (MS) in this fashion are major cilia-
toxic agents, such as hydrogen cyanide, formaldehyde, acrolein, and acetaldehyde.
Charcoal filters reduce the MS levels of these agents by up to 66 per cent (Kensler and
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Fig. 4.1 Sales-weighted tar and nicotine values for US cigarettes as measured by machine
using the FTC method 1954–1998. Values before 1968 are estimated from available data
(D. Hoffmann, personal communication).
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Battista 1966; Battista 1976; Tiggelbeck 1976). However, for tar reduction, charcoal
filters are less efficient than cellulose acetate filters. Several types of combination filters
are in use. The early charcoal-activated dual and triple filter tips were cellulose acetate
filters with embedded charcoal powder, or granulated charcoal sandwiched between
cellulose acetate segments. These filters have been improved by innovative filter
designs, incorporating cellulose acetate, charcoal, and cigarette filter paper (Shepherd
1994). However, in the United States, cigarettes with charcoal filters have accounted for
only about 1 per cent of all cigarette sales over the past 15 years. In most developed
countries charcoal-filter cigarettes have had, at most, a few per cent of the open cigarette
market. Exceptions are Japan, South Korea, Venezuela, and Hungary, where at least
90 per cent of the cigarettes have charcoal filter tips (John 1996; Fisher 2000).

Cellulose acetate filter cigarettes first became popular during the early 1950s in
Switzerland and soon thereafter in Germany, then in the United States, later in the
United Kingdom and Japan, and, finally, in France. In 1956, the market share of filter
cigarettes in Switzerland, Germany, and the United States was 57.2 per cent, 16.7 per cent,
and 29.6 per cent, respectively, with only a few per cent in Japan, England, and
France. By 1965, the filter cigarette market share in these countries had risen to about

ILSE HOFFMANN AND DIETRICH HOFFMANN 65

Table 4.6 A comparison of smoke data for two low-yield US filter cigarettes smoked
according to the FTC method and by smokers (from Djordjevic et al. 2000)

Parameters FTC machine smoking Cigarette smokers 

FTC 0.6–0.8 nicotine FTC 0.9–1.2 nicotine

Puff

Volume (ml) 35.0 48.6 (45.2–52.3)a 44.1 (40.8–46.8)b

Interval (s) 58.0 21.3 (19.0–23.8)a 18.5 (16.5–20.6)b

Duration (s) 2.0 1.5 (1.4–1.7)a 1.5 (1.4–1.6)b

Nicotine (mg/cigarette) 0.7 (0.6–0.8) 1.74 (1.54–1.98)c

0.1 (1.09–1.13) 2.39 (2.20–2.60)d

Tar (mg/cigarette) 8.5 (7.7–9.5) 22.3 (18.8–26.5)e

15.4 (14.2–14.9) 29.0 (25.8–32.5)f

CO (mg/cigarette) 9.7 (9.0–10.4) 17.3 (15.0–20.1)g

14.6 (14.2–14.9) 22.5 (20.3–25.0)h

BaP (ng/cigarette) 10 (8.2–12.3) 17.9 (15.3–20.9)i

14 (10.1–19.4) 21.4 (19.2–23.7)j

NNK (ng/cigarette) 112.9 (96.6–113.0) 186.5 (158.3–219.7)i

146.2 (132.5–165.5) 250.9 (222.7–282.7)j

Test Groups: a56 smokers; b71 smokers; c30 smokers; d42 smokers; e18 smokers; f19 smokers; g15 smokers;
h16 smokers; i6 smokers; j3 smokers.

BaP, benzo(a)pyrene; CO, carbon monoxide; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-2-butanone.
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82 per cent (Switzerland), 80 per cent (Germany), 63 per cent (United States of
America), 50 per cent (Japan), 52 per cent (England), and 21 per cent (France). At the
present time, cellulose acetate filter cigarettes account for at least 95 per cent of the
cigarette markets in all of the developed countries, except in France, where filter cigarettes
remain at 85 per cent of all cigarette sales (Waltz and Häusermann 1963; Wynder and
Hoffmann 1994; Hoffmann and Hoffmann 1997).

In the early 1960s, investigators found that cellulose acetate filter tips retained up to
80 per cent of the volatile phenols from the smoke. Reduction of the emissions of
volatile phenols from cigarettes was desirable because their tumor-promoting activity
had been demonstrated in carcinogenesis assays (Roe et al. 1959; Wynder and
Hoffmann 1961; Hoffmann and Wynder 1971). When tested on a gram-for-gram
basis, the tar from cellulose acetate-filtered smoke is somewhat more toxic, but less
carcinogenic, than tars obtained from charcoal-filtered smoke, or from the smoke of
non-filter cigarettes (Wynder and Mann 1957; Bock et al. 1962; Hoffmann and Wynder
1963; Spears 1963; National Cancer Institute 1977c). Cellulose acetate filter tips also
selectively remove up to 75 per cent of the carcinogenic, volatile N-nitrosamines
(VNAs) from the smoke; whereas charcoal filter tips are much less effective in removing
VNA (Brunnemann et al. 1977). Exposure of Syrian golden hamsters to the diluted smoke
from two different cellulose acetate filter cigarettes, twice daily for 5 days per week,
over 60 weeks, elicited a significantly lower incidence of carcinoma of the larynx than
exposure to the diluted smoke from the non-filter cigarette (p < 0.01). In contrast, the
incidence rate of carcinoma of the larynx of hamsters exposed to diluted smoke from
charcoal filter cigarettes did not differ significantly from that of larynx carcinoma in
hamsters exposed to diluted smoke from the non-filter cigarette (Dontenwill et al. 1973).

Filter perforation allows air dilution of the smoke during puff drawing. The velocity
of the airflow through the burning cones of cigarettes with perforated filters is slowed
down. This is because the negative pressure generated by drawing a puff is reduced by
drawing air through the filter perforations, and the pressure drop across the tobacco
rod is reduced, thus slowing the flow of smoke through the rod. This results in less
incomplete (more complete) combustion of the tobacco, and a higher retention of
particulate matter by the cellulose acetate in the filter tip (Baker 1984; Durocher 1984;
Norman et al. 1984; Hoffmann and Hoffmann 1997). Presently, more than 50 per cent
of all cigarettes have perforated filter tips. Table 4.7 compares smoke yields of cigarettes
without filter tips, cigarettes with cellulose acetate filter tips, and cigarettes with cellu-
lose acetate filter tips that are perforated. The filling tobaccos of these experimental
cigarettes were made of an identical blend. The conventional filter tip of cellulose
acetate retains more tar, nicotine, and phenol but releases more CO and the ciliatoxic
agents, hydrogen cyanide, acetaldehyde, and acrolein, into the smoke than does the
cigarette with the perforated filter tip (National Cancer Institute 1976). In mouse skin
assays, the tars from both types of filter cigarettes have comparable tumorigenic activity.
However, one needs to bear in mind: (1) that these comparative data are generated
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Table 4.7 Comparison of experimental cigarettes (yield/cigarette) a,b (from National Cancer Institute 1977c)

Smoke components Unit of Non-filter Cellulose acetate Cellulose acetate Cellulose acetate
measurement cigarette filter cigarette filter w/perforation filter w/perforation

and highly porous paper

Carbon monoxide ml 16.2 19.2 8.62 6.66

Hydrogen cyanide µg 368 296 201 109

Nitrogen oxides—NOx µg 406 438 364 224

Formaldehyde µg 36.0 20.9 31.7 21.4

Acetaldehyde µg 1040 1290 608 550

Acrolein µg 105 104 58.6 48.6

Tar mg 27.0 14.7 19.2 19.5

Nicotine mg 1.8 0.94 1.31 1.5

Phenol µg 161 61.7 122 129

Benz(a)anthracene µg 40.6 [1.40] 35.3 [2.25] 38.5 [1.88] 40.1 [1.91]

Benzo(a)pyrene ng 29.9 [1.09] 19.6 [1.25] 29.2 [1.13] 23.9 [1.14]

aThe composition of the cigarette tobacco is identical in all four experimental cigarettes.
bNumbers in square brackets = µg/dry tar.
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with tars obtained by the standardized machine-smoking method, with a 35-ml puff,
taken once a minute over 2 s; (2) that more than 60 per cent of today’s smokers in the
United States and in many developed countries smoke cigarettes with nicotine yields
of only 1.2 mg or less (according to FTC standards of smoking); and (3) that most of
these smokers compensate for the low nicotine delivery.

Compensation and greater smoke intake is governed by the smokers’ acquired need
for nicotine and, in essence, negates the intended benefits of reducing smoke yields by
technical means (Russell 1976, 1980; Schultz and Seehofer 1978; Moody 1980; Herning
et al. 1981; Benowitz et al. 1983; Gritz et al. 1983; Nil et al. 1986; Benowitz and
Henningfield 1994; Djordjevic et al. 1995, 2000).

Paper porosity
Since about 1960, higher cigarette paper porosity and treatment of paper with citrate
has significantly contributed to the reduction of smoke yields of several smoke
components. During and in between puff drawing, porous paper enhances the
outward diffusion through the paper of hydrogen, NO, CO, CO2, methane, ethane, and
ethylene. On the other hand, it accelerates the diffusion of O2 and N2 into the tobacco
column; this, in turn, causes more rapid smoldering during puff intervals (Hoffmann
and Hoffmann 1997; Owens 1998). Porous cigarette paper causes a significant decrease
of smoke yields of CO, hydrogen cyanide, nitrogen oxides, volatile aldehydes, yet it
hardly changes the yields of tar, nicotine, benz(a)anthracene (BaA), and BaP.
Importantly, the significant reduction of nitrogen oxides in the smoke of these cigarettes
reduces the formation and, thus, significantly lowers the yields of volatile and tobacco-
specific N-nitrosamines (TSNAs) (Brunnemann et al. 1994; Owens 1998).

Cigarette construction
Smoke yields of cigarettes are also dependent on physical parameters, such as length
and circumference of the cigarette, and the width of the cut (number of cuts per inch)
of the tobacco filler. Extending the cigarette length from 50 mm to 130 mm produces
an increase in the level of oxygen in the mainstream smoke, while the absolute levels of
hydrogen, carbon monoxide, methane, ethane, and ethylene decrease. The major reason
for this lies in the diffusion of oxygen through the paper into the smoke stream (Terrell
and Schmeltz 1970). This phenomenon is also reflected in an increased CO delivery
with ascending number of puffs, because the available surface area of the paper dimin-
ishes as the cigarette is smoked. With increasing length of the cigarette, the overall yields
of tar, nicotine, PAH, and other particulate components increase (DeBardeleben et al.
1978). A circumference of cigarettes smaller than the regular 24.8–25.5 mm,
e.g. 23 mm or less, translates into less tobacco being burned but a greater volume of
oxygen available during combustion. Thus, the smoke yields of tar, nicotine, and other
particulate components are lowered (DeBardeleben et al. 1978; Lewis 1992;
Brunnemann et al. 1994; Hoffmann and Hoffmann 1997). Cigarettes with a small
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circumference also have a lower ignition propensity toward inflammable materials
than cigarettes that have a 24.8–25.5 mm circumference. In 1990, almost 5200 residents
of the United States died in fires, an estimated 1200 of these deaths occurred in fires
started by cigarettes (US Consumer Product Safety Commission 1993).

The number of cuts per inch (width of tobacco strands) applied to the filler tobacco
of cigarettes has an impact on smoke yields and/or on the carcinogenicity of the tars.
The first investigation on the importance of tobacco cuts per inch, with regard to
smoke yields and tumorigenicity of the resulting tars, was published in 1965. It com-
pared the smoke yields of tar and BaP when 8, 30, 50, and 60 cuts per inch of leaf were
applied. Tar yields per cigarette decreased from 29.1 to 23.0 mg and BaP from 37 to
21 ng. The tumorigenicities of tars derived from cigarettes made with 8, 30, or 50 cuts
per inch of tobacco declined from 27 per cent to 16 per cent and 13 per cent of tumor-
bearing mice. In a large-scale study of cigarettes filled with an identical blend, cut
20 and 60 times per inch, the smoke yields per cigarette of tar, nicotine, volatile aldehydes,
BaA, and BaP were significantly reduced for the fine-cut tobacco. However, hydrogen
cyanide was insignificantly increased. Gram-for-gram comparison of tumorigenicities
of both tars on mouse skin revealed statistically insignificant differences (National
Cancer Institute 1977a). As the large-scale bioassay was repeated twice, one has to
conclude that in terms of mouse-skin carcinogenicity, activities of tars obtained
from coarse-cut and fine-cut tobaccos are comparable.

Tobacco types
The botanical genus Nicotiana has two major subgenera: N. rustica and N. tabacum.
Nicotiana rustica is grown primarily in Russia, the Ukraine, and other East European
countries, including Georgia, Moldavia, and Poland. It is also grown in South America
and, to a limited extent, in India. In the rest of the world, N. tabacum is grown as the
major tobacco crop; it is classified into flue-cured type (often called bright, blond, or
Virginia tobacco), air-cured type (often called burley tobacco; light air-cured tobacco
grown in Kentucky, and dark air-cured type grown in parts of Tennessee and Kentucky,
South America, Italy, and France), and sun-cured (often called oriental tobacco; prima-
rily grown in Greece and Turkey). In addition, there are special classes of air-cured
tobaccos for cigars, chewing tobacco, and snuff (Tso 1990).

Prior to the past two decades, flue-cured tobaccos were used exclusively for cigarettes
in the United Kingdom and in Finland; they were also the predominate type used in
Canada, Japan, China, and Australia. Air-cured tobaccos are preferred for cigarettes in
France, southern Italy, some parts of Switzerland and Germany, and South America;
cigarettes made exclusively from sun-cured tobaccos are popular in Greece and Turkey.
In the rest of western Europe and in the United States, cigarettes contain blends of
flue-cured and air-cured tobaccos as major components. Today, in many countries,
such as the United Kingdom, France, and other developed nations, the US blended
cigarette is gaining market share. In the United States, the composition of the cigarette
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blend has undergone gradual changes. In the 1960s and early 1970s, 45–50 per cent of
the cigarette blend comprised flue-cured (Virginia) tobaccos; 35 per cent, air-cured
(burley) tobaccos; and a few per cent were Maryland air-cured and oriental tobaccos.
By 1980, the average blend was composed of 38 per cent flue-cured, 33 per cent
air-cured, and a few per cent each of Maryland and oriental tobaccos. In the early
1990s, these proportions were about 35 per cent, 30 per cent, and, again, a few per cent
of Maryland and oriental tobaccos (Spears and Jones 1981; Hoffmann and Hoffmann
1997). The blended cigarette is preferred in many countries, in part because each of the
three major N. tabacum types adds a certain aroma to the smoke. Some isoprenoids,
and a relatively high number of agents with carboxyl content, are associated with the
aroma of flue-cured tobacco. Other isoprenoids, and especially the composition of the
acidic fraction, are related to the special aroma of air-cured tobaccos (Roberts and
Rowland 1962; Enzell 1976; Spears and Jones 1981; Tso 1990). 3-Methylbutanoic acid
(isovaleric acid) is considered to impart the most important flavor characteristic to
oriental tobacco (Stedman et al. 1963; Schumacher 1970).

However, in regard to the toxicity and carcinogenicity of tobacco and tobacco
smoke, the difference in the nitrate content of the tobaccos is of primary significance.
Flue-cured tobacco can contain up to 0.9 per cent of nitrate; yet, as it is used for regular
cigarettes, it contains <0.5 per cent of NO3. In oriental tobaccos one finds up to 0.6 per
cent of NO3, in air-cured tobaccos between 0.9 per cent and 5.0 per cent, but generally
below 3 per cent in commercial cigarettes. The highest concentration of nitrate is pres-
ent in the ribs, and the lowest concentration is in the laminae, especially in the laminae
harvested from the top stalk positions of the tobacco plant (Neurath and Ehmke 1964;
Tso et al. 1982). With the utilization of a greater proportion of air-cured tobacco in
the American cigarette tobacco blend, the nitrate content of the blended US cigarette
tobacco has risen from about 0.5 per cent in the 1950s to 1.2–1.5 per cent in the late
1980s (US DHHS 1989).

The concentrations of nitrogen oxides (NOx) and methyl nitrite in smoke depend
primarily on the nitrate concentrations in the tobacco, even though a portion of the
nitrogen oxides is also formed during smoking from amino acids and certain proteins
(Philippe and Hackney 1959; Sims et al. 1975; Norman et al. 1983). Cigarettes made
with flue-cured tobaccos deliver up to 200 µg of NOx, and 20 µg methyl nitrite in the
smoke. Smoking US blended cigarettes produces up to 500 µg NO2 and 200 µg methyl
nitrite, and the smoke of air-cured tobacco cigarettes contains up to 700 µg NOx and
400 µg methyl nitrite. The major source of nitrate is air-cured tobacco and, thus, the
major source of NOx in its smoke is nitrogen fertilizer (Sims et al. 1975). The stems of
air-cured tobaccos are especially rich in nitrate (≤6.8 per cent). Consequently, stems, as
components of expanded and reconstituted tobaccos, contribute in a major way to
NOx in the smoke (Brunnemann et al. 1983).

Freshly generated smoke, as it leaves the mouthpiece of a cigarette, contains NOx

virtually only in the form of nitric oxide (NO), and contains practically no nitrogen
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dioxide (NO2). However, nitrogen dioxide is quickly formed upon aging of the smoke.
It has been estimated that, within 500 seconds half of the NO in undiluted smoke is
oxidized to NO2 (Neurath 1972). Of major importance is the high reactivity of NOx

upon its formation in the burning cone and in the hot zones of a cigarette. The thermi-
cally activated nitrogen oxides serve as scavengers of C,H- radicals, whereby they
inhibit the pyrosynthesis of carcinogenic polynuclear aromatic hydrocarbons. Table 4.8
presents data on the smoke yields of tar, nicotine, phenol, and BaP and the tumori-
genicities of the tars on mouse skin (Wynder and Hoffmann 1963).

Freshly generated nitrogen oxides also react with secondary and tertiary amines to
form volatile N-nitrosamines (VNAs) and several N-nitrosamines from amino acids,
as well as from additives. The NOx also form tobacco-specific N-nitrosamines (TSNAs)
by N-nitrosation of nicotine and of the minor tobacco alkaloids (Brunnemann et al.
1977; Brunnemann and Hoffmann 1981; Tsuda and Kurashima 1991; Hoffmann et al.
1994). BaP declined while NNK increased in the smoke of a leading US non-filter
cigarette between 1974 and 1997. Both trends are correlated with the use of tobaccos
with higher nitrate content. Recently, it was suggested (Peel et al. 1999) that the formation
of tobacco-specific nitrosamines in flue-cured tobacco in the United States is, in part,
due to the use of propane gas heaters in the curing process. Oxides of nitrogen generated
during the burning of the liquid propane react with nicotine in the tobacco leaf to
form TSNA. This change in the curing method, introduced in the mid-1960s, is a likely
contributor to the increase of TSNA levels in cigarette tobacco. Other important factors
are the proportionally greater use of air-cured tobacco and the use of reconstituted
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Table 4.8 Smoke yields and tumorigenicity of the tars from the four major N. tabacum
varieties (from Wynder and Hoffmann 1963)

Factors Flue-cured Sun-cured Air-cured tobacco
tobacco tobacco Kentuckya Maryland

Yields/cigarette

Tar (mg) 33.4 31.5 25.6 21.2

Nicotine (mg) 2.4 1.9 1.2 1.1

Phenol (µg) 95 120 60 43

Benzo(a)pyrene (ng) 53 (1.6)b 44 (1.4)b 24 (0.94)b 18 (0.85)b

Tumorigenicityc

Percentage of mice with
skin tumors 34 35 23 18

aLow-nicotine, air-cured tobacco (Kentucky).
bNumber in parentheses: µg BaP/g dry tar.
cBioassayed on a gram-for-gram basis of tar.
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tobaccos in the cigarette tobacco blend (Neurath and Ehmke 1964; Brunnemann et al.
1983; Peel et al. 1999). Increased amounts of TSNAs in tobacco compound the
carcinogenic potency of the resulting cigarette smoke (Hoffmann et al. 1994) and are
considered to contribute to the rise of adenocarcinoma, which has become the dominant
form of lung cancer in both male and female smokers during the past three decades
(Vincent et al. 1977; Cox and Yesner 1979; El-Torkey et al. 1990; Devesa et al. 1991;
Stellman et al. 1997). Increasing concentrations of nitrate in tobacco have also led to an
increase in cigarette smoke of the human bladder carcinogens 2-naphthylamine and
4-aminobiphenyl, and of other aromatic amines (Patrianakos and Hoffmann 1979;
Grimmer et al. 1995).

An important aspect relative to the toxicology of cigarette smoke is the correlation
between the nitrate content of tobacco and the pH of cigarette smoke. Even though the
different processes used to flue-cure and air-cure tobaccos have a significant impact on
the smoke composition of the major types of tobacco, the role of nitrate is of major
importance in determining the pH of the smoke. Whereas flue-cured tobacco and US
cigarette tobacco blends deliver weakly acidic smoke (pH 5.8–6.3), the smoke of
cigarettes made from air-cured tobacco delivers neutral to weakly alkaline smoke
(pH 6.5–7.5). A major reason for the range of pH values encountered in the smoke of
the two major tobacco types is the concentration of ammonia in the smoke, which is
tied directly to the concentration of nitrate in the tobacco. When pH levels of the
smoke rise above 6.0, the percentage of free, unprotonated nicotine increases to
about 30 per cent at pH 7.4 and to about 60 per cent at pH 7.8 (Brunnemann and
Hoffmann 1974). Protonated nicotine is only slowly absorbed in the oral cavity; yet,
unprotonated nicotine, which is partially present in the vapor phase of the smoke, is
quickly absorbed through the mucosal membranes of the mouth (Armitage and
Turner 1970). The pH of cigar smoke rises with increasing puff numbers from pH
6.5 to 8.5; consequently, the rapid oral absorption of the free nicotine in the vapor
phase gives a primary cigar smoker immediate nicotine stimulation so that he has no
need for inhaling the smoke. Similarly, the smoker of black, air-cured cigarettes tends
to inhale the smoke not at all, or only minimally (Armitage and Turner 1970; National
Cancer Institute 1998).

In 1963, the first comparative study on the tumorigenicity on mouse skin of tars
from the four major types of N. tabacum revealed the highest activity for tars from
flue-cured and sun-cured tobaccos, and the lowest for the two varieties of air-cured
tobaccos (Table 4.8; Wynder and Hoffmann 1963). The concentration of BaP, as an
indicator of the concentrations of all carcinogenic PAHs, is correlated with the tumor
initiation potential of the tars. Upon topical application to mouse skin and human
epithelia, carcinogenic PAHs induce papilloma and carcinoma. In inhalation studies
with Syrian golden hamsters, the smoke of a cigarette, made with a particular tobacco
blend, was significantly more active in inducing carcinoma of the larynx than was the
smoke of a cigarette with air-cured (black) tobacco (Dontenwill et al. 1973).
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To verify whether a reduction of carcinogenic PAHs in the smoke due to the presence
of high levels of nitrate in tobacco leads to reduced mouse skin tumorigenicity of the
tar, sodium nitrate (8.3 per cent) was added to the standard tobacco blend. On a
gram-for-gram basis, the tar from the cigarette with added nitrate (0.6 µg BaP/gram tar)
induced skin tumors in only 2 of 50 mice, whereas the tar from the control cigarette
(without the addition of nitrate; 1.05 µg BaP/gram tar) induced skin tumors in 25 of
100 mice (Hoffmann and Wynder 1967). In inhalation experiments with Syrian golden
hamsters, smoke from the control cigarette plus 8.0 per cent of sodium nitrate induced
laryngeal carcinomas in only 25 of 160 animals (15.6 per cent) compared to this type
of neoplasm in 60 of 200 animals (30 per cent) in assays with the control cigarette
(Dontenwill et al. 1973). Thus, all of these bioassays on the skin of mice and the inhala-
tion studies with hamsters support the concept that increased nitrate content of the
tobacco inhibits the pyrosynthesis of the carcinogenic PAHs and that the tars of these
cigarettes, and their smoke as a whole, have a reduced potential for inducing benign
and malignant tumors in epithelial tissues when compared to the tar or whole smoke
of cigarettes with tobacco that is low in nitrate.

Reconstituted tobacco and expanded tobacco
In the early 1940s, the technology for making reconstituted tobacco (RT) was developed.
Manufacturing RT enables the utilization of tobacco fines, ribs, and stems in cigarette
tobacco blends (Halter and Ito 1979). Prior to this technology, tobacco fines and stems
had been wasted. With the utilization of RT as part of the tobacco blend, less top-quality
tobacco is needed, and thereby the cost of making cigarette has been reduced.
Laboratory studies have shown that cigarettes made entirely of RT deliver a smoke with
significantly reduced levels of tar, nicotine, volatile phenols, and carcinogenic PAHs.

The two major technologies for making RT for cigarettes are the slurry process
and the paper process. Either process leads to RT with low density. The advantage of
RT lies in the creation of a high degree of aeration of the tobacco, which enhances
combustibility. Most of the tested tars from reconstituted tobaccos had significantly
reduced carcinogenic activity on mouse skin (Wynder and Hoffmann 1965; National
Cancer Institute 1977a). In inhalation assays with Syrian golden hamsters, diluted
smoke from cigarettes made of reconstituted tobacco induced significantly fewer carci-
nomas in the larynx (19/160) than the diluted smoke from control cigarettes (60/200).
The cigarette with RT gave, per cigarette, only 7 puffs and yielded 20.8 mg tar and
16 ng of BaP, compared to 10 puffs, 33.7 mg tar, and 35.4 ng BaP for the control
cigarette (Dontenwill et al. 1973). This result supports the concept that, at least in the
experimental setting, the carcinogenic PAHs, with BaP as a surrogate, are correlated
with the induction of papilloma and carcinoma in epithelial tissues. The procarcinogenic
TSNAs, on the other hand, are not activated by enzymes to their reactive species in
epithelial tissues; thus, they induce few, if any, tumors in such tissues. Tobacco ribs and
stems, the major components of RT, are richer in nitrate (and this applies especially to
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the ribs and stems of air-cured tobaccos) than the laminae of tobacco (Neurath and
Ehmke 1964; Brunnemann et al. 1983; Brunnemann and Hoffmann 1991; Burton et al.
1992). Therefore, in general, the nitrate content of today’s blended US cigarette, which
may contain 20–30 per cent RT, is—at 1.2–1.5 per cent—much higher than the nitrate
level in cigarettes during the 1950s and 1960s, when it was ≤0.5 per cent (Spears 1974;
US DHHS 1989). Cigarettes with RT emit in their smoke significantly greater amounts of
TSNAs than cigarettes of the past. These TSNAs include the adenocarcinoma-inducing
NNK, which is metabolically activated to carcinogenic species in target tissues such as
the lungs (Hoffmann et al. 1994). One major US cigarette manufacturer was awarded a
patent in December of 1978 for developing a process that reduces more than 90 per
cent of the nitrate content of the RT made from ribs and stems (Gellatly and Uhl 1978;
Kite et al. 1978). It is unclear to what extent this patented method has been applied to
RT manufacture for US commercial cigarettes.

There are at least three methods for expanding tobacco by freeze-drying (National
Cancer Institute 1977b). As a result of freeze-drying, expanded tobacco has greater filling
power than natural tobacco, meaning that less tobacco is needed to fill a cigarette. An
85-mm filter cigarette, filled entirely with expanded tobacco, requires 630 mg tobacco;
while a regular non-filter control cigarette of the same dimensions requires 920 mg
tobacco. The tar yields in the smoke of both types of cigarettes amounted to 12.4 mg
and 22.1 mg, respectively (National Cancer Institute 1977b, 1980). In 1982, incorporation
of all possible modifications in the make-up of the cigarette required only 785 mg leaf
tobacco; in contrast, in 1950, the blended US cigarette required 1230 mg leaf tobacco
(Spears 1974). Table 4.9 presents analytical data for the smoke of experimental cigarettes
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Table 4.9 Smoke analyses of cigarettes made from puffed, expanded, and freeze-dried
tobacco and from a control cigarette (from National Cancer Institute 1980)

Smoke component Puffed Expanded Freeze-dried Expanded Control
tobacco tobacco tobacco stems

CO (mg) 9.33 11.8 12.3 23.1 18.0

Nitrogen oxides (µg) 247.0 293.0 235.0 349.0 269.0

HCN (µg) 199.0 287.0 234.0 248.0 413.0

Formaldehyde (µg) 20.7 21.7 33.4 58.0 31.7

Acetaldehyde (µg) 814.0 720.0 968.0 803.0 986.0

Acrolein (µg) 105.0 87.7 92.4 93.0 128.0

Tar (mg) 16 18 16 23 37

Nicotine (mg) 0.8 0.7 0.8 0.4 2.6

BaA (ng) 13.7 11.8 15.3 19.5 37.1

BaP (ng) 11.8 8.2 9.2 16.2 28.7

CO, carbon monoxide; HCN, hydrogen cyanide; BaA, benz(a)anthracene; BaP, benzo(a)pyrene.
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filled with puffed tobacco, expanded or freeze-dried tobacco, and a control cigarette.
Levels of most components measured in the smoke of cigarettes with puffed tobacco,
expanded tobacco, or freeze-dried tobacco were reduced, compared with data for the
control cigarette (National Cancer Institute 1977b, 1980).

The changes that have occurred between 1950 and 1995 in the make-up of US
cigarettes, have significantly altered smoke composition. Table 4.10 compares data
for individual components in the smoke of US blended cigarettes of the 1950s
with corresponding data for the cigarette smoke composition profiles that have been
established between 1988 and 1995. All of these cigarettes were smoked with the FTC
method (Pillsbury et al. 1969).
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Table 4.10 The changing cigarette: changes in the yields of selected toxic agents in the smoke
of US cigarettes (FTC smoking conditions; Pillsbury et al. 1969)

Earlier cigarettesa Current cigarettesa

Smoke component Year Concentration Year Concentration

Carbon monoxide (CO) 1953 33–38 mg (NF) 1994 11 mg (F)

Nitrogen oxides (HNOx) 1965 330 µg (NF) 1994 500 µg (NF)

Benzene 1962 30 µg (NF) 1988 48 µg (NF)
1962 25–30 µg (F) 1990 42 µg (F)

Acetaldehyde 1960 1000 µg (NF) 1992 400 µg (F)

NDMA 1976 43 ng (NF) 1989 65 ng (NF)

Tar 1953 38 mg (NF) 1994 12 mg (F)

Nicotine 1953 2.7 mg (NF) 1994 0.85 mg (F)
1959 1.7 mg (F) 1994 1.1 mg (F)

Phenol 1960 100 µg (NF) 1994 70 µg (NF)
1960 46 µg (F) 1994 35 µg (F)

Catechol 1965 390 µg (NF) 1994
1976 790 µg (F) 1994 140 µg (F)

2-Naphthylamine 1968 22 ng (NF) 1985 35 ng (F)

BaP 1959 50 ng (NF) 1995 19 ng (NF)
1959 27 ng (F) 1995 8 ng (F)

NNN 1978 220 ng (NF) 1995 300 ng (NF)
1978 240 ng (F) 1995 280 ng (F)

NNK 1978 110 ng (NF) 1995 190 ng (NF)
1978 100 ng (F) 1995 144 ng (F)

aNF, non-filter; F, filter.

NDMA, N-nitrosodimethylamine; BaP, benzo(a)pyrene; NNN, N′-nitrosonornicotine; NNK, 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone.
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Additives

Humectants

Humectants serve to retain moisture and plasticity in cigarette and pipe tobaccos. They
prevent the drying of tobacco, which would lead to a harsh-tasting smoke; importantly,
they also preserve those compounds that impart flavor to the smoke. Today, the princi-
pal humectants in cigarette tobacco are glycerol (propane-1,2,3-triol) and propylene
glycol (PG; propane-1,2-diol); of lesser importance are diethylene glycol
(2,2′-di[hydroxyethyl]ether) and sorbitol (Voges 1984). In the past, ethylene glycol
(ethane-1,2-diol) has been used as a humectant for cigarette tobacco. However,
because this compound leads to the formation of ethylene oxide, which is carcinogenic
to both animals and humans, its use has been prohibited (IARC 1994a). In 1972,
Binder and Lindner reported the presence of 20 µg ethylene oxide per cigarette in the
smoke of the untreated tobacco of one cigarette brand (Binder and Lindner 1972).
In this context, it is noteworthy that Törnqvist et al. (1986) found significant levels of
the N-hydroxyethylvaline moiety of hemoglobin in the blood of smokers (ranging
between 217 and 690 pmol/g Hb, averaging 389 ± 138 pmol/g); while levels in the
blood of nonsmokers ranged between 27 and 106 pmol/g Hb and averaged 58 ±
25 pmol/g Hb. The authors suggest that most of the ethylene oxide in the hemoglobin
adduct is derived from endogenous oxidation of ethene in cigarette smoke
(50–250 µg/cigarette).

Humectants may comprise up to 5 per cent of the weight of cigarette tobacco.
In a 1964 study, 18 US cigarette tobacco blends that were analysed for humectants con-
tained between 1.7 and 3.15 per cent of glycerol, which is, to some extent, decomposed
to the ciliatoxic acrolein, and between 0.46 and 2.24 per cent of PG (Cundiff et al.
1964). The smoke of four American cigarettes contained between 0.34 and
0.96 mg/cigarette of PG (Lyerly 1967). However, PG may thermically degrade to yield
propylene oxide. This would be of concern, because propylene oxide is regarded as
possibly carcinogenic to humans (IARC 1994b). Four US cigarettes contained between
0.34 and 0.96 mg/cigarette (Lyerly 1967). In 1999, between 12 and 100 ng of propylene
oxide were detected in the smoke of cigarettes filled with PG-treated tobacco. Several
commercial samples of PG, used as a humectant for cigarette tobacco, already
contained traces of propylene oxide (Kagan et al. 1999).

Flavor additives

Natural tobacco is composed of a wide spectrum of components that, upon heating,
release agents that contribute to the flavor of the smoke. These include tobacco-specific
terpenoids, pyrroles, and pyrazines, among others (Roberts and Rowland 1962;
Gutcho 1972; Senkus 1976; Leffingwell 1987; Roberts 1988). The effective reduction of
smoke yields by filter tips and by the incorporation of reconstituted tobacco also
brought about a reduction of flavor components in the smoke. To counteract this loss
of smoke flavor, the tobacco blends are treated with additives that are essentially
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precursors to smoke flavors. They include natural agents contributing to minty, spicy,
woody, fruity, and flowery flavors. In some instances, such additives also include
synthetic agents as flavor enhancers. While most of the flavor enhancers are chosen
indiscriminately, it is realized that some of them may contribute to toxicity or
carcinogenicity of cigarette smoke. A case in point was the cessation of the use of deer
tongue extract which contained several per cent of the animal carcinogen coumarin
(Voges 1984).

In 1993 and 1994, the tobacco industry convened an expert panel of toxicologists to
screen agents that were in use, or considered for use, as tobacco additives. The panel
established a list of 599 agents that were generally regarded as safe (GRAS), whereby
the term ‘safe’ applied to each of the additives as such without consideration of the fate
and reactivity of these agents during and after combustion (Doull et al. 1994). An
exception was menthol, which was known to transfer into the smoke without yielding
appreciable amounts of carcinogenic hydrocarbons (Jenkins et al. 1970). A recent toxi-
cologic evaluation of flavor ingredients dealt with 170 such agents that are commonly
used in the manufacture of American blended cigarettes, and examined their effects in
four sub-chronic, nose-only smoke inhalation studies in rats compared to effects of the
smoke of tobacco blends without additives. Control animals were exposed to filtered
air (Gaworski et al. 1998). Smoke exposure was monitored with internal dose markers,
including carboxyhemoglobin, serum nicotine, and serum cotinine. The mainstream
smoke (MS) of flavored and nonflavored cigarette types caused essentially the same
responses in the respiratory tracts of the rats; specifically hyperplasia and metaplasia
in the nose and larynx. As this study involved maximally 65 h of exposure (while
induction of tumors would not be expected until animals reach half their life span),
one cannot deduce with certainty that the addition of these flavoring agents to tobacco
blends has no impact on the development of tumors.

New types of cigarettes
The tobacco companies have undertaken a substantial research effort to develop new
types of nicotine delivery devices. These devices were intended to generate an aerosol
with nicotine in the range of the levels present in conventional cigarettes but with very
low emissions of tar and other toxic agents. Toward the end of the 1980s, the first
prototype of these new types of cigarettes was on the test market, a product named
‘Premier’. It was a cigarette that ‘heats rather than burns tobacco’ (R. J. Reynolds
Tobacco Co. 1988; Borgerding et al. 1990a, b, 1997; DeBethizy et al. 1990). This 80-mm
cigarette is comprised of three sections. The first 40-mm section of this cigarette is
made with compressed charcoal, which is immediately linked to an inner aluminum
tube containing tobacco, flavor additives, and glycerol. This tube is embedded in tobacco.
Section 2 (∼10 mm) is a cellulose acetate filter dusted with charcoal powder. The third
section (∼30 mm) is a cellulose acetate filter tip. Under FTC standard machine-smoking
conditions, the ‘Premier’ delivers smoke containing 0.3 mg nicotine, 6.3 mg water,
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4.6 mg glycerol, 0.4 mg propylene glycol, and 0.7 mg tar. Compared with the
reference (conventional) cigarette, and disregarding nicotine, the majority of the
known toxic and carcinogenic agents in the smoke are reduced by more than 90 per cent.
Known exceptions are carbon monoxide (CO) (+3.5 per cent), ammonia (−5.6 per cent),
formaldehyde (−35.3 per cent), resorcinol (−73.3 per cent), quinoline (−56.6 per cent), and
acetamide (−18.2 per cent). This new type of cigarette did not gain consumer acceptance;
possibly because of difficulty in igniting the ‘Premier’, the need for frequent puffing
to ensure continuous burning, the lack of flavor, and the low nicotine delivery
(0.3 mg/cigarette). Nicotine emission was below the level that would satisfy most
smokers’ acquired need for this agent, even with compensatory smoking.

In 1996, a modified ‘Premier’ came on the market. In the United States it is known as
‘Eclipse’, in Germany it is called ‘HiQ’, and in Sweden it goes by the name ‘Inside’. The
‘Eclipse’ consists of four sections. Section 1, the heat source, is a specially prepared
charcoal; section 2 consists of tobacco plus glycerol; section 3 contains finely shredded
tobacco; and section 4 is a filter tip. Upon ignition, the special charcoal heats the air
stream during puff drawing. The heated airstream enters the tobacco sections and
vaporizes glycerol, as well as the volatile and semi-volatile tobacco components,
including nicotine. Under FTC smoking conditions, the ‘Eclipse’ delivers 8 mg CO
(low-tar filter cigarette: 6–12 mg), 150 µg acetaldehyde (700 µg), 30 µg NOx

(200–300 µg), 180 µg hydrogen cyanide (300–400 µg), 5.1 mg tar (11–12 mg), and
0.2–0.4 mg nicotine (0.7–1.0 mg). The remainder of the smoke particulates consists of
33 per cent water, 47 per cent glycerol, and 17 per cent of various other compounds.
The concentrations of the major carcinogens, such as BaP, 2-aminonaphthalene,
4-aminobiphenyl, and the TSNAs are lowered by 85–95 per cent (Rose and Levin 1996;
Smith et al. 1996). Currently, the ‘Eclipse’ is being test marketed and it appears that
response is somewhat more favorable than it was to its predecessor, the ‘Premier’. The
products labeled, ‘Eclipse Full Flavor’, ‘Eclipse Mild’, and ‘Eclipse Menthol’ produce
FTC-standardized smoke yields of 0.2, 0.1, and 0.2 mg nicotine and of 3, 2, and 3 mg
tar per cigarette. Regular cigarette smokers were asked to switch for 2 weeks to ‘Eclipse’.
There were four study groups, each composed of 26–30 volunteers, for a total of
109 smokers. Smoking of ‘Eclipse’ resulted in about a 30 per cent larger puff volume,
about 50 per cent more puffs, which added up to a total puff volume per cigarette
that was more than twice that of the total volume drawn from the control cigarettes
(Stiles et al. 1999). These data suggest that the volunteers smoked ‘Eclipse’ more
intensely than their non-filter cigarettes. This observation is also supported in the
uptake of nicotine (Benowitz et al. 1997). The mutagenic activities of the urine of
smokers of four types of ‘Eclipse’ were assayed on two bacterial strains and were
reduced by 72–100 per cent, compared with the mutagenic activities of the urine of the
same volunteers after smoking their regular cigarettes (Smith et al. 1996).

An Expert Committee from the Institute of Medicine of the National Academy of
Sciences studied the scientific basis for a possible reduction of the ‘harm’ induced by
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‘Eclipse’ relative to the ‘harm’ induced by smoking conventional cigarettes. On the basis
of the available data, the committee came to the following conclusions: ‘Eclipse’ offers the
committed smoker an option that is currently not available. ‘Eclipse’ does not add to
the inherent biological activity of smoke from the range of cigarettes currently on the
market. The elevated COHb levels should be regarded as a potential risk factor for cardio-
vascular diseases. The magnitude of this risk remains to be determined (Gardner 2000).

The high concentration of glycerol in the ‘Eclipse’ aerosol led to bioassays of glycerol
in 2-week (1.0, 1.93, and 3.91 mg/l) and in 13-week (0.033, 0.167, and 0.662 mg/l)
in ‘nose only’ inhalation studies with Sprague–Dawley rats, testing for toxicity and
especially for irritating effects. The investigators detected metaplasia of the lining of
the epiglottis (Gardner 2000). The 13-week inhalation studies with rats and hamsters
had also resulted in some early histopathological changes in the upper respiratory tract
in both laboratory animals. These observations signal the need for lifetime inhalation
assays with the smoke of ‘Eclipse’ in rats, preferably Fisher 344 rats, or better yet, in
Syrian golden hamsters, possibly with an inbred strain of hamsters susceptible to
carcinogens in the respiratory tract (Bernfeld et al. 1974). Pauly et al., from the Roswell
Park Cancer Institute, Buffalo, New York, caution that harmful glass fibers have been
found to migrate into the filter tip of the ‘Eclipse’ and may be inhaled during puffing
(Pauly et al. 2000).

The Health Department of Massachusetts and the Society for Research on Nicotine
and Tobacco disputed the claims made for ‘Eclipse.’ They requested that the FTC and
the Food and Drug Administration (FDA) institute regulatory procedures to ensure
that insufficiently documented health claims are not made for tobacco products.
Declaring ‘Eclipse’ the ‘next best choice,’ or calling TSNA-reduced tobacco products
‘safer tobacco’ (Anonymous 2000; Society for Research on Nicotine and Tobacco 2000)
is deceiving.

In 1998, Philip Morris USA released a new type of cigarette (EHC) that is heated
electrically to release an aerosol. On the basis of chemical analyses and short-term
bioassays, it has significantly lower toxicity and mutagenicity than the smoke of the
Kentucky reference filter cigarette, 1R4F. The prototype, containing a tobacco filler
wrapped in a tobacco mat, is kept in constant contact with eight electrical heater blades
in a microprocessor-controlled lighter. This cigarette contains about half the amount
of the tobacco of a conventional cigarette. Under FTC-standardized smoking condi-
tions, the cigarette delivers, with an average of eight puffs, about 1 mg of nicotine,
whereas all other smoke constituents analysed were significantly lower than those in
the smoke of the low-yield Kentucky reference cigarette, 1R4F (Terpstra et al. 1998).
However, formaldehyde yields were significantly higher in the smoke of the EHC and
emissions of glycerol and 2-nitropropane were comparable to those recorded in the
smoke of the 1R4F cigarette. Per gram of tar, the smoke of the EHC had significantly
lower mutagenic activity than the smoke of the 1R4F reference cigarette in TA98 and
TA100 tester strains with metabolic activation (Terpstra et al. 1998).
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Observations on cigarette smokers
In mice, rats, and hamsters, NNK induces adenomas and adenocarcinomas (AC) in
the peripheral lung. This effect is independent of route and form of application
(Hoffmann et al. 1994). NNK is metabolically activated primarily to the unstable
4-(hydroxymethylnitrosamino)-1-(3-pyridyl)-1-butanone and to 4-(α-hydroxymethyl-
ene)-1-(3-pyridyl)-1-butanol, which decomposes into methane diazohydroxide and
4-keto-4-(3-pyridyl)butane diazohydroxide, respectively. The diazohydroxides react
with DNA bases to form 7-methyl guanine, O6-methyl guanine, and O4-methyl thymi-
dine, respectively, and also form a pyridyloxobutyl adduct of presently unknown struc-
ture. Upon acid hydrolysis, this adduct releases 4-hydroxy-1-(3-pyridyl)-1-butanone.
These adducts have been found in the lungs of mice and rats following treatment
with NNK, and they have also been identified in human lungs. The origin of 7-methyl
guanine in DNA from human lungs is unclear; conceivably, in addition to TSNA,
nitroso compounds such as N-nitrosodimethylamine may also have been a source for
this DNA methylation. However, it is clear that higher levels of 7-methyl guanine have
been found in the lung of smokers than in the lung of nonsmokers, thus strengthening
the evidence that NNK is a major contributor to the methylation of the lung DNA of
smokers (Hecht 1998).

PAHs induce squamous cell carcinoma of the lung in laboratory animals and in
workers with exposures to aerosols that are high in PAH. NNK metabolites induce pri-
marily AC of the lung in laboratory animals. Reactive PAH metabolites bind to DNA in
epithelial tissues. In laboratory animals, metabolically activated forms of NNK react
with the DNA of Clara cells in the peripheral lung (Belinsky et al. 1990) to form methyl-
guanine and methylthymidine, as well as pyridyloxobutylated adducts. 7-Methylguanine
has been found in smokers’ lungs at higher levels than in the lungs of nonsmokers.

Additional support for the observation that adenocarcinoma of the lung, among
cigarette smokers, has increased relative to squamous cell carcinoma during the past
25 years, and for the concept that the lung cancer risk of smokers of low-nicotine filter
cigarettes is similar to that of smokers of non-filter cigarettes, comes from biochemical
studies. In the mouse, the O6-methylguanine pathway of metabolically activated NNK
is clearly the major route for induction of lung tumors; this conclusion is consistent
with the high percentage of GGT→GAT mutations in the K-ras oncogene induced by
NNK (Singer and Essigmann 1991; Hecht 1998). A study from The Netherlands has
shown that mutations on codon 12 of the K-ras oncogene are present in 24–50 per cent
of human primary adenocarcinoma. These mutations occur more frequently in AC of
the lung in smokers than in nonsmokers. Twenty per cent of the mutations in codon
12 involve GGT→GAT conversions, which supports the concept that NNK plays a role in
the induction of AC of the lung in smokers. Histochemical examination of human lung
cancer showed cyclooxygenase (COX)-2 expression in 70 per cent of invasive carcinoma
cases (Hida et al. 1998). COX-2 expression was also identified in adenocarcinoma of
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the lung in rats treated with NNK (El-Bayoumy et al. 1999). It is anticipated that future
studies in molecular biology will fully elucidate the significance of TSNAs, especially of
NNK, and of the carcinogenic PAHs in the induction of lung cancer in tobacco smokers.

Summary
Major modifications in the make-up of the commercial cigarette have been introduced
between 1950 and 1975. Since then, there have been no substantive changes toward a
further reduction of the toxic and carcinogenic potential of cigarette smoke, beyond
reducing MS yields of tar, nicotine, and carbon monoxide. Some of these modifica-
tions have also resulted in diminished yields of several toxic and carcinogenic smoke
constituents.

Cigarettes with charcoal filter tips deliver MS with significantly lower concentrations
of the major ciliatoxic agents, such as hydrogen cyanide and volatile aldehydes.
However, except in Japan, South Korea, Venezuela, and Hungary, cigarettes with
charcoal filter tips account for less than 1 per cent (USA), and at most for a few per cent,
of all cigarettes sold worldwide (Fisher 2000).

Cellulose acetate filters, with or without perforation, have the capacity for selective
reduction of smoke yields of volatile N-nitrosamines and semi-volatile phenols.
The latter are major tumor promoters in cigarette tar. In contrast to cigarettes manu-
factured in the 1950s, most of the cigarettes on the market today use a highly porous
wrapper of paper treated with agents that enhance burning, thus contributing to the
reduction of machine-measured yields of carbon monoxide, hydrogen cyanide, volatile
aldehydes, volatile N-nitrosamines, PAH, and TSNA.

Reconstituted tobacco and expanded tobacco today amount to between 25 and
30 per cent of the cigarette tobacco blend. Reconstituted tobacco reduces the yields of
smoke components such as tar and CO. The tar from cigarettes made entirely of recon-
stituted tobacco is less carcinogenic on mouse skin, and the smoke of these cigarettes
reduces significantly the induction of carcinoma in the larynx of hamsters, compared
to the smoke of reference cigarettes made of natural tobacco. Reconstituted tobaccos
and expanded tobaccos have a significantly greater filling power than natural tobacco.
An 85-mm filter cigarette that is filled entirely with expanded tobacco requires 363 mg
tobacco while a regular filter-tipped cigarette requires 667 mg tobacco. The smoke of
cigarettes made of expanded tobacco has significantly lower MS yields of tar, nicotine,
CO, hydrogen cyanide, PAH, and TSNA. On the basis of weight-to-weight compar-
isons, the tar from these cigarettes is significantly less tumorigenic on mouse skin than
the tar of a reference cigarette made of the corresponding natural tobacco.

Since 1959, each year the levels of tar, nicotine, and benzo(a)pyrene in the mainstream
smoke of a leading US non-filter cigarette have been monitored. Beginning in 1977, the
MS was also analysed for NNK and, in 1981, determinations of CO in the mainstream
smoke were added. For all of these analyses, the MS was generated with the standardized
machine smoking parameters that are mandated by the Federal Trade Commission.
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Table 4.11 documents the decline of tar levels, from 29.8 mg to 24.3 mg in the years
between 1959 and 1984, while nicotine levels fell from 2.4 mg to 1.6 mg between 1959
and 1977. Since then, the smoke yields of tar and nicotine for this non-filter brand
have not changed. Carbon monoxide has remained stable at 16–18 mg/cigarette
since it was first reported in 1981. By 1997, it was clear that significant changes in the
smoke yields of the major lung carcinogens BaP and NNK have occurred since 1977,
in that BaP levels declined from 49 ng to 19 ng but NNK increased from 120 ng to
195 ng/non-filter cigarette.

It is important to note that we are lacking analytical data regarding the levels of these
major carcinogens and toxins in the MS of leading cellulose acetate filter-tipped
cigarettes with and without filter perforation, as well as in the MS of charcoal filter
cigarettes. These cellulose acetate filter cigarettes were actually the ones dominating the
US cigarette market as the use of cigarettes faded over the years and charcoal-filter
cigarettes had only a modest market share. Most importantly, we are also lacking data
on biological activities of the tars of leading brands of filter cigarettes produced since
the 1960s, because tumorigenicity and carcinogenicity of tars have not been monitored
on a regular basis. There is now also an urgent need for analytical profiles of the toxic
and carcinogenic MS constituents that are generated under conditions reflecting
the puff drawing profiles actually exhibited by humans who smoke these cigarettes
with lower yields as per FTC measurements. Such analytical data would have to
be established for major US cigarette brands manufactured since 1960. They would
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Table 4.11 Tar, nicotine, CO, BaP, and NNK in the mainstream smoke of a leading US
non-filter cigarette, 1959–1997a

Year Tar (mg) Nicotine (mg) Carbon monoxideb (mg) BaP (ng) NNKb (ng)

1959 29.8 2.4 40

1967 27.2 1.6 49

1971 29.0 1.8 22

1977 26.0 1.59 19 120

1981 24.3 1.52 16.7 19 130

1988 24 1.5 16 19 140

1991 25 1.7 16 18 190

1997 26 1.7 18 19 195

CO, carbon monoxide; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; BaP, benzo(a)pyrene.
aThe analytical data were generated by smoking the leading US non-filter cigarette according to the FTC-mandated

standard machine smoking method (Pillsbury et al. 1969).
bThe open fields document the lack of analytical data for the years 1959, 1967, 1971, and 1977 for CO and for

1959, 1967, and 1971 for NNK.

From Wynder and Hoffmann (1960), Federal Trade Commission (1971, 1977, 1981, 1988, 1991, 1997), Hoffmann
and Hoffmann (1997).
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serve as the scientific basis in support of epidemiological observations regarding
the risk of cancer of the lung and upper aerodigestive tract for smokers who have
exclusively smoked filter-tipped brands, as compared to the risk for smokers who used
non-filter cigarettes.

Changes in the agricultural, curing, and manufacturing processes of cigarettes have
resulted in an increase in tobacco-specific nitrosamines in cigarette smoke that may
have contributed to the increase in adenocarcinoma of the lung observed over the past
several decades.

Conclusions

1. Major modifications in the make-up of the commercial cigarette were introduced
between 1950 and 1975, but since that time there have been few substantive
changes toward a further reduction of the toxic and carcinogenic potential of
cigarette smoke.

2. A variety of changes in cigarette design and filtration have resulted in chemical
changes in cigarette smoke, some of which have also demonstrated decreased
toxicity in animal assays. Toxicity or carcinogenicity in animal assays has not
been monitored to allow evaluation of changes over time that have occurred for
cigarette smoke produced by commercial brands of cigarettes.

3. Changes in the agricultural, curing, and manufacturing processes of cigarettes have
resulted in an increase over the past several decades in the amounts of tobacco-
specific nitrosamines in cigarette smoke. These changes are considered to have
contributed to the increase in adenocarcinoma of the lung observed over the past
several decades.

4. On the basis of the standard machine-smoking method for cigarettes that has been
mandated by the FTC, the sales-weighted average nicotine yields of US cigarettes
decreased gradually from 2.7 mg/cigarette in 1953 to 0.85 mg by the mid-1990s.
Today, the smoker of filter cigarettes will greatly increase his/her smoking intensity
to satisfy an acquired need for nicotine. Thus, the inhaled smoke of one cigarette
contains 2–3 times the amount of tar, nicotine, and carbon monoxide, and 1.6–1.8
times the level of biomarkers for the major lung carcinogens BaP and NNK,
compared to amounts in the smoke generated by the FTC method.
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Chapter 5

Tobacco smoke carcinogens: Human
uptake and DNA interactions

Stephen S. Hecht

Introduction
Tobacco products cause approximately 30 per cent of all cancer death in developed
countries (Peto et al. 1996; World Health Organization 1997). In spite of this, there are
over 1 billion smokers in the world (World Health Organization 1997). Exposure to
environmental tobacco smoke (ETS) is also a recognized cause of cancer (National
Cancer Institute 1999). Mortality from cancers caused by tobacco products—lung,
larynx, oral cavity, esophagus, pancreas, kidney, liver, bladder, stomach, and colon—
will continue to be significant in the foreseeable future (International Agency for
Research on Cancer 1986b; Doll 1996; Chao et al. 2000). We need to achieve a better
understanding of mechanisms of tobacco-induced cancer in humans in order to develop
new cancer prevention strategies.

Carcinogens form the link between nicotine addiction and lung cancer (Fig. 5.1)
(Hecht 1999). Nicotine is the reason people continue to smoke in spite of the
well-known adverse health effects of this habit. Nicotine is not a carcinogen. However,
the cigarette is a disastrous nicotine-delivery device because carcinogens accompany
nicotine in each puff. Although the dose of each carcinogen per cigarette is quite small,
the cumulative dose in a lifetime of smoking can be considerable. Carcinogens are
responsible for cancer induction by tobacco products.

In most cases, tobacco carcinogens require enzymatic processing (metabolic activation)
to reactive forms (electrophiles) that bind to DNA, forming covalent binding products
called DNA adducts (Fig. 5.1). There are competing detoxification processes which are
protective. DNA adducts are absolutely central to the carcinogenic process. They can
be removed by cellular repair mechanisms. But if they persist, miscoding can occur
during DNA replication, leading to permanent mutations. If the mutations occur in
critical regions of genes involved in regulation of growth, such as oncogenes or tumor
suppressor genes, normal cellular growth control mechanisms can be lost and,
ultimately, cancer can develop. The carcinogen dose depends on the amount of a
tobacco product that an individual may use, and the way in which he or she uses it.
Individuals differ in the extent to which they activate tobacco carcinogens metabolically
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and in the ways that they process DNA adducts. These and other factors may
determine cancer susceptibility. Figure 5.1 illustrates the way in which chronic
exposure to the multiple carcinogens in cigarette smoke results in multiple genetic
changes in critical genes and to lung cancer. The same scheme can be applied to other
tobacco-related cancers, although the details may differ somewhat. This chapter will
discuss some important aspects of cancer induction as related to inhaled tobacco
carcinogens: the role of particular carcinogens as causes of tobacco-induced cancers;
quantifying carcinogen uptake in humans by measurement of urinary carcinogen
metabolites; and DNA adducts of tobacco carcinogens.

Tobacco smoke carcinogens and cancer
The potential role of tobacco smoke carcinogens in smoking-associated cancers can be
evaluated by various means, but it is important to consider levels of the compounds
in cigarette smoke and their ability to induce tumors in laboratory animals. In the
following, these factors are discussed with respect to cancers of the lung, oral cavity,
esophagus, pancreas, and bladder.

TOBACCO SMOKE CARCINOGENS: HUMAN UPTAKE AND DNA INTERACTIONS94

Fig. 5.1 Scheme illustrating the central role of carcinogens and their DNA adducts as causes of
the multiple genetic changes observed in lung cancer after years of nicotine addiction and
cigarette smoking.
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Established pulmonary carcinogens in cigarette smoke include polycyclic
aromatic hydrocarbons (PAH), aza-arenes, tobacco-specific nitrosamines, e.g.
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), 1,3-butadiene, ethyl
carbamate, ethylene oxide, nickel, chromium, cadmium, polonium-210, arsenic, and
hydrazine. These compounds convincingly induce lung tumors in at least one animal
species and have been positively identified in cigarette smoke.

Among the PAH, benzo(a)pyrene (BaP) (see Fig. 5.2 for structures) is the most
extensively studied compound and its ability to induce lung tumors upon local admin-
istration or inhalation has been established convincingly (International Agency for
Research on Cancer 1972a, 1983; Hecht 1999). Lung tumors were not observed when
BaP was administered in the diet to B6C3F1 mice (Culp et al. 1998). In studies of lung
tumor induction by implantation in rats, BaP is more carcinogenic than the benzo-
fluoranthenes or indeno[1,2,3-cd]pyrene (Deutsch-Wenzel et al. 1983). Extensive ana-
lytical data convincingly demonstrate the presence of BaP in cigarette smoke. Its
sales-weighted concentration in current ‘full-flavored’ cigarettes is about 9 ng/cigarette
(Chepiga et al. 2000). The abundant literature on BaP tends to diminish attention to
other PAH such as dibenz[a,h]-anthracene, 5-methylchrysene (5-MeC), and dibenzo-
[a,i]pyrene, which are substantially stronger lung tumorigens than BaP in mice or
hamsters, but occur in lower concentrations in cigarette smoke than does BaP
(Sellakumar and Shubik 1974; Nesnow et al. 1995).

Among the N-nitrosamines, N-nitrosodiethylamine is an effective pulmonary
carcinogen in the hamster, but not the rat (International Agency for Research on
Cancer 1978; Reznik-Shuller 1983). Its levels in cigarette smoke (up to 3 ng/cigarette)
are low compared to those of other carcinogens. The tobacco-specific N-nitrosamine,
NNK, is a potent lung carcinogen in rodents (Hecht 1998). Its activity is particularly
impressive in rats, where total doses as low as 6 mg/kg, administered by subcutaneous
(s.c.) injection, or 35 mg/kg administered in the drinking water, produced significant
lung tumor incidences. Even lower doses induced lung tumors when considered in
dose–response trend analyses (Hecht 1998). It is the only compound in cigarette
smoke known to induce lung tumors systemically in all three commonly used rodent
models. NNK has remarkable affinity for the lung, causing mainly adenoma and
adenocarcinoma, independent of the route of administration (Hecht 1998). NNK is
the most abundant systemic lung carcinogen in cigarette smoke. Multiple international
studies definitively document the presence of NNK in cigarette smoke; its sales-weighted
concentration in current ‘full-flavored cigarettes’ is 131 ng/cigarette (Hecht and
Hoffmann 1988; Spiegelhalder and Bartsch 1996; Chepiga et al. 2000). NNK is tobacco
specific because it is a chemical relative of nicotine. It is only found in tobacco products
or tobacco-related materials.

The lung is one of the multiple sites of tumorigenesis by 1,3-butadiene in mice,
but is not a target in the rat (International Agency for Research on Cancer 1992).
B6C3F1 mice develop lung tumors at exposure concentrations that are three orders of
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magnitude lower than those that cause cancer in Sprague–Dawley rats (Owen et al.
1987; National Toxicology Program 1993). These interspecies differences are
likely due to differences in metabolism of 1,3-butadiene. Mice convert a higher
portion of the parent compound to highly carcinogenic 1,2,3,4-diepoxybutane,
while the detoxification pathway via conjugation with glutathione is more prominent
in rats (Thornton-Manning et al. 1995). Ethyl carbamate is a well-established
pulmonary carcinogen in mice but not in other species (International Agency
for Research on Cancer 1974a). Ethylene oxide induces pulmonary tumors in mice,
but not in rats (International Agency for Research on Cancer 1986a). Nickel,
chromium, cadmium, and arsenic are all present in tobacco, and a percentage of each
is transferred to mainstream smoke (Hoffmann et al. 2001). Levels of polonium-210
in tobacco smoke are insufficient to have a significant impact on lung cancer initia-
tion in smokers (Harley et al. 1980). Hydrazine is an effective lung carcinogen in mice
and has been detected in cigarette smoke (International Agency for Research
on Cancer 1973). Formaldehyde and acetaldehyde induce nasal tumors in rats when
administered by inhalation (Swenberg et al. 1980; International Agency for Research
on Cancer 1982, 1985, 1999). Although they are not lung carcinogens, their concentra-
tions in cigarette smoke are so high that they may nevertheless play a significant role.
There is approximately 100 000 times more acetaldehyde than BaP in a cigarette
(Chepiga et al. 2000).

Collectively, the available data indicate that PAH and NNK are important lung
carcinogens in cigarette smoke, and are most likely to be involved in lung cancer initiation
in smokers. Their potent carcinogenic activities compensate for their relatively low
concentrations in tobacco smoke. Other carcinogens mentioned here, as well as tumor
promoters and co-carcinogens, may also play a role as causes of lung cancer in smokers.

The potent PAH carcinogen 7,12-dimethylbenz[a]anthracene (DMBA) is used
routinely for induction of oral tumors in the hamster (Solt et al. 1987). However,
DMBA is not present in cigarette smoke. Other PAHs have been less frequently tested
in this model. A mixture of NNK and N′-nitrosonornicotine (NNN) induced oral
tumors in rats treated repetitively by oral swabbing (Hecht et al. 1986). The rat oral
cavity is one target of benzene carcinogenicity (National Toxicology Program 1986).
The risk for oral cancer is markedly enhanced by alcohol consumption in smokers,
perhaps due in part to enhancement of carcinogen metabolic activation by ethanol
(McCoy and Wynder 1979; Melikian et al. 1990).

Numerous N-nitrosamines are potent esophageal carcinogens in rats (Preussmann
and Stewart 1984). Among these, NNN, a tobacco-specific N-nitrosamine, is by far the
most prevalent in cigarette smoke. N-Nitrosodiethylamine and N-nitrosopiperidine
are two other smoke constituents that could be involved in esophageal tumor induction
in smokers. BaP induces some esophageal tumors when administered to mice in the
diet (Culp et al. 1998). The risk for esophageal cancer in humans is also enhanced by
alcohol consumption (McCoy and Wynder 1979).
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NNK and its major metabolite 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol
(NNAL) are the only known pancreatic carcinogens in cigarette smoke (Rivenson et al.
1988). Low doses of these N-nitrosamines induce pancreatic tumors in rats, in addition
to lung tumors (Hecht 1998). Pancreatic tumors are also observed in the offspring of
pregnant rats treated with NNK, and this effect is markedly enhanced by ethanol
(Schüller et al. 1993).

4-Aminobiphenyl and 2-naphthylamine are known human bladder carcinogens
(International Agency for Research on Cancer 1972b, 1974b). Both are present in ciga-
rette smoke. Hemoglobin adducts of 4-aminobiphenyl and other aromatic amines
have been used as dosimeters of 4-aminobiphenyl uptake in humans, and their levels
are associated with bladder cancer induction in smokers (Castelao et al. 2001). The
evidence is strong that aromatic amines play a significant role as causes of bladder
cancer in smokers (Vineis et al. 2001).

Cigarette smoke contains free radicals and induces oxidative damage (Pryor 1997;
Arora et al. 2001). The gas phase of freshly generated cigarette smoke has large
amounts of nitric oxide and other unstable oxidants (Hecht 1999). The particulate
phase is postulated to contain long-lived radicals that may undergo quinone–
hydroquinone redox cycling (Pryor 1997). The presence of such free radicals and
oxidants can lead to oxidative DNA damage. However, the role of oxidative damage in
cancer induced by cigarette smoke is unclear.

Urinary metabolites as biomarkers of tobacco
carcinogen uptake in humans
It is important to understand the carcinogen dose in smokers. Carcinogen-related
biomarkers, such as metabolites or adducts, have been used to quantify carcinogen
uptake in humans. DNA adduct measurements give direct information on the extent of
carcinogen reactions with DNA (Bartsch 1996; Phillips 1996; Poirier and Weston 1996;
Kriek et al. 1998). If measured in target tissues or cells, DNA adduct levels could relate
directly to risk, because DNA adducts are central to the carcinogenic process. There are
technical problems associated with the measurement of specific DNA adducts, but
nevertheless some valuable information is available. Tobacco carcinogen-DNA adducts
are discussed later in this chapter. Protein adducts have frequently been used as surro-
gates for DNA adducts because the two parameters tend to be correlated, and protein,
such as hemoglobin or albumin, is relatively easy to obtain in large quantities
(Ehrenberg and Osterman-Golkar 1976; Skipper and Tannenbaum 1990). There are no
known repair processes for protein adducts and they accumulate over the lifetime of
the protein in which they are formed, potentially providing an integrated measure of
exposure. A third type of carcinogen biomarker is urinary metabolites, which will be
the focus of human tobacco carcinogen uptake studies discussed here. Urinary
metabolites have certain advantages. Important among these is their quantity, which is
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generally great enough that, with the use of modern analytical methods, reliable data
can almost always be obtained. This is frequently not the case when one is measuring
DNA or protein adducts. A potential disadvantage of urinary biomarkers is their
transitory nature. However, this is mitigated by the chronic use of tobacco products,
which provides a consistent level of urinary biomarkers.

The major use of urinary compound measurements to date has been to estimate
carcinogen dose. This is presently a particularly relevant question in the area of tobacco
and cancer. At this time, new products are being introduced by the tobacco industry.
Advertisements for these new products claim substantially reduced levels of
well-known tobacco carcinogens, such as PAH and tobacco-specific N-nitrosamines.
These products have been termed ‘potential reduced-exposure products’ (PREPS) by
the Institute of Medicine in their 2001 report Clearing the smoke, which assesses the
science base for tobacco harm reduction (Institute of Medicine 2001). Constituents of
PREPS have been determined by the industry using standardized machine methods.
However, such methods clearly do not reflect actual human use patterns for tobacco
products, because smokers may change the way they use the new products (smokers’
compensation) (Djordjevic et al. 1995, 2000). Therefore, we do not know whether,
in fact, carcinogen uptake by users of PREPS will be reduced. Urinary biomarkers can
determine, in a straightforward way, whether carcinogen exposure has actually been
altered in people who use PREPS. This would be the essential first step in evaluating
the potential reduced risk of these products. The evaluation of such products is
mandatory in view of the findings of the recent report Risks associated with smoking
cigarettes with low machine-measured yields of tar and nicotine, which demonstrates
that smokers of ‘light’ cigarettes marketed over the past several decades are not protected,
and that the popularity of these brands resulted in a sustained increase in lung cancer
among older smokers (National Cancer Institute 2001).

Cotinine and its further transformation products, major metabolites of nicotine,
have been used extensively as biomarkers of nicotine uptake from tobacco products
(Benowitz et al. 1994; Benowitz 1996). However, cotinine and nicotine are not carcino-
genic and, although cotinine measurements do provide a measure of nicotine
exposure, they say little about potential carcinogenicity.

This chapter will present two examples—metabolites of PAH and NNK—as urinary
biomarkers of tobacco carcinogen uptake in humans. Among the PAHs, metabolites of
phenanthrene are one group of urinary biomarkers that have been used to monitor
uptake. Phenanthrene is the simplest nonlinear PAH and is a reasonable model for
metabolism studies of carcinogenic PAH molecules (International Agency for Research
on Cancer 1986b; Hoffmann and Hecht 1990; Hecht 1999). However, phenanthrene is
inactive as a carcinogen (LaVoie and Rice 1988). Concentrations of phenanthrene
in mainstream smoke are 85–620 ng/cigarette (International Agency for Research on
Cancer 1986b). Hydroxyphenanthrenes and phenanthrene dihydrodiols have been
quantified in human urine. Heudorf and Angerer (2001), using high performance
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liquid chromatography (HPLC) with fluorescence detection, reported highly signifi-
cant differences between smokers and nonsmokers, and in dose–response relationships
to cigarettes smoked/day, in levels of 2-, 3-, and 4-hydroxyphenanthrene, but not
1-hydroxyphenanthrene. There are important sources of phenanthrene exposure other
than smoking. This has been well documented in environmental and occupational
settings with high PAH exposure (Heudorf and Angerer 2001). Phenanthrene metabolites
appear to have considerable promise for probing human PAH metabolism.

Pyrene is a noncarcinogenic component of all PAH mixtures. Its concentration in
mainstream cigarette smoke is 50–270 ng/cigarette (International Agency for Research
on Cancer 1986b). The major urinary metabolite of pyrene is 1-hydroxypyrene
(1-HOP), excreted as a glucuronide conjugate. Jongeneelen pioneered the develop-
ment of a method for measurement of 1-HOP in urine (Jongeneelen et al. 1985). After
enzymatic hydrolysis, the released 1-HOP is enriched by reverse-phase chromatogra-
phy and quantified by HPLC with fluorescence detection. Variations of this method
have been described. 1-HOP has been measured in hundreds of studies of occupational
and environmental PAH exposure. Data on the effects of smoking have been reviewed
by Jongeneelen (1994, 2001), van Rooj et al. (1994), Heudorf and Angerer (2001), and
Levin (1995). Most studies find significantly higher levels of 1-HOP in smokers than in
nonsmokers. Some representative data from recent investigations of urinary 1-HOP
are summarized in Table 5.1. These data are from non-occupationally exposed individ-
uals. Levels in the urine of nonsmokers vary considerably and are likely to be influenced
by environmental pollution and diet. In most studies, 1-HOP levels in smokers’ urine
are about twice as great as in nonsmokers, although greater differences have
been reported. Levels may be influenced by genetic polymorphisms in carcinogen-
metabolizing enzymes (Alexandrie et al. 2000; Nerurkar et al. 2000; Nan et al. 2001;
van Delft et al. 2001).

Measurement of BaP metabolites in the urine of smokers could potentially provide a
direct assessment of carcinogen dose. However, unlike the lower molecular weight
PAH considered above, the concentrations of BaP in cigarette smoke are quite low, and
in laboratory animals its metabolites are excreted mainly in the feces. Therefore, BaP
metabolites are difficult to quantify in smokers’ urine.

3-HydroxyBaP is a major metabolite of BaP in vitro and is excreted in urine as its
glucuronide. Methods for quantitation of 3-hydroxyBaP in human urine have been
described (Grimmer et al. 1997; Gundel and Angerer 2000; Simon et al. 2000). These
methods are based on HPLC with fluorescence detection or gas chromatography–mass
spectrometry (GC–MS). Reported levels are quite low, ranging from about 1 to 14 ng/l
in exposed workers. Limited data are available on smokers.

r-7,t-8,9,c-10-Tetrahydroxy-7,8,9,10-tetrahydrobenzo[a]pyrene (trans-anti-
BaP-tetraol) is a hydrolysis product of anti-7,8-dihydroxy-9,10-epoxy-7,8,9,10-
tetrahydrobenzo[a]pyrene (BPDE), the major established DNA-reactive metabolite of
BaP. This metabolite has been quantified in human urine by GC-negative ion chemical
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ionization–MS (Simpson et al. 2000). The method was applied to psoriasis patients
treated with a coal tar ointment, coke oven workers, and smokers. Levels of trans-anti-
BaP-tetraol in the urine of smokers were lower than in the other two groups, ranging
from not detected to 0.2 fmol/µmol creatinine. It was not detectable in urine samples
from 12 of 21 smokers (Simpson et al. 2000). Immunoaffinity-synchronous fluores-
cence spectroscopy methods for quantitation of BaP-tetraols in human urine have also
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Table 5.1 1-Hydroxypyrene in the urine of smokers and nonsmokers: representative
recent studies

1-Hydroxypyrene levela Fold Significant Reference

Nonsmoker Smoker
Increase Difference?

0.12 µmol/mol Cb 0.21 µmol/mol C 1.8 Yes (Roggi et al. 1997)

0.55 nmol/l 1.04 nmol/l 1.9 Yes (Sithisarankul et al. 1997)

0.089 µmol/mol C 0.176 µmol/mol C 2.0 Yes (Merlo et al. 1998)
(<15 cig/day)

0.226 µmol/mol C 2.5 Yes (Merlo et al. 1998)
(>15 cig/day)

0.784 nmol/24h 1.59 nmol/24h 2.0 Yes (Scherer et al. 2000)

1.10 nmol/l 2.47 nmol/l 2.2 Yes (Pastorelli et al. 1999)

1.0 nmol/24h 2.77 nmol/24h 2.8 Yes (Jacob et al. 1999)

0.04 µmol/mol C 0.20 µmol/mol C: 5.0 Yes (Li et al. 2000)
light

0.46 µmol/mol C: 11.5 Yes (Li et al.2000)
medium

1.16 µmol/mol C: 29 Yes (Li et al. 2000)
heavy

0.27 nmol/12h 0.51 nmol/12h 1.9 Yes (Nerurkar et al. 2000)

0.03 µmol/mol Cc 0.04 µmol/mol Cc 1.3 Yes (Dor et al. 2000)

0.10 µmol/mol C 0.17 µmol/mol C 1.7 Yes (Alexandrie et al. 2001)

0.04 µmol/mol Cd 0.05 µmol/mol Cd 1.3 No (Nan et al. 2001)

0.27 µmol/mol C 0.70 µmol/mol C 2.6 Yes (van Delft et al. 2001)

0.03 µmol/mol C 0.05 µmol/mol C 1.7 Yes (Kim et al. 2001)

0.11 µmol/mol C 0.57 µmol/mol C 5.2 Yes (Szaniszlo and 
Ungvary, 2001)

aArithmetic mean unless noted otherwise.
bC, creatinine.
cMedian.
dGeometric mean.
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been reported, but they have not been applied to smokers’ urine (Weston et al. 1993;
Bowman et al. 1997; Bentsen-Farmen et al., 1999).

BaP metabolites can be converted to BaP by treatment with hydrogen iodide (HI).
This reaction has been employed as the basis for a technique to determine urinary
metabolites of BaP and several other PAHs (Becher and Bjorseth 1983; Becher et al.
1984; Venier et al. 1985; Haugen et al. 1986; Buckley et al. 1995). In occupationally non-
exposed individuals, levels of BaP determined by this method ranged from 4 to
19 ng/mmol creatinine in nonsmokers (N = 5) and 18 to 102 ng/mmol creatinine in
smokers (N = 4) (Becher et al. 1984). Problems with this method include different con-
versions for various metabolites and low analytical recoveries (Buckley et al. 1995).

An unstable BaP–DNA adduct, 7-(benzo[a]pyren-6-yl)adenine, has been reported
in the urine of 3 of 7 smokers, and, in one, its quantity was estimated as 0.6 fmol/mg
creatinine (Casale et al. 2001).

Several studies have reported the presence of other PAH metabolites in urine,
including hydroxychrysenes and chrysene dihydrodiols (Grimmer et al. 1997),
3-hydroxybenz[a]anthracene (Gundel and Angerer 2000), and—under high-exposure
conditions—3-hydroxyfluoranthene, 6-hydroxychrysene, and 6-hydroxyindeno-
[1,2,3-cd]pyrene (Mumford et al. 1995). None of these studies investigated
the relationship of these metabolites to smoking. In addition, several PAHs have
been reported in urine treated with HI, as described above (Becher and Bjorseth
1983; Becher et al. 1984; Haugen et al. 1986). These include fluorene, phenanthrene,
anthracene, fluoranthene, benz[a]anthracene, chrysene and benzo[e]pyrene, but there
are insufficient data to evaluate the utility of this methodology as a biomarker of PAH
uptake in smokers.

NNAL and its glucuronides are quantitatively significant metabolites of NNK in
rodents and humans (Hecht 1998). NNAL, like NNK, is a pulmonary carcinogen with
particularly strong activity in the rat (Hecht 1998). Glucuronidation of NNAL at the
pyridine nitrogen gives NNAL-N-Gluc while conjugation at the carbinol oxygen yields
NNAL-O-Gluc. Both NNAL-N-Gluc and NNAL-O-Gluc exist as a mixture of two
diastereomers, and each diastereomer is a mixture of E- and Z-rotamers (Upadhyaya
et al. 2001). The NNAL glucuronides are collectively referred to as NNAL-Gluc.
(R)-NNAL-O-Gluc is inactive as a tumorigen in mice (Upadhyaya et al. 1999).

NNAL and NNAL-Gluc can be determined readily in urine by gas chromatography
with nitrosamine-selective detection (GC-TEA) (Carmella et al. 1993, 1995; Hecht
et al. 1999). The presence of these metabolites in human urine has also been estab-
lished by MS methods, but, at present, these are less convenient and sensitive than
GC-TEA (Carmella et al. 1993, 1999; Parsons et al. 1998; Lackmann et al. 1999; Hecht
et al. 2001). Typical levels are about 1 nmol/24 h NNAL and 2.2 nmol/24 h NNAL-Gluc;
unchanged NNK is not detected. Investigations of NNAL and NNAL-Gluc in human
urine are summarized in Table 5.2. Several points are noteworthy. In studies to
date, this biomarker is absolutely specific to tobacco exposure. It has not been detected
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Table 5.2 NNAL and its glucuronides (NNAL-Gluc) in urine: biomarkers of NNK uptake

Study group Main conclusions Reference

A. Smokers

1. 11 smokers (9F)a NNAL and 2 diastereomers of NNAL-O-Gluc (Carmella et al. 1993)
7 nonsmokers identified in smokers’ urine, but not in 

non-smokers’ urine. NNK not detected

2. 74 smokers (41F) NNAL + NNAL-Gluc: levels stable day to day (Carmella et al. 1995)
in smokers’ urine; NNAL-Gluc:NNAL ratios
fairly stable; Range of NNAL-Gluc:NNAL
ratios 0.7–10.8

3. 11 smokers (6F) NNAL + NNAL-Gluc increased by 33.5% (Hecht et al. 1995)
(P<0.01) on days when watercress was
consumed compared to baseline and
follow-up periods

4. 61 smokers (31F) NNAL-Gluc:NNAL ratio higher in Caucasians (Richie et al. 1997)
than African-Americans

5. 19 smokers NNAL-Gluc: NNAL ratio and NNAL plus (Meger et al. 1996)
NNAL-Gluc fairly stable over a
two year period in one individual

6. 13 smokers (F) Indole-3-carbinol caused significant (Taioli et al. 1997)
decreases in levels of NNAL and NNAL 
plus NNAL-Gluc and increased NNAL-Gluc:
NNAL ratio

7. 27 smokers (13F) NNAL and NNAL-Gluc highly persistent (Hecht et al. 1999)
after smoking cessation; 34.5% of baseline 
amount remained after 1 week, 15.3% 
after 3 weeks. No effect of nicotine patch 
use on levels or persistence of NNAL or
NNAL-Gluc

8. 30 smokers (18F) Enantiomeric distribution of NNAL, 54%(S); (Carmella et al. 1999)
diastereomeric distribution of NNAL-Gluc,
68%(S)

9. 23 smokers (13F) Reduction in smoking caused a significant (Hurt et al. 2000)
decrease in NNAL-Gluc but not NNAL

10. 20 smokers (M) Levels of NNAL and NNAL-Gluc were (Meger et al. 2000)
(mean ± S.D.) 1494 ± 1090 and
1724 ± 946 pmol/day, respectively

11. 10 smokers NNAL-N-Gluc identified in urine, comprises (Carmella et al. 2002)
50 ± 25% of total NNAL-Gluc

B. Smokeless tobacco users

1. 7 toombak Exceptionally high levels of NNAL and (Murphy et al. 1994)
users (M) NNAL-Gluc (0.12–0.44 mg) excreted

daily. (S)-NNAL-O-Gluc:(R)-NNAL-O-Gluc
ratio, 1.9 

06_Chap05.qxd  6/23/04  1:11 AM  Page 103



TOBACCO SMOKE CARCINOGENS: HUMAN UPTAKE AND DNA INTERACTIONS104

Table 5.2 (continued) NNAL and its glucuronides (NNAL-Gluc) in urine: biomarkers of NNK
uptake

Study group Main conclusions Reference

2. 47 smokeless NNAL and NNAL-Gluc levels similar to those in (Kresty et al. 1996)
tobacco users smokers. Significant association between total 
(chewers and NNAL + NNAL-Gluc and oral leukoplakia
snuff-dippers) (M)

3. 13 smokeless Distribution half-lives of NNAL and NNAL-Gluc (Hecht et al. 2002)
tobacco significantly shorter in smokeless tobacco users 
users (M) than smokers. Ratios of (S)-NNAL:(R)-NNAL

and (S)-NNAL-Gluc:(R)-NNAL-Gluc significantly
higher 7 days after cessation than at baseline,
suggesting receptor site for (S)-NNAL

4. 10 smokeless NNAL-N-Gluc identified in urine, comprises (Carmella et al. 2002)
tobacco users and 24 ± 12% of total NNAL-Gluc
4 toombak users

C. ETS and transplacental exposure

1. 5 men exposed Significantly increased levels of NNAL plus (Hecht et al. 1993)
to ETS NNAL-Gluc after exposure to ETS in a

chamber: mean ± S.D. after exposure,
approx 0.16 ± 0.10 pmol/ml

2. 5M, 4F exposed to Significantly increased levels of NNAL-Gluc in (Parsons et al. 1998)
ETS, 5 controls workers exposed to ETS compared to 
unexposed negative controls: mean ± S.D. in exposed 

workers, 0.059 ± 0.028 pmol/ml

3. 30 non-smokers NNAL + NNAL-Gluc levels correlated with (Meger et al. 2000)
(13F) nicotine levels on personal samplers. NNAL,

20.3 ± 21.8 pmol/day, NNAL-Gluc,
22.9 ± 28.6 pmol/day in exposed
non-smokers

4. 45 non-smoking NNAL and NNAL-Gluc significantly higher in (Anderson et al. 2001)
women, exposed than in non-exposed women. 
23 exposed to NNAL + NNAL-Gluc in exposed women,
ETS in the home, 0.050 ± 0.068 pmol/ml
22 non-exposed

5. 204 non-smoking 34% with total cotinine ≥ 5 ng/ml; (Hecht et al. 2001)
elementary 52/54 of these samples had 
school-aged detectable NNAL or NNAL-Gluc, 93-fold 
children range. Mean ± S.D., NNAL + NNAL-Gluc

0.056 ± 0.076 pmol/ml

6. 31 newborns of NNAL-Gluc detected in 71% of urines of (Lackmann et al. 1999)
mothers who newborns of smokers, NNAL in 13%; 
smoked; neither detected in urines of newborns of
17 newborns of non-smokers, a significant difference; 
mothers who did NNAL + NNAL-Gluc in urine of newborns of
not smoke smoking mothers, 0.13 ± 0.15 pmol/ml
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in the urine of non-tobacco users unless they were exposed to ETS. Since NNAL is not
present in cigarette smoke, the origin of NNAL and NNAL-Gluc in urine is metabo-
lism of NNK. Most investigations to date demonstrate a correlation between NNAL
plus NNAL-Gluc and cotinine, indicating that NNAL plus NNAL-Gluc is an effective
biomarker of lung carcinogen (NNK) uptake, whereas cotinine is an effective biomarker
of nicotine uptake. The NNAL-Gluc:NNAL ratio varies at least tenfold in smokers and,
since NNAL-Gluc is a detoxification product whereas NNAL is carcinogenic, this ratio
could be a potential indicator of cancer risk (Carmella et al. 1995; Richie et al. 1997). In
human urine, (S)-NNAL-O-Gluc is the predominant diastereomer of NNAL-O-Gluc,
while (S)-NNAL is slightly in excess over (R)-NNAL (Carmella et al. 1999). (S)-NNAL
is the more tumorigenic enantiomer of NNAL in A/J mouse lung (Upadhyaya et al.
1999). NNAL and NNAL-Gluc are only slowly released from the human body after
smoking cessation, and this has been linked to particularly strong retention of
(S)-NNAL, possibly at a receptor site (Hecht et al. 1999).

Human uptake of carcinogens from ETS has been reviewed (Scherer and Richter
1997). Levels of 1-HOP and hydroxyphenanthrenes in urine are not consistently
increased by exposure to ETS, although small effects have been seen under some high-
exposure conditions (Hoepfner et al. 1987; Scherer et al. 1992, 2000; van Rooij et al.
1994; Siwinska et al. 1999). All studies reported to date show significantly higher
amounts of NNAL plus NNAL-Gluc, or NNAL-Gluc, in the urine of ETS-exposed
humans than in unexposed controls (Table 5.2C, entries 1–5). In one study, uptake of
NNK was over six times higher in women who lived with smokers compared to women
who lived with nonsmokers (Anderson et al. 2001). In another investigation, wide-
spread uptake of NNK was demonstrated in a group of economically disadvantaged
schoolchildren (Hecht et al. 2001). As in smokers, a correlation between levels of
cotinine and NNAL plus NNAL-Gluc in urine has been consistently observed in ETS-
exposed nonsmokers. The assay for NNAL and NNAL-Gluc in urine is ideally suited to
investigations of ETS exposure, for two reasons. First, it has the required sensitivity to
measure relatively low levels (typically about 0.05 pmol/ml urine). Secondly, since
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Table 5.2 (continued) NNAL and its glucuronides (NNAL-Gluc) in urine: biomarkers of NNK
uptake

Study group Main conclusions Reference

7. 21 smokers and NNAL detected in amniotic fluid of 52.4% of (Milunsky et al. 2000)
30 non-smokers smokers and 6.7% of non-smokers, a 

significant difference. NNAL levels in amniotic 
fluid of smokers, 0.025 ± 0.029 pmol/ml

8. 12 smokers and NNAL and NNAL-Gluc not detected in follicular (Matthews et al. 2002)
10 non-smokers fluid

aNumber and letter in parentheses represent number and gender of subjects.

ETS, environmental tobacco smoke.

06_Chap05.qxd  6/23/04  1:11 AM  Page 105



NNK is a tobacco-specific compound, detection of NNAL and NNAL-Gluc in urine
specifically signals ETS exposure. The uptake of NNK by nonsmokers exposed to ETS
provides a biochemical link between ETS exposure and lung cancer.

NNAL-Gluc has been detected in the urine of newborns of women who smoked,
indicating that NNK, a transplacental carcinogen, crosses the placental barrier and is
taken up by the fetus (Lackmann et al. 1999). Consistent with these results, NNAL was
detected in amniotic fluid of pregnant smokers (Milunsky et al. 2000). However, neither
NNAL nor NNAL-Gluc could be detected in follicular fluid (Matthews et al. 2002).

DNA adducts: Structures, detection, and mutation induction
Table 5.3 summarizes information on structures of some DNA adducts that are formed
from representative tobacco smoke carcinogens and related compounds. Available data
on the detection of these adducts in lung DNA from smokers, and some likely muta-
tions that may result from their presence, are also summarized.

Adduct structures
Bay region diol epoxides are among the principal PAH metabolites involved in DNA
adduct formation (Conney 1982; Szeliga and Dipple 1998). A bay region is an angular
region of a PAH molecule, such as the 10–11 positions of BaP (Fig. 5.2). Each diol
epoxide metabolite has four stereoisomeric forms. Each of the four diol epoxides reacts
with DNA to differing extents, either at the exocyclic amino group of deoxyguanosine
(N 2-) or deoxyadenosine (N 6-) (Szeliga and Dipple 1998). Each reaction of the exo-
cyclic amino group results in either trans- or cis- ring opening of the epoxide ring.
Therefore, there are 16 possible adducts of this type from each PAH diol epoxide
metabolite (Szeliga and Dipple 1998). All adducts have been thoroughly characterized
for multiple PAH molecules. Table 5.3 illustrates only one adduct from each of two
PAHs in tobacco smoke: BaP and 5-MeC. This is quantitatively the major one in each
case, but it should be noted that 15 other adducts are formed from BPDE and from
5-MeC-1,2-diol-3,4-epoxide. In addition, another set of 16 adducts can be formed from
5-MeC-7,8-diol-9,10-epoxide (Melikian et al. 1988). The diol epoxide pathway is not
the only mechanism for adduct formation from PAH. Depurinating adducts have been
detected as a result of one-electron oxidation, and adducts resulting from quinone
formation have also been characterized (Penning et al. 1999; Casale et al. 2001).
Adducts are also formed via 9-hydroxy-BaP-4,5-oxide (Ross and Nesnow 1999).

N-Nitrosamines are metabolized to intermediates that alkylate various positions of
the DNA bases (Preussmann and Stewart 1984). The most thoroughly investigated are
7-alkylguanines and O6-alkylguanines, shown for N-nitrosodimethylamine and NNK
in Table 5.3. Other products include N-1, N-3, and N2-deoxyguanosines, N-1, N-7,
N-3, and N6-deoxyadenosines, O2-, O4, and N-3 thymidines, O2-, N-3, and N-4 deoxy-
cytidines, and phosphotriesters (Singer and Grunberger 1983). NNK and NNN are
metabolized to intermediates that pyridyloxobutylate deoxyguanosine (Hecht 1998).
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Table 5.3 Representative DNA adducts of some cigarette smoke carcinogens and related compounds. Occurrence and likely consequent mutations

Carcinogena DNA Adductb Detected in smokers’ Likely mutations Reference
base lung? (type of evidence)c

BaP G Yes (2) GC→TA (Kozack et al. 2000; 
Seo et al. 2000)

5-MeC G No GC→TA (Misra et al. 1998)
GC→CG

NDMA NNK G Yes (1) d (Zhao et al. 1999)

Yes (1) GC→AT (Loechler et al. 1984; 
Wilson et al. 1989)

NNK, NNN G Yes (2) GC→TA, GC→AT (Foiles et al. 1991; 
Ronai et al. 1993)

NPYR G No (Wang et al. 2001b)

Ethylene oxide G Yes (1) d (Zhao et al. 1999)

N2

HO

HO

OH

1
2

3

4
5678

9 10
11

12

N2

OH

OH

OH

CH3

1

2

345

67
8

9
10

11
12

7 CH3

O6 CH3

N

(G)

O

ON2

7 CH2CH2OH



Table 5.3 (continued) Representative DNA adducts of some cigarette smoke carcinogens and related compounds. Occurrence and likely consequent
mutations

Carcinogena DNA Adductb Detected in smokers’ Likely mutations Reference
base lung? (type of evidence)c

1,3-Butadiene G No d (Koc et al. 1999; 
Tretyakova et al. 1997)

G No d (Koc et al. 1999; 
Tretyakova et al. 1997)

A No (Tretyakova et al. 1997)

A No (Tretyakova et al. 1997)

G No d (Koc et al. 1999; Koivisto
et al. 1999)

A No (Zhao et al. 2000)

G No GC→TA>GC→ (Carmical et al. 2000)
AT>GC→CG

Acetaldehyde G No GC→AT, AT→TA (Noori and Hou 2001;

G No Wang et al. 2000a)

Crotonaldehyde G No (Chung et al. 1999)

CH2CHCH CH27

OH

CHCH CH27

CH2OH

CH2CHCH CH21

OH

CHCH CH21

CH2OH

CH2CHCHCH2OH7

OH OH

CH2CHCHCH2OH1

OH OH

CH2CHCHCH2OHN2

OH OH

CHCH3N2

N

N

N N

N

ON2

H3C

H dR

N

N

N N

N

OOH

H3C

H dR

0
6
_
C
h
a
p
0
5
.
q
x
d
  6

/
2
3
/
0
4
  1

:
1
1
 A
M
  P

a
g
e
 1
0
8



G No (Wang et al. 2001a)

4-Aminobiphenyl G Yes (1,2) GC→TA, GC→CG (Culp et al. 1997; Lin  et al. 1994; 
Melchior et al. 1994)

Vinyl chloride G No d (Swenberg et al. 1999)

G No GC→AT (Nair et al. 1999)

Vinyl chloride, A No AT→GC (Guengerich and 

Ethyl carbamate AT→TA Kim, 1991; Nair et al. 

AT→CG 1999)

2-nitropropane G No (Sodum and Fiala, 1998)

Oxidants G Yes (3) GC→TA (Asami et al. 1997; 
Moriya, 1993)

Nitric oxide G No (Burney et al. 1999)
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Table 5.3 (continued) Representative DNA adducts of some cigarette smoke carcinogens and related compounds. Occurrence and likely consequent
mutations

Carcinogena DNA Adductb Detected in smokers’ Likely mutations Reference
base lung? (type of evidence)c

Peroxynitrite 8-oxo-G No GC→TA (Henderson et al, 2002)

No GC→TA

No GC→TA

aAbbreviations: BaP, benz[a]pyrene; 5-MeC, 5-methylchrysene; NDMA, N-nitrosodimethylamine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NNN, N′-nitrosonornicotine;
NPYR, N-nitrosopyrrolodine

bAdduct structures show the position of attachment to the base (e.g. N2-, O6-, or 7- of G) and the organic moiety derived from the carcinogen.
cType of evidence

1. detection of nucleoside or base by relatively non-specific method (e.g. 32P-post-labelling or immunoassay)

2. detection of released adducting moiety by specific method

3. detection of nucleoside or base by specific method (e.g. MS, HPLC-fluorescence, or HPLC-electrochemical detection)
dLikely to give GC→TA transversions via depurination to an apurinic site

HO
HN

NH

dR

O

O

O

N

O NH2

NH2

O

N

dR

H

HN

N

NH

dR

OO

O



N-Nitrosopyrrolidine (NPYR), a cyclic N-nitrosamine, displays alkylation chemistry
that is somewhat different from that of acyclic nitrosamines because the alkylating
intermediate is tethered to an aldehyde. A complex mixture of deoxyguanosine adducts
is produced, among which the N 2-tetrahydrofuranyl structure shown in Table 5.3
predominates (Wang et al. 2001b).

Ethylene oxide behaves like a typical alkylating agent, reacting primarily at N-7 of
deoxyguanosine, as shown in Table 5.3, but also at other positions (Zhao et al. 1999).
1,3-Butadiene is metabolized to 3,4-epoxy-1-butene, 3,4-epoxy-1,2-butanediol, and
1,2,3,4-diepoxybutane (Tretyakova et al. 1997; Koc et al. 1999; Koivisto et al. 1999;
Zhao et al. 2000). Most of the DNA adducts arise from the reactions of the diol epoxide
at the N-7 position of guanine, N-3 adenine, and N6-adenine (Table 5.1). Multiple
stereoisomers are formed.

Acetaldehyde reacts with the exocyclic amino group of deoxyguanosine to give a
Schiff base as the major adduct (Wang et al. 2000a). Several other adducts, including a
G–G crosslink, shown in Table 5.3, have also been identified. Crotonaldehyde produces
cyclic 1,N 2-deoxyguanosine adducts by Michael addition, and Schiff base adducts by
reaction of the aldehyde group with the exocyclic amino group of deoxyguanosine
(Chung et al. 1999; Wang et al. 2001a). Other adducts are formed, with multiple
stereoisomers, by dimers of 3-hydroxybutanal, produced by hydration of crotonaldehyde
(Wang et al. 2000b).

Aromatic amines such as 4-aminobiphenyl and heterocyclic aromatic amines react
with DNA mainly at C-8 of deoxyguanosine via their N-hydroxy-metabolites (Delclos
and Kadlubar 1997). Adducts have also been observed at N 2- of deoxyguanosine,
O6- of deoxyguanosine, and N6- of deoxyadenosine.

Vinyl chloride is metabolized to chloroethylene oxide, which reacts with DNA giving
7-oxoethyldeoxyguanosine as a major product along with ‘etheno’ adducts such as
3,N2-ethenodeoxyguanosine and 1,N6-ethenodeoxyadenosine, as shown in Table 5.3
(Nair et al. 1999; Swenberg et al. 1999). Ethyl carbamate is metabolized to vinyl
carbamate which similarly reacts giving 1,N6-ethenodeoxyadenosine (Guengerich and
Kim 1991).

2-Nitropropane is metabolized to intermediates that aminate deoxyguanosine at the
C-8 and N2- positions (Sodum and Fiala 1998). Radical oxidants in cigarette smoke
are believed to give rise to 8-oxodeoxyguanosine, while nitric oxide yields deoxyoxano-
sine (shown in Table 5.3) along with other products (Asami et al. 1997; Burney et al.
1999). Recent studies demonstrate that 8-oxodeoxyguanosine is further oxidized by
peroxynitrite to a variety of products, including those illustrated in Table 5.3
(Henderson et al. 2002).

Adduct detection
Table 5.3 summarizes information on the detection of specific adducts in lung DNA
from smokers. The BaP adduct shown in Table 5.3, BPDE-N2-dG, has been the subject
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of numerous studies. Convincing evidence, obtained by HPLC with fluorescence
detection of BaP-tetraols released upon acid hydrolysis, clearly demonstrates the pres-
ence of BPDE-N2-dG in some samples of human pulmonary DNA (Kriek et al. 1998;
Rojas et al. 1998). However, the intact nucleoside adduct has never been identified
conclusively in human lung DNA. Methods such as 32P-postlabeling and immunoassay
have reported the presence of ‘PAH–DNA adducts’ or ‘aromatic DNA adducts’ in
human lung, but these are mainly uncharacterized (Kriek et al. 1998; Santella 1999).
It is not certain that they are in fact derived from PAH. Gupta et al. (1999) have reported
that adducts detected by 32P-postlabeling in lung DNA of cigarette smoke-exposed rats
were endogenous adducts enhanced by cigarette smoke. No other specific PAH adducts
have been detected with certainty in human lung.

7-Methylguanine and 7-hydroxyethylguanine have been detected in human lung
DNA by 32P-postlabeling (Zhao et al., 1999). Levels of 7-methylguanine are higher in
smokers than in nonsmokers in some, but not all, studies (Hecht and Tricker 1999).
Evidence has also been presented for O6-methyl- and O6-ethyldeoxyguanosine in
human lung DNA, but confirmation by other methods is lacking (Wilson et al. 1989).
GC–MS analysis of released 4-hydroxy-1-(3-pyridyl)-1-butanone (HPB) establishes
the presence of NNK- or NNN-derived pyridyloxobutyl DNA adducts in human lung
(Foiles et al. 1991). These adducts, which are produced in part by reaction with
deoxyguanosine, are higher in lung DNA from smokers than nonsmokers, as expected,
based on the specificity of NNK and NNN to tobacco products.

GC–MS analysis of 4-aminobiphenyl released from human lung DNA provides evidence
in support of the presence of the C-8 adduct, as also indicated by 32P-postlabeling and
immunoassay (Lin et al. 1994; Culp et al. 1997). Levels of this adduct were not related
to smoking. One study demonstrated the presence of 8-oxodeoxyguanosine in human
lung DNA using HPLC with electrochemical detection (Asami et al. 1997). Levels were
higher in smokers than in nonsmokers.

Collectively, the available data provide convincing evidence for the presence of
certain adducts, listed in Table 5.3, in human lung DNA. It is very likely that many
of the other adducts are also present, but the available methodology is not sensitive or
specific enough to detect them, or has not yet been applied. Adducts are also present in
tissues other than lung.

Likely mutations
Table 5.3 summarizes data obtained mainly, although not exclusively, from site-specific
mutagenesis studies designed to determine the types of mutations that could be
formed during replication of DNA containing the adducts. The major adduct of BaP
illustrated in Table 5.3 produces GC→TA mutations (Kozack et al. 2000; Seo et al.
2000). However, this is sequence dependent. This adduct induced >95 per cent G→T
mutations in one sequence context (5′-TGC) and approximately 95% G→A mutations
in another context (5′-AGA). This may result from conformational complexities
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(Kozack et al. 2000; Seo et al. 2000). Some PAH diol epoxides, such as those derived
from benzo[c]phenanthrene, react extensively at deoxyadenosine in DNA and conse-
quently produce significant levels of A mutations (Bigger et al. 1992; Szeliga and
Dipple 1998).

7-Alkyldeoxyguanosines, such as those derived from N-nitrosodimethylamine,
NNK, ethylene oxide, 1,3-butadiene, and vinyl chloride, readily depurinate, giving rise
to abasic sites. Replication past abasic sites results predominantly in GC→TA muta-
tions (Kunkel 1984). Therefore, these cigarette smoke constituents can be expected to
produce GC→TA mutations in pulmonary DNA. Pyridyloxobutylation of DNA gives
both GC→TA and GC→AT mutations, as demonstrated by analysis of ras mutations
in lung DNA of mice treated with a model pyridyloxobutylating compound, NNKOAc
(Ronai et al. 1993).

Site-specific mutagenesis experiments in human embryonic kidney cells have shown
that the mispairing characteristics of O6-pyridyloxobutyldeoxyguanosine are compa-
rable to those of O6-methyldeoxyguanosine, with a high number of G→A transitions
and smaller amounts of G→T transversions and other mutations observed (Pauly et al.
2002).

GC→TA mutations are also the predominant ones observed in studies of mutagenesis
by N2-deoxyguanosine adducts of 1,3-butadiene (Carmical et al. 2000), adducts of
4-aminobiphenyl (Melchior et al. 1994), and 8-oxodeoxyguanosine (Moriya 1993).
Other studies of butadiene mutagenesis demonstrate the occurrence of GC→AT,
AT→TA, and GC→TA mutations (Recio et al. 2000). Products of the further oxidation
of 8-oxodeoxyguanosine by peroxynitrite are highly efficient in producing GC→TA
mutations (Henderson et al. 2002).

Collectively, the available data indicate that many DNA adducts associated with
cigarette smoke exposure produce GC→TA mutations. A number of other types of
mutations are also produced. It is easy to see how tobacco carcinogens can produce
multiple mutations in smokers’ DNA.

Effects of tobacco smoke carcinogens on the p53 and
K-ras genes
The preceding sections provide definitive evidence that tobacco smoke carcinogens are
taken up by smokers and metabolically activated to forms that react with DNA. The
resulting DNA adducts can cause mutations. If these mutations occur in critical genes
such as the p53 tumor suppressor gene and the K-ras oncogene, cancer can result
because the normal role of these genes in the delicate growth control processes of the
cell is subverted. Extensive studies have examined mutations in the p53 gene in lung
tumors (Hecht 1999; Pfeifer et al. 2002). Mutations in the p53 gene are found in
approximately 40 per cent of human lung cancers and are more common in smokers
than in nonsmokers. G→T mutations in p53 occur in 30 per cent of lung cancers from
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smokers, and in 12 per cent of those from nonsmokers, a significant difference.
G→A mutations in p53 occur in 29 per cent of lung cancers from smokers and in
47 per cent of those from nonsmokers. Other studies show a positive relationship
between lifetime cigarette consumption and the frequency of p53 mutations and G→T
mutations on the nontranscribed (slowly repaired) DNA strand. These observations
are generally consistent with the fact that most activated carcinogens react predomi-
nantly at G in DNA, as outlined in Table 5.3 and that many of the adducts so formed
cause G→T or G→A mutations. It has been hypothesized that G→T mutations, in
particular, are characteristic of lung cancer and result from interactions of the p53 gene
with metabolically activated cigarette smoke carcinogens (Pfeifer et al. 2002).

Mutations in the p53 gene in lung cancer frequently occur at codons 157, 158, 245,
248, and 273, and are commonly G→T mutations (Pfeifer et al. 2002). These muta-
tions have been called ‘lung cancer hotspots’. Reactions of PAH diol epoxide metabo-
lites with the p53 gene in vitro result in frequent adduct formation at codons 156, 157,
158, 245, 248, and 273, leading to the hypothesis that PAHs such as BaP are the respon-
sible agents in cigarette smoke for the observed mutations. Apparently there is
enhanced adduct formation when a 5-methyldeoxycytidine nucleotide is adjacent to
the modified deoxyguanosine (CpG dinucleotide sequence). In the p53 gene of lung
cancer, five major G→T mutation sites (codons 157, 158, 245, 248, and 273) have
methylated CpG sequences. However, it should be noted that a number of different
activated carcinogens, such as those summarized in Table 5.3, can react at these
positions. Because of the complexity of DNA adduct formation by cigarette smoke
carcinogens, it is unlikely that the observed mutations result from reactions only with
metabolically activated PAH. Nevertheless, in aggregate, the common occurrence of
G mutations in lung cancer is consistent with the higher reactivity of G than other
DNA bases with metabolically activated carcinogens.

Mutations in codon 12 of the K-ras oncogene are found in 24–50 per cent of human
adenocarcinoma of the lung (Hecht 1999). They are more common in smokers than in
nonsmokers. The most common mutation is from the normal GGT sequence to TGT, a
G→T mutation. This accounts for about 60 per cent of the observed mutations in
codon 12. GGT→GAT mutations are observed in 20 per cent and GGT→GTT muta-
tions in 15 per cent. This pattern is quite similar to that observed in lung tumors from
mice treated with PAHs. Other tobacco smoke carcinogens may also produce this
pattern of mutations.

Summary
There is a wealth of data generally consistent with the mechanistic framework presented
in Fig. 5.1. Over 60 carcinogens have been identified in cigarette smoke, and their
abilities to induce tumors at specific sites associated with tobacco-induced cancer in
humans are, in many cases, well established. There is convincing evidence that smokers
and people exposed to ETS take up and metabolize these carcinogens. In some cases,
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the DNA adducts resulting from tobacco carcinogen exposure have been characterized
in tissues from smokers. Other studies demonstrate convincingly that some of these
DNA adducts cause mutations during DNA replication. The observed mutations are
frequently similar to those seen in oncogenes and tumor suppressor genes isolated
from human lung cancers. Mutations in these genes lead to cancer by disrupting
normal cellular signaling processes that control growth. The studies summarized here
therefore demonstrate how cigarette smoke carcinogens—through human uptake,
metabolic activation, and induction of mutations—firmly link nicotine addiction to
cancer in smokers.
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Chapter 6

Pharmacology of nicotine addiction

Jack E. Henningfield and Neal L. Benowitz

Since the 1980s, it has become recognized by clinicians, researchers, and public health
experts that tobacco products are among the most addictive and deadly of all depen-
dence producing substances (Royal College of Physicians 2000; WHO 2001). Nicotine
meets all of the standard criteria for a dependence-producing drug and all types of
tobacco products are capable of delivering dependence-producing levels of nicotine
(US DHHS 1988; Royal Society of Canada 1989; Royal College of Physicians 2000).
These conclusions are consistent with the neuropharmacology of nicotine
(Henningfield et al. 1996), with clinical studies of nicotine dependence and withdrawal
(e.g. Hughes et al. 1990; Henningfield et al. 1995a), and with the epidemiology of tobac-
co use and dependence (Giovino et al. 1995). In fact, if evaluated against the criteria
used to determine the level of psychoactive scheduling set by the U.S. Controlled
Substance Act or the World Health Organization’s Convention on Psychotropic
Substances (described by McClain and Sapienza 1989; Vocci 1989), nicotine could be
appropriately categorized as a controlled substance (Food and Drug Administration
1995, 1996).

However, nicotine is not categorized as a controlled substance and there are several
reasons for the relatively recent widespread recognition of its dependence-producing
effects (e.g. as compared to the role of morphine in opium use). For example, although
the effects of nicotine on the nervous system have been investigated since the
nineteenth century (e.g. Langley 1905), and the role of nicotine in tobacco since early
in the twentieth century (e.g. Johnston 1942; Finnegan et al. 1945), it was not until the
1980s that an overwhelming body of research established that nicotine itself met all
criteria for a dependence-producing drug (National Institute on Drug Abuse 1984;
US DHHS 1988).

Tobacco dependence and withdrawal were listed in the Diagnostic and Statistical
Manual (DSM) of the American Psychiatric Association (APA) in its third edition in
1980. The International Classification of Diseases (ICD) of the World Health
Organization (WHO) listed tobacco dependence and withdrawal in its tenth edition,
in 1992. Although the APA identified the disorders of tobacco dependence and tobacco
withdrawal in 1980, it did not list nicotine dependence and nicotine withdrawal until it
revised the DSM III in 1987 (APA 1980, 1987). In 1980, the APA had concluded that
there was not sufficient evidence to confirm that nicotine, independent of tobacco,
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could produce dependence and withdrawal. By 1987, the APA concluded that the role
of nicotine was sufficiently well established to merit the classification of nicotine
dependence and nicotine withdrawal disorders. In contrast, WHO (1992) continues to
refer to the substance ‘tobacco’ as opposed to its drug, ‘nicotine’ just as it refers to the
substance ‘cannabinoids’ as opposed to their drug, tetrahydrocannabinol. This is
based on the reasoning that even though nicotine is the critical drug that defines the
disorders, in practice, withdrawal signs from pure nicotine systems (e.g. nicotine gum
and patches) are generally weak and the establishment of dependence on pure nicotine
preparations is not a known public health problem.

Both the APA and WHO approaches have merit and scientific rationale. The WHO
approach to emphasize the importance of the tobacco vehicle is highly relevant to
recent advances in the understanding of tobacco use that have begun to unravel the
contributions of tobacco product ingredients and designs, which may be determinants
of the risk, severity, and prevalence of nicotine addiction. These issues will be addressed
in the present analysis. Despite the many research questions that need to be explored to
fully understand the mechanisms underlying dependence on tobacco and nicotine,
there is a strong science foundation upon which to guide policy aimed at reducing the
prevalence of tobacco use and eradicating tobacco-caused diseases.

Pharmacology of nicotine
Nicotine is an alkaloid that is present in concentrations of about 1–3% in tobacco
cultivated for commercial tobacco products (Browne 1990). The concept that the
pharmacologic effects of tobacco primarily reflect the actions of nicotine has been
widely accepted, at least since Lewin’s analysis from the 1920s (translated into English
in 1931 and reprinted in 1964) in which he concluded. ‘The decisive factor in the effect
of tobacco, desired or undesired, is nicotine…’ For example, prominent effects of
tobacco on muscle tone, heart rate, and blood pressure, as well as behavioral and mood
altering effects, can be mimicked by administration of nicotine (Benowitz 1990;
Henningfield et al. 1996; Taylor 1996).

Nicotine is a potent and powerful agonist of several subpopulations of nicotinic
receptors of the cholinergic nervous system (Henningfield et al. 1996; Vidal
1996; Paterson and Nordberg 2000). Acute doses of 1 mg per 70 kg accelerate
heart rate and alter mood, although daily users are substantially less sensitive to
such effects than non-users (US DHHS 1988; Soria et al. 1996; Taylor 1996; Foulds
et al. 1997). The half-life of nicotine averages approximately 2 h but is longer
in persons in the presence of a genetic polymorphism of the liver enzyme
CYP2A6, which is the primary metabolic pathway of nicotine (Tyndale and Sellers
2001; Benowitz et al. 2002). The prevalence of CYP2A6 alleles that are associated
with reduced enzymatic activity is higher in Asians than in Caucasians or
African Americans, and this difference may contribute to lower daily cigarette
consumption and a lower risk of lung cancer in Asians compared to Caucasians
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and African Americans. (Ahijevych 1999; Tyndale and Sellers 2001; Benowitz
et al. 2002). A primary nicotine metabolite, cotinine, has an 18–20 h half-life
and distribution in blood, urine, and saliva that makes it useful for studies of
nicotine intake in the laboratory and at the population level (Benowitz 1996,
1999).

The peripheral nervous system actions of nicotine on ganglionic cholinergic
receptors have been studied since the nineteenth century. Studies of nicotinic agonists
and antagonists contributed to advances in methods, which formed the foundation for
modern neuroscience research, including the use of selective agonists and antagonists
to explore the mechanism of action of neurons and the concept of the ‘receptive
substance’ as a mediator of effects (e.g. Langley 1905). The peripheral actions of
nicotine include relaxation or stimulation of muscles, depending upon the dose and
the muscle group, as well as a high dose ‘paralysis,’ which can lead to respiratory
depression and death; the latter is a mechanism exploited in the use of nicotine as a
pesticide (Taylor 1996).

Central nervous system actions of nicotine are diverse. The importance of variation
in the structural and functional properties of nicotinic cholinergic receptors through-
out the brain is an especially active area of neuropharmacological research. Identifying
selective nicotinic agonists and antagonists could yield clinically important advances in
medications for aiding smoking cessation as well as for treating disorders that appear
to involve the various nicotinic receptor subpopulations, e.g. Parkinson’s disease,
Alzheimer’s disease, attention deficit hyperactivity disorder, Tourette’s Syndrome, and
various affective disorders (Newhouse and Hughes 1991; Balfour and Fagerstrom 1996
Levin et al. 1996; Vidal 1996; Newhouse et al. 1997; Paterson and Nordberg 2000;
Santos et al. 2002).

Abuse liability and physical dependence potential
All commercially successful tobacco products contain and deliver behaviorally
active amounts of nicotine to their users (FDA 1995, 1996). Tobacco products
without nicotine are not well accepted by chronic tobacco users (e.g. Finnegan et al.
1945) and are not well accepted in the market place (FDA 1995, 1996). The abuse
liability and physical dependence potential of nicotine have been well characterized
and further exploration of the mechanism of these effects is an active area of research.
In brief, nicotine produces dose-related psychoactive effects in humans that are
identified as stimulant-like, and it elevates scores on standardized tests for liking
and euphoria that are relied upon by WHO for assessing abuse potential (US DHHS
1988; Henningfield et al. 1995; Jones et al. 1999; Royal College of Physicians 2000).
The subjective effects of nicotine are reduced by the centrally acting nicotinic choliner-
gic receptor blocker, mecamylamine (Rose et al. 1989; Lundahl et al. 2000), but not
by the peripherally acting blocker, pentolinium (Stolerman et al. 1973). Drug discrimi-
nation testing in animals has similarly revealed that nicotine is discriminated in
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a dose-related fashion and that these effects are blocked by centrally but not periph-
erally acting nicotinic cholinergic receptor blockers (US DHHS 1988; Henningfield
et al. 1996).

Nicotine can serve as a potent and powerful reinforcer for both humans and animals
as demonstrated by intravenous self-administration studies (Goldberg et al. 1983;
Goldberg and Henningfield 1988; Corrigall 1999), patterns of self-administration are
more similar to those of stimulants than of other drug classes (Griffiths et al. 1980).
However, the range of conditions under which it functions as a reinforcer is smaller
than that under which cocaine serves as a reinforcer.

Intravenous nicotine self-administration is reduced by centrally acting nicotinic
cholinergic receptor blockers, but not by peripherally acting blockers (Corrigall 1999).
Patterns of tobacco product self-administration are influenced by nicotine dose with
manipulations of delivery resulting in changes in behavior that tend to sustain similar
levels of nicotine intake (Gritz 1980; Henningfield 1984; US DHHS 1988). Nicotine
exposure results in a high degree of tolerance, which is mediated by several mecha-
nisms, and which includes acute and long-term components (Swedberg et al. 1990;
Perkins et al. 1993; Perkins 2002).

Tolerance. Tolerance to some effects may be related to the up-regulation of central
nervous system nicotine receptors, but genetic factors also modulate nicotine effects
including development of tolerance (Collins and Marks 1989). A practical conse-
quence is that whereas first time tobacco users often become profoundly sick and
intoxicated, these effects generally dissipate within a few hours and are rarely experi-
enced again due to a combination of learning to avoid overdosing, and tolerance
(US DHHS 1988; Royal College of Physicians 2000). Laboratory studies of intravenous
nicotine (Soria et al. 1996) and nicotine gum administration (Heishman and
Henningfield 2000) have demonstrated greater sensitivity to the mood altering and
behavioral effects of nicotine in subjects who do not use tobacco compared to tobacco
users. The development of snuff products that are marketed as starter products
in which the products delivered lower doses of nicotine more slowly than do the main-
tenance products takes advantage of the tolerance phenomenon and minimizes the
likelihood that the initial users experience will be unpleasant (Connolly 1995; FDA
1995, 1996). With respect to cigarettes, because the nicotine dosing is puff by puff, with
the physiologic response occurring quite quickly after each puff, this problem is less
of a barrier to the acquisition of smoking than it is for the acquisition of snuff use
(in which the dose is determined by the amount of snuff put in the mouth) (Connolly
1995; Slade 1995).

Physical dependence and withdrawal. Tobacco withdrawal signs and symptoms,
including changes in brain electrical activity, cognitive performance, anxiety, and
response to stressful stimuli can be altered by administration of pure nicotine in a variety
of forms (e.g. gum, patch, nasal delivery) (Hughes et al. 1990; Heishman et al. 1994;
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Pickworth et al. 1995; Shiffman et al. 1998). Humans report generally similar subjec-
tive effects from intravenous nicotine as from smoked tobacco (Henningfield et al.
1985; Jones et al. 1999). Tobacco craving is only partially relieved by pharmaceutical
forms of nicotine, reflecting the facts that (1) cravings can be elicited by factors that
are not mitigated by nicotine (e.g. the smell of smoke, the sight of other people smok-
ing, and tobacco advertisements), and (2) tobacco smoke constituents other than nico-
tine (e.g. ‘tar’ and other smoke constituents) can reduce craving independently of
nicotine (Butchsky et al. 1995) and may have synergistic effects with nicotine in ciga-
rettes to provide more effective nicotine relief than cigarette smoke-delivered nicotine
(Rose et al. 1993).

Rodent models of nicotine withdrawal have been developed and serve in the
evaluation of medications for treating withdrawal (e.g. Malin et al. 1992, 1998a, b). The
most useful is one in which the frequency of signs are observed and coded from a
checklist which includes writhes and gasps, wet shakes and tremors, ptosis, bouts of
teeth chattering and chewing, and miscellaneous less frequent signs such as foot licks,
scratches, and yawns (Malin et al. 1992). Episodes of locomotor immobility lasting
longer than a minute are also recorded. Another rodent model that might be of
particular relevance to disruption of behavioral performance in humans is one in
which acute nicotine abstinence disrupted food-maintained learned behaviors (Carroll
et al. 1989).

Dose-related effects
As with many drugs, understanding the mechanisms of the effects of nicotine is
complicated by the fact total dose, rate of delivery, and amount of prior exposure are
important determinants (Ernst et al. 2001). For example, 1 mg nicotine delivered by
smoke inhalation may produce cardiac acceleration and mood alteration, whereas the
approximately 1 mg nicotine delivered per hour by transdermal nicotine patch
produces no reliable change in mood or cardiovascular measure (Benowitz 1990;
Pickworth et al. 1994). Furthermore, observed effects involve a diverse array of
mechanisms, which operate differentially at different dosages. For example, stimula-
tion of nicotinic cholinergic receptors in the spinal cord may directly alter muscle tone,
whereas heart rate acceleration and mood alteration appear to be primarily mediated
by catecholamines release that is modulated by nicotine (e.g. release of norepinephrine
and increased brain dopamine, respectively) (Benowitz 1990; Balfour and Fagerstrom
1996; Henningfield et al. 1996).

Nicotine is rapidly and efficiently absorbed when inhaled into the lung (Benowitz
1990). It is also well absorbed through the skin, nasal passages, and the oral mucosa,
although the speed of its absorption through the mucosa is directly related to the
fraction of nicotine that is in a ‘free-base’ or unionized state, as opposed to that which
is in the ‘bound’ or in the ionized state. The alkaloid nature of nicotine implies that the
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percentage of unionized nicotine molecules in tobacco material can be influenced by
the pH of the product or its aqueous medium, with the concentration of free base
nicotine increasing logarithmically as a function of increasing pH (Henningfield et al.
1995b). The pKa of nicotine is 8, and thus 50% of the nicotine is unionized and free to
be rapidly absorbed at an aqueous pH of 8. The alkaline smoke typical of cigars
(typically 7.0–8.5) enables efficient absorption of nicotine through the mouth without
inhalation (Henningfield et al. 1999; Baker et al. 2000). The mildly acidic smoke of
cigarettes (pH 5.5–6.5) produces less throat irritation and is easier to inhale than
higher pH cigar smoke, but no nicotine is absorbed in the mouth and smoke must be
inhaled to absorb nicotine (Hoffman and Hoffman 1997). Since addictive drug effects
are intensified by faster delivery (O’Brien 1996), the dual consequence of a potentially
more addictive form of nicotine delivery and the well-documented greater lung toxicity
due to the repetitive exposure of the lung to the smoke results (Hoffman and Hoffman
1997). Therefore, even though a cigar potentially delivers more nicotine and toxins, the
risk of lung disease is less than that associated with cigarette smoking (National Cancer
Institute 1998; Baker et al. 2000).

Smokeless tobacco products such as snuff, include ‘starter’ products (tobacco industry
term) that are generally at pH levels of approximately 7.0, whereas products that
experienced users tend to ‘graduate’ to (tobacco industry term) generally show an
aqueous pH of 7.5–8.5) (Henningfield et al. 1995b). Snuff products with higher pH
levels than products with similar nicotine content produce more rapidly rising and
higher plasma nicotine levels as well as higher heart rates and stronger subjective
effects (Fant et al. 1999).

An additional consequence of smoke inhalation is the generation of arterial plasma
nicotine spikes that can be up to ten times greater than simultaneously measured
venous levels within the first minute following the smoking of a cigarette (Henningfield
et al. 1993). Similar effects occur with smoked cocaine and appear to contribute to its
powerful reinforcing effects (Evans et al. 1996). Consistent with these observations,
tobacco products that deliver nicotine more rapidly are demonstrated to be of higher
abuse liability in standard testing than pharmaceutical products, which deliver nicotine
more slowly (Henningfield and Keenan 1993; Stitzer and De Witt 1998). These obser-
vations are consistent with product design and ingredients: Whereas, tobacco products
are designed to maximize addictive potential, pharmaceutical products are designed
and labeled to minimize the risk of addiction and abuse (Henningfield and Slade 1998;
Slade and Henningfield 1998).

Cross population variation in nicotine metabolism. There is much individual variability
in the CYP2A6 activity of human liver samples, and much variability in the rate of
nicotine metabolism among individuals and populations. Studies of racial/ethnic
differences have shown slower metabolism of nicotine and cotinine in Chinese
Americans, and slower metabolism of cotinine African Americans compared to
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American Caucasians and Hispanics (Perez-Stable et al. 1998; Benowitz et al. 2002).
As mentioned previously the slower metabolism of nicotine and cotinine by Asians can
be explained by the high frequency of CYP2A6 gene alleles that are associated with
diminished or absent enzyme activity (Oscarson 2001). Slower metabolism of nicotine
among Asians may explain, at least in part, lower cigarette consumption among
Asians compared to Caucasians (Benowitz et al. 2002). African Americans also metab-
olize nicotine and cotinine via the glucuronidation pathway more slowly than do
Caucasians (Benowitz et al. 1999). The genetic basis and biological consequences of
slower glucuronidation among African Americans have not yet been determined.
Pregnancy is associated with a marked acceleration of nicotine and cotinine metabo-
lism (Dempsey et al. 2002). Thus the pregnant woman may require higher dose of
nicotine medication to aid smoking cessation compared to the non-pregnant woman.
Ageing has been reported to be associated with slower metabolism of nicotine, as has
the presence of kidney disease (Molander et al. 2000, 2001). The importance of indi-
vidual differences in nicotine metabolism in determining cigarette consumption
and/or addiction risk is a subject of ongoing investigation.

Tobacco-delivered nicotine
Tobacco products are a means of storing nicotine and serve as vehicles for its delivery.
Tobacco companies use a variety of techniques to control the nicotine dosing
characteristics of cigarettes. The modern cigarette is elaborately designed, involving
numerous patents for wrappers, manufacturing, filter systems, and processes for
making ‘tobacco’ filler out of tobacco materials and other substances (Browne 1990;
FDA 1995, 1996). The function of the cigarette has been described eloquently by senior
Philip Morris researcher William Dunn, as reprinted in Hurt and Robertson (1998):

The cigarette should be conceived not as a product but as a package. The product is nicotine.
Think of the cigarette pack as a storage container for a day’s supply of nicotine… Think of the
cigarette as dispenser for dose unit of nicotine… Think of a puff of smoke as the vehicle of
nicotine. Smoke is beyond question the most optimized vehicle of nicotine and the cigarette the
most optimized dispenser of smoke.

Although both the tobacco industry and non-industry scientists and agencies
have described cigarettes as nicotine delivery systems, not all of their effects are
explained by nicotine delivery (e.g. FDA 1995, 1996; Slade et al. 1995; Hurt and
Robertson 1998; WHO 2001). Most of the toxicity of the products is due to
substances other than nicotine. Substances in tobacco smoke, in addition to nicotine,
may also contribute to the development and maintenance of tobacco use (FDA 1995,
1996; Slade et al. 1995; Hurt and Robertson 1998; WHO 2001).

Because the speed and nature of the absorption process is a strong determinant
of the effects of nicotine, it is not surprising that the tobacco industry has focused
much attention on tobacco product development and the control of nicotine dosing
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characteristics by means such as pH manipulation of tobacco and tobacco smoke (FDA
1995, 1996; Slade et al. 1995; Kessler et al. 1996; Hurt and Robertson 1998). For exam-
ple, buffering compounds in smokeless tobacco products (FDA 1995, 1996; Tomar and
Henningfield 1997) can alter the speed and amount of nicotine delivery of the prod-
ucts. Similarly, menthol, and perhaps compounds such as levulinic acid (Bates et al.
1999), may alter the effects of nicotine delivered by smoke by enabling smokers to
inhale larger quantities of smoke by making the smoke feel less harsh and by reducing
concerns about the smoke toxicity because of the perceived smoothness (Henningfield
et al. 2002). Product design and ingredients can also be employed to control the mean
particle size to optimize the efficient inhalation of nicotine deep into the lungs where
absorption is rapid and virtually complete (Royal College of Physicians 2000).
Characteristics that contribute to larger amounts of smoke being more deeply
absorbed into the lung could also contribute to more rapid absorption of nicotine as
well as increasing the probability of diseases such as deep lung adenocarcinomas
(Hoffman and Hoffman 1997; Thun and Burns 2001).

The idea that cigarette smoke is a chemical cocktail that produces effects beyond
those produced by nicotine and/or which may modulate nicotine’s effects has received
increasing support since the 1990s. This has led to the conclusion that tobacco-
delivered nicotine is not only more toxic, but more addictive than pure nicotine forms
(Henningfield et al. 2000; Royal College of Physicians 2000). Additionally, it appears
that non-nicotine components of cigarette smoke inhibit monoamine oxidase which
could contribute to an antidepressant effect of smoking (Volkow et al. 1999).
Acetaldehyde, a metabolite of alcohol, which contributes to its subjective effects, is
present in cigarette smoke and can act synergistically with nicotine to produce stronger
reinforcing effects than either nicotine or acetaldehyde alone (FDA 1995, 1996; Bates
et al. 1999). Research on this topic was conducted by the tobacco industry and modern
cigarettes can be engineered to increase their delivery of acetaldehyde either by adding
the substance or by including certain sugars, which yield acetaldehyde upon pyrolysis
(FDA 1995, 1996; Bates et al. 1999).

Nicotine toxicology
Although nicotine can be a lethal poison at very high dosages, relative to those typically
delivered by use of tobacco or nicotine replacement medications, its toxicological
effects in tobacco use are modest compared to the many carcinogens and other toxins
present in tobacco products and the many more produced when tobacco products
are burned (Hoffman and Hoffman 1997; Benowitz 1998). Nonetheless, nicotine
delivered by tobacco products and medications is not entirely benign. Nicotine can
produce a variety of potential adverse effects depending upon the dose and pattern of
administration. ‘For example, nicotine is a fetal neuroteratogen in rats and there is
concern that nicotine from cigarette smoking during pregnancy might contribute
to developmental and behavioral problems in children of mothers who smoke.’

PHARMACOLOGY OF NICOTINE ADDICTION136

07_Chap06.qxd  6/24/04  3:26 PM  Page 136



(US DHHS 2001). At doses delivered by nicotine replacement medications, the risk of
adverse effects from nicotine during pregnancy appears substantially lower than by
smoking. But because the possibility of risks cannot be ruled out, it is generally
recommended that a doctor be consulted concerning use of the medications during
pregnancy (Windsor et al. 2000). Similarly, nicotine is a possible contributor to
coronary artery disease leading to labeling on nicotine medications advising persons
with histories of heart disease to consult with a doctor before using the products.

Comparison across addictive drugs
As indicated by the foregoing discussion, nicotine delivered by tobacco meets the
criteria as a dependence-producing drug. Moreover, there is sufficient epidemiological
and clinical evidence for a systematic comparison of cigarettes to other addictive
drugs. One such comparison was provided in a table (pp. 299–303) in the 1988
Surgeon Generals Report (US DHHS 1988), and another by Henningfield et al. (1995a),
which was adapted for presentation in the report of the Royal College of Physicians
(2000) (Table 6.1). The following comparison of drugs is based upon these prior analyses.
Key findings were that the apparent severity of addictive effects of the various drugs
depends upon the measure under consideration; no addictive drug exceeds all others
on all points; nicotine delivered by tobacco is a highly addictive drug. Nonetheless,
differences in specific features of addictive drugs and differences in consequences of
their use have implications for regulatory approaches appropriate to each drug and for

JACK E. HENNINGFIELD AND NEAL L. BENOWITZ 137

Table 6.1 Ranking of nicotine in relation to other drugs in terms of addiction factors of
concern (Royal College of Physicians 2000)

Dependence among users nicotine > heroin > cocaine > alcohol > caffeine

Difficulty achieving abstinence (alcohol = cocaine = heroin = nicotine) > caffeine

Tolerance (alcohol = heroin = nicotine) > cocaine > caffeine

Physical withdrawal severity alcohol > heroin > nicotine > cocaine > caffeine

Societal impact serious effects due to secondary deaths (nicotine), accidents
(alcohol) or crime (heroin, cocaine); no substantial impact
for caffeine

Deaths nicotine > alcohol > (cocaine = heroin) > caffeine

Importance in user’s daily life (alcohol = cocaine = heroin = nicotine) > caffeine

Intoxication alcohol > (cocaine= heroin) > caffeine > nicotine

Animal self-administration cocaine > heroin > (alcohol = nicotine) > caffeine

Liking by non-drug abusers cocaine > (alcohol = caffeine = heroin = nicotine)

Prevalence caffeine > nicotine > alcohol > (cocaine = heroin)
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clinical approaches to treating individuals which are determined by the particular drug
under consideration (Goldstein 1994).

Incidence, prevalence, and risk of progression. Following initial use, development of
dependence to nicotine is far more common than that to cocaine, heroin, or alcohol,
and the rate of graduation from occasional use to addictive levels of intake is highest
for nicotine (Anthony et al. 1994; Giovino et al. 1995). Depending upon the definition
used for occasional use, between 33% and 50% escalate to become daily smokers in the
US (US DHHS 1994). In contrast, even when highly addictive dosage forms of cocaine
(i.e. smokable ‘crack’ cocaine) are readily available in the US, the risk of progression
from any use to regular use is the exception and not the rule.

Remission and relapse. An evaluation of several data sets indicates that rates and
patterns of relapse are similar for nicotine, heroin, and alcohol (e.g. Hunt and
Matarazzo 1973; Maddux and Desmond 1986), and probably for cocaine (e.g. Wallace
1989). A closer analysis of relapse to cigarette smoking showed that in the context of a
minimal treatment intervention approach, approximately 25% of persons relapsed
within 2 days of their last cigarette and approximately 50% within 1 week (Kotke et al.
1989), and that among people quitting on their own, two-thirds were smoking within
3 days of their scheduled quit date (Hughes et al. 1992).

Reports of addictiveness by drug abusers. Two studies evaluated ratings across addictions
by polydrug abusers. The first study found that when rating the degree of ‘liking’,
tobacco, cocaine, and heroin were rated similarly and all were rated more highly
than alcohol, and that tobacco was among the most highly rated drugs on a ‘need’
scale (Blumberg et al. 1974). Another study found that compared to other substances,
tobacco was associated with equal or greater levels of difficulty in quitting and urge to
use, but its use was not as pleasurable (Kozlowski et al. 1989).

Psychoactivity and euphoria. One correlate of addiction liability is that a drug
produces pleasurable or euphoriant effects in standard tests of drug liking and
morphine-benzedrine group scale (MBG) scores of the Addiction Research Center
Inventory (Jasinski 1979; Fischman and Mello 1989). Intravenous nicotine mimics
mood-altering effects of tobacco and, when rapidly administered by intravenous
injections in a similar manner as cocaine is often abused, nicotine produces qualita-
tively similar effects as cocaine in poly drug abusers (Henningfield et al. 1995a; Jones
et al. 1999).

Reinforcing effects. As discussed earlier, nicotine serves as a reinforcer for a variety of
species. Its reinforcing effects are related to the dose and are increased when sensory
stimuli are associated with injections and by food deprivation (US DHHS 1988;
Corrigall 1999).

Physical dependence. Among addictive drugs, the most severe withdrawal syndromes
are those that occur following acute deprivation of extended administration of alcohol
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or short-acting barbiturates; morphine-like opioids can also produce an overtly recog-
nizable syndrome (O’Brien 1996). Deprivation after extended administration of
cocaine and cannabis can also produce a diagnosable withdrawal syndrome; however,
it is only since the mid 1980s that addiction experts have come to generally concur that
these drugs can produce syndromes of withdrawal that can be distinguished from the
lack of the effects of the drugs themselves; the role of the withdrawal syndromes in
sustaining cocaine and cannabis use remains unclear (Gawin and Kleber 1986; O’Brien
1996). Acute deprivation from extended tobacco use produces a syndrome of
withdrawal signs and symptoms that is intermediate between that of the opioids
and cocaine in that it has been recognized for several decades, and is generally under-
stood to serve as a barrier to even short-term efforts to achieve tobacco abstinence.
Tobacco withdrawal can be occupationally and socially debilitating, but other than
standing as a barrier to extended cessation, is not life-threatening in its own right
(American Psychiatric Association 1996).

Tolerance. A high degree of tolerance develops to the acute effects of nicotine, and
some degree of tolerance is gained during each day of smoking and lost during the
approximately 8 hours of tobacco deprivation during sleeping hours (Swedberg et al.
1990). Tolerance to nicotine has been systematically explored for more than a century
(e.g. Langley 1905). Its mechanisms are diverse and the time course of gain and loss of
tolerance varies across responses under evaluation (Collins and Marks 1989; Balfour
and Fagerstrom 1996; Royal College of Physicians 2000; Perkins 2002). Comparing
drugs of abuse on measures of tolerance is complicated by the varying potential range
of measures that can be considered, however, the general degree of tolerance that is
produced by repeated nicotine exposure is comparable to that produced by other
addictive drugs that produce high levels of tolerance such as the opioids.

Implications for treatment of tobacco dependence
Although many people are able to quit smoking without formal intervention, this
generally occurs only after many cessation attempts and after sufficient harm has been
done to substantially increase the risks of premature mortality (Royal College of
Physicians 2000; US DHHS 2000). For others, perhaps as a consequence of the
pathological changes in brain structure and function produced by long-term nicotine
exposure, achieving remission from dependence without treatment may be no more
readily achievable than achieving remission from coronary artery disease or oral
cancer without treatment. In fact, following surgery for coronary artery disease and
lung cancer caused by smoking, many smokers resume smoking in face of the extra-
ordinarily high risks (US DHHS 1988) (Fig. 6.1). The U.S. Clinical Practice Guideline:
Treating Tobacco Use and Dependence (Fiore et al. 2000) and reports from the U.S.
Surgeon General (US DHHS 2000) and Royal College of Physicians (2000) describe
behavioral and pharmacological treatment interventions that approximately double
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the chances of achieving cessation. These include intensive group behavioral
counseling, other individualized behavior therapies and several types of pharmaco-
therapy. Pharmacotherapies include different nicotine replacement medications (gum,
patch, lozenge, oral inhaler, and nasal spray) and bupropion, as well as medications
that have been demonstrated to be effective but have not been explicitly approved or
marketed for smoking cessation (nortriptyline and clonidine). Many other
substances have been used but show little evidence of efficacy (Henningfield et al.
1998; Fiore et al. 2000; US DHHS 2000).
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Chapter 7

Behavioral pharmacology of nicotine
reinforcement

Bridgette E. Garrett, Linda Dwoskin,
Michael Bardo, and Jack E. Henningfield

Introduction
A key feature of drug addiction is compulsive and highly controlled drug seeking and
self-administration, which often occur, despite the users’ awareness of harmful effects
(O’Brien 1996; American Psychiatric Association 1994; World Health Organization
1992). Addictive drugs, in turn, are defined in part by their ability to act as reinforcers
as a result of their actions in the brain; these actions are often associated with desirable
alterations of mood and feeling state (O’Brien 1996; US DHHS 1988).

The 1998 U.S. Surgeon General’s conclusion that nicotine met all criteria for an
addictive drug was based in part on findings that nicotine could produce (1) highly
controlled or compulsive use, (2) psychoactive or mood-altering effects, and (3) that
the drug functioned as a reinforcer (US DHHS 1988). The fact that tobacco use could
be compulsive and that nicotine could alter mood and produce psychoactive effects
had been known for centuries before the Surgeon General’s report, but the determination
that it met the most stringent criteria for a reinforcer was one of the pivotal findings
supporting the conclusion of the 1988 report.

Understanding the nature and determinants of the reinforcing effects of nicotine
and how these can be modulated by tobacco delivery systems is a key factor in under-
standing tobacco addiction and for developing more effective means to prevention and
treatment. The field of science that addresses such issues is termed ‘behavioral phar-
macology’ (Thompson and Schuster 1968) and a behavioral pharmacological analysis
of nicotine reinforcement will be the focus of this chapter.

Drug reinforcement. A drug is said to be reinforcing, or capable of producing
reinforcement, when its administration can be used to strengthen behavior leading to
its presentation (Thompson and Schuster 1968). This is a key behavioral pharmacologi-
cal mechanism, by which highly controlled or compulsive drug use can be established
namely, through the strengthening of behavior produced by the presentation of the
drug. The strength of the resultant behavior is related to factors such as the chemistry
of the drug itself, which can lead to controlled behavior. The reinforcing effects are
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generally related to the dose of the drug such that doses that are very low might
produce no behavioral effect whereas very large doses might produce noxious effects
that are avoided and not sought.

The reinforcing effects can also be enhanced or reduced by the administration of
other chemicals, producing ‘chemical cocktails’, which can be of increased or decreased
addictiveness but are frequently of increased toxicity (O’Brien 1996). As will be
discussed, nicotine itself can serve as a reinforcer and other substances in tobacco and
tobacco smoke can result in a chemical cocktail that may be a stronger reinforcer than
nicotine alone. This finding was crucial in the analysis of the U.S. Food and Drug
Administration’s determination that cigarettes and smokeless tobacco products were
highly engineered drug delivery systems designed to maximize the potential addictive
effects of nicotine (Kessler 2000).

Interestingly, even more persistent behavior can be established when the presenta-
tion of the drug is paired with environmental stimuli such that the environmental
stimuli themselves come to be able to establish and sustain behavior as has been
demonstrated with cocaine and nicotine in animals and human models of drug taking
(‘self-administration’) (Goldberg et al. 1983; Goldberg and Henningfield 1988; Katz
1990). This is termed ‘conditioned reinforcement’ because the effectiveness of the
stimulus (e.g. visual, auditory, olfactory, or taste) is derived from the association of
the drug with the stimulus.

When such drug-associated stimuli acquire the ability to control behavior in their
own right, they can sustain robust patterns of conditioned behavior even when the
drug is not actually administered, although if the drug is consistently absent,
the behavior eventually will weaken or ‘extinguish’ (Thompson and Schuster 1968; US
DHHS 1988). Nicotine reinforcement can be measured using both human and animal
models, which will be discussed in the following sections.

Human models of nicotine reinforcement

Self-administration
The potential of a drug to serve as a reinforcer can be directly assessed in laboratory
models of drug self-administration. In self-administration studies, a specific response
(e.g. lever press, squeeze on nasal spray bottle, inhalation of cigarette smoke)
is required before the drug is administered, and the degree to which a drug is
self-administered more than an inactive substance (e.g. placebo) is typically used to
quantify its reinforcing value (Perkins 1999a). Nicotine, like cocaine and heroin, is self-
administered by both animals and humans, demonstrating addictive potential and
strength as a reinforcer.

In animal models of self-administration, nicotine is generally self-administered
intravenously (as discussed below), whereas cigarette smoking is typically used in
human laboratory studies, as humans primarily self-administer nicotine in this way.
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However, even though cigarette smoking is the most common way for smokers to
self-administer nicotine in the laboratory setting, the intravenous route of nicotine
administration has also been used to demonstrate nicotine reinforcement in humans
(Henningfield et al. 1983), confirming the importance of nicotine in tobacco rein-
forcement and addiction. This study showed that smokers will lever-press to self-
administer intravenous nicotine in place of cigarettes. In this procedure, subjects were
allowed to choose between nicotine and placebo and they preferentially chose nicotine,
clearly demonstrating its positive reinforcing effects. Two important conclusions from
the Henningfield et al. study are (1) intravenous nicotine self-administration in humans
produced euphoric effects similar to those produced by morphine and cocaine, two typ-
ically abused drugs with powerful reinforcing effects, and (2) intravenous nicotine self-
administration in humans is a viable method for measuring nicotine reinforcement, as
patterns resembled those of humans smoking cigarettes and animals self-injecting psy-
chomotor stimulants under similar experimental conditions.

There are several factors that can influence nicotine self-administration including
the availability of nicotine, concurrent drug use, and environmental and social factors,
but the primary factor that influences nicotine self-administration is the speed of
nicotine delivery. When tobacco smoke is inhaled, nicotine is rapidly absorbed into
the lungs, enters the arterial circulation and is rapidly distributed to body tissues
(Benowitz 1996; Henningfield et al. 1993). Following tobacco smoke inhalation,
nicotine reaches the brain within a matter of seconds, thus contributing to the
powerful reinforcing effects of the cigarette. The importance of speed in nicotine rein-
forcement is further evidenced by the fact that therapeutic forms of nicotine, such as
the gum and patch, are generally not addictive because of the slow speed with which
they deliver nicotine to the brain, typically taking many minutes or even hours
(Henningfield and Keenan 1993).

Nicotine is also self-administered to avoid unpleasant withdrawal effects (i.e. negative
reinforcement) which (frequently?) occur after abrupt cessation or reduction of
nicotine in the individual who has become physically dependent on it. Physical
dependence results when chronic administration of the drug alters the physiology and
behavior in such a way that physical and behavioral functioning are disrupted when
drug intake is abruptly reduced (O’Brien 1996; US DHHS 1988). The nicotine
withdrawal syndrome is characterized by: dysphoric or depressed mood; insomnia;
irritability, frustration, or anger; anxiety; difficulty concentrating; restlessness;
decreased heart rate; increased appetite or weight gain (American Psychiatric
Association 1994). Although tobacco users acquire preferences for particular types of
tobacco products, and even for particular brands within types of products, the with-
drawal syndrome can be at least partially relieved by a wide range of nicotine delivery
forms including, for example, the substitution of chewing tobacco for cigarettes, or the
administration of nicotine in the form of gum, patches, or intravenous injections
(US DHHS 1988; O’Brien 1996).
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Thus, tobacco use can be powerfully driven both to avoid the aversive effects of with-
drawal as well as to produce the directly reinforcing and mood altering effects sought
by so many smokers (Henningfield 1984). When it is understood that nicotine can also
produce effects that are considered useful in their own right such as reduced body
weight and the small but potentially useful improvements in attention, the biological
base for the strength of the addiction becomes more evident (US DHHS 1988).

Subjective effects
Smoking is a complex behavior that involves not only nicotine delivery but also an
array of interoceptive stimulus effects that are important in the acquisition and main-
tenance of smoking behavior. Tests of subjective effects are generally used to measure
the interoceptive effects of nicotine in humans. Although not easily definable, the
subjective effects of nicotine are a combination of actual and perceived effects that an
individual experiences as a result of tobacco use. It is thought that the interoceptive
stimulus effects of a drug are critical in determining its reinforcing efficacy (Jasinski
and Henningfield 1989), thus, a key to understanding nicotine reinforcement in
humans may be its relatively subtle but important subjective effects (Henningfield
et al. 1985; US DHHS 1988; Perkins et al. 1993).

Subjective effects of nicotine and other drugs have typically been assessed with various
standardized or study-specific self-report measures such as paper and pencil question-
naires and computerized test batteries. Some of the more widely used tests include the
Profile of Mood States (POMS), the Addiction Research Center Inventory (ARCI), and
the Visual Analog Scale (VAS). For the POMS and ARCI, scores are added across
items within a subscale to obtain a score for a particular subjective effect (e.g. POMS
‘tension’, ARCI ‘euphoria’ scale; Perkins and Stitzer 1998). The VAS questionnaire is a
series of items usually on a scale from 0 to 100 on which the subject rates the degree of
the subjective state described by the particular item (e.g. ‘lightheaded’, ‘dizzy’, ‘head
rush’, ‘jittery’, ‘tired’; Perkins and Stitzer 1998).

Subjective measures of nicotine’s interoceptive effects have shown that nicotine pro-
duces euphoric effects similar to those produced by cocaine. In a study by Henningfield
et al. (1985), nicotine elevated scores on the MBG (Morphine Benzedrine Group) scale
of the ARCI, indicative of euphoria. This and other similar studies have shown that
nicotine is identified as a stimulant (like cocaine or amphetamine), and produces
similar effects to cocaine on a number of subjective ratings including increases in
‘drug effect’, ‘rush’, ‘good effects’, and ‘high’ (Henningfield et al. 1983, 1985; Jones et al.
1999; Garrett and Griffiths 2001).

Discriminative stimulus effects
Although tests of subjective effects are used to measure the interoceptive effects of
nicotine, these tests are limited in their ability, as subjects are required to use experi-
menter-defined descriptors, which may vary in familiarity and meaning across subjects
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(Fischman and Foltin 1991). Another method for assessing the interoceptive effects of
nicotine is the drug discrimination procedure, in which the perceived stimulus effects
can be directly observed (Preston and Bigelow 1991).

Nicotine, like other dependence-producing drugs, displays drug discrimination,
inducing changes in the central nervous system that are distinct and identifiable.
These changes can be blocked by a central (mecamylamine), but not a peripheral
(trimethaphan) nicotine antagonist, demonstrating that the discriminative stimulus
effects of nicotine are centrally mediated (Perkins et al. 1999b). The discriminative
stimulus effects of nicotine are thought to be critical in understanding both nicotine
reinforcement and addiction as these effects of nicotine may cue further drug-seeking
behavior, supplementing the primary reinforcing effects of nicotine (Jasinski and
Henningfield 1989; Stolerman and Jarvis 1995).

A drug’s discriminative stimulus effect is thought to be closely related to its subjective
effects (Preston and Bigelow 1991). However, unlike subjective effects, the discrimina-
tion procedure uses observable behavioral responses to determine whether a drug’s
stimulus effects have been perceived by the subject (Preston and Bigelow 1991).
Discriminative stimulus effects of nicotine are demonstrated by training subjects
to explicitly associate the drug effect to a specific response that leads to reinforcement
(Di Chiara 2000). In a drug discrimination procedure, subjects learn, through repeated
exposure to the drug, to recognize its interoceptive characteristics and employ these
characteristics to discriminate different drugs or different doses of the same drug
(Duka et al. 2002).

Most human drug discrimination studies use a similar testing method (Perkins et al.
1997). Initially, subjects learn to discriminate nicotine from placebo (Discrimination
Training). During discrimination training, subjects are presented with training doses
of nicotine and placebo that are labeled ‘A’ and ‘B’. During the first presentation of
each, subjects are told which one they received. There are then subsequent presenta-
tions, in random order, in which subjects must guess if they received ‘A’ or ‘B’
(Discrimination Testing). The criterion for reliable discrimination is at least 80%
correct identification of the letter code with ten or fewer sessions. After reliably
discriminating the training dose of nicotine from placebo, subjects are administered a
range of doses for generalization testing to determine how similar these doses are to
the training doses (‘A’ and ‘B’). Using this method, studies have consistently found that
smokers can reliably discriminate nicotine from placebo.

Animal models of nicotine reinforcement

Nicotine locomotor stimulant effects
Consistent with its effects in humans, nicotine produces psychostimulant effects in
laboratory animals. Acute nicotine administration produces a dose-dependent, transient
decrease in locomotor activity, followed by a dose-dependent, more prolonged
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locomotor activity increase in rats (Morrison and Lee 1967; Clarke and Kumar 1983;
Clarke 1990; Ksir 1994). Repeated nicotine administration (0.1–0.4 mg/kg, once daily)
results in tolerance to the initial depressant effect of nicotine and behavioral sensitiza-
tion or enhancement of its stimulant effects (Stolerman et al. 1973; Clarke and Kumar
1983; Benwell and Balfour 1992; Ksir 1994). Mecamylamine and dihydro-β-erythroi-
dine, classical centrally acting, noncompetitive and competitive antagonists, respec-
tively, inhibit the effects of both acute and chronic nicotine treatment on the locomotor
activity in rodents (Clarke and Kumar 1983; Balfour and Benwell 1993; Martin et al.
1990; Stolerman et al. 1997), thereby indicating that the effects of nicotine on locomo-
tor activity are the result of activation of neuronal nicotinic receptors.

Repeated nicotine administration results in neuroadaptive responses and dynamic
changes in neuronal function, which can be expressed as behavioral sensitization in
animals and addiction in smokers. Behavioral sensitization following repeated drug
administration has been hypothesized to model the changes that occur with recurrent
use and addiction in humans(?) (Wise and Bozarth 1987; Koob 1992; Robinson and
Berridge 1993). Behavioral sensitization has been characterized as consisting of two
distinct processes, initiation (events leading to sensitization) and expression (enduring
behavioral changes) (Pierce and Kalivas 1997). Mecamylamine has been shown to
inhibit the initiation of locomotor sensitization to nicotine in rats following 15 consec-
utive daily injections (Ericson et al. 2000), as well as the expression of sensitization
following 5 consecutive daily injections of nicotine (Clarke and Kumar 1983). Thus,
the latter results suggest that both initiation and expression of sensitization to nicotine
following repeated, daily nicotine administration for days to weeks results from
stimulation of nicotinic receptors.

Behavioral sensitization to nicotine has also been demonstrated following infrequent
nicotine administration, i.e. once-weekly injections (Miller et al. 2001). In this study,
long-lasting acute tolerance to the hypoactive effect of nicotine was observed 1 week
following a single nicotine injection. After the fourth weekly injection, sensitization to
the hyperactive effect of nicotine was clearly evident. Sensitization persisted across a
21-day period during which nicotine was not administered. The enduring behavioral
adaptation to this infrequent nicotine administration was the result of nicotinic receptor
activation, since pretreatment with mecamylamine attenuated both the initiation and
expression of sensitization. Thus, even infrequent nicotine administration initiates
neuroadaptive processes associated with nicotine addiction. In this regard, neuroplas-
ticity evident in the mesolimbic dopamine system has been reported following a single
nicotine injection into the ventral tegmental area (e.g. long-term increases in basal
dopamine levels in the nucleus accumbens, increases in tyrosine hydroxylase mRNA
and GluR1 mRNA levels ventral tegmental area) (Ferrari et al. 2002). As such, the
development of behavioral sensitization is significant, since such neural adaptation
likely precedes nicotine addiction, and the persistence of sensitization represents
heightened drug sensitivity. The enduring adaptive changes observed in animal models
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following repeated, infrequent and even acute nicotine administration are consistent
with its high addiction liability in smokers and suggest that even a seemingly trivial
and/or limited exposure to nicotine can lead to relapse long after cessation of regular
tobacco use.

Nicotine drug discrimination
The interoceptive properties of nicotine are thought to be important for their rewarding
effects, dependence and abuse liability. As such, the ability of nicotine to serve as a
discriminative stimulus is likely necessary for nicotine self-administration. To assess
the interoceptive properties of nicotine, rats and more recently mice, are trained typi-
cally to press a lever under a fixed ratio schedule for food reinforcement, although
other more complex operant schedules, such as tandem fixed ratio variable interval
schedules have also been utilized. Once responding stabilizes, nicotine discrimination
training is instituted using a two-lever procedure. On alternating days, nicotine is
administered at a particular training dose; during these experimental sessions, pressing
of one of the two levers results in food pellet reinforcement, whereas pressing the
second lever has no programmed consequence. On alternate days, saline is adminis-
tered prior to the session and the lever that delivers food is reversed from the previous
day. Thus, the animal learns to use the presence or absence of the nicotine cue to signal
which lever leads to food reinforcement. Sessions are typically terminated after a
predetermined number of reinforcements are earned or after a predetermined time has
elapsed. Drug discrimination is established when animals reliably make drug- and
saline-appropriate responses under a brief test condition when food reinforcement is
omitted. During subsequent test sessions, dose response for nicotine generalization
may be determined to ascertain if nicotine is discriminated accurately from the vehicle.
Other drugs may be substituted for nicotine to ascertain their ability to generalize to
the discriminative stimulus effects of nicotine (stimulus generalization or substitution
tests). Alternatively, drugs may be administered prior to or concurrently with nicotine to
determine their ability to block the discriminative stimulus of nicotine (stimulus
antagonism tests). In experiments employing humans as the subjects, examples of
subjective effects assessed concurrently with behavioral discrimination reveal that
nicotine discrimination is guided by interoceptive cues such as ‘stimulated’, ‘alert’, and
‘jittery’ (Perkins et al. 1994; Perkins and Stitzer 1998).

Mecamylamine and dihydro-β-erythroidine have been shown to inhibit completely
the discriminative stimulus effects of nicotine in drug discrimination studies
(Stolerman et al. 1984, 1997; Brioni et al. 1994; Shoaib et al. 2000); and thus, the dis-
criminative stimulus effects of nicotine are mediated by neuronal nicotinic receptors.
Interestingly, the discriminative stimulus effects of nicotine were not attenuated by
methyllycaconitine (Brioni et al. 1996; Gommans et al. 2000), indicating that homo-
meric α7 nicotinic receptors are not likely involved. However, more than one subtype
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of nicotinic receptor may contribute to the discriminative stimulus produced by
nicotine, which is one interpretation of results from generalization studies with cytisine,
a potent, partial agonist at α4β2 receptors (Chandler and Stolerman 1997). In the lat-
ter study, the discriminative stimulus effects of nicotine and cytisine were similar, but
subtle differences, such as asymmetrical cross-generalization and differences in suscep-
tibility to antagonism by mecamylamine, were evident. The development of subtype-
selective nicotinic receptor antagonists will aide in the elucidation of the specific
nicotinic receptor subtype(s) responsible for the discriminative stimulus effects of
nicotine (Dwoskin and Crooks 2001).

Nicotinic receptors containing β2 subunits play a major role in nicotine discrimination,
as indicated by the demonstration that mutant mice lacking this subunit fail to acquire
nicotine discrimination at doses which clearly engender discrimination in wild-type
mice (Shoaib et al. 2002). Furthermore, dopaminergic neurotransmission has also
been suggested to play a major role in the discriminative stimulus effects of nicotine.
α-Methyl-p-tyrosine and 6-hydroxydopamine (both of which lead to dopamine depletion)
and clozapine (the D4 dopamine receptor antagonist) have been shown to attenuate
the discriminative stimulus effects of nicotine (Schechter and Rosecrans 1972;
Roscrans et al. 1976; Brioni et al. 1994).

Interestingly, antagonists at D1 and/or D2 dopamine receptors (cis-flupentixol,
haloperidol, spiperone, and SCH23390) did not block the discriminative stimulus
effects of nicotine (Brioni et al. 1994; Corrigall and Coen 1994), perhaps suggesting a
dissociation of the mechanisms mediating nicotine discrimination and reinforcement.
Interestingly, local administration of nicotine into the medial prefrontal cortex has
been shown to substitute for peripheral nicotine administration, and local administration
into the nucleus accumbens and ventral tegmental area also produced partial substitution
(Miyata et al. 2002). Thus, the latter work implicates the mesolimbic dopamine system
is an important neuroanatomical substrate mediating the discriminative stimulus
properties of nicotine.

Nonetheless, it is likely that the effects of nicotine are not exclusively mediated by the
dopaminergic system (Meltzer and Rosecrans 1981; Shoaib and Stolerman 1996). This
is consistent with the clinical finding that a variety of types of medications, including
antidepressants which work by both dopaminergic and nondopaminergic mechanisms
are potentially useful in relieving nicotine cravings when smoking cessation is attempted
(Royal College of Physicians 2000). The apparent involvement of multiple brain path-
ways also supports the possibility that a variety of types of medications might eventu-
ally prove useful for the treatment of tobacco dependence.

Nicotine Conditioned Place Preference (CPP)
In a typical CPP experiment, rats are exposed to an apparatus that consists of two distinct
contexts that differ in several stimulus dimensions (e.g. visual, tactile, olfactory cues).
Conditioning involves pairing a drug with one context and pairing vehicle with the
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other compartment. Following repeated drug-context pairings, the rat is allowed to
choose between the two compartments while in a drug-free state. An increase in time
spent in the drug-paired context relative to a vehicle-paired context is taken as
evidence that the drug is rewarding. Most drugs of abuse have been shown to produce
CPP in rats.

While stimulant drugs such as amphetamine and cocaine have consistently been
shown to produce CPP (Bardo and Bevins 2000), evidence for nicotine CPP is mixed.
An initial report indicated that nicotine produces dose-dependent CPP in rats
(Fudala et al. 1985). However, subsequent reports have not always found nicotine
CPP, but instead have found either a place aversion (Jorenby et al. 1990) or no effect
(Parker 1992). One likely explanation for the discrepancy among studies is that the
positive findings of nicotine CPP have been obtained generally using a ‘biased’ design,
in which rats are conditioned with nicotine in the nonpreferred compartment. In
contrast, the negative findings have been obtained using a ‘nonbiased’ design, in which
rats are conditioned with nicotine to either compartment in a counterbalanced man-
ner. The nicotine CPP obtained with the biased design is problematic, because it does
not rule out the possibility that nicotine is simply reducing aversion to the nonpre-
ferred compartment, rather than producing a true preference. In addition, other work
has shown that nicotine CPP is dependent of the rat strain tested (Horan et al. 1997).
Thus, until the parameters required to establish reliable nicotine CPP are
elucidated, this paradigm may provide only limited information about the rewarding
effect of nicotine.

Nicotine self-administration
In contrast to nicotine CPP, evidence for the rewarding effects of nicotine in laboratory
animals appears more consistent using the intravenous drug self-administration
paradigm. Since laboratory animals do not inhale tobacco smoke voluntarily, use of
the intravenous route of administration is advantageous because it tends to mimic the
rapid absorption of nicotine that occurs in human cigarette smokers. Although
response rates for intravenous nicotine tend to be lower compared with response rates
for other stimulants such as amphetamine or cocaine, reliable rates of nicotine
self-administration have been observed under fixed ratio (FR) schedules of reinforce-
ment in a variety of species, including monkeys (Goldberg et al. 1981), dogs (Risner
and Goldberg 1983), rats (Corrigall and Coen 1989), and mice (Rasmussen and
Swedberg 1998).

In the widely used method of Corrigall and Coen (1989), food-restricted rats
are first given brief training to press a lever for food and then they are trained to
self-administer nicotine through an indwelling intravenous catheter using a two-lever
operant conditioning procedure. One lever delivers a rapid (∼1 sec) infusion of
nicotine that is signaled by a cue light, whereas the second lever has no programmed
consequence. Responding is first reinforced on a fixed ratio (FR) 1 schedule, and then
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the schedule is incremented gradually to an FR5 until responding stabilizes. The rein-
forcing effect of nicotine is demonstrated as a significant increase in responding on
the active lever leading to the nicotine infusion compared with responding on the
inactive lever.

Many factors are known to alter nicotine self-administration in laboratory animals
and the extensive list is beyond the scope of the current chapter. However, in the
method of Corrigall and Coen (1989), one important factor known to alter response
rates is the restricted food regimen. This regimen facilitates lever pressing for nicotine
and, without it, response rates for nicotine are quite low (Shoaib et al. 1997). In addi-
tion, the sex of the subject is known to alter nicotine self-administration, with females
acquiring more rapidly than males (Donny et al. 2000). These results from laboratory
animals may have important clinical implications for human female smokers who
report using cigarettes to control their body weight.

Nicotine self-administration in rats is described by an inverted U-shaped dose effect
curve, with maximal responding occurring at a training dose of about 0.03 mg/kg per infu-
sion (Corrigall and Coen 1989). The ascending limb of the dose–response curve pre-
sumably reflects an increase in reinforcing efficacy that is not readily satiated, whereas
the descending limb presumably reflects satiation, as well as potentially aversive or
response-suppressant properties of high unit doses of nicotine. However, relative to
other stimulant drugs such as cocaine, the dose–response curve for nicotine self-
administration tends to be relatively flat. Rose and Corrigall (1997) have argued that
the nicotine dose–response curve is relatively flat because the regulation of nicotine
levels in the body is crude and that this finding in rats is consistent with available data
on regulation of nicotine levels in human tobacco smokers. In support of this notion,
Lynch and Carroll (1999) found that the regulation of intravenous nicotine intake in
rats is not as precise as with cocaine.

While FR schedules typically yield an inverted U-shaped dose–response curve with
drugs of abuse, progressive ratio (PR) schedules tend to yield monophasic increases in
responding up to a plateau. In a PR schedule, the response requirement following
presentation of each drug infusion within the session is increased (e.g. FR 1, 2, 5, 9, etc.)
until the animal stops responding for a prolonged (e.g. 60 min) interval. The total
number of infusions earned within the session is defined as the breakpoint, which
presumably reflects the reinforcing efficacy of a given unit dose. Donny et al. (1999)
examined nicotine self-administration across varied unit doses using a PR schedule in
4-h daily sessions. Rats displayed an increase in the breakpoint on the PR schedule,
with the breakpoint being higher for nicotine than for heroin. Thus, when combined
with the data for human tobacco smokers, it would appear that nicotine is a positive
reinforcer capable of controlling behavior.

The nicotine self-administration procedure has also been useful for investigating the
role of various factors in triggering a relapse among tobacco smokers who are attempting
to quit. The paradigm that most frequently has been used for addressing this important
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clinical issue is the reinstatement test. With the reinstatement test, rats are first trained
to self-administer a drug until stable rates of responding are acquired. Saline is then
substituted for the drug and, when responding extinguishes to a low rate, a priming
injection of drug is administered prior to the session. Although rats still only respond
for saline (not drug), the typical finding is that the drug prime increases or reinstates
the extinguished response. Shaham et al. (1997) showed that a priming injection of
nicotine can dose-dependently reinstate nicotine-seeking behavior in rats. In addition,
they also found that nicotine seeking was reinstated when rats were simply rested in
their home cage for a 21-day period. Thus, the mere passage of time was a sufficient
condition to produce spontaneous recovery of the extinguished response. These
preclinical results attest to the frequently reported craving and relapse that occurs in
abstinent human smokers even following a long period of abstinence. The reinstate-
ment model has also been used to examine the effect of potential smoking cessation
treatments (e.g. immunization conjugates) to reduce relapse in nicotine dependence
(Lindblom et al. 2002).

It is important to understand that the fact that pure nicotine can serve as reinforcer
does not mean that the reinforcing effects of cigarette smoke are fully accounted for by
nicotine. As discussed earlier sensory effects can acquire conditioned reinforcing
properties. In addition, other chemicals present in smoke can interact with nicotine to
produce stronger reinforcing effects. For example, Philip Morris researchers found that
acetaldehyde (which is present in cigarette smoke) can serve as a reinforcer in its own
right for animals (DeNobel and Mele as reported by the U.S. Food and Drug
Administration 1996 and Royal College of Physicians, 2000). These investigators found
that when nicotine and acetaldehyde were simultaneously administered,
the reinforcing effects were stronger than those produced by either drug alone. Other
substances have also been investigated such as the tobacco alkaloid and active nicotine
metabolite nornicotine which is self-administered in rats (Bardo et al. 1999), and
which also produces psychomotor stimulant and discriminative stimulus effects
(Bardo et al. 1997; Dwoskin et al. 1999). Such work has important implications
for understanding the powerfully addicting effects of tobacco-delivered nicotine as
discussed in the Royal College of Physicians (2000).

Neurochemical mechanisms
The subunit composition of nicotinic receptor subtypes mediating the behavioral
effects of nicotine have not been elucidated conclusively. Distinguishing between
native nicotinic receptors subtypes involved in nicotine-induced alterations of behavior
has been difficult considering the current lack of availability of subtype-selective
pharmacological tools (Dwoskin and Crooks 2001). Furthermore, defining the
subunit composition of nicotinic receptors mediating the effects of nicotine on
dopaminergic systems has also been a major challenge (Klink et al. 2001; Champtiaux
et al. 2002; Picciotto and Corrigall 2002). Evidence indicates that nicotinic receptors
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containing the β2 subunit are clearly involved in the locomotor activating, subjective
and rewarding effects of nicotine (Corrigall et al. 1994; Picciotto et al. 1998).
Designation of the subunits which when combined with β2 constitute the nicotinic
receptor subtype mediating nicotine’s behavioral effects has been controversial.
Putatively, a role for subtypes containing pairs of subunits (e.g. α3β2 and α6β2), as
well as highly heterogeneous compositions (e.g. α4α6α5(β2)2) have been suggested.
Although a potential role for nicotinic receptors containing α7 subunits has also been
suggested (Panagis et al. 2000), α7 subtype mediation of these effects is not supported
by others (Grottick et al. 2000; Kempsill and Pratt 2000). Continuing developments in
nicotinic receptor pharmacophores, neural circuitry and molecular genetics will
certainly enhance our understanding of the specific mechanisms underlying nicotine
effects on behavior, nicotine reinforcement and abuse.

Implications for tobacco control
Understanding tobacco use as a form of nicotine self-administration in which the
behavior is modulated by diverse pharmacological and behavioral mechanisms helps
to explain the persistence of the behavior. In essence, the behavior is controlled and
guided by the direct reinforcing effects of nicotine itself, by the ability of self-adminis-
tered nicotine to relieve cravings and other withdrawal symptoms, by the subjective
and discriminative effects of nicotine, by the sensory stimuli that come to be associated
with the effects of nicotine, and by a variety of potentially useful effects of nicotine.
The neurochemical mechanisms underlying these actions are increasingly well under-
stood making it clear that there is a strong biological basis for tobacco dependence.
When it is then understood that the tobacco products are not only ‘dirty’ from a
toxicological perspective but also insofar as they provide chemical cocktails that are
potentially more reinforcing than pure nicotine alone, we begin to understand their
powerful addictive grip. In addition, and compounding the risk that people will be
exposed to tobacco and able to readily obtain addictive doses of nicotine are tobacco
product marketing factors, social variables, and a regulatory framework that does little
to discourage efforts by tobacco companies to establish addiction in nonusers and to
sustain it in those who have already begun to use as discussed elsewhere in this volume
(see also, Kessler 2000)

Since the development of models for nicotine self-administration in the 1980s, sci-
entific progress has been quite rapid, and has moved on from the relatively simple
determination of whether or not nicotine met criteria as a psychoactive and reinforc-
ing drug to the evaluation of the potential behavioral pharmacological factors which
influence its strength as a reinforcer. This work has implications for the development
of potential new medications for treating tobacco dependence because it suggests a
variety of potential targets for therapeutics. It also has implications for regulating
tobacco products because it suggests that just as the toxicity of the products is related
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to tobacco product ingredients and emissions, so to should the reinforcing effects of
tobacco products be influenced by the ingredients and emissions of tobacco products.
Just as it should be possible to reduce cigarette toxicity even short of eliminating
toxicity, it may be possible to reduce tobacco addictiveness even without eliminating
the nicotine or eliminating addiction potential (Henningfield and Zeller 2003; World
Health Organization 2003). Behavioral pharmacological analyses may then prove to be
as important as toxicology studies in guiding the regulation of tobacco product ingre-
dients and emissions.
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Chapter 8

Cigarette science: Addiction by
design

Jeff Fowles and Dennis Shusterman

Introduction
The addictive property of cigarettes is widely attributed to the presence of the naturally
occurring nicotine alkaloid in tobacco (U.S. Surgeon General 1988; U.S. National
Institute on Drug Abuse 2000). Signs of addiction to nicotine can be seen in a matter of
days following initiation of smoking (Charlton et al. 2000), and addiction is firmly
established by one year of smoking (RCP 2000). However, although the physiological
and biochemical impacts of nicotine on the central and peripheral nervous systems
have been extensively studied and reviewed (U.S. Surgeon General 1988), the process
of addiction to tobacco is still not entirely understood.

Complicating our understanding of how cigarettes are addictive are the long
lists of additives and ingredients used by tobacco companies (UK Department of
Health 1998; NZ Ministry of Health 2000). Some of these compounds or extracts are
clearly added to impart a ‘flavour’ to the smoke, or to alter the ‘character’ of the smoke.
These substances are added to increase a cigarette’s marketability, either through
manufacturing considerations or direct appeal to consumers. It is likely that the appeal
of cigarettes to smokers would include added substances that influence taste and
odour, compounds that reduce feelings of membrane irritation, and compounds that
directly or indirectly enhance tobacco’s addictiveness. Research on the influence of
these additives on initiation or quitting smoking is not available because the informa-
tion on brand-specific additives has been kept from disclosure under the argument of
proprietary secret.

Cigarette pharmacology

Nicotine addiction
The U.S. Surgeon General report (1988) defines addiction as: “the compulsory use of a
drug that has psychoactivity and that may be associated with tolerance and physical
dependence (i.e. may be associated with withdrawal symptoms after the cessation
of drug use)”. Most smokers are probably addicted to nicotine according to this criterion.
Fewer than 7 per cent of those smokers in the U.S. who try to quit smoking unaided by
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various therapies are successful for one year or longer (National Institute on Drug
Addiction 2000).

Nicotinic pyridine alkaloids in cigarettes
Tobacco contains at least 20 different, pyridine alkaloids, 16 of which are shown in
Fig. 8.1. Of these, the dominant alkaloid is nicotine, making up nearly 88% of the total
alkaloid content of some tobaccos, and it has been reported that the average nicotine
content of tobacco is 1.5% by weight (Benowitz et al. 1983). Cigarettes can essentially
be described as nicotine delivery devices. For example, it can be seen from
chromatograms of cigarette smoke tar, that nicotine is among the few compounds that
is delivered in milligram quantities. Most of the remaining compounds in cigarette
smoke are delivered in microgram or nanogram quantities.

The relative pharmacological potency of nicotine is 1.2–2.5 times that of nornico-
tine and anabasine, depending on the test system and animal model used
(U.S. Surgeon General 1988). The alkaloid profile appears to vary substantially with
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different tobacco strains, but these additional alkaloids are not routinely quantified
and their contribution to the pharmacological effect of smoking is not precisely
known.

Tobacco cultivars vary widely in their yield of nicotine and other chemicals by strain
and growing condition. Cigarettes are therefore made from blended tobaccos to arrive
at a target yield of nicotine delivery. (U.S. Surgeon General 1988).

Pharmacological effects of nicotine
Nicotine has potent pharmacological and toxicological effects that result in depend-
ence (US Surgeon General 1988; RCP 2000). While nicotine may be the dominant
pharmacological agent in cigarette smoke, it is of interest to note that the effects of
nicotine do not account for all the pharmacological or behavioural influences seen
with smoking (Cherek et al. 1989; Pickworth et al. 1999). It has been demonstrated
that nicotine replacement therapies do not completely mimic the neuropharmacologi-
cal changes seen with smoking, even when the blood nicotine levels are essentially
identical (Cherek et al. 1989). This may, in part, be due to the rapid absorption of nico-
tine through the inhalation route, which elicits discernible central effects in just seven
seconds (Kobayashi et al. 1999).

Epidemiology studies have revealed the unexpected finding that smoking prevalence
is inversely related to the incidence of Parkinson’s disease in which brain nicotine
receptor numbers are significantly lowered at autopsy compared with people without
Parkinson’s disease (Kelton et al. 2000; Mihailescu and Drucker-Colin 2000). There is
also indication that nicotine may help alleviate symptoms of Alzheimers disease
(Kelton et al. 2000). Given the extensive neuropharmacological activity of nicotine in
the brain, it is possible that certain individuals smoke in order to treat their own neu-
rological disorders. It has become known, for example, that smoking prevalence is very
high among people who have been diagnosed as having attention deficit/hyperactivity
disorder (ADHD) (Lambert and Hartsough 1998; Riggs et al. 1999).

Nicotine stimulates epinephrine release and increases general metabolism, and is
known to reduce body weight. Smokers are, on average, seven pounds lighter than
non-smokers, and people who quit smoking often gain weight (Benowitz et al. 1994).
This may add to a psychological dependence on smoking in the case of people trying to
lose weight.

The nicotine receptor
Neuronal nicotinic acetylcholine receptors (nAChRs) represent a large family of
ligand-gated cation channels with diverse structures and properties. The physiological
functions of neuronal nAChRs are not well defined to date. Behavioral studies indicate
that brain nAChRs participate in complex functions such as attention, memory,
and cognition, whereas clinical data suggest their involvement in the pathogenesis of
certain neuropsychiatric disorders, including Alzheimer’s and Parkinson’s diseases,
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Tourette’s syndrome, schizophrenia, and depression (Belluardo et al. 2000). For some
of these disorders, the use of nAChRs’ agonists may represent either a preventative or a
symptomatic treatment (Mihailescu and Drucker-Colin 2000).

Nicotine binding to receptors in the brain, augments the release of numerous
neurotransmitters, including dopamine, serotonin, norepinephrine, acetylcholine,
gamma-aminobutyric acid, and glutamate (Quattrocki et al. 2000). The binding of
nicotine to the receptor increases the production of acetylcholine receptors in neurons
and affects neural tissue through this stimulus in the presence of acetylcholine.

The result of chronic receptor-mediated stimulation of these tissues is an altera-
tion of nearly all components of the neuroendocrine system including the
corticosteroids, adrenal hormones, serotonin, and pituitary hormones (US Surgeon
General 1988).

It is important to note that the nicotine receptor is able to bind a wide range of
compounds as agonists (e.g. acetylcholine, epibatidine, imperialine, pyridine) and
receptor antagonists (e.g. succinylcholine). This raises the possibility that some of the
compounds in the complex mixture of cigarette smoke have nicotinic (or anti-nicotinic)
activity that is not factored into the standard nicotine yield measurements.

While chronic agonist stimulation of most neuroreceptors results in a down-regulation
of receptor numbers in tissues, the nicotine receptor is apparently up-regulated in the
hippocampus and thalamus regions of the brain under such conditions (Kobayashi et al.
1999). The up-regulation of these receptors precedes the development of tolerance to
nicotine (Kobayashi et al. 1999). The degree of nicotine receptor binding correlates
with the number of cigarettes smoked per day (Benhammou et al. 2000). The role of
non-nicotine factors in this up-regulation is not clear, and there have been suggestions
that other compounds in tobacco smoke (e.g. anabasine) influence this regulation
(Yates et al. 1995). It has been shown that ethanol treatment in vitro results in a
reduced level of receptor up-regulation (Gorbounova et al. 1998).

Nicotine receptors on human neurological cells in vitro can serve as biomarkers for
nicotinic activity in cigarette total particulate matter. Such in vitro assay systems have
the potential to help determine the biological nicotinic activity of cigarette smoke.
If ‘denicotinized’ cigarettes were to become marketed, biological measures such as this
would be needed to ensure that the removal of nicotine is accompanied by a removal of
nicotinic activity in the smoke.

Factors that influence the absorption or delivery of nicotine
The standard measured nicotine yield of a cigarette is determined by:

◆ The nicotine content of the tobacco

◆ The static burn rate or amount of tobacco consumed during puffing

◆ The pressure drop of the tobacco column

◆ Porosity of the wrapper and or ventilation at the filter
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◆ The pressure drop of the filter

◆ The filter material including its surface area, and

◆ The affinity of the filter material for nicotine particularly as a function of smoke pH.

Nicotine content and yield

Through the combination of the above variables, plant genetics, and commercial
processes to remove nicotine from tobacco, it is possible to manipulate the machine-
measured yield of nicotine from about 0.1 mg to 4 mg per cigarette (Benowitz 1989;
Baldinger et al. 1995). However, in practice, the so called ‘ultra-low’ nicotine cigarettes
do not deliver the low levels of nicotine to smokers that are implied by the yield rating
(Benowitz et al. 1983). Similarly, smoking fewer cigarettes per day does not necessarily
translate into a lower tar or nicotine exposure for a smoker. This is because smokers
compensate for the reduced nicotine in a conventional puff, and smoke much more
intensively to achieve the desired nicotine blood level (Benowitz 1986). Some cigarettes
appear to be designed to provide low yields by conventional machine testing, while still
delivering roughly equivalent nicotine and tar levels. This can be seen especially in the
case of light and mild brands when tested under ‘intense’ or ‘realistic’ smoking conditions
(Smoke Constituents 2000; MACTC 2001).

According to Benowitz and Henningfield (1994) the proportion of nicotine in ciga-
rettes that is physically available for absorption is up to about 40%. If cigarettes were to
be re-designed physically and/or chemically it is possible that this limit could change
and the degree of bioavailability would need to be reassessed.

Altering the cigarette burn rate

Cigarette manufacturers apparently design certain features into cigarette tobacco
during blending that can affect nicotine delivery (Robertson 2000). For example, cigarette
filling power (bulk), pressure drop or resistance to draw, and static burn rate are all
decreased with ascending stalk position on the tobacco plant. A decrease in the burn
rate increases the puff count, and thereby results in the delivery of more nicotine to the
smoker because less tobacco is burned between puffs (US Federal Register 1995).

Chemicals that affect pH changes in cigarette smoke

A number of chemicals are added to cigarettes with the effect of increasing or buffering
the pH of the inhaled smoke (NZ Ministry of Health 2000; Robertson 2000). Ammonia
compounds, for example, are added in significant quantities to cigarettes; some industry
reports showing up to 1.5% by weight (NZ Ministry of Health 2000; UK Department of
Health 1998). Ammonia, with a pKa of 9.25, increases pH of the tobacco smoke. Nicotine
is a weak base with a pKa of 8.0 (U.S. Surgeon General 1988). As the pH of cigarette smoke
increases, the relative amount of unionized nicotine (and other alkaloids) will increase.
This is important because ‘free base’ compounds, including unionized nicotine, are more
volatile than their ionized counterparts. As chemicals become more volatile and separate
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from the particulate (tar droplet) phase to the vapour phase, they diffuse more rapidly
and are better distributed throughout the lung more quickly, gaining access to lung
membranes (Pankow 1999). In addition, the free base nicotine content in the tobacco
rod has a lower boiling point, which means that more nicotine can be transferred from
the tobacco to the aerosol. In addition, unionized compounds traverse biological
membranes with greater ease than the equivalent chemicals when ionized
(Rozman Klaassen 1994).

Other compounds in cigarette smoke that may
influence addiction
It has been observed in experiments that de-nicotinized cigarettes, while not exerting
the same pharmacological effects as conventional cigarettes, do retain the ability to
lessen some of the cravings of smokers in abstinence (Pickworth et al. 1999). Rose
et al. (2001) found that platelet monoamine oxidase was inhibited by non-nicotine
factors in de-nicotinized cigarettes. Therefore, while nicotine appears to dominate the
pharmacological effects of smoking, the pharmacology of and possibly the addiction
to cigarette smoking may extend beyond nicotine alone.

Acetaldehyde
A number of reports show that acetaldehyde exerts biological effects that may
contribute to addiction (Wrona et al. 1997). Acetaldehyde is a metabolite of ethanol.
It has been shown that nicotine is more reinforcing in patients with a prior history of
alcoholism (Hughes et al. 2000). Acetaldehyde is suspected to act as a synergist with
nicotine, though the precise mechanism has not been identified (Gray 2000).

It has been observed that ethanol and acetaldehyde exposures in animals lead to a
build up of cellular amines that are closely related to opioid compounds such as
morphine (Smith 1975). Cellular amino acid derivatives react with acetaldehyde
in vitro to form alkaloids such as isoquinoline and carboline. These compounds have
pharmacological activity in the nervous system that may help explain the withdrawal
symptoms from alcohol. In the brain, acetaldehyde has been found to react with
endogenous 5-hydroxytryptamine (5-HT) to form 1-methyl-6-hydroxy-1,2,3,4-
tetrahydro-beta-carboline, and oxygen radical derivatives of this alkaloid (Wrona et al.
1997). Research is ongoing on the mechanisms of acetaldehyde neurotoxicity and the
effects the ensuing biochemical changes in the brain may have in terms of addiction, as
this chemical is derived from both smoking and alcohol consumption (Han and
Dryhurst 1996).

Acetaldehyde is formed from combustion of organic material, and is formed in
particularly high concentrations upon combustion of sugars. It is present in high
concentrations in cigarette smoke, with a mean yield of about 700 micrograms per
cigarette (NZ Ministry of Health 2000).
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Nitrosamines
Nitrosamines are biologically reactive compounds formed by a reaction between
amine groups and nitrate. Nitrates are found in tobacco naturally, particularly as a
result of plant uptake from fertilisers (Fischer et al. 1990). The rate of the nitrosamine
reaction is enhanced under heat and combustion. Many of the important nitrosamines
in cigarette smoke are nitrosated derivatives of the nicotine alkaloids
(N-Nitrosonornicotine or NNN, and 4-N-nitrosomethylamino)-1-(3-pyridyl)-1-
butanone or NNK are the nitrosamine derivatives of nornicotine and nicotine,
respectively). A high-affinity binding of NNK to nicotinic acetylcholine receptors
in neuroendocrine tissues has been described (Plummer et al. 2000), but the relative
contribution of this binding to overall nicotinic activity has not been reported.

Cigarette smoke particles
There is occupational evidence that particles between 0.5 and 5.0 microns in size are
more ‘breathable’ and persist in the bronchial apparatus up to 120 days (Orto et al.
1996). Cigarette smoke particles range from 0.1 to 1.0 micron, or near the low end of
the range for optimal persistence (Li and Hopke 1993). For the R.J. Reynolds Premier®
product, the particle size of its prototypes were in the range of approximately
1–2 microns (R.J. Reynolds 1988). It has been reported that 47% of cigarette smoke
particles fall in the range of 0.2–0.4 microns (Polydorova 1961). A geometric mean
diameter for particle size of mainstream cigarette smoke was determined to be
0.18 microns (Okada et al. 1977), while the standard deviation of the particle size
distribution was 0.4 microns. Therefore a considerable fraction of the smoke particles
would be expected to occur in the optimal persistence range. Overall, the smoke particle
retention in the lungs is about 80% (range 63–89% for average and moderate
smokers). Therefore, these particles, by virtue of their size and content, make a very
effective drug delivery system.

Increasing palatability of cigarette smoke
In many countries, tobacco products are sweetened and flavoured, although most
industry returns do not contain information on any given product, making it impossible
to use the returns to assess the contribution of these constituents on initiating and
maintaining smoking. This does not hold true, however, for Canada, where “additives”
are not permitted in cigarettes (Dr Murray Kaiserman 2002).

In some additive lists in industry reports, up to 12.7% of a cigarette by weight may be
added sugars and sweeteners (NZ Ministry of Health 2000). Undoubtedly the high
sugar content affects the palatability and flavour of cigarettes to smokers. Since children
are well known to seek out sweet tasting foods (Watt et al. 2000) it is not unreasonable
to assume that any added sweetness in tobacco smoke would be received favourably by
a child. De Graaf and Zandstra (1999) found that the optimal sucrose concentrations
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in taste tests increase in adolescents and even more so in children compared
with adults.

Licorice is also reportedly added in quantities of up to 1.3% by weight according
to industry reports (NZ Ministry of Health 2000). This is potentially significant
since licorice has a long history of use in the food industry as a sweetening
enhancer. The constituent of licorice, glycyrrhizin, is 50 times sweeter than sugar
(http://www.go-symmetry.com/licorice.htm).

Although a considerable percentage of cigarette weight could be cocoa and chocolate
extracts (up to 3.2%), it is not known and could not be found to what degree this influ-
ences flavour of the mainstream or sidestream smoke, or more specifically how this
might influence smoking initiation among youth. Similarly, the influence of coffee
extract on inhaled smoke flavour is unknown.

The flavouring additives vanillin and ethyl-vanillin are added in substantial quantities
to tobacco (NZ Ministry of Health 2000). Vanilla, when compared with a range of
spices was judged to be the most similar to sugar (Blank and Mattes 1990).

Sensory irritation and the deadening of peripheral nerves
Cigarette smoke, like any other combustion product, is inherently irritating to the
mucous membranes of the nasal and airway passages, as well as to the eyes. This irrita-
tion is a natural warning sign by the body of an ongoing harmful exposure. Principal
identified irritants in cigarette smoke include aldehydes (formaldehyde, acetaldehyde,
acrolein) and organic acids (formic, acetic, propionic), although more complex
compounds found in cigarette smoke (e.g. nicotine) also have irritant properties (Ayer
and Yeager 1982). To counter this effect, cigarette manufacturers add a number of
agents to temporarily lessen this sensation of irritation, essentially removing a natural
barrier for avoidance of cigarette smoke. This would affect the attractiveness of cigarettes.

The pathophysiology of mucous membrane irritation from smoking
True allergy to tobacco smoke constituents is rare (Stankus et al. 1988). Irritation, on
the other hand, is a dose-dependent phenomenon. ‘Sensory’ [eye, nose, and throat]
irritation involves stimulation of both specific and non-specific receptors on airway
(and ocular) nociceptive nerves. These nerves belong to the C- and Aδ-classes, and,
depending upon the specific location within the upper respiratory tract, originate in
the trigeminal (5th cranial), glossopharyngeal (9th cranial), or vagus (10th cranial)
nerves (Widdicombe 1986). One specific receptor involved in cigarette smoke-mediated
irritation is the so-called ‘neuronal nicotine receptor’ (see below). Two other receptors—
the capsaicin (or VR1) receptor, and the acid-sensitive ion channel (ASIC) respond to
acidic and/or thermal stimuli (Caterina et al. 1997; Waldmann et al. 1997). A secondary
mechanism of neuronal activation for reactive aldehydes and organic acids may be
sensory nerve stimulation by endogenous mediators (e.g. purines, prostaglandins)
released secondary to actual tissue damage (Barnes 2001).
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Airway irritation may trigger a variety of reflexes, including alterations in respiratory
behavior (coughing, sneezing, breath-holding), hypersecretion, and changes in airway
caliber (mediated principally by vascular dilatation in the upper airway, and by smooth
muscle contraction in the lower airway) (Widdicombe 1986). The threshold for
CO2- (irritant-) induced ‘transient reflex apnea’ (reflexive arrest of inspiration in the
presence of an irritant) is higher in smokers than in nonsmokers, suggesting that
long-term exposure to irritants in cigarette smoke either produces neuronal adaptation or
alters the barrier qualities of nasal mucous in smokers (Cometto-Muniz and Cain 1982).

Compounds in smoke that mask mucous membrane irritation
Eugenol is an organic compound found in clove oil, and is known to have local anaes-
thetic properties and was used for this purpose in surgeries (Wicker 1994). Although
the reported level of clove ‘extract’ is only 0.0001% in some industry documents, the
amount of eugenol and its contribution to the numbing effect of the peripheral nerves
in the upper airways is unknown.

Menthol has local anaesthetic properties on nerves linked with taste and irritation of
the mouth and throat (Green and McAuliffe 2000). Some tobacco industry documents
list menthol as up to 0.71% by weight of the cigarette (NZ Ministry of Health 2000).
The reported limit in cigarettes is approximately equal to the amount of menthol
that can be found in a typical cough drop, and probably serves to add flavour while
simultaneously deadening local nerve endings to reduce the feeling of irritation from
inhalation of the various combustion products.

Humectants assist with aerosol formation, dissolving more nicotine into tar droplets,
and making the smoke less irritating to the smoker’s throat and easier to inhale.
Glycerol and methylglycerol are added to cigarettes as humectants, to decrease the sensory
irritation of the inhaled smoke. Although not toxic by itself, when burnt, glycerol
forms acrolein. Acrolein is a small reactive aldehyde that causes localized inflammation
and membrane irritation when inhaled, or to the eyes (HSDB 2000). Acrolein was
found to be the leading contributor from tobacco smoke to respiratory and eye irritation
in a previous risk assessment (ESR 2000).

Masking the irritation and odour from sidestream smoke
It has been reported that the tobacco industry has for many years and is currently
researching ways to mask the unpleasantness of sidestream smoke for smokers and
non-smokers (Connolly et al. 2000). Efforts to produce socially acceptable cigarettes
include ‘Premier’ by RJ Reynolds, ‘Vantage Excel’, and ‘Chelsea’ (reintroduced in 1990
as ‘Horizon’). Though these brands did not succeed in the marketplace, research is
apparently ongoing in this area and is likely to continue as regulations affecting
sidestream smoke become more strict internationally.

Additives to the cigarette paper, including potassium citrate and aluminium and
other metal hydroxides, have been patented by the tobacco industry as paper wrapper
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additives aimed to reduce particulate visibility by making droplet sizes smaller, though
not affecting total emissions (Connolly et al. 2000).

A number of additives apparently have the purpose of reducing sidestream smoke
unpleasant odour. These include acetylpyrazine, anethole, and limonene — compounds
with low odour thresholds and few components that would affect the trigeminal nerve
endings in the upper airways. Polyanethol, and cinnamic aldehyde pinanediol acetal
produced a fresher ‘less cigarette-like’ aroma than controls (Connolly et al. 2000).
A summary table of additives that have been reported to reduce sidestream smoke
irritation or alter sidestream smoke odour to lessen complaints is found in Connolly
et al. (2000).

The effect of nicotine on upper airway mucosa
In addition to its neuropsychological properties as a stimulant, nicotine is also a
mucous membrane irritant, producing, at high concentrations, a sensation of ‘burning’
or ‘stinging’. In point of fact, nicotine is the single cigarette smoke constituent for
which a specific receptor has been identified in the nasal mucosa (Blank et al. 1997).
Evidence of the operation of a specific nicotine receptor in the upper airway
comes from both psychophysical and electrophysiologic studies. Investigators have
shown distinct psychophysical stimulus potencies and sensory qualities for R- and
S-nicotine, implying the operation of a specific receptor (Thuerauf et al. 1999).
Electrophysiologically, researchers have shown selective blocking of nicotine- but not
cyclohexanone-induced trigeminal activity in rats after administration of a nicotinic
blocker (Alimohammadi and Silver 2000). Notwithstanding its potential as an aversive
stimulus, it is unclear to what degree low-level irritation of the upper respiratory tract
due to nicotine may actually constitute a reinforcing aspect of cigarette smoking
(Thuerauf et al. 2000).

Conclusions
Cigarettes are highly engineered to optimize the delivery of nicotine to the smoker.
A host of chemical additives and ingredients may serve to further this goal, directly or
indirectly. The effects of these compounds include: improving flavour and/or increas-
ing sweetness of the smoke, reduction of feelings of sensory irritation (though
not decreasing irritation itself), altering pH of the smoke, and potentially causing
pharmacological effects in addition to those caused by nicotine.

Many of the flavours used are fruit extracts and sweeteners, which conceivably
increase the attractiveness of tobacco products to children. Similarly, compounds
that mask membrane irritation would effectively lessen any avoidance of cigarettes
for first time smokers, while compounds that reduce odour and irritation from
secondhand smoke are an attempt to lessen the rejection of smoking behaviour by
non-smokers.
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Physical design features of cigarettes that work to optimize nicotine delivery include
paper permeability and ventilation hole placement, which can lead to underestimates of
actual delivery using ISO smoking machine tests. The particle size distributions of ciga-
rette smoke ensure that these particles will penetrate deep into the lung and be retained.

The possibility that some of the compounds, among the thousands in cigarette
smoke, have ‘nicotinic’ activity has not been adequately addressed. Some of the com-
bustion products of these chemicals, such as acetaldehyde, may have pharmacological
effects that are relevant to addiction. There has been no systematic evaluation of the
public health impacts of additives or their combustion products. The development of
bioassays to characterize the activity of cigarette smoke has some potential to help
address some of these questions.

In most countries, the structure of the tobacco industry reports does not permit an
examination of the chemical content of any particular brand or its smoke. Therefore, it
is not currently possible to conduct a risk assessment on the products that are being sold,
or to follow changes in these products which may be leading to increases in smoking or
nicotine addiction. Regulatory agencies should be able to require disclosure of additives
and ingredients, as well as constituents of cigarette smoke in order to enable such efforts.
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Chapter 9

Nicotine dosing characteristics across
tobacco products

Mirjana V. Djordjevic

Introduction
Nicotiana tabacum L., the most commonly cultivated tobacco worldwide, is a hybrid
between two species, N. sylvestris and N. tomentosiforemis or octophora (Tso 1990).
Nicotiana rustica, another N. species used in tobacco products, is primarily grown
in Russia, the Ukraine, and other Eastern European countries, including Georgia,
Moldavia, and Poland. It is also grown in South America and, to a limited extent, in
India. In the US, there is a collection of 1500 tobacco germplasms. They represent a
wide range of variations of chemical constituents, including nicotine, and smoke deliv-
eries despite plants being grown at the same location under similar treatment. Tobacco
usage is primarily due to the stimulant effect of nicotine. Through tobacco smoke
inhalation, it takes 10–19 seconds for nicotine to pass from the cigarette to the brain
(Benowitz 1999).

Nicotine, a 3-pyridyl derivative, is a principal alkaloid in commercial tobaccos
(in 34 out of 65 species of N. tabacum) followed by nornicotine (the main alkaloid in
19 species), anabasine, anatabine, oxynicotine, myosmine, cotinine, 2,3′-dipyridyl,
3-acetylpyridine, nicotine amide, nicotinic acid, and others (Tso 1990). Indole alkaloids,
such as harmane and norharmane were also reported but in minute quantity. Tobacco
types, plant parts, cultural practices, degree of leaf ripening and fertilizer treatment,
and climate condition, are among some prominent factors which determine the levels
of alkaloids in N. tabacum plants. In fact, every step in tobacco growing that affects
plant metabolism will influence the level of alkaloid content to a certain degree. The
Maryland and sun-cured (a.k.a. oriental, Turkish) tobaccos are generally low in nicotine;
the flue-cured (a.k.a. bright, blond, or Virginia) tobacco, air-cured (a.k.a. burley) tobacco,
Cuban and Connecticut cigar wrapper contain medium levels of nicotine; and the
Pennsylvania, dark fire-cured tobacco, and especially N. rustica, are high in nicotine
content. Tobacco leaves have the highest content of nicotine, roots have less, and stalks
have the least. Within a plant, the levels of nicotine vary by stalk position (bottom
leaves containing the lowest amount of nicotine and top leaves the highest). Within a
leaf, the tip and outer area usually have higher alkaloid content than the base and inner
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area (Burton et al. 1992). Alkaloid levels increases as a plant matures, especially during
the period after topping. Marked increase of nicotine is generally associated with the
increased rate of nitrogen fertilization. Under favorable conditions, N. rustica produces
double the quantity of nicotine measured in ordinary tobacco (Tso 1990). The curing
and processing technologies (Peele et al. 1995; Wiernik et al. 1995), as well as the storage
conditions (Burton et al. 1989), also have a profound influence on the alkaloid content
in tobacco.

The wide variation of nicotine content in commercial tobaccos (from 0.17 to 4.93%;
Tso 1990) enables manufacturers to achieve, easily, desired nicotine delivery in a specific
product by tobacco blending. In the past, flue-cured tobaccos were used exclusively for
cigarettes in the United Kingdom, Finland, Canada, Japan, China, and Australia.
Air-cured tobaccos were the preferred choice for cigarettes in France, southern Italy,
some parts of Switzerland and Germany, and South America. Cigarettes made from
sun-cured tobacco are smoked predominantly in Greece and Turkey. In the US, ciga-
rettes are made by blending flue-, air-, and sun-cured tobaccos as well as reconstituted
tobacco sheets. Currently, the American-blend cigarette is gaining market share
worldwide (Hoffmann and Hoffmann 2001).

Apart from its well-documented effects on the central nervous and cardiovascular
system (Benowitz 1998a, b), nicotine plays an important role in tobacco-associated
carcinogenesis. Nicotine is the major source of the three carcinogenic tobacco-specific
N-nitrosamines (TSNA): 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK),
4-methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), and N ′-nitrosonornicotine
(NNN) (Hoffmann et al. 1994). The minor secondary amine tobacco alkaloids such as
nornicotine, anatabine, and anabasine also give rise to corresponding N-nitrosamines:
NNN, N ′-nitrosoanatabine and N ′-nitrosoanabasine, respectively. NNK and NNAL
are very potent procarcinogens, which, upon metabolic activation induce lung cancer
in all laboratory animals tested, regardless of dose and the route of administration
(Hecht 1998, 1999). NNN, in addition to inducing lung cancer in mice, is predomi-
nantly responsible for esophageal and nasal tumors in rats. The data emerging from
testing the potential impact of nicotine itself on pulmonary carcinogenesis suggest that
chronic non-neoplastic lung diseases such as bronchitis, bronchiolitis, chronic
obstructive pulmonary disease, emphysema, and asthma, are highly associated with
both active and involuntary smoking and may pose an additional risk factor for lung
cancer (Schuller 1998). Most recently, nicotine has been reported to be a possible
promoter of cancer progression in human lung cells grown in the laboratory
(West et al. 2003).

Nicotine content in tobacco products
The most commonly used tobacco products worldwide are cigarettes, both manufactured
and hand made (a.k.a. roll-your-own). However, there are many countries in the world,
especially in South Asia, where smokeless tobacco use is a significant part of the overall
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world tobacco burden (World Health Organization 1997). In the US, 4.2 pounds of
tobacco were consumed per person in 1999: 83% in cigarettes, 6% in cigars, 5% as
snuff, 5% as chewing tobacco, and 1% as smoking tobacco (Giovino 2002).

Commercial cigarettes

Tobacco

Unlike systematic monitoring and reporting of emissions of nicotine, tar, and carbon
monoxide in the mainstream smoke (MS) of cigarettes (e.g. U.S. Federal Trade
Commission 2000), there is no official requirement, in any country in the world, for
the reporting on nicotine content in the tobacco blend of commercial products. The
latter is especially puzzling since the chemical composition of cigarette smoke (both
qualitative and quantitative), as well as addictive and carcinogenic properties of any
given product, depend directly on the profile of preformed tobacco constituents.

The data in Table 9.1 show an international comparison of the levels of nicotine,
nitrate, and the two carcinogenic, nicotine-derived, N-nitrosamines in commercial
cigarette tobacco. The assays of a large number of brands from the US, Canada, the
United Kingdom (UK), Japan, and other countries have demonstrated that there is a
wide variation in concentrations of nicotine in the tobacco filler (from 7.2 to 23.5 mg/g
tobacco), as well as concentrations of nitrate (from 0.3 to 20.6 mg/cigarette), NNN
(from 45-58 000 ng/g tobacco), and NNK (from not detected to 10 745 ng/cigarette;
detection limit <10–50 ng/cigarette) (Djordjevic et al. 1989, 1990, 1991, 2000b, c ;
Fisher et al. 1989a, 1990a, b; Nair et al. 1989; Tricker et al. 1991; Kozlowski et al.1998).
The country of origin plays a profound role in the chemical composition of the
product; cigarettes from India and Italy contained extremely high levels of TSNA, up to
58 000 ng/g NNN and 10 745 ng/cigarette NNK. The cigarettes manufactured in
the former USSR contained the lowest amounts of nicotine and TSNA (Djordjevic
et al. 1991).

The chemical composition of tobacco from different types of blended cigarettes
(oriental, Virginia, American blend, dark tobacco) is shown in Table 9.2, as well as the
composition of tobacco from different types of cigarettes as it relates to nicotine and
tar yields in the mainstream smoke. [The terms ‘ultra low-, low-, medium-, and high-
yield’ used in Table 9.2 are not official government designates but a part of trademarked
names of products that inform on the smoke yields obtained by machine-smoking using
standardized protocols (Pillsbury et al. 1969; CORESTA 1991). In general, ultra
low-yield products deliver less than 5 mg tar per cigarette, low-yield between 5 and 10 mg
of tar, regular ‘full-flavored’cigarettes deliver between 10 and 20 mg of tar, and very
high-yield products deliver over 20 mg of tar per cigarette (IARC 1986) although
different research groups make their own classifications; Stratton et al. 2001]. The data
in Table 9.2 indicate no difference in the content of tobacco nicotine, within a blend
category, among cigarettes that deliver different smoke yields as measured using
standard machine-smoking methods. For example, Virginia blend cigarettes sold in
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Canada contain 8.0–18.3 mg nicotine per gram of tobacco whereas US American
blend cigarettes contain 16.9–17.9 mg nicotine (Fisher et al. 1990a; Djordjevic et al.
1990; 2000c; Kozlowski et al. 1998). Cigarettes manufactured in Japan contain a some-
what wider range of nicotine, from 11.4 to 23.5 mg per gram of tobacco, although
there is no difference between medium- and high-yield brands (Fukumoto et al. 1997).
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Table 9.1 The ranges of concentrations of nicotine, nitrate, and preformed TSNA in tobacco
from commercial cigarettes. International comparison

NO3
− Nicotine NNN NNK Reference

(mg/cigt.) (mg/g) (ng/cigt.) (ng/cigt.)

Austria 4.2−8.0 n.a.a 306−1122 92−310 Fisher et al. 1990b

Belgium 1.8−10.8 n.a. 504−1939 219−594 Fisher et al. 1990b

Canada 0.3−3.3 8.0−18.3 288−982 447−884 Fisher et al. 1990a, 
Kozlowski et al. 1998

Germany 0.6−20.6 n.a. 45−5340 n.d.b−1120 Fisher et al. 1990b, 
1989a; Tricker 1991

France 1.5−19.4 10.7 120−6019 57−990 Djordjevic et al. 1989; 
Fisher et al. 1990b

India n.a. n.a. 1300−58 000 40−4800 Nair et al.1989
ng/g ng/g

Italy 6.2−13.3 n.a. 632−12 454 153–10 745 Fisher et al. 1990b

Japan 3.7−13.1 11.4−23.5 360−1110 190−330 Djordjevic et al. 2000c;
mg/g mg/g ng/g ng/g Fukumoto et al. 1997

Netherlands 1.5−8.8 n.a. 58−1647 105−587 Fisher et al. 1990b

Poland 4.4−12.8 n.a. 870−2760 140−450 Fisher et al. 1990b

670−4870 70−660 Djordjevic et al. 
ng/g ng/g 2000b

Sweden 2.4−5.4 n.a. 544−1511 192−569 Fisher et al. 1990b

Switzerland 6.4−7.8 n.a. 1280−2208 450−554 Fisher et al. 1990b

UK 1.4−8.0 9.0−17.5 140−1218 92−433 Fisher et al. 1990b; 
Kozlowski et al. 1998

USA 6.2−13.5 7.2−13.4 993−1947 433−733 Fisher et al. 1990b;
Kozlowski et al. 1998

7.8−15.9 16.9−17.9 1290−3050 420−920 Djordjevic et al. 1990, 
mg/g ng/g ng/g 2000c

USSR 1.7−9.1 n.a. 60−850 n.d.−150 Fisher et al. 1990b

4.2−17.2 7.6−9.4 360−850 ng/g n.d.c−70 ng/g Djordjevic et al. 1991
mg/g

an.a., not available.
bn.d., not detected (NNK detection limit < 50 ng/g, Fisher et al. 1989a, b).
cn.d., not detected (NNK detection limit < 10 ng/g, Djordjevic et al. 1991).
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Table 9.2 The ranges of nicotine, nitrate, and preformed TSNA concentrations in tobacco from commercial cigarettes with a wide range of
FTC nicotine and ‘tar’ yields. International comparison

Country Cigarette type F/NFa NO3
− (mg/cigt.) Nicotine (mg/g) NNN (ng/cigt.) NNK (ng/cigt.) Reference

Germany Blend F 2.2−7.8 n.a.b 400−1390 100−410 Tricker et al. 1991

(n = 20) Blend NF 5.4 −12.3 n.a. 660−2670 270−500

Dark NF 14.2−20.6 n.a. 4500−5340 800−960

Germany Oriental 0.6−2.7 n.a. 45−432 n.d.−177 Fisher et al. 1989a

(n = 55) Virginia 0.7−3.3 n.a. 133−330 170−580

American blend 1.8−5.4 n.a. 500−2534 160−696

Dark 10.9−14.4 n.a. 3660−5316 370−1120

Canada Ultra-low yield (V) 0.3−3.2 11.2−14.4§ 288−982 447−785 Fisher et al. 1990a

(n = 25) Low yield (V) 0.4−0.6 12.4−16.7§ 292−527 510−884 Kozlowski et al. 1998§

Moderate yield (V) 0.4−0.8 11.9−15.6§ 337−407 585−705

High yield (V) 0.3−1.0 8.0−18.3§ 259−381 495−663

U.S. Ultra-low yield (AB) 13.6−14.0 17.6−17.9 1750−1980 500−580 Djordjevic et al. 1990

(n = 13) Low yield (AB) 9.0−12.3 17.9 1900−3050 490−800 Djordjevic et al. 2000c

Moderate yield (AB) 7.8−15.9 16.9 1780−2890 420−920

High Yield (AB) 11.7 17.9 1290 770

Japan Low yield 5.7−13.1 11.4−18.6 810−1110 190−330 Djordjevic et al. 2000c

(n = 6) Medium yield 3.7−7.5 16.1−24.3 360−1040 200−320 Fukumoto et al. 1997

(n = 17/nic) High Yield n.a. 17.7−23.5 n.a. n.a.

aAbbreviations: F, filtered cigarettes; NF, non-filtered cigarettes; V, Virginia type cigarettes; AB, American blend cigarettes.
bn.a.: not available.



Canadian and Japanese brands contained the lowest amounts of preformed NNN in
tobacco (from 259 to 1110 ppb), while the US brands contained the highest (from 1750
to 3050 ppb). Cigarettes made with dark tobaccos contain the highest amounts of
NNN (up to 5534 ppb). NNK content was of the same order of magnitude in both
Canadian and US brands (up to 920 ppb), whereas Japanese cigarettes contained the
lowest concentrations of preformed NNK in tobacco (up to 330 ppb).

The significance of nicotine content in tobacco: An international comparison of
cigarettes with a wide range of the FTC nicotine and tar MS yields (0.1–1.3 mg nicotine
and 1–17 mg tar per cigarette) showed very similar levels of nicotine in tobacco
(Kozlowski et al. 1998). One gram of tobacco from American-blended cigarettes
(n = 32) contained on average 10.2 mg nicotine (7.2–13.4 mg range); the tobacco from
Canadian Virginia blend cigarettes (n = 23) contained on average 13.5 mg nicotine
(8.0–18.3 mg range); tobacco from British Virginia blend cigarettes (n = 37),
12.5 mg nicotine (9.0–17.5 mg range). The similar potential of cigarettes, regardless of
their labeling and marketing claims (filtered vs non-filtered; low- vs high-yield), to
deliver any amount of nicotine and carcinogens in the MS can partially explain an
ever-increasing trend in lung cancer incidence and mortality rates, especially among
women (Jemal et al. 2002), despite the fact that a significant reduction of smoke yields
has occurred during the past five decades (Hoffmann and Hoffmann 1997). Smokers
responded to changing cigarettes by changing their behavior to obtain a desired
amount of nicotine (Burns and Benowitz 2001). They switched to lower-yield products,
smoked greater number of cigarettes per day, and increased the intensity of smoking (e.g.
drawing larger puffs more frequently and blocking the ventilation holes on filter tips)
to obtain the desired dose of nicotine. As a consequence, more intense smoking not
only increased the dose of nicotine in smoke, but also the dose of carcinogens. The
most recent evaluation of risks associated with smoking cigarettes with low machine-
measured yields of tar and nicotine revealed that switching to low-yield cigarettes had
no, or very little, effect on reducing cancer risk (Burns et al. 2001). In summary, the
presence of a large pool of nicotine in tobacco enables the smoker, driven by a physio-
logical need, to titrate his or her own dose by engaging in compensatory (more intense)
smoking behaviors (Henningfield et al. 1994; Kozlowski et al. 1998; Djordjevic et al.
2000a). Hence, both the qualitative and quantitative composition of tobacco blend need
to be taken into consideration when evaluating the addicting and carcinogenic potential
of cigarettes.

Mainstream smoke

Mainstream smoke yields as measured with standard
machine-smoking methods

The MS yields of cigarettes are influenced primarily by filtration, ventilation, and the
choice of tobacco processing and blending. As with any agricultural product, there is a
natural variation of tobacco composition from year to year. In the interest of manufac-
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turing a consistent product, tobacco blends are usually made using the crops from pre-
vious years. The burning rate of cigarettes also influences smoke yields (a faster burn
rate results in a lower tar yield).

In 1998, there were 1294 brands of cigarettes on the US market for which the
emissions of tar, nicotine, and carbon monoxide (CO) had been established (U.S. FTC
2000). These emissions have been systematically reported by the U.S. Federal Trade
Commission (FTC) since 1969. The reported values were based on a standardized
machine-smoking procedure first described by Bradford et al. in 1936 and later
adopted, with some modifications, by the U.S. FTC (Pillsbury et al. 1969). According to
this method, the smoking machine is set up to draw 35-mL puffs of 2 seconds duration
once per minute until the predetermined butt length has been reached (23 mm for
non-filtered cigarettes, or the length of filter over wrapping paper plus 3 mm for
filtered cigarettes). Ventilation holes (when applicable) are not blocked during
machine-smoking. The FTC method which is used in the US is very similar to the
methods of the International Standard Organization (ISO) and Cooperation Center
for Scientific Research Relative to Tobacco (CORESTA) which are used throughout the
rest of the world (Eberhardt and Scherer 1995; Baker 2002).

The MS yields of contemporary brands in the US range from < 0.05 to 2 mg nicotine,
< 0.5 to 27 mg tar, and < 0.5 to 18 mg CO per cigarette. The sales-weighted average nico-
tine and tar smoke yields are now 0.9 and 12 mg per cigarette, compared to 1.4 and
21.6 mg, respectively, in 1968: a decrease of 40% (U.S. FTC 2000). The tar and nicotine
reduction has been achieved by several methods, including reducing tobacco weight,
increasing filtration, implementing air dilution through ventilation holes on the filter
tips or using porous wrapping paper, reconstituted and expanded tobacco, chemical
additives (to control the combustion rate), and performing specific agronomic practices.

In the United Kingdom, sales-weighted average machine-measured tar yields have
declined steadily: in 1999 were 9.2 mg per cigarette, less than half their 1972 level
(Jarvis 2001). Over the same period, nicotine yields have come down from 1.33 to 0.8 mg
per cigarette. Carbon monoxide yields have shown smaller declines. At the same
time as absolute yields have declined, there have also been changes in tar to nicotine ratios.
In 1999, smokers in the UK were exposed to 22% less tar per unit of nicotine than
in 1973. During 1983–1990, a number of studies investigated the yields and range of
additional smoke constituents (e.g. hydrogen cyanide, aldehydes, acrolein, nitric oxide,
low-molecular weight phenols and polynuclear aromatic hydrocarbons [PAH]) and their
inter-relationship with the routinely monitored agents (Philips and Waller 1991). The
authors concluded that the routinely monitored tar, nicotine, and CO provide an
adequate guide to the deliveries of other analytes of interest in MS of British cigarettes
except of nitric oxide, which is strongly dependent on tobacco type, and some phenols,
and PAH.

The data presented in Table 9.3 show a wide range of emissions of nicotine (0.1–2.7 mg
per cigarette), tar (1–44 mg per cigarette), and TSNA in the mainstream smoke of
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Table 9.3 The ranges of mainstream smoke yields of select constituents in commercial cigarettes (FTC/CORESTA/ISO machine smoking method).
International comparison

Tar Nicotine CO BaP NNN NNK Reference
(mg/cigt.) (mg/cigt.) (mg/cigt.) (ng/cigt.) (nn/cigt.) (ng/cigt.)

Austria 9−15 0.7−0.9 n.a.b n.a. 42−172 12−100 Fisher et al. 1990b

Belgium 13−16 1.0−1.3 n.a. n.a. 38−203 29−150 Fisher et al. 1990b

Canada 0.7−19 0.1−1.4 1−21 3.4−28.4 4−37 6−97 Rickert et al. 1985; Fisher et al. 
1990a; Kaiserman and 
Rickert 1992a, b; 
Kozlowski et al. 1998

Germany 1−28 0.1−2.0 n.a. n.a. 5−625 n.d.a−470 Fisher et al. 1989a, 1990b; 
Tricker 1991

France 6−44 0.3−2.7 n.a. n.a. 11−1000 20−498 Djordjevic et al. 1989; 
Fisher et al. 1990b

India 18−28c 0.9−1.8 n.a. n.a. 6−401 n.d.−34.4 Nair et al. 1989;
Pakhale et al. 1989

Italy n.a. n.a. n.a. n.a. 21−1353 8−1749 Fisher et al. 1990b

Japan 7−16 0.1−2.4 6−19 5.1−13.3 36−129 37−58 Djordjevic et al. 1996; 
Fukumoto et al. 1997

Netherlands 1−18 0.2−1.5 n.a. n.a. 9−163 5−102 Fisher et al. 1990b



Poland 19 1.4 n.a. n.a. 68−347 36−105 Fisher et al. 1990b; 
Djordjevic et al. 2000b

Sweden 9−23 0.8−1.8 n.a. n.a. 44−141 27−84 Fisher et al. 1990b

Switzerland 12−15 0.9−1.2 n.a. n.a. 121−127 69−124 Fisher et al. 1990b

Thailand 5−28 0.2−2.4 n.a. n.a. 28−730 16−369 Brunnemann et al. 1996; 
Mitacek et al. 1991

(US brands) 9−26 0.6−1.5 n.a. n.a. 209−278 156

UK 1−13 0.2−1.2 1−17 n.a. 17−123 18−103 Fisher et al. 1990b; 
Kozlowski et al. 1998

USA 1−24 0.1−2.0 1−20 2.2−26.2 14−1007 6−425 Adams et al. 1987;
Fisher et al. 1990b;
Djordjevic et al. 1990, 
1996; Brunnemann et al.
1994; Kozlowski et al. 1998

USSR 22−29 0.9−1.4 n.a. 16.1−27.3 23−389 4−145 Fisher et al. 1990b;  
Djordjevic et al. 1991

an.d., not detected limit: <4 ng/cigt.
bn.a., not available.
cDry TPM (total particulate matter).



cigarettes sold globally. The highest concentrations of TSNA were measured in
non-filtered cigarettes sold in France and Italy (up to 1353 ng NNN and up to 1740 ng
NNK per cigarette). These are the same brands that contained the highest amounts of
preformed TSNA (Fisher et al. 1990b). The lowest emissions were found in blended
cigarettes from Canada, the UK, Netherlands, Sweden, and Japan, with upper values as
low as 58 ng NNK. Surprisingly, the NNK levels in MS of two cigarette brands from
India were extremely low, from not detected to 34.4 ng per cigarette, given the extremely
high levels of preformed NNK in tobacco (Nair et al. 1989).

The comparative assessment of the MS composition of three popular US brands
of filtered cigarettes purchased on the open markets in 29 countries worldwide showed
a dramatic variation in the levels of tar, nicotine, NNN, and NNK within each brand
(Table 9.4; Gray et al. 2000). While the variation in tar levels in MS ranged from 25% to
50%, the yields of NNK varied from 3- to 9-fold. NNK and NNN yields were highly
correlated (r = 0.88). These data created great concern among the public health
officials, who called for setting upper limits for carcinogen levels by establishing the
marker median as an initial upper limit (Gray et al. 2000; Gray and Boyle 2002).

Mainstream smoke yields as measured using more intense, human-like,
smoking conditions

The fact that the rates of death from lung cancer, which is 81.6% attributable to
cigarette smoking (U.S. CDC 2002), did not parallel the reduction of toxic emissions
(Burns et al. 2001) indicated that smokers responded to low-yield cigarettes by sponta-
neously changing their smoking behaviors so that they could obtain desired amount of
nicotine, the major pharmacoactive agent in tobacco and tobacco smoke that induces
tobacco dependence. More intense smoking, to overcome draw resistance due to filtra-
tion and air dilution, resulted in higher exposure to both nicotine and carcinogens
(Djordjevic et al. 2000a). Kozlowski et al. (1998) showed that nicotine concentrations
in MS are highly correlated with that of tar which harbor non-volatile carcinogens
(r = 0.97 [0.93–0.99]).

To obtain more realistic estimates of smokers’ exposure to toxic and carcinogenic
agents from cigarette smoke, the puffing characteristics of 133 adult smokers
of cigarettes rated by the FTC at 1.2 mg of nicotine or less (56 smokers of low-yield
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Table 9.4 The chemical composition of the three global brands sold in 29 countries
worldwide (Gray et al. 2000)

Tar (mg/cigt.) Nicotine (mg/cigt.) NNK (ng/cigt.)

Brand I 10.6−15.7 0.85−1.3 50−100

Brand II 11.8−20.4 0.85−1.3 50−225

Brand III 8.4−15.9 0.68−1.25 50−325
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cigarettes [≤0.8 mg nicotine/cigarette] and 77 smokers of medium-yield cigarettes
[0.9–1.2 mg nicotine per cigarette]) were assessed by a pressure transducer system
(Djordjevic et al. 2000a). The smoking profiles for a randomly chosen subset of
72 individuals were then programmed into a piston-type machine to generate smoke
from each smoker’s usual brand of cigarettes for assays of nicotine, tar, and lung cancer-
causing agents such as benzo(a)pyrene (BaP) and NNK. The FTC protocol was also
used to assess levels of targeted compounds in the 11 brands most frequently smoked
by study subjects. Compared with the FTC protocol values, smokers of low- and medium-
yield brands took statistically significantly larger puffs (48.6- and 44.1-mL puffs,
respectively) at statistically shorter intervals (21.3 and 18.5 seconds, respectively) and
drew larger total smoke volumes than specified in the FTC parameters (the total volume
drawn through the cigarette is the main factor responsible for the nicotine and
TSNA delivery in MS; Rickert et al. 1986; Fisher et al. 1989b; Melikian et al. 2002).
Subsequently, smokers received 2.5 and 2.2 times more nicotine and 2.6 and 1.9 times
more tar, respectively, than FTC-derived amounts and approximately double the levels
of BaP and NNK. Smokers of medium-yield cigarettes received higher doses of all com-
ponents when compared with smokers of low-yield cigarettes. The major conclusion of
this study was that the FTC protocol underestimates nicotine and carcinogen doses to
smokers and overestimates the proportional benefit of low-yield cigarettes (Burns and
Benowitz 2001).

The most comprehensive data on the chemical composition of the MS of contempo-
rary cigarettes generated by machine under more intense conditions were compiled in
‘The 1999 Massachusetts Benchmark Study. Final Report’ (Borgerding et al. 2000).
Eighteen leading US brands (26 brand styles), delivering from 1 to 26 mg FTC ‘tar’ per
cigarette, were screened. All the brands (0.05–9% market share by brand style) were
American blend cigarettes made by mixing different tobacco types and grades, includ-
ing reconstituted tobacco sheets, expanded tobacco, and additives. Cigarette smoke
was generated for the assays of 44 constituents both in a vapor and particulate phase
by machine-smoking using both the FTC method and the Massachusetts machine-
smoking method: 45-ml puffs of 2 seconds duration drawn twice a minute until the
predetermined butt length of 23 mm for non-filter cigarettes; or the length of filter
over wrapping paper plus 3 mm for filter cigarettes. The ventilation holes on filter tips,
when applicable, are 50% blocked during machine-smoking (U.S. FTC 1997). The
‘more intense’ Massachusetts machine-smoking protocol was developed in response to
the debate on the validity of the FTC method for the assessment of smokers exposure
(Hoffmann et al. 1996). The nicotine levels of the 26 tested brands ranged from 0.56 to
3.32 mg/cigarette. The yields of other toxic and carcinogenic MS constituents obtained
by machine-smoking of 26 brands of cigarettes using the Massachusetts method were
published by Gray and Boyle (2002).

The Tobacco Sales Act 2002 of British Columbia, Canada (http://www.qp.gov.bc.ca/
statreg/reg/T/TobaccoSales/282_98.htm#schedulea), mandates the machine-smoking
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method for cigarette testing that utilizes even more stringent settings than the
Massachusetts method prescribes: puff volume—55 mL, puff interval—30 seconds,
puff duration—2 seconds, and 100% of the ventilation holes must be blocked during
smoking. The British Columbia Ministry of Health (http://www.healthservices.gov.bc.ca/
ttdr/index.html) provides information on MS deliveries of 44 constituents in commer-
cial leading Canadian cigarettes (top 22 brands in British Columbia are accounting for
70–80% of the market) under both standard FTC and more intense (human-like)
smoking conditions (HSC). When machine smoked using more intense parameters,
the leading Canadian, Japanese, and the UK brands sold in British Columbia deliver
on average, 3.3 mg, 2.4 mg, and 2.9 mg nicotine per cigarette, respectively, and 36 mg,
28 mg, and 34 mg tar per cigarette, respectively.

The drawback of both the Massachusetts and Health Canada methods is that they do
not take into account that cigarettes with different FTC tar and nicotine yields are
designed to guide smokers to smoke them differently (Burns et al. 2001). Therefore,
one single set of even more intense machine-smoking parameters will not adequately
reflect individual puffing characteristics and delivered dosages of nicotine and carcino-
gens to smokers. Moreover, the very large inter- and intra-individual variations
in smoking topography among smokers of the same brand (Djordjevic et al. 2000a)
needs to be considered during the exposure assessment. To demonstrate this, the
Massachusetts smoke yields for the leading US full flavor regular and mentholated
brands were compared with the values obtained by mimicking the puffing patterns of
two individuals who smoked those two brands (Table 9.5). The smoker of the mentho-
lated brand drew in 5.6 mg nicotine per cigarette and the smoker of non-mentholated
cigarette drew 4.1 mg nicotine, double the amounts than those estimated by the
Massachusetts method. Moreover, the smoker of non-mentholated brand took in four
times more of the carcinogens NNN and NNK (Djordjevic et al. 2000), than deter-
mined by the ‘intense’ Massachusetts method and approximately eight times more
than determined by the FTC method. When the Thai cigarette was machine-smoked
at a rate of two puffs per minute, the emission of nicotine in the MS was 5.6 mg per
cigarette (Mitacek 1990).

Roll-your-own cigarettes
Roll-your-own (RYO) cigarettes are a cheaper substitute for commercially manufac-
tured brands and are gaining in popularity worldwide. Smokers of RYO tend to be
concentrated in the lower socio-economic levels. In Europe, the major markets for
RYO are the Netherlands and Germany (Dymond 1996). In Canada, sales of RYO
accounted for approximately 14% of the Canadian cigarette market by the end of 1989
(Kaiserman and Rickert 1992a). In the United Kingdom, in 1994, more than 20% of
male smokers used RYO products as compared to 4% of female smokers (Darrall et al.
1998). In the US, 3.4 billion RYO cigarettes were smoked in 1994 (2000 Maxwell
Tobacco Fact Book).
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In the study by Darrall and co-workers, 57% of RYO cigarettes produced higher levels
of tar than the 15 mg/cigarette, which is the current maximum allowed in manufac-
tured cigarettes in the UK. Seventy-seven percent of RYO smokers made cigarettes with
smoke nicotine yields greater than the current UK maximum of 1.1 mg/cigarette.
Dutch consumers make RYO cigarettes that deliver, on average, 13.2 mg tar and 1.2 mg
nicotine per cigarette (Dymond 1996). The smoke yields for 31 brands of RYO tobaccos
tested in Canada were: 15.5 mg tar and 1.1 mg nicotine per cigarette (Kaiserman and
Rickert 1992b). In the latter study it was emphasized that it is the tube and filter
combination that controls the delivery of toxic constituents to smokers.

Three varieties of hand-rolled cigarettes from Thailand yielded 28.5–40.8 mg tar and
1.1–5.5 mg nicotine per cigarette in MS (Mitacek et al. 1991). No data are presently
available on the levels of nicotine-derived TSNA in the smoke of RYO cigarettes, or on
smoking topography and true deliveries of smoke constituents of these cigarettes as the
result of individual smoking behaviors.

Cigars
A cigar is any roll of tobacco wrapped in leaf tobacco or any other substance containing
tobacco. There are four main types of cigars: little cigars, small cigars (‘cigarillos’),
regular cigars, and premium cigars (Stratton et al. 2001). Little cigars contain air-cured
and fermented tobacco and are wrapped either in reconstituted tobacco or in cigarette
paper that contains tobacco and/or tobacco extract. Some little cigars have cellulose
acetate filter tips and are shaped like cigarettes. Cigarillos are small, narrow cigars
with no cigarette paper or acetate filter. Regular and premium cigars are available in
various shapes and sizes and are rolled to a tip at one end. The dimensions of cigars
are from 110 to 150 mm in length and up to 17 mm in diameter. Regular cigars
weigh between 5 and 17 grams. Premium cigars (exclusively handmade from natural,
long-cut filler tobacco) vary in size, ranging from 12 to 23 mm in diameter and
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Table 9.5 The chemical composition of the mainstream smoke of the two US leading full
flavor filter cigarettes smoked by two randomly chosen individuals

Non-mentholated cigarette Mentholated cigarette

Massa HSCb HSC/Mass Mass HSC HSC/Mass

Nicotine (mg/cigt.) 2.1 4.1 2.0 2.6 5.6 2.2

BaP (ng/cigt.) 27.8 34.6 1.2 31.2 34.3 1.1

NNN (ng/cigt.) 202.0 794.0 3.9 243.1 537.0 2.2

NNK (ng/cigt.) 184.0 714.0 3.9 198.4 239.0 1.2

Abbreviations: FTC, Federal Trade Commission; HSC, human smoking conditions.
aBorgerding et al. 2000.
bDjordjevic et al. 2000a.
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127 to 214 mm in length. Although the use of cigarettes declined throughout the 1990s
(18% decrease from 1990 to 1999; 2000 Maxwell Tobacco Fact Book), large cigar and
cigarillo consumption increased by 58% during the same period (from 2.34 billion to
3.72 billion pieces).

In 1997, the leading US brands of little, large, and premium cigars (ranging in length
from 8.65 to 17.6 cm and in weight from 1.24 to 8.1 g) were analysed for levels of
nicotine and select carcinogens in the MS (Table 9.6; Djordjevic et al. 1997). The results
were obtained by machine-smoking of cigars under standard smoking conditions as
defined by the International Committee for Cigar Smoke Study (20-mL puffs of 1.5
seconds duration drawn once per minute to the predetermined butt length of 23 mm;
ICCSS 1974). The delivered dosages of nicotine, tar, and carbon monoxide increased
exponentially from cigarettes to premium cigars. When compared to cigarettes, the
levels of nicotine, BaP and NNK were 3 times, 7 times, and 17 times, respectively, higher
in the MS of premium cigars.

When little cigars were machine-smoked simulating the puffing characteristics of
smokers, the emissions of the total tobacco-specific N-nitrosamines were two times
higher than those determined using the standard ICCSS method (Djordjevic et al.
1997), the similar trend as described for cigarettes (Djordjevic et al. 2000a). A similar
2.2-fold difference in all smoke constituents due to more ‘intense smoking’ was
reported by Rickert and Kaiserman (1999). In the latter study, under standard
conditions, MS constituent yields generated from cigarettes and cigars were substan-
tially different (ammonia: 12.7 vs 327 µg/unit; NNN: 41.5 vs 932 ng/unit; nitrogen
oxides: 1.6 vs 35.9 µg/unit). In an earlier study, Rickert and his co-workers (1985)
reported that small cigars delivered, on average, 38 mg tar and 2.1 mg nicotine into the
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Table 9.6 Smoke yields of the leading US cigarettes and little, large, and premium cigars

Medium-yield cigarettes Cigarsb,d

(0.9–1.2 mg FTC nicotine)a,c Little Regular Premium

Nicotine (mg/unit) 1.11 1.5 1.4 3.4

Tar (mg/unit) 15.4 24 37 44

Carbon monoxide 14.6 38 98 133
(mg/unit)

BaP (ng/unit) 14.0 26.2 96 97.4

NNK (ng/unit) 146.2 290 805 2490

aDjordjevic et al. 2000a.
bDjordjevic et al. 1997.
cThe cigarettes were smoked under FTC conditions: 1 puff/min, 35 mL volume, 2-second puff duration, butt

length: the length of filter overwrap plus 3 mm (Pillsbury et al. 1969).
dThe cigars were smoked under the ICCSS (International Committee for Cigar Smoke Study 1974) conditions:

1puff/40 seconds, 20 mL, 1.5-second puff duration, butt length 33 mm.
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MS whereas a large cigar delivered 17.5 mg tar and 1.37 mg nicotine. To control for
varying volumes of smoke emitted from cigarettes and cigars, standardized comparisons
in milligrams of toxic substance per liter of smoke were created. Using this method, the
mean deliveries of tar, nicotine, and CO per liter of smoke were found to be the highest
for small cigars, followed by hand-rolled and manufactured cigarettes while large
cigars had the lowest mean deliveries.

The analysis of 17 cigar brands (weight range: 0.53–21.5 g per piece) revealed a
considerable variation in the total tobacco nicotine content (5.7–336.2 mg per cigar)
and the acidity of aqueous solution of cigar tobacco (pH range: 5.7–7.8) (Henningfield
et al. 1999). The MS pH values of the smallest cigars were generally acidic, changed
little across the puffs, and more closely resembled the profiles previously reported for
typical cigarettes. Curiously, the smoke pH of smaller cigars and cigarillos only became
acidic after the first third of the rod and then remained acidic thereafter. Larger cigars
were acidic during the first third of the rod and became quite alkaline during the last
third . The acidity/basicity of cigar smoke is of significance since it has an impact on
the bio-availability of nicotine.

Thai products delivered 7.95–11.4 mg nicotine, 91–201 mg tar, and 111–819 mg
CO per cigar in the MS (Mitacek et al. 1991). The tobacco from an Indian cigar
contained 25 000 ng preformed NNN and 8900 ng NNK per gram of tobacco (Nair
et al. 1989).

Bidis
Bidis are hand-rolled cigarettes which are predominantly used in India and rural areas
of several Southeast Asian countries. Bidis are made by rolling a dried tobacco leaf into
a conical shape around approximately 0.2 g of sun-dried, flaked tobacco and securing
the roll with a thread. Bidi smoking is a well-established risk factor for cancers of the
upper aerodigestive tract (IARC 2002) as well as cardiovascular and respiratory
diseases. The mainstream smoke yields of the total dry particulate matter and nicotine
in bidis smoked in India, as measured with a standard machine-smoking method,
ranged from 26 to 41 mg and 1.9 to 2.8 mg per piece, respectively (Pakhale et al. 1989).
These emissions were much higher than those measured in the MS of cigarettes in the
same study (Table 9.3).

In recent years, bidis have become increasingly popular among US teenagers because
they are perceived by some as a safer, more natural alternative to conventional ciga-
rettes. American versions of bidis were shown to have higher percentage of tobacco by
weight (94% vs 42.5%, respectively) than Indian bidis (Malson et al. 2001). The nicotine
concentration in tobacco of American bidis (21.2 mg/g) is higher than in tobacco of
commercial filter cigarettes (mean: 16.mg/g—Malson et al. 2001; mean: 17.5 mg/g—
Djordjevic et al. 1990; Mean: 10.2 mg/g—Kozlowski et al. 1998) and non-filtered
cigarettes (13.5 mg/g; Malson et al. 2001). In ‘an open-label, within the subject design’
study, it was determined that time required to smoke a bidi cigarette and number of
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puffs per bidi were significantly higher than for a conventional cigarette (Malson and
Pickworth 2002; Malson et al. 2002). In smokers who switched to Irie bidi cigarettes,
plasma nicotine levels increased above the levels observed when they smoked their reg-
ular cigarettes (26 ng/mL vs 18.5 ng/mL). Based on the higher content of nicotine in
the tobacco and similar or higher nicotine and CO deliveries in the MS, it is unlikely
that bidis can be considered as a safer alternative to smoking regular cigarettes. The levels
of preformed NNN and NNK in bidi tobacco are from 6200 ng to 12 000 ng/g and from
400 ng to 1400 ng/g tobacco, respectively (Nair et al. 1989). In the MS of bidis, the
NNN levels ranged from 11.6 ng to 250 ng per cigarette and the NNK levels ranged
from not detected to 40 ng per cigarette. These concentrations were comparable to
those determined in the MS of Indian cigarettes (Table 9.3).

Chutta
Chutta is a smoking product exclusively used in India. Reverse smoking of chutta
(burning end inside the mouth), which is prevalent among women in the rural com-
munities of Andhra Pradesh, has been associated with cancer of the upper palate.
Chutta is also smoked as a normal cigar. The tobacco levels of preformed NNN and
NNK in chutta were reported to be extremely high (from 21 100 ng to 295 000 ng and
from 12 600 ng to 210 300 ng/g, respectively) (Nair et al. 1989). The reverse smoker
inhales both the mainstream and sidestream smoke. The NNN and NNK levels in the
MS of Chutta ranged from 288 ng to 1260 ng per cigarette and from 150 ng to 2650 ng,
respectively.

Kreteks
Kreteks are a type of small cigar containing tobacco (approximately 60%), ground
clove buds (40%), and cocoa, which gives a characteristic flavor and ‘honey’ taste to the
smoke (Stratton et al. 2001). Kreteks are indigenous to Indonesia, but are also available
in the US. The chemical composition of kreteks that was used to compare their acute
toxicity with that of American blended cigarettes in male and female rats was as fol-
lows: total particulate matter, 52.3 mg/kretek cigarette vs 19 mg/per conventional ciga-
rette; nicotine, 2.4 mg vs 1.0 mg; CO, 23.7 vs 15 mg (Clark 1989).

Novel potentially reduced-exposure products
During the past five decades there has been a continuous trend in developing and
marketing ‘safer’ (reduced-exposure, reduced-toxicity) tobacco products in order to
reduce adverse health effects. The latest review of the field (Burns et al. 2001) revealed
that the changes in cigarette design made since the 1950s have resulted in about a 60%
reduction in machine-smoking measured yields of tar (smoke condensate that harbors
numerous carcinogenic constituents), but have had little or no effect on reducing
cancer risk. The minor decrease in risk occurred only among the exclusive users of
low-yield cigarettes, not among the switchers from high- to low-yield products.
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In recent years, there has been a proliferation of new potential reduced-exposure
products (PREPs) from which specific agents, particularly cancer-causing compounds,
have been selectively removed or substantially reduced using advanced technologies
(Stratton et al. 2001). To date, the tobacco industry’s toxicological research claims have
not been validated by any independent institution. These new products have been
targeted at smokers who cannot or do not want to quit, smokers who want to exercise
the option of choosing a product that contains lower amount of cancer-causing agents,
and smokers who want an alternative to cigarettes when they are in smoke-free environ-
ment they confront on a daily basis (such as workplace, home, during travel, and other
environment) (Henningfield and Fagerström 2001).

Currently, there are several categories of tobacco products on world markets that
purport to reduce harm: (i) cigarettes made with modified tobacco containing reduced
levels of cancer-causing agents, such as NNK (the most potent lung adenocarcinoma-
causing agent) and PAH (especially BaP, lung squamous cell carcinoma-causing agent);
(ii) cigarettes made with a genetically modified nicotine-free tobacco; (iii) cigarette-like
delivery devices engineered to reduce tobacco toxin exposure using advance technolo-
gies; and (iv) smokeless tobacco products, especially moist snuff, made with tobacco
from which cancer-causing agents, such as NNK, were either completely eliminated or
significantly reduced.

The chemical composition of the MS of one cigarette brand that is being test-marketed
as a reduced-nitrosamine product (http://www.starscientific.com/066745321909/
advancesmoke.html) is shown in Table 9.7. The yields of select smoke components for
this cigarette were compared with the average yields for three commercial brands with
the same FTC ranking and the reduction of emissions were calculated. It is notable that
nicotine concentration in MS of the new cigarette did not change. Although the NNN
and NNK levels were significantly lower than in commercial cigarettes (up to 85%), the
reduction of other constituents was not as pronounced. The tar yield, in which many
carcinogens including PAH reside, was reduced by only 8.4% (20.8 mg per cigarette
under more intense machine-smoking conditions). The levels of carcinogenic 1,3-
butadiene increased slightly and formaldehyde levels went up by 47% compared with
commercial cigarettes. Another cigarette brand which claims reduced-lung carcinogens
delivers comparable tar, nicotine, BaP yields as commercial brands and much higher
yields of nitric oxide and formaldehyde (http://www.omnicigs.com/frameset_
test.asp?home.asp). In summary, similar levels of nicotine between the modified
and non-modified cigarettes indicate that the addictive properties of new products
were not reduced, nor was the possibility of endogenous formation of TSNA. The
biological relevance of selective reduction/removal of specific carcinogens has yet to be
investigated.

Another example of novel reduced-exposure products is a cigarette-like device that
employs unconventional technology to deliver nicotine to the smoker (deBethizy et al.
1990; Borgerding et al. 1997). The intended purpose of this cigarette which heats rather
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than burns tobacco is to simplify the chemical composition and reduce the
biological activity of the mainstream and sidestream smoke, and to achieve a signifi-
cant reduction of environmental tobacco smoke. While this cigarette burns some
tobacco, it does not use tobacco as the fuel to sustain combustion and to provide heat
to the cigarette. Rather, this new cigarette primarily heats tobacco, thereby reducing
products of smoke formation mechanisms such as tobacco combustion, tobacco pyro-
lysis, and pyrosynthesis. The MS composition from a cigarette based on the new design
has been characterized in comparative chemical testing with two Kentucky reference
cigarettes using the FTC machine-smoking method. The data shown in Table 9.8 indi-
cate that the mainstream concentrations of most targeted compounds are significantly
lower in this unconventional cigarette than in KY 1R4F reference low-yield cigarette.
Although the new product delivered a lower amount of nicotine, the absorption of
nicotine from this cigarette was not found to be significantly different from nicotine
delivered by tobacco-burning cigarettes (Benowitz et al. 1997). Carboxyhemoglobin
(COHb) and expired breath CO levels were elevated by 24.4 and 30.6%, respectively, in
smokers after switching to new product that heats tobacco (Smith et al. 1998). In con-
trast, the urine mutagenicity of smokers of the new cigarette was significantly lower
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Table 9.7 The yields of select toxic and carcinogenic agents in the MS of a novel
nitrosamine-free cigarette test-marketed in the US
(http://www.starscientific.com/066745321909/advancesmoke.html)

Compound FTC method Massachusetts % Reduction (compared 
method to 3 commercial brands

(Mass method)

Nicotine (mg/cigt.) 0.8 1.7 (−) 0

Tar (mg/cigt.) 10.8 20.8 (−) 8.4

CO (mg/cigt.) 8.7 18.7 (−) 17.2

BaP (ng/cigt.) 8.1 18.4 (−) 8.0

4-ABP (ng/cigt.) 2.1 3.5 (−) 18.6

Formaldehyde (µg/cigt.) 36.0 81.2 (+) 46.8

NOx (µg/cigt.) 101.5 215.3 (−) 56.7

Ammonia (µg/cigt.) 12.8 28.0 (−) 33.0

Acrolein (µg/cigt.) 39.7 102.0 (−) 10.5

1,3-Butadiene (µg/cigt.) 46.9 94.3 (+) 1.1

Benzene (µg/cigt.) 29.6 66.9 (−) 14.9

NNN (ng/cigt.) 39.8 73.0 (−) 75.4

NNK (ng/cigt.) 15.6 30.2 (−) 84.4
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(p < 0.05) than that of smokers of conventional cigarettes and it was not significantly
different (p > 0.10) from that of non-smokers (deBethizy et al. 1990).

Another new technology, an electrically heated cigarette was introduced to the US
market in 1998. The prototype, containing a tobacco filler wrapped in a tobacco mat,
is kept in constant contact with eight electrical heater blades in a microprocessor-
controlled lighter. This cigarette contains about half the amount of tobacco of a
conventional cigarette. Under the FTC-standardized smoking conditions, the cigarette
delivers 1 mg nicotine while all other analysed smoke constituents were significantly
lower than those measured in the MS of conventional low-yield reference cigarette.
The carcinogenic PAH were below the detection level (Hoffmann et al. 2001). However,
formaldehyde yields were significantly higher.

None of the new products that claim reduced harm have been widely used in larger
populations and their toxicology is generally unknown, as is their potential impact on
both individual and public health. The outcome of a small, short-term, clinical study
(10 male and 10 female smokers) suggested that neither of two products that employ
unconventional nicotine delivery technologies is likely to be an effective reduced-
exposure product for smokers (Breland et al. 2002a). In another study by the same group
of researchers, 12 smokers who switched to a reduced-nitrosamine cigarette, received
lower exposure to the lung carcinogen NNK than when using regular cigarettes, but
more NNK exposure than when not smoking (Breland et al. 2003). Relative to smokers’
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Table 9.8 The yields of select toxic and carcinogenic agents in the MS of a novel cigarette
that heats rather than burns tobacco (Borgerding et al. 1997)

Compound Eclipse Reference KY 1R4F cigarette % Reduction

Nicotine (mg/cigt.) 0.2 0.8 (−) 76.5

Tar (mg/cigt.) 2.9 8.8 (−) 67.0

CO (mg/cigt.) 7.5 11.1 (−) 32.4

BaP (ng/cigt.) 0.6 5.0 (−) 88.0

4-ABP (ng/cigt.) n.d. 3.3 (−) 100

Formaldehyde (µg/cigt.) 1.2 11.8 (−) 89.8

NOx (µg/cigt.) 35.0 279.0 (−) 87.4

Ammonia (µg/cigt.) 5.5 19.8 (−) 72.2

Acrolein (µg/cigt.) 20.0 72.0 (−) 72.0

1,3-Butadiene (µg/cigt.) 1.6 35.0 (−) 95.5

Benzene (µg/cigt.) 6.2 38.0 (−) 84.0

NNN (ng/cigt.) 11.0 68.0 (−) 84.0

NNK (ng/cigt.) 14.0 67.0 (−) 79.0
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own brands, low-nitrosamine cigarettes produced similar withdrawal suppression and
heart rate increase and higher plasma nicotine concentrations (Breland et al. 2002b).
These three studies represent the limited state of the non-tobacco industry funded
published literature in that they are far too small to develop conclusions regarding the
products tested.
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Chapter 10

Tobacco in Great Britain

Patti White

The British love affair with tobacco began in the sixteenth century with the pipe smoking
Elizabethan pirates who sailed with Hawkins and Drake. While many mid-sixteenth
century Europeans were exploring the supposed curative properties of tobacco, the
English seized upon this new import from the Americas as a substance to be enjoyed. By
the end of Elizabeth I’s reign, smoking was observed in all classes of society (Corti 1931).

Elizabeth’s successor, James I, is renown for fulminating against smoking in his
A Counterblaste to Tobacco (1604) but, not for the last time, the commercial value of
tobacco ultimately overcame all objections. The sale of tobacco grown in the Jamestown
colony became the saviour of the whole English colonial enterprise in America (Borio
1998). By the late 1620s about 500 000 lbs of Virginia tobacco were being imported into
London every year; the tobacco trade was a major business by the second half of the
century (RCP 2000).

Snuff taking, a French habit that became fashionable with the restoration of the
monarchy in the latter seventeenth century, gave way to the rise of the cigar in the
nineteenth century. A popular culture of smoking emerged accompanied by the publi-
cation of pamphlets, books, and periodical articles preaching the ‘art of smoking’ to the
expanding middle class.

The cigarette, initially seen as rather effeminate, had been brought to England by
soldiers returning from the Crimean War (1853–56). In 1854, Philip Morris, a Bond
Street tobacconist, began to manufacture his own brand of handmade cigarettes and
in 1880, Richard Benson and William Hedges opened a shop nearby (Borio 2001). But
it was in the twentieth century, with the mechanization of cigarette manufacture, that
smoking became a mass habit.

A twentieth century epidemic
Tobacco consumption changed dramatically in Great Britain during the twentieth cen-
tury, doubling in the first half of the century from 4.1 g per adult per day in 1905 to
8.8 g in 1945/46 (RCP 2000). Very few women smoked before the 1920s but the
tobacco industry began marketing cigarettes to women using images of emancipation
and power and smoking prevalence began to rise in the 1930s and 1940s. The highest
recorded level of smoking prevalence among men was 82 per cent in 1948 (Wald and
Nicolaides-Bouman 1991).
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Like many other love affairs, Britain’s dalliance with tobacco began to sour. The
groundbreaking work of Richard Doll and Sir Austin Bradford Hill in 1950 proving the
link between smoking and lung cancer attracted professional attention but went largely
unreported in the British press. The government of the day not only failed to act to
reduce smoking, but even went out of its way to downplay the weight of evidence.
Finally, frustrated by its failure to address the problem through traditional channels,
the Royal College of Physicians of London made its first intervention in a public health
debate since 1725 when it had opposed cheap gin (RCP/ASH 2002). The publication of
Smoking and Health (1962) was a landmark event in public health in the United
Kingdom. Nine years later the RCP founded Action on Smoking and Health (ASH)
and tobacco control advocacy moved into the public arena.

Tobacco control had a big job on its hands. By the end of the twentieth century,
smoking annually caused more than 120 000 deaths in the United Kingdom of people
aged 35 and older; one in five deaths at all ages. Cigarette smoking caused 46 000
deaths from cancer, 40 000 from circulatory disease and 34 000 from respiratory dis-
ease. Nine in ten lung cancer deaths in men and three in four in women were caused by
smoking. Smoking caused 30 per cent of all deaths from cancer. More than two in five
deaths under 65 from ischaemic heart disease and two in five from stroke were caused
by smoking. Some 14 people—nine men and five women—died every hour because of
their smoking (Callum 1998).
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Fig.10.1 The different ways tobacco was used from the late nineteenth to late twentieth
century among UK males, with the rise of the cigarette around the turn of the century and
the decline of other forms of tobacco use. (The scale on the left is per capita cigarette
consumption, and on the right, kilogrammes of tobacco.) (Source: M. Jarvis from Wald and
Nicolaides-Bouman 1991.) 
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Adult smoking
Since 1972, smoking prevalence in Great Britain has been measured regularly in a
nationally representative population sample as part of the General Household Survey.
These surveys show that the prevalence of cigarette smoking fell substantially in the
1970s and early 1980s. Since then the decline has slowed and there has been little
change in adult prevalence since 1992 (Fig. 10.2).

In December 1998, the UK government for the first time set out a comprehensive
strategy to tackle smoking in its White Paper, Smoking Kills, and set a target for to
decrease smoking prevalence in adults, school children (11–15 years), and among
pregnant women in England (DH 1998). It has subsequently set targets to narrow the
gap in smoking between manual and non-manual social classes (DH 2000).

Gender
Prior to the mid-1980s, men in Great Britain were much more likely to be cigarette
smokers than were women, but since then the difference in prevalence has been
decreasing. However, Fig 10.2 does not account for pipe or cigar smoking and British
women rarely use these forms of tobacco. Taking cigar and pipe smoking into consid-
eration, about 32 per cent of men smoke any tobacco product compared to 26 per cent
of women (Walker et al. 2001).

Adult age groups
In 2000, cigarette smoking prevalence was highest among those aged 20–34. Prior to
the 1990s, prevalence was similar in all age groups except the youngest (16–19) and the
oldest (60 and over) (Walker et al. 2001).
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Fig. 10.2 Prevalence of cigarette smoking by age and sex: 1974–2000 Great Britain, Persons
16 years and over. (Source: Walker et al. 2001.)
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Minority ethnic communities
Levels of smoking prevalence vary considerably between ethnic groups. In England
in 1999, Black Caribbean, Bangladeshi, and Irish men and women all had prevalence
rates above that of the general population while both Chinese men and women
were much less likely to smoke (Erens et al. 2001). There are also large variations in
smoking by sex. In South Asian communities few women smoke, but some do use oral
tobacco. This is most pronounced among Bangladeshi women, only about 1 per cent of
whom report smoking cigarettes, compared to over a quarter who say they chew tobacco
(Erens et al. 2001).

Region
Cigarette smoking prevalence has tended to be higher in Scotland than in England and
Wales, at least since regular national surveys of smoking prevalence began in the 1970s.
In 2000, about 30 per cent of men in Scotland smoked compared with 29 per cent in
England and 25 per cent in Wales. For women, the figures were 30, 25, and 24 per cent,
respectively (Walker et al. 2001).

Young people
Regular surveys of smoking among schoolchildren aged 11–15 have been carried out in
Great Britain since 1982. In nearly 20 years, regular smoking—defined as usually
smoking one cigarette a week—has fluctuated, but has been fairly stable (Fig. 10.3).

One notable feature has been that since the mid-1980s, girls have been more
likely than boys to be regular smokers, although boys smoke more. In the 2000 survey,
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Fig. 10.3 Cigarette smoking by sex, secondary school children in England 1982–2001. (Source:
Department of Health 2002.)
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boys who were regular smokers reported smoking 50 cigarettes in the past week com-
pared with girls’ 44. The number of cigarettes smoked by regular smokers has been
stable since 1982 (DH 2001).

Smoking prevalence increases sharply with age: in 2001, about 1 per cent of 11 year
olds smoked regularly compared with 22 per cent of 15 year olds (DH 2002). Gender
differences in regular smoking appear about age 13 and are maintained at 14 and 15.

Laws prohibiting the sale of tobacco to young people have existed since 1908, and
currently under the Children and Young Persons (Protection from Tobacco) Act 1991,
it is an offence to sell any tobacco product to anyone under the age of 16. In 2000,
80 per cent of regular underage smokers said they usually bought cigarettes from
shops. This proportion is lower than the period 1982–98, but greater proportions of
pupils mentioning other sources of cigarettes, such as purchasing from vending
machines or friends, has broadly increased over that period (DH 2001).

Socio-economic group
A clear social class gradient in smoking prevalence has existed in Great Britain for
more than 20 years. The general decline in smoking in the last quarter century has
been less pronounced among those in manual occupational groups and as a result
smoking has become increasingly concentrated in these groups. In 2000, in social class I
(professional), around 15 per cent of men and 13 per cent of women smoke cigarettes;
in social class V (unskilled manual), prevalence among men is 39 per cent and 34 per cent
among women (Walker et al. 2001). These figures, however, disguise very high preva-
lence rates among the most deprived groups—such as lone mothers living on state
benefit—among whom prevalence reaches over 70 per cent (Marsh and Mackay 1994).

Smoking and deprivation
The government has identified smoking as the greatest single factor contributing to the
gap in healthy life expectancy between the best and the worst off (DH 1998). Among
men, smoking accounts for over half of the difference in risk of premature death between
the social classes. Premature deaths from lung cancer are five times higher among men in
unskilled manual compared with those in professional work (Jarvis and Wardel 1999).

The success of better-off smokers is not due to motivation. Surveys have shown con-
sistently that about seven in ten smokers in England say they want to stop smoking and
those in lower socio-economic groups are just as motivated to quit as those in profes-
sional groups. There is evidence to suggest both from survey data and from quantita-
tive measures that nicotine dependence increases with deprivation (Jarvis and Wardel
1999). As part of its comprehensive tobacco programme, the government has made
pharmaceutical aids to quit smoking available on National Health Service prescription.
It has also funded, through the NHS since 2000, a national network of smoking cessation
services that are free of charge.
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Smoking in pregnancy
From 1992 to 2000, the Health Education Authority (HEA) conducted annual surveys
among pregnant women in England. The proportion of pregnant smokers fluctuated
over that time (Owen and Penn 1999). In 1999 nearly a third of women (31.5%) smoked
during pregnancy compared to 27 per cent in 1992. Smoking was especially prevalent
among women who were single, separated, or divorced, in social groups DE, living in
rented social housing or who had left full-time education at 15 and 16 years old. In this
period, smoking remained consistently high among young women from manual social
groups (Fig. 10.4).

Looking at current smoking by trimester of pregnancy shows that the proportion of
women who stop smoking during pregnancy is small; stopping tends to happen in the
first trimester. On average across the nine surveys, 32 per cent of women were smoking
in the first trimester, compared with 27 per cent in the second trimester and 25 per
cent in the third (Owen and Penn 1999).

Conclusion
Britain has had a long association with tobacco, both through trade and domestic use.
After the declines in cigarette smoking prevalence of the last quarter century, it would
be tempting to think that the affair was drawing to an end, but it is far from over. Over
a quarter of the adult population still smokes cigarettes and there has been little change
in prevalence over a decade. Smoking is stubbornly high among pregnant women,
secondary schoolchildren and the most disadvantaged members of society. The UK
government has set its sights on cutting deaths from coronary heart disease and

Smoking prevalence among pregnant women by social class and age
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Fig. 10.4 Prevalence of cigarette smoking among pregnant women by social class and age:
1992–1999. (Source: Owen and Penn 1999.)
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cancer, and bringing about better equality in health among all members of society.
While it has put in place a number of new initiatives to help achieve this, health profes-
sionals and advocates in the UK will have to apply themselves with urgency and vigour
to bring a four centuries-old affair to an end.
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Chapter 11

The epidemic of tobacco use in China

Yang Honghuan

Introduction
Tobacco use was first introduced into China during the sixteenth and seventeenth cen-
tury from the west, via the Philippines and Vietnam, to the south of China, and via
Korea to the Northeast of China (Wu and Zhang).

During 1889, the American Tobacco Company, and 1890 the British American
Company came into the Chinese market after which the domestic tobacco company
started to set up. The growing of tobacco started in Taiwan province then extended to
the central and southeast areas of China. During 1931–35, the area growing tobacco
reached 290 000 hectare in 23 provinces, annual product of tobacco was 330 000 metric
tons. Many famous film stars worked in Tobacco advertisements, smoking was
accepted by Chinese society and was a fashionable activity (Chart 1).

Since 1949, all tobacco companies have become state-ownership enterprises. The
Chinese government published a ‘Draft of regulation on monopoly on cigarette’ in
1951. China started a monopoly business of cigarette manufacture controlled by the
State. In 1950 the tobacco produced was 154 000 metric ton; then it increased to
2 238 000 metric ton by 1990, when it was 33 per cent of the world’s tobacco product
(Food and Agricultural Organization) (WCOO). Cigarette production was 17 040 000
cartons (1 carton equal 50 000 cigarettes) in 1980, then quickly increased to 34 800 000
cartons in 1995, then decreased a little to 33 349 000 cartons in 2000. The cigarettes
were mainly sold in the domestic market, sales volume was 33 336 000, the tax revenue
achieved 105 billion RBM (Newletter of Smoking and Health in China 2001), which
was 9 per cent of total tax revenue (Fig. 11.1).

China, home of 1.2 billion people and the world’s fastest growing economy, is the
most sought-after target of the transnational companies. Multinational companies are
moving quickly to establish themselves in China after half a century during which they
withdrew from the Chinese market. In Asia, they have had the support of US trade
negotiators in forcing open tobacco markets previously closed to foreign companies.
Since the mid-1980s, Japan, South Korea, Thailand, and Taiwan have all given in to
pressure from Washington and allowed the sale of foreign cigarettes. In Japan, foreign
cigarettes now make up nearly 20 percent of the country’s cigarette market.
RJ Reynolds has manufactured Camel and Winston cigarettes in Chinese factories
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Fig. 11.1 Revenue of tobacco compared with national total revenue, 1982–95.

Chart 1 (From the brand of Beauty made by Hua-Chen Tobacco Company in 1925. The chart
from website: Shanghai.online.sh.cn/business/shzz/shzz-03.htm)
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since the late 1980s. In 2001, Philip Morris reached an agreement with the Chinese
government-run tobacco company to manufacture Marlboro and other PM brands
in China (Shenon 1984).

In the background, the prevalence of tobacco use was quickly increasing, and the
hazards of tobacco use were starting to appear.

Prevalence of tobacco use

General picture
There was no national picture on tobacco-use behavior before the 1984’ national survey.
The World Health Organization estimated annual per capita consumption of cigarettes
per Chinese adult 15 years of age and above to be 730 in 1970–72, 1290 in 1980–82,
and 1900 in 1990–92 (WHO).

In 1984 the first national survey on the prevalence of tobacco use was carried out by
the National Patriotic Health Campaign Committee, which covered all 29 provinces,
autonomous regions and municipalities. 519 600 persons (258 422 males and 261 178
females) aged 15 years and above surveyed by stratified random sampling. The average
smoking rate among Chinese was 34.45 per cent, with 61.01 per cent for males and
7.04 per cent for females (Weng 1987). The average number of cigarettes was 13 per
day for males and 11 per day for females. The 1996 national prevalence survey on
smoking behavior was conducted in all urban and rural areas of the Mainland China.
The total sample size was 130 657 by three-stage probability sample. Of the originally
sampled population of 128 766, a total of 120 783 (93.8%) persons provided complete
data and were included in the final analysis. There were 63 793 male and 56 020 female
participants (with 485 not identifying gender), of whom two-thirds came from rural
and one-third from urban areas. The indicators for smoking rates were based on the
WHO classification of smoking definitions: ever smokers included persons who had
ever smoked for at least 6 months during their lives; current smokers were smoking
tobacco products at the time of the survey; regular smokers were persons smoking at
least one cigarette daily; and heavy smokers at the time of the survey smoked at least
20 cigarettes daily (World Health Organization 1983). Passive smoke exposure was
defined as being exposed to another person while he or she is smoking for at least
15 minutes daily for more than 1 day per week. Overall smoking rates were calculated
using a pre-weighting method and with age-standardization to the 1990 national census
(Chinese Academy of Preventive Medicine 1996).

In the 1996 survey, overall prevalence rates for smokers were 66.9% for males
and 4.2% for females, with an overall prevalence of 37.6% among China’s population
older than 15 years of age. Most smokers started smoking at the age of 20, three years
younger than what was found in the 1984 national survey. Daily per capita con-
sumption in 1996 was 15 cigarettes, two cigarettes more per day than in 1984. The age
of starting to smoke increased with age in both men and women. Compared to 1984,
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the regular smoking rate of 35.1% for 1996 was higher by 3.4%. The prevalence
of smoking increased in males less than 30 years old, and decreased in those older than
45 years compared with the data from 1984 (Fig. 11.2). Between the two surveys, the
ages at which males and females reported starting to smoke dropped by about three
years. For men, the average age of starting to smoke in the 1996 data was about 19 years
compared to about 22 years in 1984. For women, the age of starting to smoke dropped
from 28 years to 25 years (Yang et al. 1999). Similar results have been obtained from
other epidemiological surveys, such as 1991 national survey on prevalence of hyper-
tension, which reported the current smoking rate (Wu et al. 1995). Based on the results
of the 1996 survey, more than 300 million men and 20 million women smokers were
estimated, making China the world’s largest actual and potential national market for
cigarettes. In 1994 about 1.7 trillion cigarettes were produced in China and about
900 million were imported (WHO 1997). In detail smoking behavior from the 1996
survey is as follows:

◆ Smoking rates increased rapidly from 18% among those 15–19 years old, to 55% in
the next 5-year age category, while for women, the smoking prevalence increased
slowly to about 5% at 45 years of age and then more rapidly to over 14% for those
65 years of age and older. In older males, the current smoking rate declined as the
percentage of ex-smokers increased.

◆ The average number of cigarettes smoked per day by men rose from about
2 per day at 15–19 years of age to 12 cigarettes a day at 20–25 years, and then up to
an average of 15 cigarettes per day by age 30 years. Women smoked slightly more
than 10 cigarettes per day at all ages above 20 years of age.
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◆ Among males, smoking rates were lowest among those with at least a college educa-
tion (54.2%) and highest among those with no more than primary schooling
(72.4%). Smoking rates among males also varied by occupational group. Over 70%
of farmers, factory workers, service people, private company employees, those self-
employed, and the floating or itinerant population with no fixed residence were
smokers. Smoking rates for male health professionals (60%) and male teachers
(56%)—two key groups of male role models for prevention—were also high.
Among women, smoking rates by occupation were distinctly different, with the
highest rates among retired persons (11%), and those working at home (8%).

◆ The smoking rate for rural males (68.4%) was slightly higher than for urban males
(64%) at all ages. Older women living in urban areas smoked more than women in
rural areas, with a peak prevalence rate of 16% at age 65 years. Regional distribu-
tions show that among males, smoking rates were high throughout China, but
especially so in the southwest. For females, there was significant variation in smok-
ing rates by region, with the highest rates in the northeast and north of China
(10.2%) and the lowest (2.5%) in the south.

◆ Most smokers used filtered cigarettes, which dominated the market, especially
among the young. Only about 20% of the men and women smoked unfiltered
brands. Smoking practices varied across the country, reflecting different cultural
practices by ethnic groups. The Chinese pipe was commonly smoked in particular
areas, primarily the south and southeast, and hand-rolled cigarettes were used in
the northeast, where for example, 20% of older men and middle-aged women
smoked pipe tobacco.

Smoking in women
The prevalence of tobacco use in Chinese women was lower than in men, which was
related to the social and cultural background of China. However, the prevalence of
tobacco use was not same for different generations of women. There were several
stages: the prevalence among women born in 1921–40 was higher, almost 10–15 per
cent, which was consistent with the tobacco industry’s marketing strategy during
1930–40. Meanwhile the prevalence of tobacco use was higher among the Northeast
women than in other areas and was similar to tobacco use from Korea to the Northeast.
The reason for this is worth studying.

Smoking in adolescence
In recent years there have been over ten studies on smoking prevalence and smoking-
related knowledge, attitudes and behaviors among adolescents in China, including the
Global Youth Tobacco Survey (GYTS) (Wang et al. 1994; Li et al. 1999; Warren et al.
2000) and a 1998 survey which covered 12 urban areas and 12 rural areas located in
16 provinces. The GYTS included over 10 000 students aged 13–15 years, from four
cities. The 1998 survey primarily focused on middle school students, but also included
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non-students of middle school age in the 12 rural areas. The survey outlined the transition
from non-smoker to smoker among adolescent.

◆ Overall, the reported prevalence rates of experimenting were 47.8% for boys and
12.8% for girls aged 12–18; the corresponding figures for ever-smoking were 9.4%
for boys and 0.6% for girls (Yang et al. in press). The China GYTS also indicated
that 32.5% of the male students and 13% of the female students aged 12–15 had
tried smoking and the average age of smoking initiation was 10.7 years of age
(Warren et al. 2000). There was a slight increase of prevalence among middle school
students in a later survey compared with earlier surveys; the smoking rate among
male students was still significantly higher than that of the female students, but the
smoking rate among female students in the big cities of China is increasing.

◆ The prevalence of experimenting increased sharply with age for boys and the
majority of 15–16-year-olds had experimented. While the prevalence of experi-
menting also increased with age for girls, less than 20% of 15–16-year-olds had
experimented.

◆ By region, the prevalence rates of experimenting for boys were similar in the urban
and rural locations (48.1% vs. 47.4% respectively) (Table 11.1). For girls, the preva-
lence rates for experimenting were twice as high in the urban areas (15.6%)
compared with the rural areas (7.6%).

◆ With regard to the age of initiation, about 6% of boys and 2% of girls took their first
puffs by age 10 years, and 3% of boys and 0.3% of girls were smoking by age 15 years.

◆ The source of the first cigarette smoked was most commonly peers (44.0%);
another 18.5% obtained the cigarette themselves and only 4.6% obtained the
cigarette from a family member.

◆ The major of reasons for initiation of smoking were (1) out of curiosity, (2) due to
peer pressure, and (3) because of the need of social interaction.

◆ The China GYTS indicated that 92% of the students surveyed believed that
smoking is harmful to people’s health and 81% believed that passive smoking is
harmful. About 85% of the students said that their parents had advised them not to
smoke (Warren et al. 2000). But there was not an association between knowledge
and behavior for tobacco-use.

◆ From 1988 to 2000 several studies also focused on the factors related to the begin-
ning of smoking among adolescents. A variety of risk factors may push young people
to begin smoking, while other factors may steer them away from smoking. Weak per-
formance in school was a relevant personal factor associated with experimenting.
Peer smoking and school performance were even stronger determinants for becom-
ing a smoker than for experimenting (Zhu et al. 1988; Crowe et al. 1994; Osaki et al.
1999). Outside environmental factors, such as cigarette advertising were related
to attitudes on smoking in adolescence (Lam et al. 1998). And social-economical,
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Table 11.1 Smoking among adolescents in China 

Male (n = 11 378) Female (n = 9932)

Puff Ever Current Puff Ever Current

No. % No. % No. % No. % No. % No. %

Total 5441 47.8 1074 9.4 984 8.6 1267 12.8 55 0.6 43 0.4

Urban 3222 28.3 696 6.1 637 5.6 998 10.0 49 0.5 40 0.4

Rural 2219 19.5 378 3.3 347 3.0 269 2.7 6 0.06 3 0.03

Nun student 228 2.0 106 0.9 102 0.9 13 0.1 0 0 0 0

Source: Yang GH, Ma JM, Jon Samet, et al. Smoking in adolescent in China, J. British Medicine (in press).



cultural, and other environmental factors, such as the social norms on smoking also
related to smoking behavior among adolescents (Sun et al. 1997).

Smoking cessation
Cessation can prevent some deaths related to tobacco use, but there are many barriers
to it. The picture of cessation among Chinese smokers was different from western
countries. Systematic large-scale research on cessation was not very plentiful, but
the 1996 survey drew an outline of the cessation process among Chinese smokers
(Yang et al. 2001).

◆ Only 16.76 per cent current smokers wanted to quit the habit, but without any plan;

◆ The proportion of quitting and relapse were almost equal. 9.5 per cent of ever smokers
were quitting, another 10.6 per cent quit once but were smoking at the survey.

◆ Only 3.5 per cent among ever-smokers have currently quit successfully for at least
2 years.

◆ The numbers of those willing to quit, trying to quit, and successfully quitting
increased with age. There are very obvious differences between groups with differ-
ent educational levels and occupations.

◆ The most common reason for quitting was illness, which explained why the rate of
quitting was higher in older people.

◆ Among the students who smoke, 72% said that they wanted to quit, but only 58%
of them had tried to quit. Their reasons for trying to quit were (1) because of the
harmfulness of tobacco use to their health (66%), (2) due to the opposition to
smoke from parents and friends (16%), and (3) to save money (Warren et al. 2000).

In summary, the percentage of former smokers and smokers contemplating quitting
was low in China.

Environmental tobacco smoke exposure
Various methods were used in describing prevalence of environmental tobacco smoke
exposure in China. They range from simple questionnaire reports to measurements of
tobacco combustion products in air of indoor environments and of biomarkers of
tobacco smoke in human fluids and tissues. Studies comparing questionnaire indexes
of ETS exposure to levels of biomarkers have shown that these different indicators
are correlated, although their results are not perfectly concordant. The term passive
smoking was used to describe ETS exposure as measured by the questionnaire.

In China there were large-scale epidemiological surveys on ETS exposure with ques-
tionnaires, such as 1996 national survey, and small-scale epidemiological survey with
biomarkers.

In the 1996 national survey in China, of all current non-smokers, 53.58% reported
exposure to ETS, defined as being in the presence of passive smoke at least 15 minutes
per day on more than one day a week. The prevalence rate of ETS exposure in females
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(57%) was higher than in males (45%). The highest prevalence of exposure to ETS was
in women in the reproductive age range, up to 60%, with higher exposure in younger
groups than in older age groups. The majority of passive smokers were exposed to ETS
every day, with 71.2% reporting exposure at home, 25.0% reporting ETS exposure in
their work environments, and 32.5% in public places (multiple choices offered)
(Chinese Academy of Preventive Medicine 1996). The level was higher compared with
that in other countries, such as the United States (37% in men and women over 18 years
in 1993, and 31% in 1997) (Yang et al. 1999).

ETS exposure in children is strongly associated with a number of adverse effects, par-
ticularly involving the respiratory tract. The vast majority of children exposed to
tobacco smoke do not choose to be exposed. Children’s exposure is involuntary, arising
from smoking, mainly by adults, in places where children live, work, and play.
Unfortunately there were a few reports on ETS exposure in Chinese children. A survey
on distribution, frequency, and intensity of asthma was carried out among 71 867 sub-
jects in six areas of Guangdong province. The overall prevalence rate was 0.94%. The
group with high prevalence of asthma focused on children less than 7 years old. Among
patients with asthma frequent exposure to side-stream smoke was reported by 54.7%
(Tang et al. 2000). A cross-sectional survey on 1449 never-smoking pregnant women
who made their first prenatal visit to the Women and Children’s Hospital of
Guangzhou, China during 1996–97, found that 60.2% (95% Confidence Interval
57.7–62.7%) of the never-smoking pregnant women had a husband who currently
smoked. Women with smoking husbands (n = 872) were more exposed to ETS than
those with non-smoking husbands (n = 577) at home (71% vs. 33%), in public places
(77% vs. 66%), and at work (60% vs. 50% of working women), and they took less action
against passive smoking in public places (Loke et al. 2000). In general passive smoking
is an important public health problem in China, especially in women and children.

Summary
The present situation of tobacco use in China is alarming from a public health per-
spective. On the one hand, tobacco use is on the increase in China while it is decreasing
steadily in most of the developed countries. On the other hand, smoking rates among
women may be relatively low at present, but it is most likely to go up when big interna-
tional tobacco companies swarm into China when China enters the World Trade
Organization. The big international tobacco companies will undoubtedly target
Chinese women and adolescents. This situation requires strategic efforts to reduce
tobacco use among men and control the possible increase among women and youth.

The hazards of tobacco use
The most useful epidemiological studies for assessing the health risks of tobacco were
cohort studies initiated in the 1950s, 1960s, and 1970s, with follow-up mortality analy-
ses pertaining to this period as well (Peto et al. 1994). In the USA, UK, and Canada,
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where men had been smoking in large numbers for decades before these studies were
carried out, smoking was typically associated with a 70–80% excess mortality from all
causes.

In China a report from long-term disease surveillance pointed out that the
diseases related to tobacco use, such as lung cancer, stroke, and COPD had been
increasing. Mortality rate of lung cancer was on average increasing 4.5 per cent each
year since 1990 (Chinese Academy of Preventive Medicine).

In China there were a series of epidemiological studies on tobacco and mortality,
first in Shanghai (Gao et al. 1987; Zhong et al. 1999), then the world’s largest retrospec-
tive and prospective studies were carried out by researchers from two leading Chinese
scientific institutions (Chinese Academy of Preventive Medicine and Chinese Academy
of Medical Sciences) in collaboration with researchers from Oxford University,
England and Cornell University, USA. This retrospective study of novel design inter-
viewed the families of one million dead people to find out whether the dead person
had smoked. In addition an ongoing nationally representative prospective study, in
which a quarter of a million adults were interviewed about their own smoking habits,
have been followed for several years to see what they die from. The objective was to
assess the hazards at an early phase of the growing epidemic of deaths from tobacco in
China and, by continuing the prospective study for another few decades, to monitor
the future growth of the epidemic. The retrospective study compared the smoking
habits of 0.7 million adults who had died of cancer, respiratory or vascular causes
with those of a ‘reference group’ of 0.2 million adults who had died of other causes
(calculating, for example, the excess risk of lung cancer among smokers from the excess
of smokers among those who had died from lung cancer). The fieldwork involved over
500 interviewers in 24 major cities and 74 rural counties that are reasonably nationally
representative of China.

The prospective study sought out a quarter of a million men aged over 40 from
nationally representative disease surveillance points and weighed, measured, inter-
viewed, and carried out medical tests on 225 000 persons. Mortality and causes of
death have been monitored by annual visits. This prospective study will continue for
decades, tracing the growth of the epidemic.

Its preliminary results confirm the more detailed findings of the retrospective study.
The key findings from the retrospective study are the following:

There was 51 per cent excess of cancer deaths, 31 per cent excess of respiratory
deaths, and 15 per cent excess of vascular deaths among male smokers aged 35–69.
There was 39 per cent excess of cancer deaths, 54 per cent excess of respiratory deaths,
and 6 per cent excess of vascular deaths among male smokers aged 70 and over. Fewer
females smoked, but those who did had smoking-attributed risks of lung cancer and
respiratory disease about as great as for males (Liu et al. 1998). The main way that
smoking kills people in China is by making diseases that are already common, even
more common. For example, among men in urban China those smoking more than
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20 cigarettes a day had double the non-smoker TB death rates. So, in 1990, tobacco
caused 0.6 million Chinese deaths, 0.3 million deaths at ages 35–69, increasing to
0.8 million in the year 2000 of which 0.4 million at ages 35–69. The tobacco deaths
were 12 per cent of total deaths for male, and 3 per cent for female.

When the young smokers of today reach old age, tobacco will be causing about
3 million deaths a year, 33 per cent of male deaths and 1 per cent of female deaths.

The main findings from the prospective study were that the overall mortality was
greatest among those who started smoking in early adult life; the excess mortality
among smokers chiefly involved cancer, respiratory and vascular disease; and these asso-
ciations are largely causal, so tobacco currently causes 12% of all male deaths in China.
The overall risk ratio for smokers starting before the age of 20 is already 1.34, implying
that even at current death rates about 1 in 4 smokers will be killed by tobacco. But, this
risk ratio has already grown much bigger in the cities and will do likewise in rural areas,
as the generations that did not smoke cigarettes regularly are succeeded by the genera-
tions that have done so. In urban areas, where a greater proportion of tobacco use
involves cigarettes, the risk ratio for those who began before age 20 is already approaching
2, suggesting that half of all smokers will be killed by tobacco (Niu et al. 1998).

In general, the prospective study and the retrospective study both indicate that in the
early 1990s smoking was already responsible for about 12% of all adult male deaths,
which currently corresponds to 0.7 million male deaths, plus about 3% (0.1 million) of
all adult female deaths. The current health effects, however, chiefly reflect past smoking
patterns. On present smoking patterns, the death rates of smokers will become double
those of nonsmokers of the same age, suggesting that about half of today’s young
smokers will eventually be killed by tobacco.
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Chapter 12

Patterns of smoking in Russia

David Zaridze

Russia is the fourth largest cigarette market in the world, and one of the fastest-growing.
Russians consume about 300 billion cigarettes a year. According to official statistics in
1985 Russians consumed 240 billion cigarettes.

The smoking rate in Russia was already quite high in mid-1980s, 46–48% among
men and 3–12% among women (The principal investigators. The MONICA Project
1989). Since then smoking rates in men increased by about 10–15% and the rates in
women have at least doubled. In the survey carried out in Karelia in 1992 (Puska et al.
1993), highest smoking rates were recorded among people aged 25–34 years, 77% and
20% in men and women, respectively. Proportion of smokers among men aged 35–44
and 45–54 was 61% and 68% respectively. In women, in these age groups smoking
rates were lower, 13% and 3%, respectively. Lowest rates were observed in those aged
55–64 years, 57% in men and 3% in women (Table 12.1).

The results of the survey undertaken by the Russian Centre for Public Opinion
Research in 1996, which covered 69 urban and rural areas and included 1599
interviews have shown that smoking is common in all areas of Russia (McKee et al.
1998). Among men aged 18–24 years, 65% smoked, rising to 73% in those aged
25–34 and falling steadily to reach 41% in those aged 65 years and older. Among
women, smoking was much more common among young (27% in those aged
18–34) than among middle aged and elderly (5% in those aged 55+) (Table 12.1).
Smoking was much more common among living in urban areas than in rural areas.
Differences in smoking rates were more pronounced for women: 30%, 15–18%, 13%,
and 9% among women living in Moscow, in other cities, in small towns, and rural
areas, respectively.

Highest rates of smoking in women were recorded in Moscow (Levshin et al. 1998).
According to this study 31% and 28% of women in the age 20–30 and 30–39 smoked.
Among men of the same age groups 66 and 69% were smokers (Table 12.1). Kamardina
et al. (2002) have recently reported very high rates of smoking among women
in Moscow: 29% of women in the age 25–64 years are smokers. In the survey
of Oganov and Tkachenko (2001) 63% of men and 10% of women in Moscow smoke.
However smoking rates are much higher in men (74%) and women (25%) aged
30–35 years.
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Table 12.1 Smoking prevalence (%) in Russia

Age group Puska et al. (1993) RLMS VI1 McKee et al. 1998 Levshin et al. (1998) Zaridze et al. (in press)

Barnaul Tomsk Tyumen

Men

15–24 NA 52 65 (18–24) NA NA NA NA

25–34 77 71 73 66 (20–29) 71 71 71

35–44 61 66 71 69 (30–39) 72 71 69

45–54 68 60 64 59 (40–49) 68 65 61

55–64 57 50 49 48 (50–59) 54 51 50

65+ NA 34 42 32 (60–69) 34 33 32

Women

15–24 NA 17 27 (18–24) NA NA NA NA

25–34 20 17 28 31 (20–29) 18 23 22

35–44 13 11 14 28 (30–39) 13 18 16

45–54 6 7 12 20 (40–49) 9 13 10

55–64 3 2 5 11 (50–59) 3 4 3

65+ NA 1 5 2 (60–69) 2 2 1

RMLS – Russian Longitudinal Monitoring survey. (Quoted from McKee et al. 1998.)
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Ignatova et al. (1993) reported the results of a small household survey from
Chelyabinsk, based on the personal interviews of 859 men and 1222 women, among
which 62% men and 5% women smoked. Alexeeva and Alexeev (2002) reported from
Novosibirsk that smoking rates in men since 1985 have not changed and remained
at about 60%, while smoking in women increased from 3% in 1985 to 12% in 1997.

According to the most recent survey the proportion of current, former, and never
smokers in Moscow, in men aged 18–75 years is 58%, 20%, and 22% respectively. The
proportion of current, former, and never smokers in women of the same age is 27%,
12%, and 62%, respectively (Levshin and Fedichkina 2001). In the study reported by
McKee et al. (1998) the proportion of ex-smokers increased from 13% in the age
groups 18–24, 25–34, and 35–44 to 34% in men aged 55–64. High proportions of ex-
smokers were recorded in young women aged 18–24 and 25–34 (12% and 13%, respec-
tively) and low proportions in women aged 45 years and older (7%).

Smoking prevalence is higher in less-educated people. Probability of smoking is
higher in men who graduated secondary and primary schools, than in men with uni-
versity background, relative risk for smoking being 2.6 (95%CI 1.9–3.7) among men
with secondary education and 6.2 (95% CI 3.2–12.4) with primary education, in com-
parison with those who graduated from university (Levshin and Fedichkina 2001).
McKee et al. (1998) did not find any association between education and smoking,
however, they report higher smoking rates in economically deprived individuals.
Probability of smoking was statistically significantly higher among the most deprived.
Relative risk in men was 1.7 (95% CI 1.1–2.7) and 2.0 (95% CI 1.0–3.9) in women.

Smoking prevalence is very high among young clerks: 75% and 38% in men and
women of 20–29 years, 79% and 38% in men and women of 30–39 years old (Levshin
et al. 1998). Smoking rate is also quite high among physicians: 59% among men and
10% among women (Oderova 2001). Levshin et al. (1998) reported that proportion of
smokers among male and female physicians in Moscow is 41% and 13%, respectively.
Smoking rate was also very high in medical students aged 20–25 years, 44% and 
29% among men and women, respectively. It is important to note that students start
smoking during their tenure as medical faculty. Smoking frequency is lower among
medical students in their first year in university: 24% and 6% among men and women,
respectively. According to the same authors 11%. Female nurses are smokers.

Smoking habit is influenced by marital status. Probability of smoking is significantly
higher among divorced, than among married men (RR 2.3, 95% CI 1.00–5.3) (Levshin
and Fedichkina 2001). The smoking habit of an individual is also influenced by smoking
in the family and among friends (Levshin and Fedichkina 2001). Probability of smoking
is statistically significantly increased if parents, spouse, and/or friends are/were smokers.

In 1998–99 we have carried out a large household survey in Barnaul, Tomsk, and
Tyumen, towns situated in western Siberia. Populations of these towns are 500 000,
350 000, and 300 000, respectively. Personal interviews on lifestyle habits including
smoking and alcohol consumption were conducted with 53 097 men (20 092 in
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Barnaul, 16 076 in Tomsk, 16 929 in Tyumen) and 76 968 women (29 694 in Barnaul,
22 939 in Tomsk, 24 335 in Tyumen) in the age 25 years and older. Highest proportion
of smokers among men was observed in the age group 35–44 years (71% in all three
towns) and in the age group 45–54 years (72% in Barnaul, 71% in Tomsk, and 69% in
Tyumen). With increase in age, percentage of smokers among those interviewed
declined. However, smoking rates were still quite high among elderly men: 32–34% in
men 65 years and older. Proportion of ex-smokers increased with age from 5–7%
among men 25–34 years of age up to 31–34% in men aged 65 years and older (Table 12.2).
It should be noted that proportion and age distribution of smokers among men in
these three cities were very similar (Zaridze et al. in press).

Smoking rates were significantly higher among young women, 18%, 23%, and 22%
in Barnaul, Tomsk, and Tyumen, respectively. Proportion of current smokers was also
quite high among women 35–44 years old—13%, 18%, and 16% in Barnaul, Tomsk, and
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Table 12.2 Smoking prevalence in men (%) in Russia

Age Barnaul Tomsk Tyumen

25−34

Never 24.3 23.8 22.2

Ex 5.1 5.5 6.5

Current 70.6 70.7 71.3

35−44

Never 21.5 22.3 23.0

Ex 7.0 6.9 8.0

Current 71.5 70.8 68.9

45−54

Never 21.9 24.3 26.6

Ex 10.1 10.9 12.0

Current 67.9 64.8 61.4

55−64

Never 26.6 29.4 28.6

Ex 18.9 20.1 21.4

Current 54.4 50.5 50.0

65+

Never 32.7 35.8 32.3

Ex 34.7 31.0 35.8

Current 34.0 32.8 32.3

Total 20 092 16 076 16 929
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Tyumen, respectively. With increasing age, the proportion of smokers declined to
1–2% among women 65 years and older. The proportion of ex-smokers was very low
in all age groups (Table 12.3).

Smoking in Russia has become a ‘paediatric epidemic’. The proportion of smokers
among teenagers in Russia is very high and continues to increase, suggesting that even-
tually there will be a big increase in tobacco-related premature death in Russia. A sur-
vey of school children in Nalchik reported that 38% of boys and 12% of girls smoked
at least one cigarette per week (Skvortsova 2002). Surveys conducted by our group in
mid-1990s have shown that proportion of smokers among teenagers attending
secondary schools were 13%, 26%, and 49% in boys 12–13, 14–16, and 17–18 years
old, respectively. In girls, proportion of smokers is 7, 24, and 30% in age-groups 12–13,
14–16, and 17–18 years, respectively. Seventy five per cent of boys and 31% girls aged
17–18 years attending professional-technical schools were smokers (Levshin et al. 1998).
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Table 12.3 Smoking prevalence in women (%) in Russia

Age Barnaul Tomsk Tyumen

25−34

Never 79.4 72.4 75.2

Ex 2.5 4.0 2.6

Current 18.1 23.1 22.2

35−44

Never 84.8 78.4 82.4

Ex 1.8 3.8 2.0

Current 13.4 17.8 15.6

45−54

Never 89.9 84.4 88.3

Ex 1.3 2.8 1.5

Current 8.9 12.8 10.1

55−64

Never 96.7 95.0 95.7

Ex 0.5 1.3 0.9

Current 2.8 3.7 3.4

65+

Never 95.4 96.1 97.8

Ex 1.3 1.8 1.1

Current 1.7 2.2 1.2

Total 29 694 22 939 24 335
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Smoking was frequently associated with alcohol consumption and drug abuse. Among
boys who smoked 40% took alcoholic beverages at least once per month, while only
19% of non-smoking boys took alcohol. Thirty seven per cent of boys who smoked
used drugs once or more times, while only 6% of non-smoking boys used drugs once
or more times.

Vyshinsky (2002) reports that 46% boys and 38% girls in the age of 15–16 years
living in Moscow smoke. It is estimated that in Russia about 40% boys and 28% girls
in the age 15–17 years are current smokers (Skvortsova 2002).

In summary, nationwide smoking prevalence in Russia increased from approxi-
mately 50% in 1985 to 65–70% in men and from about 5% to 15–20% in women.
Peto et al. (1994) estimated that in 1990 smoking accounted for 30% of male and 4%
of female deaths in Russia. Proportion of death attributed to smoking was higher
for the age group 35–69 years: 42% and 6% for men and women, respectively. The
observed increase in smoking rates in Russia will contribute to further increase,
especially in women, of tobacco-related death.

Increases in smoking in Russia particularly in young people and women could be
largely attributed to the aggressive promotion practices employed by multinational
tobacco companies, including ‘seductive’ promotion primarily targeting women and
teenagers. Russia has relatively strict laws limiting tobacco advertising. Although ciga-
rette ads have been banned on TV, and printed advertisements must carry health warn-
ings, tobacco products are among the most heavily advertized in this country. The
multinational companies have devised a myriad of marketing tricks to win over
Russian consumers. Tobacco companies sponsor different cultural events such as, for
example, art exhibitions, competitions and tournaments in music and sport. In Russia
you still can see free distribution of cigarettes in the streets, at different sport and rock
events, which attract mostly young people and teens. But what is most outrageous is
that cigarettes were imported to Russia as a humanitarian aid tax free and were given
away to the army, and also sold in black markets.

Multinational tobacco companies are in the lead in investing in Russia and other
countries of former Soviet Union. The declared size of investment in local tobacco
industry amounts to US$ 1.6 billion. In Russia and Ukraine multinationals already
control more than 90% of local tobacco production.

In 2001 Russian Duma (the Lower House of Russian Parliament) passed the law on
smoking control, which includes bans on sale of cigarettes to minors (individuals
18 years or less), prohibition of smoking in all public places and workplace in the
broadest sense, prohibition of smoking in TV shows, prohibition of billboards within
300 meters of schools and medical institutions etc. However, there is little enforcement
of this law.

Smoking is a major health hazard in Russia. While, much of tobacco-related death
that Russia faces is avoidable, vigorous public health actions are needed to reduce the
magnitude of the tobacco problem in this country.
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Chapter 13

Tobacco smoking in central European
countries: Poland

Witold Zatoński

Two simultaneous health phenomena developed in eastern and central Europe after
World War II. On the one hand, the incidence of infectious diseases and perinatal/
neonatal mortality fell abruptly. However, at the same time the incidence of and mor-
tality from man-made diseases began to rise rapidly. In the 1970s and 1980s, the inci-
dence of lung cancer, liver cirrhosis (especially in south-eastern Europe), cardiovascular
diseases and injury-related mortality (especially in the then Soviet Union) in young and
middle-aged adults (particularly among men) reached levels never previously recorded
in the world (Feachem 1994; Zatoński and Jha 2000). As a result of the above, at the end of
the 1980s the levels of mortality due to infectious diseases and mortality among infants
or children and youth before age 20 were comparable to Western standards (World
Bank 1996; Zatoński and Jha 2000). At the same time, adult health represented a public
health catastrophe. Premature mortality, especially among young and middle-aged
adult men had reached the highest level in the developed world. The WHO report from
1990 showed that fewer 15-year-old boys from Poland and other CEE countries would
reach the age of 60 than their peers not only in western Europe but also in Latin
America, China or even India (Murray and Lopez 1994). Very high premature mortality
in Poland and other eastern European countries is mainly due to man-made diseases:
nearly 50% of this burden is attributable to cigarette smoking (Peto et al. 1994). The
incidence of lung cancer (a disease that almost exclusively effects cigarette smokers) in
Poland (and other central European countries) had reached a level not seen anywhere
else in Europe (Zatoński et al. 1996). The heath, economic, and social costs of smoking
became a major challenge facing Poland and eastern Europe (Zatoński and Boyle 1996).

Introduction
The adult health catastrophe, unusual in peacetime, cannot be understood without
first tracing the history of exposure to tobacco smoke in EE populations.

Before WWII tobacco consumption in EE countries was lower than in most western
European countries (Forey et al. 2002). There was some diversification and tobacco
was mostly consumed as hand-made cigarettes, most smokers being males.
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After World War II the manufacturing of tobacco products was standardized across
the entire Soviet bloc. National tobacco monopolies were ruled and the tobacco market
consisted nearly exclusively of factory-made cigarettes. The state promoted cigarettes as
important basic goods, representing equality and socialist welfare and democratization.

But good quality information about frequency of smoking in EE countries is frag-
mentary, with data on sales (consumption of tobacco/cigarettes) being the only source
(Forey et al. 2002). However, trends in smoking seem to be similar throughout the
region. The political and economic homogeny of all Soviet bloc countries also
embraced the smoking of cigarettes.

In the militarized societies of EE countries, cigarette production became a state
priority. In the army, everyone, including non-smokers, received a quota of cigarettes,
and non-smoking soldiers were looked at suspiciously and harassed. The prices of cig-
arettes were low, and the product itself was widely available. Smoking was allowed
everywhere and at any time, except where it interfered with occupational safety (fire
hazard). This situation practically did not change until the end of the 1980s.

The closed societies of the Soviet empire were deprived of information on the harm-
ful effects of smoking. Reports from scientific studies of the relation of smoking to
cancer and other diseases, undertaken since the 1950s chiefly in the UK and the USA
(Doll, in this book), did not reach EE countries or, perhaps, were censored. Awareness
of the harm to health due to smoking was very low until the 1980s (Zatoński and
Przewoźniak 1992). There were more smokers among better educated and better-off
people, especially among women (this observation is corroborated, among others, by
data about the incidence of lung cancer in the over-65 age group, which is higher
among women with university education than among those who only attended
elementary school) (Zatoński and Przewoźniak 1992).

This attitude towards tobacco, which could be observed in EE countries almost until
the end of the 1980s, put these countries on top of the list of world tobacco consump-
tion from the early 1960s until the end of the twentieth century (WHO 1996).

A rapid rise in tobacco consumption in eastern Europe after WWII naturally resulted
in a similarly fast increase in the incidence of diseases caused by the inhalation of
tobacco smoke (Peto et al. 1994).

From the early 1980s onward, the incidence of lung cancer (almost exclusively
afflicting smokers) in men (especially in Poland, Hungary, former Czechoslovakia,
or some areas in Russia) remained at the highest level ever recorded in the world
(particularly in young and middle-aged adults) (Zatoński 1995; Zatoński et al. 1996).
Lung cancer rates in EE women also well reflect the rise in exposure: the incidence of
lung cancer in Hungarian under-65 women at the end of the twentieth century was
higher than the corresponding rates in men under 65 years old from most western
European countries (Fig. 13.3 and 13.4) (Zatoński et al. 1996).

Naturally, tobacco consumption is determined not only by public attitude to this
product but also by the market situation (the availability of cigarettes and their prices).
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The development of the tobacco market ran an identical course in all Soviet bloc
countries until the beginning of the 1980s decade. The economic and political crisis
which affected the entire economy in the 1980s disturbed the tobacco market in EE
countries. The closed socialist economy was not able to produce a sufficient number of
cigarettes. This insufficiency had its most drastic consequences first in Poland in the
early 1980s (cigarettes were rationed in the martial law period) and then in the Soviet
Union towards the end of the decade (lack of cigarettes under Gorbachev’s rule pro-
voked social unrest, with smokers staging demonstrations). Eventually, a considerable
proportion of Soviet federal gold reserves was exchanged for cigarettes supplied
by transnational tobacco companies (Zatoński, Case study of Poland’s experience …
[in printa]).

The systemic and economic transformation in the 1990s quickly restored a normal
cigarette market. The tobacco industry was the first to undergo privatization and ciga-
rette manufacturers were almost completely taken over by transnational companies.
A structured market was soon established. Constant availability was ensured while
prices were kept at a very low level. In the early 1990s in Poland, the price of a pack of cig-
arettes was on average lower than the price of a loaf of bread (Zatoński and Przewoźniak
1996). It is still the same now, at the turn of the twenty-first century, in some countries
in south-eastern Europe. Cigarettes also became the most heavily advertised product.
For example, in the late 1990s, the industry was spending one hundred million USD in
Poland (Krajowe. NTIA 1998) (about 40 million inhabitants, a little less than 10 million
smokers) a year. (Since 2001 tobacco advertising has been completely banned in
Poland.) (Dz. U. Nr 96, 1999.)

Rather unexpectedly for the tobacco industry, a new factor began to affect tobacco
consumption—activity of health advocates. Having identified smoking as an impor-
tant factor determining health and the potential for development, including macroeco-
nomic development (Zatoński, Case study of Poland’s experience … [in printa]), they
began to make efforts aiming at reduction of tobacco consumption.

With the return to democracy after 1990, the health advocacy movement began their
struggle to avert the tobacco-related health catastrophe in these countries. In Poland,
for example, with the advent of a democratic system and freedom of speech, a signifi-
cant health advocacy movement started to exploit the opportunities afforded by the
new political paradigm. In collaboration with MPs (among whom, in those early
days of democracy, were many medical professionals), they prepared comprehensive
legislation for reducing the harmful health consequences of tobacco smoking, during
a five-year confrontation with international tobacco companies, which took over
nearly all domestic cigarette manufacturers after 1990 (Zatoński, Case study of
Poland’s experience … [in printa]).

It was only the return of parliamentary democracy and free mass-media in the
early 1990s that made effective tobacco control action possible in Poland as the pioneer
country in EE. Following five years of animated public debate, the health advocates
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(mostly medical professionals) in 1995 finally succeeded in having a parliamentary act
adopted in Poland, with bipartisan support (Dz. U. Nr 10, 1996). It was not possible to
ban all tobacco advertising in 1995, but in October 1999 Parliament voted to extend
tobacco control, passing a total ban on advertising and promotion (billboards from
2000, newspapers from 2001) again by a vast majority of votes. A sum equivalent to
0.5% of tobacco excise is now dedicated to tobacco control. The ban on sponsorship of
political parties by tobacco companies is the first such regulation worldwide (Dz. U. Nr 96,
1999). Other provisions include:

◆ smoking bans in health care establishments, schools, and other educational
facilities;

◆ smoking bans in workplaces;

◆ a ban on selling tobacco products to minors under 18, by vending machines in
small packs or individual units;

◆ health warnings on cigarette packs (30% of pack, front and back);

◆ a ban on selling tobacco products in vending machines;

◆ a ban on selling tobacco products in health care establishments, schools and other
educational facilities, and in sports facilities;

◆ gradual reduction of tar and nicotine levels;

◆ the free provision of treatment for smoking dependence;

The law included all the tasks outlined in WHOs gold standard for tobacco control.
The Polish legislation effectively provided for the protection of non-smokers and
introduced the world’s largest health warnings on cigarette packs. The law also obli-
gated the government to prepare annual action programmes for controlling the health
consequences of cigarette smoking. Implementation reports have since been presented
to Parliament every year (Roemer, in this book).

The law promotes better health by reducing exposure to tobacco smoke. Workplace
smoking regulations are being successfully enforced, especially in private enterprises.
The first compensation claim regarding forced passive smoking in the workplace has
been won recently. Local health-oriented tobacco control initiatives are growing.
A national ‘Quit and win’ campaign has a major public health intervention since 1991,
with over 2.5 million people reported to have quit smoking, thanks to it (Akcja. The
Great Polish Smoke-out 1999; Jaworski et al. 2000).

Educational campaigns, the media, and legislation became an important factor
influencing tobacco consumption.

After 1990, tobacco consumption in Poland began to decrease for the first time
(Michaels 1999).

The developments in Poland are comparable with what happened in the 1990s
in some other countries in central Europe (Slovenia, Czech Republic, Slovakia), but
at the same time quite different from the situation in most countries of the region,
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especially post-Soviet countries, where the 1990s were a period of stagnation (no sig-
nificant changes) in tobacco consumption (WHO report 2002).

History of tobacco exposure in central Europe:
The case of Poland

Material and methods
My analysis of the development of exposure to tobacco smoke in eastern European
countries will be based on data regarding Poland, the country I know best and one
where the relevant data are of quite good quality (Zatoński and Przewoźniak 1992, 1996).

Analysis of the developments in epidemiology of exposure to tobacco smoke in
Poland will be based on four sources of information:

1. Country’s sale statistics. Data on the sales of cigarettes in Poland in 1923–1999
were derived from state statistical sources (yearbooks of the Central Statistical
Office). These were quite accurate in the postwar period until 1989 owing to cen-
tralized trade (including import) of cigarettes and reliable information on the
sales. Since 1990 the data have been much less credible, being disclosed rather
reluctantly by privatized tobacco companies for taxation-related reasons.

2. Surveys. Surveys regarding smoking were initiated in 1974 and since 1980
they have been carried out annually (sometimes twice a year). The studies are
invariably based on a representative sample of the adult Polish population (16 and
more years old). The three-degree, proportionally stratified, randomized sampling
design has not changed since the first study. In 1974–1991 sample size was 1000
individuals. Since 1991 this number has been 1500. The response rate has always
been higher than 70% (80–90% on average). The questionnaire has almost
not changed, either. Smoking categories are defined according to WHO recom-
mendations (Lewith 1983). Every year the study has been prepared and conducted
by the same research team from the Department of Cancer Epidemiology and
Prevention at the Center of Oncology in Warsaw (Zatoński and Przewoźniak 1992,
1996) and carried out by the same public opinion research center (OBOP) almost
every year.

3. The Household Survey from 1996. In April 1996, the Polish Central Statistical
Office (GUS) together with its Dutch counterpart carried out a household survey
regarding health of Polish population. One of the questions was concerned with
smoking (it followed the standards used in the annual smoking surveys in Poland).
The study was based on a randomized and representative sample of households in
Poland. The sample comprised 19 203 households, with a total of 47 924 occupants.
The response rate was 88% (GUS [Central Statistical Office] 1997).

4. Lung cancer mortality data from 1963 onward from Central Statistical Office
(Statistical Yearbooks of Poland; Zatoński and Becker 1988; Zatoński et al. 1996).
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Indicators of tobacco exposure

Sale

The consumption of tobacco was relatively low after World War I and did not rise sig-
nificantly until World War II (Fig. 13.1) (Forey et al. 2002). After World War II the sales
of cigarettes (cigarettes were almost the only tobacco product sold in Poland, and also
in the other EE countries, after 1950) rose exponentially until the early 1980s. In the
1980s, sales were frozen due to an economic crisis brought about by political develop-
ments (Zatoński and Przewoźniak 1996). In the 1990s tobacco consumption fell by as
much as 10% for the first time in the twentieth century (Michaels 1999).

Surveys

The first survey carried out in 1974 showed that cigarettes accounted for more than
99% of all tobacco used. 59.3% of men more than 16 years old and 17.8% of women
more than 16 years old were smokers (Zatoński and Przewoźniak 1992). In the male
population, there was not much difference in smoking frequency by age group, place of
residence or level of education. In women, the popularity of smoking was strongly age-
dependent (birth generation, place of residence) and education (Oleś 1983; Zatoński
and Przewoźniak 1992). A study from the early 1980s revealed that the frequency of
smoking in men had somewhat increased. In women, the frequency of smoking
had risen between 1974 and 1982 from 18% to 30% (Zatoński and Przewoźnaik 1992).
An additional factor that affected the distribution of cigarette smoking was the intro-
duction (due to a political and economic crisis that resulted in a lack of cigarettes on
the market) of rationing of cigarettes so that everyone, smokers and non-smokers,
received a quota. As a result there was a steep rise in the number of both everyday and
occasional smokers by more than one million. In 1982 the incidence of smoking
among men (62–65%) and women (30%) was the highest in history (Zatoński and
Przewoźniak 1992).

In the 1980s, market shortages led to the freezing of consumption levels, also regard-
ing cigarettes (Fig. 13.1). The proportion of young male never-smokers rose slightly
(due to the market shortages) while rates of smoking among women kept increasing
(Zatoński and Przewoźniak 1996). In the 1990s, for the first time in history, smoking
rates fell both among men and among women (Fig. 13.2). In the male population,
the decrease can be observed in all age groups, being most marked among the
elderly. It is seen across all defined categories of education, but is much more
pronounced among those better educated, better-off and more religious (Zatoński and
Przewoźniak 1996).

In women, smoking rates have fallen only in the younger age groups. Generally, the
reduction has been most marked in the youngest (20–29) age group; over the last
decade, smoking rates among women have fallen by half (Fig. 2). The greatest reduction
has occurred among young, well-educated women (Zatoński and Przewoźniak 1996).
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Fig.13.2 Smoking frequency by age groups in Poland in 1975a, 1982, 1986–88, 1997–99.

The Household Survey from 1996

In 1996, a large survey was carried out by the Central Statistical Office which, despite
being a one-off project, confirmed earlier survey data. Additionally, the large sample
made possible precise analyses of smoking rates by age group and birth cohort with
additional data breakdown based on education or place of residence (GUS [Central
Statistical Office] 1997). The analysis shows that in 1990s it was the level of education
rather than gender that made one a potential smoker. While smoking rates among
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young men and women are becoming similar, the habit is rare among the best
educated (and financially best-off) but continues to be popular among those less well
educated and economically handicapped (Zatoński et al. in preparation).

Time trends in lung cancer by age groups

Lung cancer incidence and mortality rates seem to be a good indicator of population
exposure to tobacco smoke. Trends in lung cancer mortality may also indicate chang-
ing exposure (efficacy of tobacco control).

Lung cancer in Europe occurs nearly exclusively in cigarette smokers. Attributed risk
in eastern Europe (but also in other countries in Europe and North America) is espe-
cially high. In a group of 21,242 cases of lung cancer in Poland only 1107 (5.2%) had
been diagnosed in never-smokers (database of Tuberculosis and Pulmonary Diseases
Institute in Warsaw). Moreover, epidemiological assessments indicate that a half of
lung cancer in never-smoking population may be due to forced exposure to passive
smoking (ETS) (Doll 1998). At the beginning of the twenty-first century, lung cancer is
still rare among never-smokers (Peto et al. 1994; Thun and Henley in this book).

Thus, the monitoring of trends in lung cancer supplies interesting and important (as
validated by epidemiological studies) indicators of exposure to tobacco smoke.
Additionally, by analysing trends in lung cancer, starting from young adults (20–44 years)
and middle-aged persons (45–64 years), changes can be documented relatively quickly
(Fig. 13.3 and 13.4).

In Poland, analyses of trends in mortality from lung cancer in men have made it pos-
sible to detect falling mortality within several years after a reduction in exposure (with
a concomitant increase in the proportion of never-smokers in the younger age groups),
first in the 20–44 age group, and then, about 10 years later, in older men, 45–64 years
old. It must be added that in the over-65 age group, mortality still has been rising
(Fig. 13.3).

Trends in lung cancer mortality among Polish women, which is still on the increase
(perhaps with the exception of the last 5 years in the youngest age group, i.e. 20–44
years), also correspond with trends in smoking (Fig. 13.4).

Polish data are in excellent agreement with cancer mortality trends in the same age
groups observed in the UK and the USA (Fig. 13.3 and 13.4). Additionally, Hungary
appears to be a good reference country, supporting the usability of observations of
time trends in lung cancer mortality in selected age groups. Hungary is also the coun-
try where lung cancer mortality in young (20–44 years) adult women reached, in
1990s, levels higher than in USA and UK among men (Peto et al. 2000).

The product
Since the 1950s, in Poland and other eastern European countries, tobacco has been
smoked nearly exclusively in the form of cigarettes. The kind of tobacco previously
used for making cigarettes was usually domestic black shag. Cigarettes were usually
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made without additives. They had a relatively high content of nicotine (about
2 mg/piece in the 1980s) and tar (about 20 mg/piece in the 1980s) (Przewoźniak et al.
1987; Zatoński and Przewoźniak 1987, 1988). Cigarettes seldom had filters. In 1982,
28% of men and 74% of women smoked filter cigarettes; in 1988, 48% of cigarettes
sold had filters (Zatoński and Przewoźniak 1992; Forey et al. 2002). After 1990 interna-
tional tobacco companies successively took over almost the entire tobacco industry in
Poland (and in other EE countries). Now cigarettes are manufactured according to
international formulas and standards. Their toxic properties, ‘power’ additives and
taste enhancers are similar to those used in the western world (Djordjevic et al. 2002).
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Fig. 13.3 Mortality trends from lung cancer, selected countries 1959–1999.
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Smoking among children and youth
In paternalistic and conservative societies of eastern Europe, cigarette smoking was
strongly forbidden among children, particularly girls. Estimates based on the fragmen-
tary data available indicate that in the early 1980s about 25% of 15-year-old boys and
less than 10% of girls smoked cigarettes at least once a week, which was much less than
in western Europe (Zatoński and Przewoźniak 1992).

However, there was also another social norm. Entering adulthood on the eighteenth
birthday meant acquiring the right to smoke officially, also at school. Consequently,
smoking rates rose abruptly among 18-year-olds and later. With every recruit given
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cigarettes for free, army service was a good school in smoking. For this reason, smoking
rates among young (20–29 years old) men were 70–80% (depending on the level of
education) in the early 1980s. Smoking was also quite widespread among young
women, of whom nearly a half were smokers (Fig. 13.2).

The transformation of the late 1980s/early 1990s brought about changes in norms and
behaviour. Access of children to cigarettes increased (Westernization?!). International
studies of 13–15-year-old children carried out in the 1990s showed the rates of smokers
(at least 1 cigarette a week) in boys at an unchanged level of 30% and a rapid rise in
girls—from 16% (in 1990) to 28% in 1999 (Mazur et al. 2000). Still, these rates, espe-
cially among girls, are again lower than in western European countries (Mazur et al.
2000).

At the same time, the steep rise in smoking rates in early adulthood has been
stopped, at least in Poland (1999 data for 20–29-year-old men and women: 49% and
22% respectively) (Fig. 13.2).

Smoking among women
Historically, smoking was rare among women in eastern Europe. Women from rural
areas did not smoke at all before World War II. The smoking habit was spreading
among better educated women living in towns and cities. This is confirmed by
epidemiological data on lung cancer (Zatoński et al. 1996). After World War II, the
popularity of smoking among women rose rapidly, with 18% of adult women smoking
in 1974, and 30% in 1982. The 1974 survey revealed considerable differences in succes-
sive birth cohorts (Fig. 13.2).

The smoking habit begins to increase more rapidly among less well-educated
women, but is still grossly limited to the urban female population. There are still much
fewer smokers among women from rural areas, also at the end of the twentieth century
(not only in Poland but in most EE countries). These observations are confirmed by
data on the distribution of lung cancer, which is invariably rare among women from
rural areas (Zatoński et al. 1996).

Data from the 1980s and 1990s reveal a picture of a rapid diversification of smoking
rates among Polish women by level of education. For example, in the early 1990s about
40% of pregnant women with elementary education and about 10% of those with uni-
versity education smoked cigarettes (Szamotulska et al. 2000). A change in attitude
towards smoking led to a rapid decline in smoking rates among the youngest women,
especially those better educated (Fig. 13.2). Between 1980s and 1999, the rate of
women smokers in the 20–29 age group fell nearly by half (from 36% to 22%). There is
still a large population of never-smoking adult Polish women (66% in 1999) (Zatoński
2002b).

Now, at the turn of the century, smoking is much more popular among less well-
educated women, unlike the pattern that was prevalent as late as the mid-1970s. This is
again well illustrated by epidemiological data on the incidence of lung cancer.

TOBACCO SMOKING IN CENTRAL EUROPEAN COUNTRIES: POLAND246

14_Chap13.qxd  6/24/04  3:24 PM  Page 246



According to data collected at the end of the 1990s decade, in the 20–44 age group,
lung cancer mortality among women with primary education was five times higher
than among those with university education, while in women above 65 years of age
lung cancer is more prevalent among better educated women (Zatoński 2002b).

Never-smokers
Smoking was a norm in the male populations of eastern European countries, while
non-smoking was an exception. A 1974 survey in Poland revealed that in certain male
birth cohorts, the proportion of never-smokers was less than 10% (Oleś 1983; Zatoński
and Przewoźniak 1992).

The increasing number of never-smokers in the 1980s and 1990s has been a major
achievement in creating an anti-smoking climate in Poland (Fagerström et al. 2001).
Since 1985 this proportion has risen from 28% (1985) to 47% (1999) among 20–
29-year-old men and from 50% (1985) to 70% (1999) among women in this age group
(Zatoński 2002b).

The proportion of never-smoking women in EE countries remains high. Among
Polish adult women, this figure has never been lower than 60% (70% in 1974, 63% in
1982, 66% in 1999) (Zatoński and Przewoźniak 1996; Zatoński 2002b).

Smoking cessation
It was only in the 1980s that the attitude towards smoking in Poland began to change.
The number of people quitting smoking has also been growing since that time. It is esti-
mated that more than 2.5 million smokers quit smoking in the 1990s (the Great Polish
Smoke Out, organized in November and December every year, plays an important role,
mobilizing people to quit and helping them to achieve this goal) (Jaworski et al. 2000).

The introduction of large (30% of both larger surfaces of a pack) clear health
warnings (smoking causes cancer, smoking causes heart disease) on cigarette packs
provided a stimulus to quit for many smokers, especially those less well educated
(Dz. U. Nr 96, 1999; Zatoński, Health warnings… [in printb]).

In recent years, Poland has introduced a total ban on tobacco advertising (tobacco
billboards disappeared in December 2000, and newspaper ads for cigarettes have been
banned since December 2001) (Dz. U. Nr 96, 1999), which considerably improved the
antismoking climate (Fagerström et al. 2001) and will significantly encourage quitting.
At the end of the 1990s, over 70% of Polish smokers wanted to quit (Fagerström et al.
2001). In 1996, the number of quit attempts in the smoking population was assessed—
more than half of all smokers had made 1–3 quit attempts and more than 25% had
made 4–10 quit attempts (Boyle et al. 2000; Zatoński 2002b).

An increasing number of heavy smokers (assessed by Fagerström’s Test for Nicotine
Dependence, FTND) can be seen in Poland—the FTND from a random sample
of Polish smokers in 1993 was 3.59 compared with 3.91 six years later (Zatoński,
Gaining … [in printc]). This figure can be compared with a FTND of 4.30 for US smokers
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when assessed in 1994 (Fagerström et al. 1996). Among Polish ex-smokers, merely 2%
had been aided in their efforts by health professionals. Tobacco control campaigns
continuing over a number of years result in the accumulation of heavily dependent
smokers, who stand little chance of quitting solely ‘on strong will’.

Smoking among medical doctors
At the end of the 1990s, smoking rates among medical doctors in certain countries of
south-eastern Europe and ex-Soviet countries were higher than in the general population.
In Poland, the earliest study from 1983 found that 45% of male physicians and 36% of
female physicians were smokers (compared to 62% of men and 30% of women in the
general population in 1982) (Kaczmarczyk-Chaltas et al. 1984). In the last 20 years,
smoking rates have fallen to about 30% among male physicians and 11% among
female physicians (Przewoźniak and Zatoński 2000). The decline has been particularly
marked among women and in younger medical doctors. It should be mentioned that
in such countries as the USA or Finland, the proportion of smokers in the medical
profession is very low, 2–5% (Adriaanse and Van Reek 1989).

Exposure to enforced passive smoking
In eastern Europe, just like in many western European countries, smoking in the pres-
ence of non-smokers (including little children) is still an accepted social norm. A 1986
study found cotinine in urine in 92% of a sample of non-smoking Polish women.
Cotinine is a metabolite of nicotine and a marker of exposure to tobacco smoke
(through enforced smoking) (Becher et al. 1992). The proportion of smokers among
pregnant women was about 30% in the early 1990s (Szamotulska et al. 2000). More than
a half of all smokers admit that they smoke in the presence of children and 25% will
sometimes smoke in the presence of a pregnant woman (Zatoński 2002b). Sixty-five per
cent of children aged 13–15 are exposed to enforced passive smoking (Mazur et al. 2000).
Over the last decade, following the introduction of tobacco control legislation, exposure
to tobacco smoke in the workplace and in public places has been greatly reduced. In the
early 1990s, 84% of non-smoking women and 86% of non-smoking men stated that
they were passive smokers; the respective percentages for 2001 were 49% and 59%
(Zatoński and Przewoźniak 1996). The frequency of smoking among pregnant women
fell from 30% to 20% in the period 1990–1999 (Brzeziński et al. 1998; Zatoński 2002b).

Summary
The development of the tobacco smoking situation in Poland, presented in the last part
of this paper, seems to parallel that in some CE countries (Slovenia, the Czech
Republic, Slovakia, and recently Hungary and the Baltic countries as well). In other
countries (Bulgaria, Romania, former Yugoslavia countries) the situation does not
appear to be changing (the levels of tobacco consumption remain high and steady)
(WHO report 2002).
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Unfortunately, available data on the development of tobacco smoking in CE coun-
tries apart from Poland are fragmentary and not based on representative population
studies using the same standardized research techniques over a number of years
(WHO report 2002). Thus it is not possible to reliably compare these countries and
Poland with respect to long time trend in tobacco smoking. Still, for instance, studies
carried out under the MONICA program in the Czech Republic involve representative
samples of the Czech population and always use the same research procedures. These
studies likewise show a decrease in smoking frequency among 25–64-year-old men
(49% in 1985, 27% in 1998) and stabilization in women (27% in 1988, 25% in 1998)
(Bruthans 2000). Similarly, trends regarding lung cancer mortality seem to further
confirm this parallel development in central European countries mentioned above
(Zatoński and Jha 2000; WHO report 2002).

Epilogue: Democracy is healthier
In the 1990s, sales figures for cigarettes in Poland decreased for the first time since
World War II. Tobacco industry data show that cigarette consumption fell by 10%
between 1990 and 1998 (Michaels 1999). This reduction was achieved when the
market was functioning normally and despite the enormously aggressive advertising
policies of the tobacco companies. (In the late 1990s, the tobacco industry was spend-
ing $100 million annually on advertising) (Krajowe NTIA 1998.)

Smoking in Poland peaked at the end of the 1970s with approximately 14 million
smokers (62% of adult men and 30% of adult women). It remained at this level in the
1980s, and decreased substantially in the 1990s. At present, slightly fewer than 10 million
Poles smoke—about 40% of adult Polish men and a little more than 20% of adult
Polish women (Zatoński 2002a).

Decreasing exposure of the Polish population to tobacco smoke has been accompa-
nied by dramatic health improvements. In the period 1991–2001, life expectancy rose
rapidly (after a 30-year period of no change) by about 4 years in men and 3 years in
women (GUS [Central Statistical Office] 2002). Our epidemiological estimates indi-
cate that an approximately third of this trend is due to reduced incidence of smoking
(Zatoński et al. 1998). For the first time after the World War II morbidity in men due to
lung cancer, a form of cancer affecting almost exclusively smokers, do not increase.
Moreover, between 1991 and 1999 in men before the age of 65 lung cancer morbidity
decreased by 20% (Fig. 13.3) (Zatoński 2002a).
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Chapter 14

The epidemic in India

Prakash C. Gupta and Cecily S. Ray

The introduction of tobacco
Tobacco was introduced in India during the late sixteenth-century into the kingdom of
Adil Shah, with its capital at Bijapur, presently in Karnataka. The Ambassador of the
Mogul Emperor Akbar in Delhi, after a visit to Bijapur, brought for him tobacco and
jewel-encrusted European style pipes. The appreciation at court was marred only by
the Emperor’s physicians who forbade him to inhale the smoke, since tobacco was an
unknown substance. A compromise was reached wherein the smoke was to be first
passed through water for purification, resulting in invention of hookah. Hookah smoking
became popular in parts of India where a strong Mogul influence prevailed; it was espe-
cially favoured among the aristocratic and elite classes, mainly in North India. Ornately
crafted in engraved silver, brass, or other precious materials and decorated with enamel or
jewels, the hookah became a status symbol. Paintings of the Mogul period show both men
and women smoking hookahs. The lower classes began to make them out of common
woods and coconut shells and as hookah was often shared, hookah smoking became asso-
ciated with social acceptance, brotherhood, and equality. A common expression for social
boycott in north India is to stop sharing the hookah and water from the village well.

In 1617, Emperor Jehangir, Akbar’s son, decided that tobacco use produced adverse
physical and mental effects on his subjects and tried to stop its use by declaring that any
user would have his lips slit, but the practice continued nevertheless (Bhonsle et al. 1992).

Well before the introduction of tobacco smoking in India, the inhalation and smok-
ing of aromatic herbs was practiced as a form of therapy. When tobacco smoking was
introduced, it was assigned medicinal qualities—as a calmative, relaxant, and stimu-
lant. Aromatic substances were often added to tobacco smoked through hookah.
A conical clay pipe, known as a chilum, traditionally used for smoking narcotics, began
to be used for tobacco smoking as well (Bhonsle et al. 1992). Tobacco was often used to
stave off hunger during travel and sustain long hours of work (Sanghvi 1992).

Evolution of tobacco use

Smoking
Tobacco began to be smoked in many ways, besides in hookah and chilum. The hookli is
an European-style pipe with a clay bowl and stem (sometimes of wood) about 7–10 cm
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long, commonly used in western India for smoking sun-dried tobacco. The habit of
smoking a rolled tobacco leaf, tied with a thread, known as a chutta, was documented
as early as 1670 on the east coast of India, where women commonly smoke them in
reverse, i.e. with the glowing end inside the mouth. The dhumti, a large, cone-shaped
roll of tobacco in a jack-fruit leaf (Artocarpus integrefolia L.), is mainly used in the
Konkan region, including Goa, and it, too, is often smoked in reverse by women.
Reverse smoking is supposed to be convenient while doing household work and tend-
ing to children. It also generates extreme heat in the mouth, thought to be good for
toothache and the smoke is believed to mask halitosis. Girls learn to imitate the habit
when asked by their mothers to light up for them. Some men too practise reverse
smoking. The most popular smoking product in India today is the bidi, first docu-
mented in 1711 and mainly smoked by men (Bhonsle et al. 1992; Sanghvi 1992).

Smokeless tobacco
In addition to smoking, tobacco began to be used in a wide variety of ways in India. It
found its way into betel quid (paan) at the Mogul court, where it was served from
ornate boxes. Betel quid consists of a leaf of the Piper betle vine smeared with slaked lime
(aqueous calcium hydroxide paste), pieces of the nut of the Areca catechu palm and,
frequently, spices. The practice of chewing betel quid had reached India by the first century
or earlier, through contacts with the South Pacific Islands (Gode 1961). Chewing tobacco
in betel quid soon became the most popular form of smokeless tobacco use.

Other smokeless tobacco preparations containing areca nut and slaked lime were
developed. Mainpuri tobacco, popular in Uttar Pradesh, contains tobacco with slaked
lime, finely cut areca nut, camphor, and cloves. Mawa, a relatively new preparation
containing thin shavings of areca nut with some tobacco and slaked lime, is popular in
Gujarat among youth. Gutkha, a dry preparation containing areca nut, slaked lime, cat-
echu, condiments, and powdered tobacco (waste), originally available custom-mixed
from pan vendors, later began to be industrially manufactured and sold in sachets and
tins. It has been widely advertised since 1975 and is now very popular. Gutkha, like
mawa, contains both tobacco and areca nut, making it highly addictive. The same mix-
ture without tobacco is called pan masala. Offering pan masala to others is advertised
as an act of hospitality, brotherhood, and equality, just like the traditional offering of
betel quid to guests.

Various combinations of tobacco, spices, molasses, and lime were developed for use
in betel quid or separately. Raw tobacco is sold as bundles of long strands in Kerala.
Hogesoppu is a leaf tobacco used by women in Karnataka. Kaddipudi are cheap ‘pow-
dered sticks’ of raw tobacco used in Karnataka. Bricks and blocks of powdered tobacco
mixed with jaggery (solid molasses) are also used. Gundi and kadapan are mixtures of
coarsely powdered, cured tobacco, coriander seeds, other spices and aromatic, resinous
oils, used in Gujarat, Orissa and West Bengal. Kiwam, used mainly in North India, is a
thick paste of boiled tobacco mixed with powdered spices like saffron, cardamom,
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aniseed, and musk, also available as granules or pellets. Pattiwala is sun-dried, flaked
tobacco, used with or without lime, mainly in north India. North Indian tobacco and
slaked lime preparations include zarda, coarsely cut tobacco, boiled till dry with slaked
lime, with added colouring and flavouring agents, often expensive ones like saffron and
cardamom. Zarda is sold in small packets and tins, used alone or in betel quid. Khaini,
a mixture of sun-dried tobacco and slaked lime, is placed in the mandibular or labial
groove and sucked slowly for 10–15 minutes, occasionally overnight.

The nasal use of dry snuff, introduced by the Europeans and once fairly common,
has all but died out. Snuff-like preparations became especially popular with women
due to misconception that they were good for teeth and gums (Bhonsle et al. 1992).
Masheri or mishri, is a powdered black-roasted tobacco preparation used mainly in
Goa and Maharashtra; bajjar is a dry snuff commonly used in Gujarat; gudhaku or gul
is a moist form of powdered tobacco and molasses from eastern India; creamy snuff or
tobacco toothpaste, advertised as antibacterial, became popular in western parts of
India; and, tobacco water, i.e. water through which tobacco smoke has been passed, is
sold for gargling in Manipur and Mizoram.

With globalization, the Swedish snus is being marketed in large cities of India under
a brand name, Click.

Tobacco production
During the seventeenth century, the Portuguese traders imported tobacco for sale in
India, using the income to buy Indian cotton textiles for Portugal. After displacing the
Portuguese in India, the British imported American tobacco to India to finance foreign
trade. This lasted until the American Revolution in 1776, after which the East India
Company began growing tobacco as a cash crop. The area under tobacco cultivation
tripled during 1891–1921 (Sanghvi 1992).

Bidi making began as a small-scale activity in rural areas. Different kinds of leaves were
tried as a wrapper until the early 1890s when leaves of the tendu tree, also called temburni
(Diospyros melanoxylon), growing mainly in the forests of Madhya Pradesh, were found
to be the best suited. The oldest bidi manufacturing firm was established around 1887
and by 1930 the bidi industry had spread across the country. Some of the firms became
very large, although the process of manufacturing by hand-rolling has remained the
same (Chauhan 2001). Bidi manufacture, by far the most labour intensive of all tobacco
industries, enjoys government protection, as bidis are made mostly at home by women.

The first Indian cigarette factory was established in 1906, by the Imperial Tobacco
Company (Bhonsle 1992). From 1920 onwards, the growing urban market for ciga-
rettes grew with the urban populace. Phillip Morris also entered India and several
smaller Indian cigarette companies emerged.

In 1938, the British Raj in India established a cigarette tobacco research station at
Guntur, Andhra Pradesh, from where scientific inputs began to be provided for tobacco
production. After independence in 1947, the Indian Government continued this practice
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through the Central Tobacco Research Institute at Rajahmundry, Andhra Pradesh
(Chari and Rao 1992). Tobacco is currently a highly subsidized sector: farmers receive
subsidies on water, electricity and fertilisers as well as price support. Revenues to the
Government from tobacco products constitute about 10% of total excise revenues and
nearly 5% of agricultural exports from India.

India’s tobacco production grew with the population from 1949 to 1997 as shown in
Fig. 14.1. For long the world’s third largest tobacco producer after China and the
United States, India is currently the second largest producer after China, but produces
only about 3.3% of the world’s Flue Cured Virginia (FCV) or cigarette tobacco, accord-
ing to the Tobacco Board (2000). Exports amount to about one-fourth of tobacco pro-
duced in India (especially FCV) and a small portion of tobacco used in India is
imported. Less than one-fifth of tobacco consumed in India is used in cigarettes, the
largest proportion goes into bidi manufacture and smokeless products (about 40%
each), and the rest, into minor smoking products.

Tobacco use
During 1950–55, the annual per capita adult consumption of tobacco in India was
around 900 g, which declined to 700 g by the late 1980s, small values compared to
developed country standards. It is currently increasing by about 3% per year
(PriceWaterhouse 2000). Until the end of the 1940s, tobacco was used mostly for
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hookah smoking and for chewing. Thereafter, bidi and cigarette smoking increased
tremendously with bidis becoming the predominant tobacco habit, (Sanghvi 1992).
In recent years India has been witnessing a resurgence of smokeless tobacco consump-
tion in industrially manufactured forms, especially amongst the young. By far most
tobacco products consumed are produced in the country.

Prevalence in the general population
Surveys conducted by the National Sample Survey Organisation (NSSO) during
1999–2000 found that at least one person in 62% of households consumed tobacco.
These data indicate that the north-eastern states have the highest prevalence of tobacco
use, other northern states the next highest, and the southern states the lowest. The
exception in the north is Punjab, showing the lowest prevalence, because of a high pro-
portion of Sikhs, whose religion forbids tobacco use. The lower income groups gener-
ally prefer smokeless tobacco, the low to middle income groups favour bidis and higher
income groups prefer cigarettes, in order of the cost of the product.

The most accurate information on tobacco use prevalence comes from house-to-
house surveys carried out in individual areas. In these studies, conducted over a 40-year
time span in different parts of India, the percentage using tobacco among men (>15 years
age) ranged from 19 to 86% and among women from 7 to 77% (Table 14.1). Overall,
tobacco use prevalence is higher in rural areas. Gender-wise, chewing habits are
practiced about equally by men and women, while most smokers are men. The prevalence
of chewing in men varied from 11 to 55% and in women from 10 to 39%. Smoking
prevalence varied from 8 to 77% in men and 2 to 12% in women with some exceptions.

In a few regional pockets where certain indigenous forms of smoking have been prac-
ticed, women may smoke at equal or higher rates compared with men (Table 14.1).
In one study in rural Srikakulam, Andhra Pradesh, ‘reverse’ chutta smoking was prac-
ticed by 59% of women and 35% of men. In rural Darbhanga, Bihar, smoking was
practiced by nearly 11.4% of men and 21.8% of women—mainly hookah smokers
(Mehta et al. 1971). Also, in an area of Orissa 85% of women smoked chuttas, com-
pared to 30% of men (Jindal and Malik 1989). Among school personnel in rural and
urban Bihar, 47.4% of men and 31% of women reported smoking (Sinha et al. 2002).

In a few areas, like Mumbai, both men and women tobacco users prefer chewing
(Gupta 1996). In some parts of Gujarat, like Bhavnagar and Ahmedabad, chewing of a
new product called mawa became very popular among young men during the 1980s
and ‘90s. During a survey carried out in 1993–94 in Bhavnagar, the prevalence of mawa
use was 19%, whereas in 1969 it was around 4.7% (Mehta et al. 1971; Sinor et al. 1992;
Gupta 2000).

Overall, tobacco use in India is inversely related to educational level except for ciga-
rette smoking (Gupta 1996). For example, nearly a third of highly educated men in
Delhi and Chandigarh reported smoking (Bhattacharjee 1994; Sarkar et al. 1990).
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Table 14.1 Tobacco use prevalence among adults from population-based studies in rural and urban India

Area Population type Reference Sample size % Tobacco users 

Men Women Overall

Rural

Maharashtra & Karnataka Village Khanolkar (1959) 9996 84 a a

Uttar Pradesh Village Khanolkar (1959) 12 637 82 a a

Andhra Pradesh Village Khanolkar (1959) 7249 86 a a

Mainpuri, Uttar Pradesh Village Wahi (1968) 34 997 82 21 57

Bhavnagar, Gujarat Village Mehta et al. (1969) 10 071 71 15 44

Ernakulam, Kerala Village Mehta et al. (1969) 10 287 81 39 59

Srikakulam, Andhra Pradesh Village Mehta et al. (1969) 10 169 81 67 74

Singbhum, Bihar Village Mehta et al. (1969) 10 048 81 33 56

Darbhanga, Bihar Village Mehta et al. (1969) 10 340 78 51 64

Pune, Maharashtra Village Mehta et al. (1972) 101 761 62 49 64

Punjab Village Mohan et al. (1986) 24 villages 19 Very small b

Goa Village Vaidya et al. (1992) 29 713 33 20 27

Bihar schools School personnel Sinha et al. (2002) 637 78 77 77

60 rural Smokeless: 59 53 57

40 urban Smoking: 47 31 43

Urban

Bombay Policemen Mehta et al. (1961) 4734 76.5 a a

Ahmedabad Mill workers Malaowalla et al. (1976) 57 518 b b 85 (mostly men)

Mumbai Lower SES group Gupta (1996) 99 598 69 57.5 b

Delhi All SES groups Narayan et al. (1996) 13 558 45 c 7 c b

Delhi Mid-high SES group Bhattacharjee et al. (1994) 508 31 c a a

a Women were not interviewed in these areas. b Not reported. c Only Smoking habits were assessed. SES = Socio-Economic Status.
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Prevalence among youth
While smoking continues to be a threat, an easily observable trend among youth in
India today is an increasing use of smokeless tobacco. One-third to one-half of
children under the age of ten years in rural areas of different states experiment with
smoking or smokeless tobacco in some form (Vaidya et al. 1992; Kapoor et al. 1995;
Krishnamurthy et al. 1997). Despite Punjab’s tradition of low tobacco use, Punjabi
youth today are falling prey to gutkha, as shown in a recent survey of rural school-
going teenagers in five villages, where two-thirds regularly used it (Kaur and Singh
2002). The popularization of gutkha in urban and rural areas of Gujarat, urban Bihar
and Maharashtra has also been documented (Gupta and Ray 2002). In recent surveys
conducted in secondary schools in Mumbai, about one-fifth of boys used gutkha in the
eighth, ninth, and tenth standards (aged about 13–15 years). In a municipal school,
9% of girls in ninth standard used gutkha and in a private one, 5% of girls in seventh,
eighth, and ninth standards used it. Surveys of street boys in Mumbai have shown that
most start chewing gutkha and smoking bidis by the age of eight years.

Global Youth Tobacco Surveys of representative samples of 13–15-year-old students
have been completed in eleven states in India so far. Between 4.5% to 86.1% students
reported current use of tobacco. A large proportion of children are exposed to second
hand smoke at home and outside. Even at this young age, most smokers reported
wanting to quit and many had made unsuccessful attempts. Only a small percentage
reported having been taught in school about the dangers of tobacco.

Among college students in Maharashtra State, at least one-fifth reported using some
form of tobacco. Cigarette smoking was reported by 10.6%, tobacco chewing by 6.7%,
pan masala by 9.9%, and gutkha by 9.6%—many had more than one habit. Awareness
of the ill effects of tobacco was generally low, especially for smokeless products (Hans
1998). A high prevalence (20–80%) has been observed among medical and dental
students, raising a concern that in future they may not provide appropriate professional
advice to tobacco users.

Reasons for tobacco use
There are a wide variety of reasons why people use tobacco. Among lower socio-
economic strata, people often use it to suppress hunger. In rural areas, people believe
that tobacco has medicinal properties to cure or palliate common discomforts, like
toothache, headache, and stomachache. Children copy the behaviour of their parents
and other elders. People are largely unaware of the dangers posed by tobacco. Young
working boys start smoking because they see others smoking and local shopkeepers
give bidis to young boys to attract them for work. Labourers use smoking as a pretext
to take a break from work.

The most common reason amongst children of the urban poor is their film hero who
smokes. In higher socio-economic classes, children may smoke due to peer pressure,
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as a status symbol, family influence and advertising. Advertisements on television,
although banned on government channels, continue to be broadcast on cable and satel-
lite channels. These, as well as ads on public buses and in print media influence tobacco
use especially gutkha, among children. Fun and enjoyment are among the most com-
mon reasons given by school and college students for using various addictive substances.
The easy availability and low cost of most tobacco products are also important factors.

Burden due to tobacco

Premature mortality
Three cohort studies in different parts of India showed that tobacco users experienced
a significantly higher mortality compared to non-users. Using conservative estimates
(relative risk for men 1.4 and for women 1.3) and prevalence of tobacco use (60% in
men and 15% in women), it was estimated that about 630 000 deaths, i.e. 12.6% of
overall deaths, were attributable to tobacco use in 1986 (Gupta 1989). A later study by
Indian Council for Medical Research (ICMR) estimated that in 1996 the total number
of tobacco-related deaths was 800 000 (ICMR 2001). Newer information suggests that
relative risk of overall mortality due to tobacco use is higher than previously estimated
(Gupta and Mehta 2000). Also two-thirds of tuberculosis deaths (Gajalakshmi and
Peto 2001) could be attributed to smoking (relative risk 4.5). Incorporating newer
information would further increase the number of deaths attributable to tobacco use
quite substantially.

Disease risks
In various studies, the relative risks of cancers of the different sites of the upper
alimentary and respiratory tracts have varied from 2.5–6.2 in chewers and 2.2–11.8 in
smokers and 6.2–31.7 in those who both chew and smoke. The relative risk for smokers
developing myocardial infarction and coronary artery disease (CAD) have varied from
2 to 3 fold. A four-fold prevalence of chronic obstructive lung disease (COLD) was
found in smokers (Notani et al. 1989). An Expert Committee constituted by the ICMR
used the more conservative risk estimates to calculate the number of avoidable cases of
the three major disease groups due to tobacco use in 1999 (ICMR 2001):

◆ Incident cancers of the upper alimentary and respiratory tract amounted to nearly
163 500 cases.

◆ Prevalent CAD cases attributable to smoking amounted to 4.45 million.

◆ Prevalent cases of COLD attributable to smoking amounted to 39.2 million.

Financial costs
In a study on costs of tobacco-related cancers, the direct (medical and non-medical, like
travel and lodging) and indirect costs, like loss of income due to absenteeism during
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treatment and premature death were assessed. A cohort of 195 cancer patients was
followed for three years from 1990. The average cost per cancer patient, discounted at
the 1999 level, amounted to Indian Rupees (INR) 350 000, with direct costs amounting to
13% of total cost. Curative intent of treatment was associated with higher expenditures.
The cost of 163 500 incident tobacco-related cancers diagnosed in 1999, thus amounted
to INR 57.225 billion (US Dollars 1.34 billion).

Cost information was collected for one year on 500 patients of CAD, 423 of COLD, and
28 patients of both CAD and COLD. The average yearly per capita costs in 1999 terms for
CAD and COLD respectively amounted to INR 29 000 and INR 23 300 (USD 679 and
USD 546), with direct costs accounting for 57% and 19% respectively. The national cost
of all CAD cases due to tobacco in 1999 was estimated at INR 129.05 billion and that of
COLD at INR 91.336 billion (USD 3.02 billion and USD 2.14 billion, respectively).

Thus during 1999, the three major diseases put together, cancers, CHD, and COLD,
cost the country INR 277.6 billion or about USD 6.5 billion (ICMR 2001). For
comparison, in 1998, total excise revenues from tobacco corresponded to INR 55.40
billion or USD 1.29 billion, and the nationwide sale value of all tobacco products was
INR 244 billion or around USD 6 billion (ICMR 2001; Reserve Bank of India 1999;
PriceWaterhouse 2000). Clearly the economic benefit of tobacco to the country is
unable to outweigh the costs accrued due to the diseases it causes.

Interventions

Primary prevention
Sporadic attempts have been made by NGOs to conduct educational campaigns
through various media. Two recent ones have been conducted in Mumbai and Delhi.
In Mumbai, the Preventive Oncology Department of the Tata Memorial Centre, a can-
cer diagnosis and treatment centre, organized an anti-tobacco campaign in July–August,
2002, through college students volunteering in the National Social Service Scheme.
After being informed of the harmful effects of tobacco use, the students developed
street plays on the topic. They performed these plays in schools and public places. In
Delhi, a controlled anti-tobacco intervention among adolescent students of 30 schools
was conducted to raise their awareness and involve them in activities like peer interac-
tion within and between schools, family discussions, a signature campaign in the com-
munity, and an appeal to the Prime Minister. The post-test showed that students in the
intervention group were significantly less likely than controls to have been offered,
received, experimented with, or have intentions to use tobacco.

Efforts in persuading illiterate villagers to stop or reduce their tobacco use have been
attempted in rural areas. A large, controlled, educational intervention trial in tobacco
users with 10 years of annual follow-ups was conducted during 1967–88 in three areas
of India. Personal communication with visual aids after oral examination addressed fac-
tors for decision-making on tobacco use. Messages through personal communication
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were reinforced by documentaries, slides, posters, exhibitions, folk-dramas, radio mes-
sages, and newspaper articles (Gupta et al. 1986). The educational intervention was
helpful in reducing tobacco use and in significantly increasing quit rates in two areas
assessed after five and ten years of follow up (9% and 14.3% in Ernakulam and 17%
and 18.4% in Srikakulam) (Gupta et al. 1992).

In another intervention study conducted in Karnataka, after a five-year interval, quit
rates in men and women respectively were 26.5% and 36.7% (Anantha et al. 1995).

Legislation
From April 1976, a warning on cigarette packets and advertisements (‘Cigarette smok-
ing is injurious to health’) was made mandatory under the Cigarette (Regulation of
Production, Supply & Distribution) Act of 1975. The advertising of tobacco products
was prohibited in government-controlled electronic media (television and radio) and
government publications. In 1990, the Government of India issued an Executive Order
prohibiting smoking in select public places like hospitals, educational institutions,
domestic flights, air-conditioned trains and buses and suburban trains (Luthra et al.
1992). In June 1999, Indian Railways, operating under the Government of India,
banned the sale of tobacco on railway platforms. Two small states, Delhi and Goa,
promulgated their own tobacco control laws banning outdoor tobacco advertisements
and smoking in public places.

It is well known that raising the price of items like alcohol and tobacco decreases
their consumption. Over eighty per cent of total tobacco excise revenue in India comes
from cigarettes. From early 1990s, bidis have begun to be taxed albeit at very low level.
Many smokeless tobacco products, which are becoming increasingly popular, are taxed
at a low level but evasion is rampant. There is a great scope to control tobacco use
through higher taxation.

Several litigations relating to tobacco control have been filed by individuals and non-
governmental organizations. The most successful one was filed in Kerala by a woman
who stated that she found it difficult to commute in a bus in which her co-passengers
smoked. As a result, in July 1999, the Kerala High Court imposed a ban on smoking in
public places. Several other litigations are pending on issues like sports sponsorship
and advertising campaigns by tobacco companies, and a case has been filed by a politi-
cian in the Supreme Court requesting compensation for the hazardous effects
of tobacco on the health of citizens. As a consequence the Supreme Court issued a
directive banning smoking in enclosed public places.

As a result of a case filed in the Rajasthan High Court by a manufacturer of tobacco
tooth powder against an amendment to the Drugs and Cosmetics Act, 1940, prohibiting
tobacco in dental care products, the Central Committee on Food Standards recom-
mended a ban on smokeless tobacco products. This has not been implemented but several
states have recently taken a major step in banning the sale, manufacture, and storage of
gutkha under Prevention of Food Adulteration Act as gutkha is classed as a food product.

THE EPIDEMIC IN INDIA262

15_Chap14.qxd  6/23/04  1:14 AM  Page 262



Although tobacco control legislation in India is not very advanced at this time, there
has recently been a considerable use of litigation and of existing laws towards advanc-
ing tobacco control.

Summary and conclusions
With an initial introduction into Indian royal courts by the Portuguese, tobacco use
spread quickly throughout society, taking on many indigenously developed forms to
suit local tastes. The British colonisers promoted tobacco as a cash crop and as an
industry. The independent Indian Government continued to support tobacco as a
revenue earner and employment generator. Among the middle classes, socially, smoking
is not well accepted especially by women and adolescents. The poor and uneducated
have little awareness of health effects of tobacco, especially smokeless tobacco. Tobacco
use, especially smoking is more prevalent among men than women, except in some small
regions. The youth have shown eagerness to experiment with new tobacco products like
mawa and gutkha alongside more traditional products. Young children are prone to take
up tobacco use, especially in rural areas and among the urban poor. Intervention studies
have demonstrated that it was possible to reduce tobacco use through education.
National legislative action to combat tobacco menace has remained weak so far,
although in recent years several states and judiciary seem to have taken a lead.
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Chapter 15

Tobacco in Africa: More than
a health threat

Yussuf Saloojee

Tobacco control has not been assigned a high status as a public health concern in most
of sub-Saharan Africa (SSA). Social and economic factors are therefore the main deter-
minants of tobacco use on the continent. Urbanization, increased literacy, the entry of
women into the workforce and higher disposable incomes are among factors facilitat-
ing the adoption of consumer patterns similar to those in higher-income countries,
including increased cigarette smoking.

‘Across Africa the total lifestyle is starting to change’ claims the head of the advertis-
ing agency Saatchi Africa, Eric Franc. ‘There is a stronger move towards the western
lifestyle as the pace of urbanization increases. People becoming more aware of luxury
goods and consumer items they never had before’ (Koenderman 2002). Cigarettes,
beer, soft drinks, cellular phones, and banking are the products most prominently
advertised in African markets.

On the other hand, the World Bank warns that the rapid spread of HIV/AIDS,
dwindling aid and investment flows, and weak commodity prices threaten to undo
the development gains achieved from 1970 to 1995 (World Bank 2002). Reduced
economic growth will diminish business opportunities for the transnational tobacco
companies.

Africa cannot continue to ignore tobacco control issues if it is to avoid the ‘epidemi-
ological trap’ with diseases of lifestyle adding to the toll of disease caused by poverty.
This chapter presents an overview of tobacco use, trade, and health policy in SSA.

Tobacco use in sub-Saharan Africa
Due to low consumer purchasing power SSA has the lowest rates of cigarette consumption
in the world. In 1963, it is estimated that fewer than 400 cigarettes per adult (aged 15+)
per year were sold in this region; by 1995, consumption had risen to 480 (compared to a
global average of about 1325) (World Health Organization 1999).

Disposable income is a major determinant of cigarette consumption levels—there is
positive relationship between gross national product (GNP) and average cigarette
consumption per adult (Fig. 15.1). Cigarette usage is greatest in upper-middle income
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countries like Mauritius and South Africa and least in low-income countries such as
Ethiopia and Guinea-Bissau (World Bank 2001).

It is estimated that about 21 per cent of adults in the region smoke cigarettes, compared
to a global average of 33%. The prevalence of smoking is relatively low mainly because few
women smoke cigarettes. Smoking prevalence appears to be highest in Nairobi (Kenya),
Conakry (Guinea), and Namibia with high proportions of both men and women smoking.
In several countries (Burkina Faso, Lesotho, Zimbabwe, Cote d’Ivoire, Nigeria) fewer than
2% of women report that they smoke, while more than half of all men smoke in Tanzania,
Uganda, Guinea, Namibia, and Kenya (World Bank 2000) (Fig. 15.2).
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Fig. 15.1 Cigarette consumption per adult and GDP per capita, 1999.
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In assessing tobacco use in Africa it is important to include both smoked and smoke-
less tobacco (snuff, toombak). In Senegal, for instance, although 32 per cent of adults
use some form of tobacco only 4.6 per cent smoke manufactured cigarettes (Corrao
et al. 2000). Similarly, in South Africa, as many women use snuff as smoke cigarettes
(about 10 per cent).

The Global Youth Tobacco Survey (GYTS) (National Center for Disease Prevention
and Health Promotion 2002)—a series of school-based surveys conducted between
1999 and 2001 in selected countries—confirm that a diversity of tobacco products are
used in the region. The surveys reveal that tobacco use is common among 13–15-year-
olds, with about one in five school children regularly using tobacco at the time of the
survey. Manufactured cigarettes were not the main form of tobacco used—only one in
twelve children were current cigarette smokers. The gap between male and female
tobacco use was surprisingly small (Table 15.1).

The data on the prevalence of tobacco use in Africa should be regarded with caution,
as information is not available for many countries and even when available it is fre-
quently not nationally representative. Most surveys of smoking behaviour usually only
cover the major cities or selected sub-regions. The need for accurate information on
the use of tobacco and its health consequences in Africa has long been recognized
(Sasco 1990) but little has been done to address this need.

Tobacco and health
The existing African per capita cigarette consumption rate is the same as that in the
industrialized countries in the 1920s. As a result, SSA is the only region of the world in
which primary prevention of the tobacco epidemic is possible. Currently, tobacco use
is not a major cause of death on the continent. AIDS, malaria, tuberculosis, maternal
and perinatal conditions, and measles remain the major killers.

YUSSUF SALOOJEE 269

Table 15.1 Tobacco and cigarette use among school children in selected African countries

Country (city/region) Current tobacco user (%) Current cigarette user (%)

All Males Females All Males Females

Ghana (national) 19.3 19.5 18.8 4.8 5.3 3.8

Kenya (national) 13.0 15.8 10.0 7.2 10.1 4.2

Mali (Bamako) 31.2 44.9 12.6 11.2 11.4 10.1

Malawi (Lilongwe) 18.2 21.1 14.7 6.2 9.1 2.8

Nigeria (Cross River State) 22.1 23.9 17.0 9.1 9.7 5.7

Zimbabwe (Manicaland) 22.0 23.0 20.0 11.4 12.6 9.7
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It is estimated that in 1998, two million of the eight million deaths in Africa occurred
beyond the age of 30, and that about 125 000 of these could be attributed to smoking
(World Health Organization 1999). In contrast to some developed countries
where tobacco causes 1 in every 5 or 6 deaths, in Africa it causes only 1 in every 64
deaths.

However, this may be an underestimate. The health consequences of tobacco use
may not be fully apparent in Africa because insufficient data are available to demon-
strate its effects. For instance, analyses of death certificate data in South Africa found
that smoking increased the risk of dying from TB by 60% (Sitas 2000). As TB causes
over half-a-million deaths each year in SSA, this suggests that smoking may contribute
to more deaths in Africa than was previously supposed.

Although information is scanty, the available data indicates that the rates for
lung cancer are intermediate to low in Africa compared to developed countries. The
rate, however, is increasing in populations that have smoked tobacco for prolonged
periods. Age-standardized lung cancer rates per 10 00 000 in Harare, Zimbabwe
are 24.6, in Mali 4.8, and in Gambia 1. This compares to rates of 64.3/100 000 in
the UK.

If African countries follow the same trend as in developed countries, its tobacco
epidemic can be expected to peak in the middle of the next century. Very rarely do we
have the ability to predict an epidemic that far into the future and the knowledge to
prevent it now.

Tobacco control
The past two years have seen remarkable support from the African region for the
Framework Convention of Tobacco Control (FCTC)—an international treaty that is
due to be concluded in 2003 and which will set global standards for action and
co-operation in controlling tobacco. Representatives of governments—together with
non-governmental organizations as observers—have met regularly in Geneva, and
regionally in Johannesburg, Algiers, and Abidjan to discuss the policies that should be
included in the FCTC.

African governments have formed a common front, pressing both for progressive
regulatory measures (advertising bans, tax increases, restrictions on smoking in public
places, anti-smuggling measures, etc.) and for provisions to assist in providing alterna-
tive livelihoods for tobacco workers. The common front included both tobacco grow-
ing and non-tobacco growing countries.

The African position is perhaps summed up by Uganda’s agriculture minister,
Dr Kibirige Sebunya, who stated: ‘As a government we are concerned about the ill-
health caused by tobacco, but at the same time we cannot ignore the economic and
social benefits the crop brings to our country.’ He pledged support for the FCTC pro-
vided ‘tobacco farmers are facilitated to produce an equally viable alternative crop to
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plug the gap that would be created if tobacco was to be eliminated from the country’s
economy’ (New Vision 2002).

The fear that tobacco control policies will cause economic harm is ‘largely
unfounded’ according to U.N. Secretary-General Kofi Annan (Arieff 2002). A WHO
report estimates that the number of smokers worldwide would grow from the current
1.28 billion to 1.34 billion by 2050 even if tobacco control policies met their most
optimistic goals.

‘As the absolute number of smokers grows—because of global population increases—
this will ensure a large enough market to keep the current generation of tobacco farm-
ers in business,’ Annan said in a new report to the U.N. Economic and Social Council.

Countries like Zimbabwe and Malawi need to diversify away from tobacco, less
because of the fears of falling demand due to tobacco control policies and more
because any economy which is highly dependent on a single crop or export is highly
vulnerable. The environmental, health, and social consequences of tobacco growing are
other reasons for moving away from tobacco growing (see next section). Finally, the
tobacco and pharmaceutical industries are investing heavily in developing ‘cleaner’
nicotine delivery systems to replace the cigarette. These technologically advanced
products will use less tobacco, or may even be tobacco-free, and may represent the
most significant threat to the viability of tobacco farming yet.

By 1999, about half the governments in SSA had taken some steps to regulate
tobacco. Some 20 countries have enacted laws regulating smoking in public places, 16
require health warnings on tobacco products and 10 have total or strong partial bans
on tobacco advertising and promotion. However, apart from South Africa, Botswana,
Mauritius, and Mali most countries have not passed comprehensive tobacco control
laws and the legislation is weak.

South Africa has made the most progress in regulating tobacco, with consumption
falling by 33% between 1990 and 2000. The South African Parliament prohibited all
tobacco advertising, sponsorship, and promotions in 1999. No advertisement may con-
tain trademarks, logos, brand names, or company names of tobacco products. The law
also bans smoking in all enclosed places, including workplaces, and the free distri-
bution of tobacco products, and awards or prizes to induce the purchase of tobacco.
The government has also increased tobacco excise taxes for ‘health reasons’, so as to
discourage consumption (Saloojee 2000).

In 1996, Mali prohibited the advertising of tobacco products in most media, and
smoking in public places and requires health warnings and ingredient disclosure on cig-
arette packs. Mauritius enacted similar legislation in 1995.

Tobacco taxes and smuggling
One of the most cost-effective ways to control tobacco, especially in low-income coun-
tries, is to raise the price of cigarettes through increasing tobacco taxes. The World
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Bank estimates that an increase of 10 per cent in the price of a pack of cigarettes across
all SSA countries would persuade 3 million smokers in the region to quit smoking and
prevent 0.7 million premature deaths from diseases caused by smoking. The calcula-
tions are based on 1995 population estimates (World Bank 1999).

Every tobacco tax decision is therefore a health decision, and maintaining the price
of tobacco above the rate of increase in real incomes is an important public health goal.
Between 1990 the real price of cigarettes in eight African countries increased by an
average of 2.14 per cent annually, which is well below the rate of increase in countries
with progressive tobacco control policies like France (9.25%), Hong Kong (8.63%), or
Australia (6.54%) (Guindon et al. 2002).
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The rate of tobacco taxes in African countries is also low compared to the European
Union (EU). The EU adopted a directive in 1992 that fixed a minimum tax level
of at least 70% of the retail price of a pack of cigarettes. In 10 African countries, for
which data was available, in 1999, the average tax was 46% of the retail price (Table 15.2).
The rate was lowest in Nigeria (32%) and highest in Ghana (66%) (World Bank
2000).

An increase in tobacco taxes would not only reduce consumption but would increase
revenues for cash-strapped governments. If part of these new revenues were spent on
health services there would be a double benefit for health—from reduced tobacco con-
sumption and increased health spending.

In most countries there is probably a discrepancy between taxes on cigarettes and
other tobacco products, with the latter being taxed at a lower rate. This differential
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should be reduced so as to discourage switching from higher priced to lower priced
tobacco products. The policy objective should be to reduce all tobacco consumption
and not just cigarette use.

The tobacco industry recognizes the implications that higher taxes and prices have
on their sales volumes, and has strongly opposed these through various strategies,
including smuggling, price-collusion, and fixing market share.

The tobacco industry
Cigarette manufacturing: All the major transnational tobacco manufacturers and leaf
companies operate in SSA, with British American Tobacco (BAT), Imperial Tobacco,
and Altadis the dominant players.

BAT is the leading manufacturer in the region with a monopoly in Zambia,
Zimbabwe, Ghana, Sierra Leone, Malawi, and Uganda, and a near monopoly in the
Democratic Republic of Congo (95% share of market), South Africa (95% share), and
Nigeria (91% share).

The second largest cigarette maker in the region is Tobaccor which has 90% of share
in 8 markets—Ivory Coast, Burkina Faso, Senegal, Gabon, Congo, the Central African
Republic, Chad, and Madagascar. UK-based cigarette maker, Imperial Tobacco,
acquired a 75% share in Tobaccor in May 2001—paying US$ 250 million to Bollare,
the French conglomerate.

Tobacco growing: Since the late 1970s, commercial growing of tobacco has shifted
predominantly to low-income countries, primarily because of lower-production costs
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Table 15.2 Cigarette taxes as percentage of retail price in 1999

Tax as percentage of retail price

Nigeria 32

Cameroon 33

Senegal 36

Cote d’Ivoire 37

South Africa 38

Malawi 40

Zimbabwe 53

Uganda 61

Kenya 64

Ghana 66
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due to the availability of cheap labour and easy access to natural resources (i.e., wood-
fuel and fresh pest-free soils).

The cigarette manufacturers and major leaf buying companies have encouraged
tobacco growing to ensure a ready supply of tobacco leaf at lower prices. In Tanzania,
the leaf merchant, Dimon, has contracted 30 000 farmers providing them with seed,
fertiliser, and financial and technical assistance. BAT has contracted 50 000 farmers in
Uganda and 10 000 farmers in Kenya.

Between 1989/91 and 1995 the area under tobacco cultivation in Africa south of
the equator increased by 18% to 291 000 ha and crop yield was up by 27% (Geist
1988). The increase was even greater in Zimbabwe, Malawi, and Tanzania, the largest
African producers, with the land under cultivation going up by 28% and production
by 37%.

SSA countries produced a total of about 500 000 tons of tobacco annually account-
ing for 7% of global production. About 228 000 tons are produced in Zimbabwe and
99 000 tons by Malawi (the world’s leading producer of Burley leaf). Other important
producers in the region include South Africa (30 000 tons), Tanzania (25 000), Uganda
(23 000), Kenya (18 000), and Cote d’Ivoire (12 000).

The Zimbabwean and Malawian economies are highly dependent upon tobacco,
earning 30% and 70%, respectively of their total foreign earnings from the crop.
Zimbabwe is ranked sixth and Malawi eighth among the world’s leading tobacco
producers.

The massive increase in global tobacco leaf production together with a lim-
ited number of buyers has resulted in a decline in leaf prices. Between 1985
and 2000, the real price of flue-cured tobacco fell by 37 per cent to US$ 1221
per ton.

The transnational manufacturers purchase 85–95% of the tobacco exported from
the developing world and it is the companies that set leaf prices. The industry journal,
Tobacco International has noted that the limited number of leaf buyers in countries
like Malawi ‘has led to reduced competition—especially when one company is pur-
chasing more than 50 per cent of the crop.’ (Kille 1998). In 1998, the then chairman
of the International Tobacco Growers Association, Richard Tate was moved
to complain: ‘By switching prices on and off in successive seasons, the buyers are
endangering long-term stability of supply … We have all been surprised and shocked
at the buyers’ short-sighted behaviour, which has severely affected all the regional
markets.’

Leaf prices slumped across all African markets in 1988 with prices falling by as much
as 40% in Zimbabwe. In 2000, Malawi again experienced a harsh shock when average
auction price tumbled by 35%, down from US$ 1.56 in 1999 to US$ 1.01 per kg. The
2000 season opened with the historic low price of US 10 cents per kg at the opening of
the Lilongwe floors in Malawi.
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In recent years, both Malawi and Zimbabwe witnessed protests by farmers over low
auction prices resulting in regular delays in the opening or temporary closure of the
auctions.

The decline in price in Malawi in 2000 was also in part due to the quality of tobacco
sold, as farmers used less fertilizer following a hike in the price of chemical fertilizers.
The President of the Tobacco Association of Malawi (TAMA) is reported as saying:
‘Escalating costs of farm inputs and labour makes it difficult for many small-scale
tobacco farmers to grow tobacco profitably. Many have failed to repay fertiliser and
other input loans.’

Variable market prices and a diminishing rate of return have encouraged some farmers
to begin moving away from tobacco. Other reasons for diversifying away from tobacco
include:

*The environmental effects of heavy pesticide use associated with tobacco growing,
and deforestation in countries where tobacco is cured with fuel wood. A medium to
serious degree of tobacco-related deforestation exists in southern and eastern Africa
(Malawi, Zimbabwe, Zambia, Tanzania, Uganda, Burundi, Ethiopia) and west Africa
(Togo, Nigeria). In southern Africa an estimated 140 000 hectares of woodlands are
cleared annually to supply fuelwood to cure tobacco, accounting for 12 per cent of the
deforestation in the region (Geist 1988).

Furthermore, replacing indigenous forests with largely monoculture plantations of
fast-growing foreign species like eucalyptus, which draws heavily on underground
water resources, causes biodiversity losses in both flora and fauna.

* Tobacco threatens food security in the region, with Kenya, Malawi, and Zimbabwe
all having to import maize to meet domestic requirements. Small-scale farmers com-
plain that growing tobacco requires intensive labour for long periods so that they do
not have the time to grow traditional food crops like maize, beans, and cassava—nor
do they earn enough to buy sufficient food for their families (Kariuk 1998).

* The International Confederation of Free Trade Unions has complained that child
labour in tobacco-growing areas continues unabated. It states that, ‘more than twenty
per cent of the workforce on commercial plantations, especially tobacco plantations,
are children. Much child labour on these commercial plantations is hidden because the
tenant farming system encourages the whole family to work. Many children are kept
from school in order to contribute to the family growing effort, and smaller children
are often kept from school in order to perform the domestic tasks that the parents
and older siblings are not available to perform. The ILO [International Labour
Organization] estimates that over 440 000 children between the ages of 10 and 14 are
economically active in Malawi, which constitutes over thirty per cent of this age group.’
(afrol News 2002)

The greatest stumbling block to tobacco control in SSA is the widely held perception
of the importance of tobacco to its economies. The hundreds of thousands of
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small-scale farmers in the region barely eke out a living but they remain trapped in
tobacco growing because they are in debt and have little incentive to grow other crops.
These farmers need urgent supportive interventions. Firstly, they require financial
assistance to offset loan; and secondly, they require production and marketing support
for growing other crops.

Compared to the marketing machine driving tobacco use the resources for discour-
aging tobacco use are meager. There is a gross mismatch between the resources
needed by governments and NGO’s for tobacco control and those actually available.
Enabling farmers to reduce their dependence on the tobacco crop and assisting NGOs
in challenging the forces promoting tobacco use will benefit not only health but also
the environment.
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Chapter 16

The future worldwide health effects
of current smoking patterns

Richard Peto and Alan D Lopez

Worldwide, there are only two or three major causes of death whose effects are now
increasing rapidly: tobacco and HIV (and, perhaps, obesity). If current smoking pat-
terns persist, there will be about 1 billion deaths from tobacco during the twenty-first
century, as against ‘only’ about 0.1 billion (100 million) during the whole of the twenti-
eth century. About half of these deaths will be in middle age (35–69) rather than old
age—and, those killed by tobacco in middle age lose, on average, more than 20 years of
non-smoker life expectancy (Box A).

There are two main reasons for this large increase in tobacco deaths. First, the world
population in middle and old age will increase. Second, the proportion of the deaths in
middle and old age that is caused by tobacco will increase substantially over the next
few decades, due to the delayed effects of the large increase in cigarette smoking among
young adults over the past few decades (Doll et al. 1994; Peto et al. 1994, 1999; Murray
and Lopez 1996; World Health Organization 1996, 1997). Among cigarette smokers,

◆ HALF are killed: Among persistent cigarette smokers (those who start in
early adult life and do not give up), about 50% will eventually be killed by
tobacco.

◆ A quarter killed in MIDDLE age (35–69): Half those killed by tobacco are still in
middle age, losing on average about 20–25 years of life.

◆ Stopping smoking works: Even in middle age, smokers who stop before they
have developed some serious disease avoid MOST of their subsequent risk of
death from tobacco: smokers who stop before middle age avoid almost all their
risk.

Box A: Hazards for the persistent cigarette smoker:
1990s British and American evidence
(Doll et al. 1994, 2004; Peto et al. 1994, 2000)
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the risk of death from tobacco in middle or old age is really substantial (about 1 in 2)
only for those who start smoking in early adult life (Doll and Peto 1981; Peto et al.
1986, 1994; Doll et al. 1994, 2004). Hence, when there is a large upsurge in cigarette
smoking among the young adults in a particular country, this will produce a large
upsurge in tobacco deaths half a century later; the numbers of deaths from tobacco
around the year 2000 were strongly influenced by the numbers of young adults who
took up smoking around 1950, while the numbers of young adults who took up smok-
ing around the year 2000 will strongly influence the numbers of deaths from tobacco
around the year 2050 (and beyond).

The main increase in cigarette use by young adults took place during the first
half of the twentieth century for men in developed countries, but it took place
during the second half of the century for women in developed countries and for men
in developing countries (Doll et al. 1994; Peto et al. 1994; World Health Organization
1997). Thus far, relatively few women in developing countries have begun to smoke.

For men in developed countries the epidemic of tobacco deaths may already be
about as large as it will ever be, with tobacco now responsible for about one-third of all
male deaths in middle age (Peto et al. 1994). Continuing increases in male tobacco
deaths in developed countries such as Greece or Portugal are offset by recent decreases
elsewhere, e.g., the UK. For women in most developed countries, however, the epidemic
still has far to go—indeed, in many European countries such as France or Spain the
main increase in tobacco deaths is only just beginning, although in the United States
the proportion of deaths in middle age that is due to tobacco is now almost as great in
women as in men (Peto et al. 1994).

In North America, taking both sexes together, US cigarette consumption per adult
was 1, 4, and 10 per day in 1910, 1930, and 1950, after which it remained relatively
constant for some decades. As a delayed result of this pre-1950 increase in cigarette
consumption, the proportion of all US deaths at ages 35–69 attributed to tobacco rose
from 12% in 1950 to 33% in 1990 (Peto et al. 1994).

In China, which is the largest and best studied of the developing countries (Liu et al.
1998; Niu et al. 1998; Peto et al. 1999), the increase in male cigarette consumption and
in tobacco deaths both lag almost exactly 40 years behind the US. At present, few of
the young women in China become smokers, but adult Chinese male cigarette con-
sumption averaged 1, 4, and 10 per day in 1952, 1972, and 1992, with no further
increase during the past few years, and the proportion of Chinese male deaths at ages
35–69 attributed to tobacco was measured to be 12% in 1990 and is projected to be
about 33% in 2030. Two-thirds of the young men in China become persistent smokers,
and about half of those who do so will eventually be killed by the habit: so, about one-
third of all the young men in China will eventually be killed by tobacco, if current
smoking patterns persist.

China, with 20 per cent of the world’s population, produces and consumes about
30% of the world’s cigarettes, and a large nationwide study has now shown that China
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already suffers almost a million deaths a year from tobacco, a figure that is likely to at
least double by 2025. The Chinese study consisted of two parts, one retrospective (Liu
et al. 1998) (ascertaining the smoking habits of adults who had recently died) and one
prospective (Niu et al. 1998) (which will continue for decades, monitoring the long-
term growth of the epidemic). In recent years large retrospective and prospective stud-
ies have been, or are being, established in China, India, Latin America, and elsewhere,
to monitor the current and future hazards not only in developed but also in various
developing populations: results from China (Liu et al. 1998; Niu et al. 1998), and
from India (Gupta and Mehta 2000; Gajalakshmi et al. 2003), show that the hazards in
some developing countries are already substantial.

Worldwide, there are now about 4–5 million deaths a year caused by tobacco, 2 million
in developed and 2–3 million in developing countries. But, these numbers reflect smok-
ing patterns several decades ago, and worldwide cigarette consumption has increased
substantially over the past half century (World Health Organization 1997). On current
smoking patterns, about 30% of young adults become persistent smokers and relatively
few give up (except in selected populations, such as educated adults in parts of western
Europe and North America).

The main diseases by which smoking kills people are substantially different in America
(where vascular disease and lung cancer predominate) (Peto et al. 1994), in China
(where chronic obstructive pulmonary disease predominates, causing even more
tobacco deaths than lung cancer) (Liu et al. 1998; Niu et al. 1998), and in India (where
half the world’s tuberculosis deaths take place, and the ability of smoking to increase the
risk of death from TB may well be of particular importance) (Gupta and Mehta 2000;
Gajalakshmi et al. 2003). But, there is no good reason to expect the overall 50% risk of
death from persistent cigarette smoking to be very different in different populations.

There are already a billion smokers, and by 2030 about another billion young adults
will have started to smoke. On current smoking patterns, worldwide mortality from
tobacco is likely to rise from about 4–5 million deaths a year around AD 2000 to about
10 million a year around 2030 (i.e. 100 million per decade) (Peto et al. 1994), and will
rise somewhat further in later decades. So, tobacco will cause about 150 million deaths
in the first quarter of the century and 300 million in the second quarter. Predictions for
the third and, particularly, the fourth quarter of the next century are inevitably some-
what speculative, but if over the next few decades about 30% of the young adults
become persistent smokers and about half are eventually killed by their habit, then
about 15% of adult mortality in the second half of the century will be due to tobacco
(implying more than half a billion tobacco deaths in 2050–2099).

These numbers of tobacco deaths before 2050 cannot be greatly reduced unless a
substantial proportion of the adults who have already been smoking for some time
give up the habit. For, a decrease over the next decade or two in the proportion of chil-
dren who become smokers will not have its main effects on mortality until the third
quarter of the century (Box B).
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The calculations in Box B show that quitting by adult smokers offers the only realistic
way in which widespread changes in smoking status can prevent large numbers of
tobacco deaths over the next half century. Widely practicable ways of helping large
numbers of young people not to become smokers could avoid hundreds of millions of
tobacco deaths in the middle and second half of the century, but not before, whereas
widely practicable ways of helping large numbers of adult smokers to quit (preferably
before middle age, but also in middle age: Box A) might well avoid one or two hundred
million tobacco deaths in the first half of the century. The strategies that are relevant to
young people may well be of little relevance to adults, and vice versa, so over-emphasis
on either at the expense of the other would be inappropriate. In particular, it is often
wrongly supposed that it is impossible to get large numbers of adult smokers to quit, but
the experience of several countries over the past few decades shows that decreases can
occur both in the proportion who start and in the proportion who continue to smoke.

Britain, which is now experiencing the most rapid decrease in the world in pre-
mature deaths from tobacco, shows that quite large improvements are possible (Peto et al.
1994, 2000). From 1965 to 1995 annual UK cigarette sales fell by half, and there was a
threefold reduction in the machine-measured tar delivery per cigarette (and hence a
moderate reduction in the hazard per smoker: Doll and Peto 1981; Peto 1986). Over
the same period, annual UK tobacco deaths in middle age decreased from 80 000 to
30 000, and they are still falling rapidly (Peto et al. 1994, 2000). (For lung cancer, the
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◆ Quitting: If many of the adults who now smoke were to give up over the next
decade or two, halving global cigarette consumption per adult by the year 2020,
then this would prevent about one-third of the tobacco deaths in 2020 and
would almost halve tobacco deaths in the second quarter of the century. Such
changes would avoid about 20 or 30 million tobacco deaths in the first quarter of
the century and would avoid about 150 million in the second quarter.

◆ Not starting: If, by progressive reduction over the next decade or two in the
global uptake rate of smoking by young people, the proportion of young adults
who become smokers were to be halved by 2020, then this would avoid hundreds
of millions of the deaths from tobacco after 2050. It would, however, avoid almost
none of the 150 million deaths from tobacco in the first quarter of the century,
and would probably avoid “only” about 10 or 20 million of the 300 million deaths
from tobacco in the second quarter of the century.

Box B: Effects of adult smokers quitting on tobacco deaths
before 2050, and of young people not starting on tobacco
deaths after 2050 (Doll et al. 1994, 2004; Peto et al. 1994,
2000)
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UK male death rate at ages 35–69 has been decreasing at the rate of 40% per decade in
recent years.) (Peto et al. 2000). Moreover, as those now in middle age progress into old
age over the next decade or two, UK mortality in old age from tobacco should also
decrease substantially.

Unfortunately, however, although there have been substantial decreases in the pre-
valence of smoking in some developed populations, there have been large increases
elsewhere, particularly in Chinese males, over the past few decades (Liu et al. 1998;
Peto et al. 1999), and it is difficult to see how worldwide cigarette consumption can
be halved over the next decade or two. Hence, the 100 million tobacco deaths in the
twentieth century are likely to be followed, if present smoking patterns persist, by about
1 billion tobacco deaths in the twenty-first century.
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Chapter 17

Passive smoking and health

Jonathan M. Samet

Overview
Evidence on the health effects of tobacco smoking, both active and passive, and of using
smokeless tobacco has been central in driving initiatives to control tobacco use. In some
countries, the evidence on passive smoking has had particularly powerful consequences
in shaping public policy in recent decades, as strategies have been implemented to pro-
tect nonsmokers from involuntarily inhaling tobacco smoke in public places, work-
places, and their homes. This chapter provides an overview and introduction to the
now-vast data on the adverse health consequences of passive smoking, covering the risks
to passive smokers, including the fetus, infants and children, and adults. Since the 1980s,
the evidence has been periodically examined and synthesized in various governmental
reports, which should be used by those seeking comprehensive summaries to supple-
ment this chapter; the most recent include the report prepared by the Environmental
Protection Agency of the state of California in the United States (National Cancer
Institute 1999), the United Kingdom’s Scientific Committee on Tobacco (Scientific
Committee on Tobacco and Health & HSMO 1998), the World Health Organization
(WHO 1999), and the International Agency for Research on Cancer (IARC 2002). Samet
and Wang (2000) have also recently and comprehensively reviewed the literature.
A report of the U.S. Surgeon General on the topic is also anticipated.

Although there were writings on the dangers to health of tobacco use centuries ago,
the body of research evidence that constitutes the foundation of our present under-
standing of tobacco as a cause of disease dates to approximately the mid-twentieth
century. Even earlier, case reports and case series had called attention to the likely role
of smoking and chewing tobacco as a cause of cancer. The rise of diseases that had once
been uncommon, such as lung cancer and coronary heart disease, was noticed early in
the twentieth century and motivated clinical and pathological studies to determine if
the increases were ‘real’ or an artifact of changing methods of detection. By mid-
century, there was no doubt that the increases were real and the focus of research
shifted to the causes of the new epidemics of ‘chronic diseases,’ such as lung cancer and
coronary heart disease.

The epidemiological studies that were implemented to find the causes of these new
epidemics quickly linked active cigarette smoking to cancers of the lung and other
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organs, coronary heart disease, and ‘emphysema and chronic bronchitis,’ now termed
chronic obstructive pulmonary disease (COPD). The studies were observational, that
is comparing risks of disease in those who smoked with those who did not, and were
primarily of the cohort (following smokers and nonsmokers and measuring the rate at
which disease develops in the two groups) and case-control (designs comparing rates
of smoking in persons with the disease under study and in controls who are similar but
do not have the disease). Surveys, or cross-sectional studies, were also carried out,
particularly to compare rates of lung disease in smokers and nonsmokers. These same
designs were subsequently used to investigate the risks of passive smoking.

By the 1960s, there was strong evidence that active smoking was a powerful cause of
disease. For example, the risk of lung cancer in men who smoked was increased 10-fold
or more compared to men who had never smoked, and the risk increased with the
number of cigarettes smoked and the duration of smoking (US Department of Health
Education and Welfare 1964). These initial observations quickly sparked complemen-
tary laboratory studies on the mechanisms by which tobacco smoking causes disease.
The multidisciplinary approach to research on tobacco has been key in linking active
and passive smoking to various diseases; the observational evidence has been sup-
ported with an understanding of the mechanisms by which smoking causes disease.
By 1953, for example, Wynder and colleagues (1953) had shown that painting the skin
of mice with the condensate of cigarette smoke caused tumors. In combination with
the emerging epidemiologic evidence on smoking and lung cancer, this observation
was sufficiently powerful to be followed by the US tobacco industry’s dramatic
response of establishing the Tobacco Industry Research Committee, later to become
the Tobacco Research Council, and to initiate a campaign to discredit the emerging
scientific evidence. This same tactic is still being used by the tobacco industry for
research on passive smoking.

By the late 1950s and early 1960s, the mounting evidence on active smoking received
formal review and evaluation by government committees, leading to definitive conclu-
sions on causation in the early 1960s. In the United Kingdom, the 1962 report of the
Royal College of Physicians (Royal College of Physicians of London 1962) concluded
that smoking was a cause of lung cancer and bronchitis and a contributing factor to
coronary heart disease. In the United States, the 1964 report of the Advisory Committee
to the Surgeon General concluded that smoking was a cause of lung cancer in men and
of chronic bronchitis (US Department of Health Education and Welfare 1964). This
conclusion was based in a systematic and comprehensive evaluation of evidence and
application of criteria for judgment as to the causality of association. The criteria
included the association’s consistency, strength, specificity, temporal relationship, and
coherence. By law, a U.S. Surgeon General’s report was subsequently required annually
and new conclusions have been reached periodically with regard to the diseases caused
by smoking. The Royal College of Physicians has also continued to release periodic
reports, as have other organizations. These reports and other expert syntheses of the
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evidence have proved to be effective tools for translating the findings on smoking, both
active and passive, and disease into policy.

The issue of passive smoking and health has a briefer history. Some of the first
epidemiological studies on second-hand smoke or environmental tobacco smoke
(ETS) and health were reported in the late 1960s (Cameron 1967; Colley and Holland
1967; Cameron et al. 1969). Prior to that point, there had been scattered case reports,
the Nazi government had campaigned against smoking in public, and one German
physician, Fritz Lickint, used the term ‘passive smoking’ in his 1939 book on smoking
(Proctor 1995). In the 1960s, the initial investigations focused on parental smoking and
lower respiratory illnesses in infants; studies of lung function and respiratory symp-
toms in children soon followed (US Department of Health and Human Services 1986;
Samet and Wang 2000). The 1971 report of the U.S. Surgeon General raised concern
about possible adverse effects of passive smoking (US Department of Health Education
and Welfare 1971).

The first major studies on passive smoking and lung cancer in nonsmokers were
reported in 1981, a cohort study in Japan and a case–control study in Athens (Hirayama
1981a, b; Trichopoulos et al. 1981), and by 1986 the evidence supported the conclusion
that passive smoking was a cause of lung cancer in non-smokers, a conclusion reached
by the International Agency for Research on Cancer (IARC), the U.S. Surgeon General,
and the U.S. National Research Council (IARC 1986; US Department of Health and
Human Services 1986). The evidence on child health and passive smoking was also
reviewed in 1986 by the U.S. Surgeon General and the U.S. National Research Council
(Table 17.1). A now-substantial body of evidence has continued to identify new
diseases and other adverse effects of passive smoking, including increased risk for
coronary heart disease (Table 17.1) (California Environmental Protection Agency
1997; Scientific Committee on Tobacco and Health & HSMO 1998; WHO 1999; Samet
and Wang 2000).

In Australia and New Zealand, the United Kingdom, some countries of Scandinavia,
and the United States, for example, the evidence of harm to nonsmokers from breath-
ing secondhand smoke has led to the implementation of national and local policies
and regulation to restrict smoking in public places and workplaces (National Cancer
Institute 1999; Corrao et al. 2000). In the state of California in the U.S., all workplaces,
including bars and restaurants, are now smokefree. Smoking is no longer permitted on
international airplane flights. There are abundant successful examples of using the
scientific evidence on passive smoking as the foundation for effective public policies
for reducing exposure.

Toxicology of tobacco smoke
Tobacco smoke is generated by the burning of a complex organic material, tobacco,
along with the various additives and paper, at a high temperature, reaching about
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Table 17.1 Adverse effects from exposure to tobacco smoke

Health effect SG 1984a SG 1986b EPA 1992c CalEPA 1997d UK 1998e WHO 1999f IARC 2002g

Increased prevalence of respiratory illnesses Yes/a Yes/a Yes/c Yes/c Yes/c Yes/c

Decrement in pulmonary function Yes/a Yes/a Yes/a Yes/a Yes/c

Increased frequency of bronchitis, pneumonia Yes/a Yes/a Yes/a Yes/c Yes/c

Increase in chronic cough, phlegm Yes/a Yes/c

Increased frequency of middle ear effusion Yes/a Yes/c Yes/c Yes/c Yes/c

Increased severity of asthma episodes Yes/c Yes/c Yes/c
and symptoms

Risk factor for new asthma Yes/a Yes/c

Risk factor for SIDS Yes/c Yes/a Yes/c

Risk factor for lung cancer In adults Yes/c Yes/c Yes/c Yes/c Yes/c

Risk factor for heart disease in adults Yes/c Yes/c Yes/a

Yes/a = association.

Yes/c = cause.
aUS Dept of Health and Human Services 1984.
bUS Dept of Health and Human Services 1986.
cUS Environmental Protection Agency 1992.
dCalifornia Environmental Protection Agency 1997.
eScientific Committee on Tobacco & Health & HSMO 1998.
fWorld Health Organization 1999.
gIARC 2002.
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a thousand degrees centigrade in the burning coal of the cigarette (US Department of
Health Education and Welfare 1964). The resulting smoke, comprising numerous gases
and also particles, includes myriad toxic components that can cause injury through
inflammation and irritation, asphyxiation, carcinogenesis, and other mechanisms.
Some examples are carbon monoxide, cyanide, radioactive polonium, benzo-(a)-
pyrene, oxides of nitrogen, acrolein, benzene, and particles. Active smokers inhale
mainstream smoke (MS), the smoke drawn directly through the end of the cigarette.
Passive smokers inhale smoke that is often referred to as secondhand smoke or ETS,
comprising a mixture of mostly sidestream smoke (SS) given off by the smoldering
cigarette and some exhaled MS. Sidestream smoke is generated at lower temperatures
than MS, and consequently concentrations of many toxic compounds are greater in SS
than MS. However, SS is rapidly diluted following its generation as it disperses into the
air. Concentrations of tobacco smoke components in secondhand smoke
are far below the levels of MS inhaled by the active smoker, but there are qualitative
similarities between secondhand smoke and MS (US Department of Health and
Human Services 1986; IARC 2002).

Both active and passive smokers absorb tobacco smoke components through the
lung’s airways and alveoli and many of these components, such as the gas carbon
monoxide, then enter into the circulation and are distributed systemically. There is also
uptake of such components as benzo-(a)-pyrene directly into the cells that line the
upper airway and the lung’s airways. Some of the carcinogens undergo metabolic
transformation into their active forms and evidence now indicates that metabolism-
determining genes may affect susceptibility to tobacco smoke (Nelkin et al. 1998). The
genitourinary system is exposed to toxins in tobacco smoke through the excretion of
compounds in the urine, including carcinogens. The gastrointestinal tract is exposed
through direct deposition of smoke in the upper airway and the clearance of smoke-
containing mucus from the trachea through the glottis into the esophagus. Not
surprisingly, tobacco smoking has proved to be a multisystem cause of disease.

There is a substantial scientific literature on the mechanisms by which tobacco
smoking causes disease. This body of research includes characterization of many com-
ponents in smoke, some having well-established toxicity, such as nicotine, hydrogen
cyanide, benzo-(a)-pyrene, carbon monoxide, and nitrogen oxides. The toxicity of
smoke has been studied by exposing animals to tobacco smoke and smoke condensate,
in cellular and other laboratory systems for evaluating toxicity, and by assessing smokers
for evidence of injury by tobacco smoke, using biomarkers such as tissue changes and
levels of damaging enzymes and cytokines. The data from these studies amply docu-
ment the powerful toxicity of tobacco smoke. The mechanisms of disease causation
by tobacco smoke include changes in the genetic material of cells that leads to malig-
nancy; inflammatory injury to the cells lining the surfaces, such as the lung’s airways
where smoke deposits, and to more distant sites, such as the blood vessels, that are
affected by circulating tobacco smoke components; impairment of the body’s defense
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mechanisms; and specific effects reflecting pharmacologic consequences of specific
components, e.g. nicotine, and reduction of oxygen-carrying capacity from carbon
monoxide in tobacco smoke.

Exposure to secondhand smoke

Environmental tobacco smoke concentrations
Tobacco smoke is a complex mixture of gases and particles that contains myriad
chemical species (US Department of Health Education and Welfare, US Environmental
Protection Agency (EPA), and National Center for Health Statistics 1979; US
Department of Health and Human Services 1984; Guerin et al. 1992; Jenkins et al.
2000). Not surprisingly, tobacco smoking in indoor environments increases levels of
respirable particles, nicotine, polycyclic aromatic hydrocarbons, carbon monoxide
(CO), acrolein, nitrogen dioxide (NO2), and many other substances. Tables 17.2 and
17.3 provide a summary of data from a number of recent studies (Hammond 1999).
The extent of the increase in concentrations of these markers varies with the number
of smokers, the intensity of smoking, the rate of exchange between the indoor air space
and with the outdoor air, and the use of air-cleaning devices. Ott (1999) has used mass
balance models to characterize factors influencing concentrations of tobacco smoke
indoors. Using information on the source strength (i.e. the generation of emissions by
cigarettes) and on the air exchange rate, researchers can apply mass balance models to
predict tobacco smoke concentrations. Such models can be used to estimate exposures
and to project the consequences of control measures.

Several components of cigarette smoke have been measured in indoor environments
as markers of the contribution of tobacco combustion to indoor air pollution.
Particles, a nonspecific marker, have been measured most often because both side-
stream and mainstream smoke contain high concentrations of particles in the
respirable size range (National Research Council and Committee on Passive Smoking
1986; US Department of Health and Human Services 1986). Other, more specific
markers have also been measured, including nicotine, solanesol, and ultraviolet light
(UV) absorption of particulate matter (Jenkins et al. 2000). Nicotine can be measured
with active sampling methods and also using passive diffusion badges (Leaderer and
Hammond 1991; Jenkins et al. 2000). Studies of levels of secondhand smoke compo-
nents have been conducted largely in public buildings; fewer studies have been
conducted in homes and offices (National Research Council 1986; US Department
of Health and Human Services 1986).

The contribution of various environments to personal exposure to tobacco smoke
varies with the time–activity pattern, namely the distribution of time spent in different
locations. Time–activity patterns may heavily influence lung airway exposures in
particular environments for certain groups of individuals. For example, exposure
in the home predominates for infants who do not attend day care (Harlos et al. 1987).
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Table 17.2 Occupational ETS exposures in non-office settings (nonsmokers only)

Company type Year sampled Number of Mean Standard deviation Geometric mean Concentration of nicotine, µg/m3

samples Minimum Median Maximum

Smoking allowed

Specialty chemicals 1991−92 8 0.60 0.91 0.24 <0.05 0.46 2.78

Railroad workers (personal) 1983−84 152 0.80 3.30 0.18 <0.1 0.10 38.10

Tool manufacturing 1991−92 13 1.59 1.05 1.16 0.15 1.85 3.40

Textile finishing B 1991−92 11 1.74 1.69 1.10 0.31 0.93 5.09

Labels and paper products 1991−92 1 2.31 2.31

Die manufacturer 1991−92 12 2.70 1.27 2.46 1.23 2.41 5.42

Sintering metal 1991−92 12 2.88 2.59 2.11 0.62 2.24 9.72

Newspaper B 1991−92 5 2.96 1.37 2.68 1.23 2.78 4.63

Miscellaneous <1990 282 4.30 11.80 1.70 <1.6 <1.6 126.00

Textile finishing, A 1991−92 11 4.33 8.82 1.77 0.46 1.39 30.71

Flight attendants (personal) 1988 16 4.70 4.00 2.32 0.10 4.20 10.50

Fire fighters Aa 1991−92 16 5.39 3.81 4.08 1.20 4.84 13.42

Fire fighters B 1991−92 24 5.83 6.77 3.83 0.71 3.65 27.50

Barber shop (personal) 1986−87 2 8.80 4.00 13.70

Hospital (personal) 1986−87 5 24.80 22.80 16.80 6.30 10.00 53.20

Smoking restricted

Work clothing 1991−92 9 0.17 0.32 0.06 <0.05 <0.05 0.93

Filtration products 1991−92 10 0.32 0.87 0.08 <0.05 <0.05 2.78

Film and imaging 1991−92 6 0.82 0.83 0.39 <0.05 0.70 2.16
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Table 17.2 (Continued) Occupational ETS exposures in non-office settings (nonsmokers only)

Company type Year sampled Number of samples Mean Standard deviation Geometric mean Concentration of nicotine, µg/m3

Minimum Median Maximum

Fiber optics 1991−92 13 1.34 2.79 0.63 0.20 0.64 10.57

Newspaper A 1991−92 4 4.86 6.65 2.62 0.93 1.85 14.81

Valve manufacturer 1991−92 10 5.80 7.85 3.62 1.16 3.26 27.31

Rubber products 1991−92 2 5.85 5.36 4.18 2.06 5.85 9.64

Smoking prohibited

Infrared and imaging 1991−92 1 <0.05 <0.05
systems

Hospital products 1991−92 5 0.08 0.17 <0.05 <0.05 <0.05 0.39

Weapons systems 1991−92 12 0.08 0.20 <0.05 <0.05 <0.05 0.63

Aircraft components 1991−92 12 0.20 0.18 0.13 <0.05 0.21 0.61

Radar communications 1991−92 13 0.31 0.36 0.14 <0.05 0.26 1.08
components

Computer chip 1991−92 10 0.51 0.33 0.41 0.15 0.39 1.08
equipment

Source: Hammond 1999.
aOmits one data point, 101 µg/m3.
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Table 17.3 Nicotine concentrations in homes

Year sampled Number of samples Mean Standard deviation Concentration of nicotine, µg/m3

Minimum Median Maximum

North Carolina homes (weekly) 1988 13 1.50 1.10 1.00 1.40 4.40

Personal (each sampled 3×) 1988 15

Males  (personal)a (16 h) 1993−94 86 2.13 1.29 >8.08

New York homes (weekly) 1986 47 2.20 0.10 1.00 9.40

Females (personal)a (16 h) 1993−94 220 2.93 1.14 >7.81b

North Carolina homes 14 h (5 p.m. to 7 a.m.) 1986 13 3.74 c. 3.3 6.5

Minnesota homes (weekly) CI & CA 1989− 25 5.80 0.10 3.00 28.60

Source: Hammond (1999).
a16-h average; ‘away from work.’
bNinety-fifth percentile, as given in paper.
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For adults residing with nonsmokers, the workplace may be the principal location
where exposure takes place. A nationwide study assessed exposures of nonsmokers in
16 metropolitan areas of the United States (Jenkins et al. 1996). This study, involving
100 persons in each location, was directed at workplace exposure and included meas-
urements of respirable particulate matter and other markers. The results showed that
in 1993 and 1994, exposures to secondhand smoke in the home were generally much
greater than those in the workplace, because of workplace smoking restrictions.

The contribution of smoking in the home to indoor air pollution has been demon-
strated by studies using personal monitoring and monitoring of homes for respirable
particles. In one of the early studies, Spengler et al. (1981) monitored homes in six
US cities for respirable particle concentrations over several years and found that a
smoker of one pack of cigarettes daily contributed about 20 µg/m3 to 24 h indoor par-
ticle concentrations. Because cigarettes are not smoked uniformly over the day, higher
peak concentrations must occur when cigarettes are actually smoked and also when the
nonsmoker is in close proximity to the smoker. Spengler et al. (1985) measured the
personal exposures to respirable particles sustained by nonsmoking adults in two rural
Tennessee communities. The mean 24-h exposures were substantially higher for those
exposed to smoke at home: 64 µg/m3 for those exposed versus 36 µg/m3 for those not
exposed. These measurements indicate the strength of burning cigarettes as a source of
indoor air pollution.

In several studies, homes have been monitored for nicotine, which is a vapor-phase
constituent of ETS. In a study of ETS exposure of day-care children, average nicotine
concentration during the time that the ETS-exposed children were at home was
3.7 µg/m3; in homes without smoking, the average was 0.3 µg/m3 (Henderson et al.
1989). Coultas et al. (1990) measured 24 h nicotine and respirable particle concentra-
tions in 10 homes on alternate days for a week and then on five more days during
alternate weeks. The mean levels of nicotine were comparable to those in the study
of Henderson et al. (1989), but some 24 h values were as high as 20 µg/m3. Nicotine
and respirable particle concentrations varied widely in the homes.

The Total Exposure Assessment Methodology (TEAM) study, conducted by the
U.S. Environmental Protection Agency, provided extensive data on concentrations of 20
volatile organic compounds in a sample of homes in several communities (Wallace and
Pellizzari 1987). Indoor monitoring showed increased concentrations of benzene,
xylenes, ethylbenzene, and styrene in homes with smokers compared to homes without
smokers.

More extensive information is available on levels of ETS components in public
buildings and workplaces of various types (Hammond 1999) (Table 17.2). Monitoring
in locations where smoking may be intense, such as bars and restaurants, has generally
shown elevations of particles and other markers of smoke pollution where smoking is
taking place (National Research Council 1986; US Department of Health and Human
Services 1986). For example, Repace and Lowrey (1980) in an early study used a
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portable piezobalance to sample aerosols in restaurants, bars, and other locations. In
the places sampled, respirable particulate levels ranged up to 700 µg/m3, and the levels
varied with the intensity of smoking. Similar data have been reported for the office
environment (National Research Council 1986; US Department of Health and Human
Services 1986; National Cancer Institute 1999; Jenkins et al. 2000). Recent studies
indicate low concentrations in many workplace settings, reflecting declining smoking
prevalence in recent years and changing practices of smoking in the workplace. Using
passive nicotine samplers, Hammond (1999) showed that worksite smoking policies
can sharply reduce ETS exposure.

Transportation environments may also be polluted by cigarette smoking.
Contamination of air in trains, buses, automobiles, airplanes, and submarines has been
documented (National Research Council 1986; US Department of Health and Human
Services 1986). A National Research Council report (National Research Council 1986)
on air quality in airliners summarized studies for tobacco smoke pollutants in com-
mercial aircraft. In one study, during a single flight, the NO2 concentration varied with
the number of passengers with a lighted cigarette. In another study, respirable particles
in the smoking section were measured at concentrations five or more times higher
than in the nonsmoking section. Peaks as high as 1000 µg/m3 were measured in the
smoking section. Mattson et al. (1989) used personal exposure monitors to assess
nicotine exposures of passengers and flight attendants. All persons were exposed to
nicotine, even if seated in the nonsmoking portion of the cabin. Exposures were
much greater in the smoking than in the nonsmoking section and were also greater in
aircraft with recirculated air. Fortunately, with the banning of tobacco smoking on all
domestic flights in 1987 and on all flights into and out of the United States in 1999, the
issue has for the most part been resolved, as reflected in the National Research
Council’s 2002 updated report (National Research Council 2002).

Health effects of passive smoking

Overview
Evidence on the health risks of passive smoking comes from epidemiologic studies,
which have directly assessed the associations of measures of secondhand smoke expo-
sure with disease outcomes. Judgments about the causality of associations between
secondhand smoke exposure and health outcomes are based not only on this epidemio-
logic evidence, but also on the extensive evidence derived from epidemiologic and
toxicologic investigation on the health consequences of active smoking. To date, the
evidence has supported causal conclusions on a range of acute and chronic adverse
effects in children and adults (Table 17.1). This paper provides an overview of the now
extensive data on adverse health effects of passive smoking on women and children,
drawing on various synthesis reports and other reviews (Samet and Wang 2000). The
evidence is reviewed separately for adults and children.
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In interpreting this evidence, a principal competing explanation to causality for
associations between secondhand smoke exposure and disease risk is confounding;
that is, the association between secondhand smoke exposure and disease risk reflects
the action of another factor, besides secondhand smoke exposure, which is correlated
with secondhand smoke exposure and also a risk factor for the outcome of concern.
Critics of the evidence have repeatedly raised concerns about confounding, citing such
factors as diet for lung cancer and socioeconomic status for respiratory illnesses in
children. The various syntheses of evidence have given close attention to the issue of
confounding and have concluded that confounding alone cannot explain the observed
findings.

Concerns related to misclassification of active smoking status and also to the extent
of exposure to secondhand smoke have also been raised. Misclassification of active
smoking status has been offered as one potential explanation for the association of
lung cancer with secondhand smoke exposure, particularly as assessed by the smoking
status of the spouse (Lee 1986, 1988). Since smokers tend to marry smokers, any mis-
reporting of active smoking status would tend to introduce a positive association of
lung cancer risk with spouse smoking, given the much higher risk for lung cancer in
active smokers compared with never smokers. The potential for this source of bias to
explain the observed association of spouse smoking with lung cancer risk in never
smokers has been examined quantitatively and set aside by, for example, the U.S.
Environmental Protection Agency in its risk assessment (US Environmental Protection
Agency 1992) and Hackshaw et al. (1997) in their meta-analysis. Exposure to second-
hand smoke is inevitably assessed with some misclassification with the extent of error
depending on the exposure setting. In general, random misclassification is anticipated,
which tends to reduce the strength of association. Thus, estimates of risk of exposure
to secondhand smoke may tend to be underestimates.

Adverse effects of secondhand smoke exposure on children

Overview. The evidence on passive smoking and children was most recently reviewed by
the World Health Organization in its 1999 consultation (WHO 1999); the conclusions
were comparable to those of prior reviewing groups on the effects of passive smoking
on children (Table 17.1). Exposure to secondhand smoke was found to be a cause of
slightly reduced birth weight, lower respiratory illnesses, chronic respiratory symptoms,
middle ear disease, and reduced lung function. Maternal smoking was characterized as
a major cause of sudden infant death syndrome (SIDS), but there was inconclusive
evidence on the risk from postnatal exposure to secondhand smoke versus in utero
exposure. The conclusions of the other recent reports, those from the California
Environmental Protection Agency, published as a National Cancer Institute monograph
in 1999 (National Cancer Institute 1999), and the United Kingdom’s Scientific
Committee on Tobacco (Scientific Committee on Tobacco and Health & HSMO 1998),
were similar (Table 17.1). The specific adverse effects are considered briefly below.
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Fetal effects. Researchers have demonstrated that active smoking by mothers during
pregnancy results in a variety of adverse health effects in children, postulated to result
predominantly from transplacental exposure of the fetus to tobacco smoke components
and reduced oxygen delivery (US Department of Health and Human Services 2001).
Maternal smoking during pregnancy reduces birth weight (US Department of Health
and Human Services 2001) and increases risk for SIDS, an association considered
causal in the recent WHO consultation and by the United Kingdom’s Scientific
Committee on Tobacco (Scientific Committee on Tobacco and Health & HSMO 1998).
Secondhand smoke exposure of nonsmoking mothers is associated with reduced birth
weight as well, although the extent of the reduction is far less than that for active
maternal smoking during pregnancy. In a meta-analysis, the summary estimate of the
reduction of birth weight associated with paternal smoking was only 28 g (Windham
et al. 1999), compared with about 200 g for maternal smoking.

Health effects on the child postnatally, resulting from either secondhand smoke
exposure to the fetus or to the newborn child, include SIDS, and adverse effects on
neuropsychologic development and physical growth. A number of components of
secondhand smoke may produce these effects, including nicotine and carbon monoxide.
Possible longer-term health effects of fetal secondhand smoke exposure include
increased risk for childhood cancers of the brain, leukemia, and lymphomas, among
others. In the WHO consultation (WHO 1999), the evidence on postnatal secondhand
smoke exposure and risk of SIDS was found to be insufficient to support a causal
conclusion. A meta-analysis of the evidence on childhood cancer through the time of
the 1999 consultation, subsequently reported elsewhere, did not show a significant
association of secondhand smoke exposure with overall risk for childhood cancer or
for leukemia (Boffetta et al. 2000).

Perinatal health effects. These health effects include reduced fetal growth, growth retar-
dation, and congenital abnormalities. In most studies, paternal smoking status has
been used as the exposure measure to assess the association between secondhand
smoke exposure and these nonfatal perinatal health effects. Low birth weight was first
reported in 1957 to be associated with maternal smoking (Simpson 1957), and mater-
nal cigarette smoking during pregnancy is considered to be causally associated with
low birth weight (US Department of Health and Human Services 1989). Recent studies
report lower birth weight for infants of nonsmoking women passively exposed to
tobacco smoke during pregnancy (Martin and Bracken 1986; Rubin et al. 1986).

Other nonfatal perinatal health effects possibly associated with secondhand smoke
exposure are growth retardation and congenital malformations, and a few studies
assessed fatal perinatal health effects. Martin and Bracken (1986) demonstrated a strong
association with growth retardation in their 1986 study, and several more recent studies
provide support (Zhang et al. 1992; Roquer et al. 1995). The few studies conducted to
assess the association between paternal smoking and congenital malformations
(Seidman et al. 1990; Savitz et al. 1991; Zhang et al. 1992) have demonstrated risks
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ranging from 1.2 to 2.6 for those exposed compared with those nonexposed. These
studies are too limited to support any conclusions.

Postnatal health effects. Secondhand smoke exposure due to maternal or paternal
smoking may lead to postnatal health effects, including increased risk for SIDS,
reduced physical development, decrements in cognition and behavior, and increased
risk for childhood cancers. For cognition and behavior, evidence is limited and
is not considered in this review. There is more extensive information available on
maternal smoking during pregnancy and subsequent neurocognitive development
(US Department of Health and Human Services 2001; US Department of Health and
Human Services & Centers for Disease Control and Prevention 2003).

SIDS. SIDS refers to the unexpected death of a seemingly healthy infant while asleep.
Although maternal smoking during pregnancy has been causally associated with SIDS,
these studies measured maternal smoking after pregnancy, along with paternal smok-
ing and household smoking generally. In the WHO consultation, the evidence on pas-
sive smoking (i.e. postbirth) and SIDS was considered to be inconclusive, although
there was some indication of increased risk (WHO 1999). Since most women who
smoke during pregnancy continue to do so after delivery, researchers cannot separate
the effects of exposure from maternal smoking before and after delivery and the
evidence on paternal smoking, constituting exposure to secondhand smoke alone,
is inconclusive.

Cancers. Secondhand smoke exposure has been evaluated as a risk factor for the major
childhood cancers. The evidence is limited and does not yet support conclusions about
the causal nature of the observed associations. In the meta-analysis conducted for the
WHO consultation (Boffetta et al. 2000), the pooled estimate of the relative risk for any
childhood cancer associated with maternal smoking was 1.11 (95 per cent confidence
interval (CI): 1.00, 1.23) and that for leukemia was 1.14 (95 per cent CI: 0.97, 1.33).

Lower respiratory tract illnesses in childhood. Lower respiratory tract illnesses are
extremely common during childhood. Studies of involuntary smoking and lower
respiratory illnesses in childhood, including the more severe episodes of bronchitis
and pneumonia, provided some of the earliest evidence on adverse effects of secondhand
smoke (Colley et al. 1974; Harlap and Davies 1974). Presumably, this association repre-
sents an increase in the frequency or in the severity of illnesses that are infectious in
etiology and not a direct response of the lung to the toxic components of secondhand
smoke. Effects of exposure to tobacco smoke in utero on the airways may also play
a role in the effect of postnatal exposure on risk for lower respiratory illnesses. Infants
of mothers who smoke during pregnancy have evidence of damage to their airways
during gestation on lung function testing shortly after birth, and this damage may
increase the likelihood of having a more severe infection (Samet and Wang 2000). The
evidence indicates that the airways of the exposed infants are functionally narrowed
and have a higher degree of nonspecific responsiveness.
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Investigations conducted throughout the world have demonstrated an increased risk
of lower respiratory tract illness in infants with parents who smoked (Strachan and
Cook 1997). These studies indicate a significantly increased frequency of bronchitis
and pneumonia during the first year of life of children with parents who smoked.
Strachan and Cook (1997) reported a quantitative review of this information, combin-
ing data from 39 studies. Overall, the approximate increase in illness risk was 50 per
cent if either parent smoked, with an odds ratio for maternal smoking somewhat
higher, at 1.72 (95 per cent CI: 1.55, 1.91). Although the health outcome measures
varied somewhat among the studies, the relative risks associated with involuntary
smoking were similar, and dose–response relations with extent of parental smoking
were demonstrable. Although most of the studies have shown that maternal smoking
rather than paternal smoking underlies the increased risk of lower respiratory tract illness,
studies from China show that paternal smoking alone can increase incidence of lower
respiratory illness (Yue Chen et al. 1986; Strachan and Cook 1997). In these studies, an
effect of passive smoking has not been readily identified after the first year of life.
During the first year of life, the strength of its effect may reflect higher exposures con-
sequent to the time–activity patterns of young infants, which place them in proximity
to cigarettes smoked by their mothers.

Respiratory symptoms and illness in children. Data from numerous surveys demonstrate
a greater frequency of the most common respiratory symptoms: cough, phlegm, and
wheeze in the children of smokers (US Department of Health and Human Services
1986; Cook and Strachan 1997; National Cancer Institute 1999). In these studies, the
subjects have generally been schoolchildren, and the effects of parental smoking have
been examined. Thus, the less prominent effects of passive smoking, in comparison
with the studies of lower respiratory illness in infants, may reflect lower exposures to
secondhand smoke by older children who spend less time with their parents.

Cook and Strachan (1997) have conducted a quantitative summary of the relevant
studies, including 41 of wheeze, 34 of chronic cough, seven of chronic phlegm, and six
of breathlessness. Overall, this synthesis indicates increased risk for respiratory symp-
toms for children whose parents smoke (Cook and Strachan 1997). There was even
increased risk for breathlessness (OR = 1.31, 95 per cent CI: 1.08, 1.59). Having both
parents smoke was associated with the highest levels of risk.

Childhood asthma. Exposure to secondhand smoke might cause asthma as a long-term
consequence of the increased occurrence of lower respiratory infection in early childhood
or through other pathophysiologic mechanisms, including inflammation of the
respiratory epithelium (Samet et al. 1983; Tager 1988). The effect of secondhand smoke
may also reflect, in part, the consequences of in utero exposure. Assessment of airways
responsiveness shortly after birth has shown that infants whose mothers smoke during
pregnancy have increased airways responsiveness, a characteristic of asthma, compared
with those whose mothers do not smoke (Young et al. 1991). Maternal smoking during
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pregnancy also reduces ventilatory function measured shortly after birth (Hanrahan et al.
1992). These observations suggest that in utero exposures from maternal smoking may
affect lung development and may increase risk for asthma and also for more severe
lower respiratory illnesses, as reviewed above.

While the underlying mechanisms remain to be identified, the epidemiologic evidence
linking secondhand smoke exposure and childhood asthma is mounting (Cook and
Strachan 1997; National Cancer Institute (NCI) 1999). The synthesis by Cook and
Strachan (1997) shows a significant excess of childhood asthma if both parents smoke or
the mother smokes (Table 17.4). Evidence also indicates that involuntary smoking wors-
ens the status of those with asthma. For example, Murray and Morrison (1986, 1989)
evaluated asthmatic children followed in a clinic in Canada. Level of lung function,
symptom frequency, and responsiveness to inhaled histamines were adversely affected
by maternal smoking. Population studies have also shown increased airways responsive-
ness for secondhand smoke-exposed children with asthma (O’Connor et al. 1987;
Martinez et al. 1988). The increased level of airway responsiveness associated with sec-
ondhand smoke exposure would be expected to increase the clinical severity of asthma.
In this regard, exposure to smoking in the home has been shown to increase the number
of emergency room visits made by asthmatic children (Burnett et al. 1997). Asthmatic
children with mothers who smoked are more likely to use asthma medications
(Weitzman et al. 1990), a finding that confirms the clinically significant effects of sec-
ondhand smoke on children with asthma. Guidelines for the management of asthma all
urge reduction of secondhand smoke exposure at home (US Department of Health and
Human Services et al. 1997; National Institutes of Health 2002).

Lung growth and development. During childhood, measures of lung function increase,
more or less parallel to the increase in height. On the basis of the primarily cross-sectional
data available at the time, the 1984 report of the Surgeon General (US Department of
Health and Human Services 1984) concluded that the children of parents who smoked
in comparison with those of nonsmokers had small reductions of lung function,
but the long-term consequences of these changes were regarded as unknown. On the
basis of further longitudinal evidence, the 1986 report (US Department of Health and
Human Services 1986) concluded that involuntary smoking reduces the rate of lung
function growth during childhood. Evidence from cohort studies has continued to
accumulate (Samet and Lange 1996; National Cancer Institute 1999). The WHO
consultation noted the difficulty of separating effects of in utero exposure from those
of childhood secondhand smoke exposure because most mothers who smoke while
pregnant continue to do so after the birth of their children (WHO 1999).

Secondhand smoke and middle-ear disease in children. Numerous studies have addressed
secondhand smoke exposure and middle-ear disease. Positive associations between
secondhand smoke and otitis media have been consistently demonstrated in studies
of the prospective cohort design, but not as consistently in case–control studies.
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Table 17.4 Summary of pooled random effects odds ratios with 95% confidence intervals

Either parent smokes One parent smokes Both parents smoke Mother only smokes Father only smokes

OR (95% CI) (n) OR (95% CI) (n) OR (95% CI) (n) OR (95% CI) (n) OR (95% CI) (n)

Asthma 1.21 (1.10–1.34) (21) 1.04 (0.78–1.38) (6) 1.50 (1.29–1.73) (8) 1.36 (1.20–1.55) (11) 1.07 (0.92–1.24) (9)

Wheezea 1.24 (1.17–1.31) (30) 1.18 (1.08–1.29) (21) 1.47 (1.14–1.90) (11) 1.28 (1.19–1.38) (18) 1.14 (1.06–1.23) (10)

Cough 1.40 (1.27–1.53) (30) 1.29 (1.11–1.51) (15) 1.67 (1.48–1.89) (16) 1.40 (1.20–1.64) (14) 1.21 (1.09–1.34) (9)

Phlegmb 1.35 (1.13–1.62) (6) 1.25 (0.97–1.63) (5) 1.46 (1.04–2.05) (5)

Breathless- 1.31 (1.08–1.59) (6)
nessb

Source: Cook and Strachan (1997).

Note: Number of studies in parentheses.
aExcluding EC study, in which the pooled odds ratio was 1.20.
bData for phlegm and breathlessness restricted as several comparisons are based on fewer than five studies.
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This difference in findings may reflect the focus of the cohort studies on the first two
years of life, the peak age of risk for middle ear disease. The case–control studies, on the
other hand, have been directed at older children who are not at lower risk for otitis
media. Exposure to secondhand smoke has been most consistently associated with
recurrent otitis media and not with incident or single episodes of otitis media. In their
1997 meta-analysis, Cook and Strachan (1997) found a pooled odds ratio of 1.48
(95 per cent CI: 1.08, 2.04) for recurrent otitis media if either parent smoked, 1.38
(95 per cent CI: 1.23, 1.55) for middle-ear effusions, and 1.21 (95 per cent CI: 0.95,
1.53) for outpatient or inpatient care for chronic otitis media or ‘glue ear.’

The US Surgeon General’s Office (US Department of Health and Human Services
1986), the National Research Council (National Research Council 1986), and the
US Environmental Protection Agency (1992) have all reviewed the literature on
secondhand smoke and otitis media and have concluded that there is an associa-
tion between secondhand smoke exposure and otitis media in children. The evi-
dence to date supports a causal relation, as noted by the WHO consultation 
(WHO 1999).

Health effects of involuntary smoking on adults

Lung cancer. In 1981, reports were published from Japan (Hirayama 1981a) and from
Greece (Trichopoulos et al. 1981) that indicated increased lung cancer risk in non-
smoking women married to cigarette smokers. Subsequently, this still-controversial
association has been examined in many investigations conducted in the United States
and other countries around the world, including a substantial number of studies
in Asia. The association of involuntary smoking with lung cancer derives biologic
plausibility from the presence of carcinogens in sidestream smoke and the lack of a doc-
umented threshold dose for respiratory carcinogenesis in active smokers (US Department
of Health and Human Services 1982; IARC 1986). Moreover, genotoxic activity, the abil-
ity to damage DNA, has been demonstrated for many components of secondhand smoke
(Claxton et al. 1989; Lofroth 1989; Weiss 1989). Experimental exposure of nonsmokers
to secondhand smoke leads to their excreting 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanol (NNAL), a tobacco-specific carcinogen, in their urine. Nonsmokers exposed
to secondhand smoke in their homes also excrete higher levels of this carcinogen
(Anderson et al. 2001). Nonsmokers, including children, exposed to secondhand
smoke also have increased concentrations of adducts of tobacco-related carcinogens,
that is detectable binding of the carcinogens to DNA of white blood cells, for example
(Maclure et al. 1989; Crawford et al. 1994).

The early report by Hirayama (1981a) was based on a prospective cohort study of
91 540 nonsmoking women in Japan. Standardized mortality ratios for lung cancer
increased significantly with the amount smoked by the husbands. The findings could
not be explained by confounding factors and were unchanged when follow-up of the
study group was extended (Hirayama 1984). On the basis of the same cohort, Hirayama
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also reported significantly increased risk for nonsmoking men married to wives who
smoked 1–19 cigarettes and 20 or more cigarettes daily (Hirayama 1984). In 1981,
Trichopoulos et al. (1981) also reported increased lung cancer risk in nonsmoking
women married to cigarette smokers. These investigators conducted a case–control
study in Athens, Greece, which included cases with a diagnosis other than for ortho-
pedic disorders. The positive findings reported in 1981 were unchanged with subse-
quent expansion of the study population (Trichopoulos et al. 1983). By 1986, the
evidence had mounted, and the three synthesis reports published in that year concluded
that secondhand smoke was a cause of lung cancer (IARC 1986; National Research
Council 1986; US Department of Health and Human Services 1986).

In 1992, the US Environmental Protection Agency (US Environmental Protection
Agency 1992) published its risk assessment of secondhand smoke as a carcinogen. The
Agency’s evaluation drew on the toxicologic evidence on secondhand smoke and the
extensive literature on active smoking. A meta-analysis of the 31 studies published to
that time was central to the decision to classify secondhand smoke as a class A carcino-
gen, i.e., a known human carcinogen. The meta-analysis considered the data from the
epidemiologic studies by tiers of study quality and location and used an adjustment
method for misclassification of smokers as never-smokers. Overall, the analysis found
a significantly increased risk of lung cancer in never-smoking women married to
smoking men; for the studies conducted in the United States, the estimated relative risk
was 1.19 (90 per cent CI: 1.04, 1.35).

The meta-analysis included pooled estimates by geographic region. The data from
China and Hong Kong were notable for not showing the increased risk associated with
passive smoking that was found in other regions (US Environmental Protection
Agency 1992). The epidemiologic characteristics of lung cancer in women in this
region of the world have been distinct with a relatively high proportion of lung cancers
in nonsmoking women. Explanations for this pattern have centered on exposures to
cooking fumes and indoor air pollution from coal-fueled space heating.

The 1997 meta-analysis by Law et al. (1997) included 37 published studies. The excess
risk of lung cancer for smokers married to nonsmokers was estimated as 24 per cent (95
per cent CI: 13 per cent, 36 per cent). Adjustment for potential bias, including misclassi-
fication of some smokers as never smokers, and confounding by diet did not alter the
estimate. This meta-analysis supported the conclusion of the United Kingdom’s
Scientific Committee on Tobacco and Health (Scientific Committee on Tobacco and
Health & HSMO 1998) that secondhand smoke is a cause of lung cancer. More
recently, the International Agency for Research on Cancer (IARC 2002) reviewed more
than 50 studies, finding a similar increase in risk.

Secondhand smoke and coronary heart disease (CHD). Causal associations between
active smoking and fatal and nonfatal CHD outcomes have long been demonstrated
(US Department of Health and Human Services 1989). The risk of CHD in active
smokers increases with the amount and duration of cigarette smoking and decreases
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relatively quickly with cessation. Active cigarette smoking is considered to: (1) increase
the risk of cardiovascular disease by promoting atherosclerosis; (2) increase the
tendency to thrombosis; (3) cause spasm of the coronary arteries; (4) increase the like-
lihood of cardiac arrhythmias; and (5) decrease the oxygen-carrying capacity of the
blood (US Department of Health and Human Services 1990). Glantz and Parmley
(1991) summarized the pathophysiologic mechanisms by which passive smoking
might increase the risk of heart disease. It is biologically plausible that passive smoking
could also be associated with increased risk for CHD through the same mechanisms
considered relevant for active smoking, although the lower exposures to smoke com-
ponents of the passive smoker have raised questions regarding the relevance of the
mechanisms cited for active smoking.

Epidemiologic data first raised concern that passive smoking may increase risk for
CHD with the 1985 report of Garland et al. (1985), based on a cohort study in south-
ern California. There are now more than 20 studies on the association between envi-
ronmental tobacco smoke and cardiovascular disease. These studies assessed both fatal
and nonfatal cardiovascular heart disease outcomes, and most used self-administered
questionnaires to assess secondhand smoke exposure. They cover a wide range of pop-
ulations, both geographically and racially. While many of the studies were conducted
within the United States, studies were also conducted in Europe (Scotland, Italy, and
the United Kingdom), Asia (Japan and China), South America (Argentina), and the
South Pacific (Australia and New Zealand). The majority of the studies measured the
effect of secondhand smoke exposure due to spousal smoking; however, some studies
also assessed exposures from smoking by other household members or occurring at
work or in transit. Only one study included measurement of exposure biomarkers.

While the risk estimates for secondhand smoke and CHD outcomes vary in these stud-
ies, they range from null to modestly significant increases in risk, with the risk for fatal
outcomes generally higher and more significant. In their 1997 meta-analysis, Law et al.
(1997) estimated the excess risk from secondhand smoke exposure as 30 per cent
(95 per cent CI: 22 per cent, 38 per cent) at age 65 years. The findings were similar in a
meta-analysis of 18 studies reported by He et al. (1999). The overall increase in risk
associated with passive exposure was 25 per cent and the risk increased with duration
and level of smoking. The California Environmental Protection Agency (National
Cancer Institute 1999) recently concluded that there is an overall excess risk of 30 per
cent for CHD due to exposure from secondhand smoke. The American Heart
Association’s Council on Cardiopulmonary and Critical Care has also concluded that
environmental tobacco smoke both increases the risk of heart disease and is ‘a major
preventable cause of cardiovascular disease and death’ (Taylor et al. 1992). This conclu-
sion was echoed in 1998 by the Scientific Committee on Tobacco and Health in the
United Kingdom (Scientific Committee on Tobacco and Health & HSMO 1998).

Respiratory symptoms and illnesses in adults. Only a few cross-sectional investigations
provide information on the association between respiratory symptoms in nonsmokers
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and involuntary exposure to tobacco smoke. These studies have primarily considered
exposure outside the home. Consistent evidence of an effect of passive smoking on
chronic respiratory symptoms in adults has not been found (Lebowitz and Burrows
1976; Schilling et al. 1977; Comstock et al. 1981; Schenker et al. 1982; Euler et al. 1987;
Hote et al. 1989; Kauffmann et al. 1989). Several studies suggest that passive smoking
may cause acute respiratory morbidity, i.e., illnesses and symptoms (Ostro 1989;
Robbins et al. 1993; Dayal et al. 1994; Riboli et al. 1995; Eisner et al. 1998). Neither
epidemiologic nor experimental studies have established the role of secondhand
smoke in exacerbating asthma in adults (Weiss et al. 1999). The acute responses of
asthmatics to secondhand smoke have been assessed by exposing persons with asthma
to tobacco smoke in a chamber. This experimental approach cannot be readily con-
trolled because of the impossibility of blinding subjects to exposure to secondhand
smoke. However, suggestibility does not appear to underlie physiologic responses of
asthmatics to secondhand smoke (Shephard et al. 1979). Of three studies involving
exposure of unselected asthmatics to secondhand smoke (Shephard et al. 1979; Dahms
et al. 1981; Hargreave et al. 1981), only one showed a definite adverse effect. Stankus et
al. (1988) recruited 21 asthmatics who reported exacerbation with exposure to second-
hand smoke. With challenge in an exposure chamber at concentrations much greater
than is typically encountered in indoor environments, seven of the subjects experi-
enced a more than 20 per cent decline in FEV1.

Lung function in adults. With regard to involuntary smoking and lung function in
adults, exposure to passive smoking has been associated in cross-sectional investiga-
tions with reduction of several lung function measures. However, the findings have not
been consistent, and methodological issues constrain interpretation of the findings.
A conclusion cannot yet be reached on the effects of secondhand smoke exposure on
lung function in adults. However, further research is warranted because of widespread
exposure in workplaces and homes.

Conclusion
In about three decades, we have progressed from the first studies on passive smoking
and health to definitive evidence that passive smoking causes disease. The evidence
includes not only epidemiological studies, but studies with biomarkers documenting
that tobacco smoke inhaled by nonsmokers delivers doses of toxic components and
metabolites to target organs. There are also animal studies and extensive data on
patterns of exposure. The strength of the evidence and its public health implications
have been a strong force for motivating tobacco control policy.
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Chapter 18

Adolescent smoking

John P. Pierce, Janet M. Distefan, and David Hill

Introduction
It is over forty years since the public health community came to the consensus that
smoking tobacco, particularly cigarettes, caused lung cancer. Despite widespread dis-
semination of the likely health consequences, cigarette smoking is still a prevalent
behavior in all developed countries and is a rapidly increasing behavior in developing
countries. There is an extensive literature on quitting studies indicating that, for many
smokers, successful quitting is one of the hardest lifestyle changes to achieve. Given
this, many argue that the majority of the emphasis should be on preventing initiation
of smoking in the first place. This chapter focuses on influences encouraging young
people to become smokers.

Trends in who initiates smoking
Cigarette smoking can be considered the epidemic of the twentieth century. In 1900,
cigarette smoking was rare, with total cigarette sales at 54 cigarettes per person in the
United States. Over the next half century, the prevalence of smoking rose rapidly, with
sales peaking in 1963 at 4 345 cigarettes per person (FTC 2000). The peak of cigarette
smoking for men was seen in those who were born between 1915 and 1930, of whom
70 per cent were addicted. Importantly, all of the men in this highest smoking preva-
lence cohort were over 20 years of age when the first evidence was published in scien-
tific journals demonstrating that smoking caused lung cancer in men. The highest
prevalence of cigarette smoking for women was observed in those who were born
between 1935 and 1950, of whom 45 per cent were addicted (Burns et al. 1997).
Importantly, cigarette smoking among women was a very rare event prior to 1925 at
the start of the first cigarette advertising campaign that specifically targeted women
(Pierce and Gilpin 1995). Notably, women in the highest prevalence birth cohorts were
all exposed to cigarette advertising targeted to them throughout their teenage years.

In all of these early birth cohorts, the vast majority of people who started to smoke
did so between the ages of 14 and 25 years, with the peak starting ages being 18–24
years (Lee et al. 1993). However, throughout the latter half of the twentieth century,
this uptake pattern changed dramatically. At the end of the twentieth century,
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the vast majority of those who started smoking regularly were between the ages of 14 and
19 years, with the peak starting age group being 14 and 17 years. Among both genders,
the initiation rates among 18–21 and 22–24 year olds have continuously declined since
the public health consensus that smoking caused disease in 1964 (Gilpin et al. 1994).

A study of trends across birth cohorts in the proportion of adolescents who started
smoking as 14–17-year-olds adds further evidence implicating cigarette advertising
and promotions as a major factor in adolescent smoking (Table 18.1). The incidence of
initiation in 14–17-year-old males increased considerably during both World Wars I
and II, by 71 and 62 per cent, respectively, when cigarettes became viewed as important
in helping soldiers be better fighters by ‘soothing the nerves’ and were freely distributed
to the armed forces (Pierce and Gilpin 1995). As noted above, 14–17-year-old females
did not smoke before the first ‘Reach for a Lucky instead of a sweet’ advertisements in
1925. During the period 1925–30, initiation rates of 14–17-year-old females increased
dramatically by 280 per cent (Pierce et al. 1994). Thereafter, the rates progressively
increased with each birth cohort through 1950. In 1967, the tobacco industry launched
a series of cigarettes with advertising campaigns announcing that they were specifically
designed for women, the most well known of which was the Virginia Slims cigarette.
Coincident with the starting of these campaigns, the uptake of smoking among girls,
particularly those who would not proceed to higher education, jumped dramatically
by 41 per cent for the period 1967–73 (Pierce et al. 1994).

In 1971, Congress enacted a ban on all broadcast advertising of cigarettes in the
United States. Shortly thereafter, the initiation rate in all 14–17 year olds started a 12-
year decline (CDCP 1998). The tobacco industry’s reaction to this decline in adolescent
smoking was to progressively increase tobacco advertising and promotional expendi-
tures. By the mid-1980s, the decline in adolescent smoking was halted. Thereafter, the
tobacco industry increased its advertising and promotional expenditures almost expo-
nentially. This was associated with a rapid increase in the uptake of smoking through
1996 that was confined almost completely to the 14–17-year-old age group.

This volatility in trends in the uptake of smoking among adolescents demonstrates
that it is possible to rapidly impact the rate of smoking initiation. The question is what
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Table 18.1 Events associated with marked change in incidence of initiation among
14−17-year-old adolescents

Historical event Period Targeted audience % Change in incidence of initiation 

World war I 1916−18 Males 71%

Lucky strike campaign 1925−30 Females 280%

World war II 1941−45 Males 62%

Virginia slims campaign 1967−73 Females 41%

Source: Pierce and Gilpin (1995).
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would be the impact of this on population prevalence? Obviously, smoking prevalence
cannot be maintained if there is no initiation to replace those who successfully quit or
who die. The rapidity of the effect on prevalence of smoking in the population can be
seen from the experience of United States physicians. At the time of the consensus that
smoking caused lung cancer, approximately half the physicians and medical students
smoked. However, the report appeared to have a huge effect on medical students; by the
early 1980s, only 2 per cent of students in US medical schools in the United States were
smoking (Pierce and Gilpin 1994). On the other hand, successful quitting among physi-
cians increased only slowly, in a pattern very similar to other highly educated people in
the society. However, within 20 years, the rapid and sustained decline in smoking ini-
tiation led to a 6 per cent prevalence of smoking among US physicians (USDHHS 1989).

Studying trends in smoking uptake also provides valuable information on the likely
impact of different health promotion messages aimed at discouraging adolescents
from smoking. Between 1950 and 1964, there was a barrage of news media coverage on
the health consequences of smoking that was associated with many smokers quitting
(Pierce and Gilpin 2001). However, there was no discernable effect on initiation rates
of people aged 14–24 years. However, after the public health consensus that smoking
caused disease in 1964, there has been a continual decline in the proportion of never-
smoking adults (aged 18–24 years) who initiated smoking. This effect of the dissemi-
nation of the health consequences of smoking in reducing the incidence of initiation in
young adults has been replicated in many countries. This declining pattern was not
observed among 14–17-year-old adolescents in the United States or anywhere else.

What is the process by which someone becomes a smoker?
Longitudinal studies of adolescents in the late 1980s and 1990s have shown that, at the
end of elementary school, children are generally committed never smokers, that is, they
do not envisage that there is any way that they will become a smoker. However, for
many this certainty does not last, and they eventually become unwilling to rule out
smoking in all situations, which we have defined as becoming susceptible to smoking.
Susceptible smokers indicate that their decision depends on the particular situation
they are in and many would describe themselves as curious about smoking. A series of
studies have demonstrated that susceptible never smokers are at twice the risk of smok-
ing of committed never smokers (Pierce et al. 1996; Unger et al. 1997; Jackson 1998).

Many studies have shown that the more experience a person has with smoking, the
greater the likelihood they will be a continuing smoker. Indeed, each increase in the
level of experience increases the probability of future smoking. However, this probabil-
ity decreases with time since the last smoking experience. What people expect they will
do in the future is also important. If an adolescent is certain that they will not try a ciga-
rette again, then their risk level is reduced (Choi et al. 2001). These variables can be put
together to create a continuum for assessing the probability of future smoking for any
individual at any point in time.
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We use three age-specific indices to identify where a community or population is on
this uptake continuum. The first is the proportion of the group who are committed
never smokers. In the United States, the main movement out of the committed never-
smoking group occurs between the ages of 10 and 14 years. The second marker is the
proportion of adolescents who have experimented with smoking, even a few puffs. The
modal age of experimentation in the United States is between 12 and 14 years. There is
thought to be an important age window for completing experimentation during the
teenage years that influences the probability of later daily smoking. The marker used to
indicate completion of the experimentation phase is having smoked at least 100 ciga-
rettes in one’s lifetime, which is the accepted definition of an adult smoker in the
United States. It has been estimated that 50 per cent of adolescents who reach at least
100 cigarettes will still be smoking at age 35 years (Pierce and Gilpin 1996).
Interestingly, previously secret tobacco industry documents obtained through the US
lawsuits have indicated that the tobacco industry felt that brand loyalty occurred gen-
erally after smoking as little as 200 cigarettes of the same brand. Despite this research
and concerns relating to recall bias, the traditional measure of adolescent smoking is a
period prevalence measure, the proportion who have smoked in the previous 30 days.

How strong is genetics in determining who will become a
smoker?
In 1958, the famous statistician, Sir Ronald Fisher, argued that it was possible that
people who were genetically at risk to develop cancer were the same people who
were genetically at risk to start smoking (Fisher 1958). Given the overwhelming evi-
dence supporting a causal association between smoking and lung cancer, this argu-
ment was not at all persuasive in the public policy debate of the time. However, it did
raise the issue that there is probably a genetic component to smoking initiation. There
has now been considerable research on identical twins, some who have been raised
apart. These studies allow the separation of the social environmental influences from
genetic influences, and have generally found that there is an important genetic influence
on who becomes a smoker. However, the genetic influence is not related to the develop-
ment of a susceptibility to smoking. Instead, people respond differently to exposure
to nicotine, with some appearing to be genetically predisposed to become dependent.
In a series of different studies, it appears that a relatively constant 30–50 per cent of
experimenters go on to become addicted smokers. As there is a lot of research in this
area at the present time, we can expect the knowledge base in this area to expand
rapidly in the next decade.

How do friends who smoke effect initiation?
One of the most consistent findings in research on adolescent smoking is that nonsmokers
who have friends who smoke soon become smokers themselves (USDHHS 1994).
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Indeed, the majority of early smoking experiences occur in social settings with
cigarettes obtained from a friend, often in the company of a best friend (Bauman
et al. 1984).

Peer groups are particularly important in the early adolescent years (Steinberg 2002).
At the start of adolescence, there is a sharp increase in the amount of time spent with
peers, most often without adult supervision. Brown (1990) noted that adolescents in
schools quickly start to identify with one of a series of large, reputation-based collec-
tives of similarly stereotyped individuals, even if they don’t spend much time with
them. In the United States, commonly used labels for these different collectives include
‘jocks’, ‘brains’, ‘druggies’, ‘populars’, ‘nerds’, etc. Identifying with one of these collectives
locates the teen within the school social structure. To identify with a particular collec-
tive, an adolescent will often need to follow the dress code of the collective and to
adhere to lifestyle and behavior preferences of the collective, which includes choice of
friends (Brown et al. 1993). These collectives serve as the reference group for the ado-
lescent and a source of identity. Adolescents judge one another on the basis of the com-
pany they keep, the clothes they wear, the music they listen to, the language that they
use, and the places in which they ‘hang out’. It is the desire/need of the adolescent to be
seen to belong to one of these collectives that provides the ‘peer pressure’ on adoles-
cents. This is particularly strong in the middle school years, where, typically, the
number of peer collectives is limited. It isn’t until high school that the collectives
become more differentiated and permeable, and thus there is less pressure to conform.

Clearly, if a middle school adolescent is seeking to identify with a collective that has
smoking as a condoned lifestyle, then the likelihood of the adolescent starting to
smoke will increase significantly. Adolescents do choose the collective they wish to
identify with, thus they can influence the type of ‘peer pressure’ to which they will be
subject. However, in the recent studies of the progress toward smoking by committed
never smokers, the influence of peers has been somewhat muted (Pierce et al. 1998,
2002). This suggests that adolescents who have been influenced to become curious
about smoking may seek out peers or friends who smoke as a way of obtaining the first
cigarette.

What is the role of parents as an influence on initiation?
Numerous studies have demonstrated that parents and parenting practices are one of
the major influences on how an adolescent adjusts in society (Steinberg 2002). A series
of studies have identified high levels of responsiveness (good bidirectional communi-
cation and support) and demandingness (setting limits and ceding independence with
evidence of responsibility) as the most important factors in appropriate adolescent
socialization (Baumrind 1978). Contrary to some people’s belief, adolescents generally
share the value system of their parents. Thus, parenting which comprises high levels of
both responsiveness and demandingness, which is considered recommended parenting,
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can influence adolescent behavior in many ways, including which ‘collective’ the
adolescent associates with at school.

When parents value not smoking, recommended parenting can be expected to be
associated with a much lower level of adolescent smoking. This appears to be the situa-
tion in most of the United States in the early twenty-first century, and many studies
indicate that recommended parenting practices are associated with a halving of the use
of nonsanctioned substances, including cigarettes (Mounts and Steinberg 1995; Jackson
et al. 1994, 1998; Pierce et al. 2002). One way this appears to be achieved is by reducing
the probability that the adolescent has best friends who smoke (Pierce et al. 2002).

Measures of the importance of not smoking in the parental value system include
whether or not the parents smoke themselves, their attitudes and behavior toward
other smokers, whether they have a smoke-free home, and the adolescent’s expecta-
tions of how parents will respond to him or her smoking. Within the tobacco control
literature, the measure of parental influence most emphasized has been parental smok-
ing behavior. While many studies have shown that parental smoking increases the
probability of adolescent smoking, there is a growing literature on studies that do not
report such an association. Differences in effect would be expected between adoles-
cents who interpret parent smoking as evidence of the difficulty of overcoming a nico-
tine addiction compared to those who interpret it as evidence that smoking has some
real advantages (such as weight or stress control).

How can advertising and promotions entice
adolescents to start smoking?
Advertising and promotions have the goal of building sales and profits for a company.
A tobacco company’s sales can be increased if current smokers change brands, how-
ever, the future of the industry requires a continuing supply of new smokers. Over the
past century, every time a tobacco company advertising campaign was acclaimed as
innovative and successful, adolescent smoking increased (Pierce et al. 1994, 1996).

Ray (1982) uses a farming analogy to explain the different tasks of advertising and
promotion. The farmer must invest in seeds, plant them, and nurture them before he
can reap a crop and sell it to make a profit. To be successful, the farmer needs to bal-
ance the amount of sowing and nurturing that he does with the amount of reaping
that can be done. Advertising and publicity, as well as some promotional efforts, aim at
building the product franchise. Therefore, they can be considered to be in the ‘sowing’
category. The goals of these types of communication for the tobacco industry are to
build awareness of the brand, to increase the proportion of the population who see a
benefit to smoking, and to have a positive (or not so negative) feeling toward smoking.
Image marketing attempts to associate values with the product (i.e. the cigarette) that
the target group would like to have, nearly always through visual imagery. Thus, by
buying Marlboro cigarettes, adolescents present a symbol to others that they have
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reached independence. The initial goal is to build curiosity to try smoking (equivalent
to susceptibility to smoking).

Once people are susceptible to smoking, converting them to smoking a particular
brand is the goal of ‘reaping’ activities. The first goal of the tobacco industry is to
ensure that cigarettes are fairly easily accessible and at a low cost to the person who is
susceptible to smoking. Pricing, package design, and promotions (such as two-for-one
and free gift with purchase) are activities that can be described as in the ‘reaping’ cate-
gory. One of the secret industry documents outlined a ‘reaping’ strategy that had as its
goal getting the young person to smoke 200 cigarettes, claimed as sufficient to achieve
brand loyalty in a new smoker (Young and Rubicam 1990).

The tobacco industry documents outline that they evaluate their advertising cam-
paigns using the standard ‘hierarchy of effects’ approach. This approach assumes that
the adolescent initially needs to be exposed to the message, with the goal of saturation
exposure. The ‘hierarchy of effects’ model of advertising takes account of the fact that
not everyone who sees an advertising message will be receptive to it. An individual’s
level of receptivity to an advertising campaign can be measured. We classify people
who label an ad as one of their favorites as moderately receptive. Companies that have
been successful in branding their product with an image that resonates with the target
audience frequently use brand-extenders such as tee-shirts or tote bags. The person
who is willing to wear the image of the product on a piece of clothing, for example, is
classified as highly receptive to the marketing campaign.

Using the hierarchy of effects approach to evaluating tobacco advertising, there is
very strong evidence that vast majority of adolescents are not only exposed to cigarette
advertising but are well aware of the images of the advertised cigarette brands. The vast
majority of adolescents understand that cigarette advertising promotes one of the fol-
lowing benefits of smoking: smoking is enjoyable; it helps people relax; it helps people
feel comfortable in social situations; it helps people stay thin; it helps people with
stress; helps them overcome boredom; and, the ‘in-crowd’ are smokers. Further, the
majority of United States adolescents (even as young as 12–14 years) have a favorite
cigarette advertisement. Around 30 per cent of 15–17-year-old adolescents are willing
to wear a tee-shirt displaying the brand image used to advertise a cigarette. These
results place cigarettes at the top of the products that have good advertising penetration
with adolescents.

There are now four separate longitudinal studies in the United States (Pierce et al.
1998, 2002; Biener and Siegel 2000; Sargent et al. 2000) that have shown that the
more receptive an adolescent is to cigarette advertising and promotions (using the
above hierarchy of effects) the higher the probability that they will experiment
with smoking and become dependent on it. The most recent of these studies indi-
cates that receptivity to tobacco industry advertising can undermine the effective-
ness of good parenting in protecting adolescents from starting to smoke (Pierce et al.
2002).
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Public health approaches to reduce smoking initiation
In the United States and in many other countries, there is strong public support for
using the public sector to discourage adolescents from starting to smoke. Four of the
major approaches used are: the conduct of counter-advertising campaigns, increases in
cigarette price through increases in state excise taxes on cigarettes, and increasing
enforcement of regulations and laws forbidding merchants to sell cigarettes to minors
and school programs.

Can a mass media campaign lead to a reduction in
initiation rates?
The first population-based antismoking mass media campaign occurred in the late
1960s and was associated with a marked decline in the per capita consumption of ciga-
rettes (Warner 1977). During the 1980s the Office on Smoking and Health in the
United States ran a sporadic national mass media program through public service
announcements (Pierce et al. 1992) and many of these productions targeted adolescent
smoking. The first statewide antismoking mass media campaigns started in Australia
in 1983 using health consequences messages in paid media. These were demonstrated
to effectively reduce adult-smoking prevalence (Dwyer et al. 1986; Pierce et al. 1990).
While adolescents were a target of some of the early campaigns, effective changes in
adolescent smoking behavior were not demonstrated.

Clear evidence that mass media antismoking campaigns could affect youth smoking
was demonstrated with the Florida Tobacco Control Program (Bauer et al. 2000). The
Florida ‘Truth’ campaign sought to engage youth in a movement that included ques-
tioning tobacco industry public messages. This program achieved extremely high
awareness among 12–17 year olds (92%). More than 10 000 youth signed up for an
action program. Over 2 years, this program achieved dramatic changes in youth smok-
ing across all levels of the smoking uptake continuum in both middle and high schools.
The level of committed never smokers increased from 67 to 76 per cent in middle
schools. The level of experimentation decreased by 25 per cent and the prevalence of
current smokers dropped by more than one-third in middle school and by 18 per cent
in high school. These changes are unprecedented, and this program is the model for
the American Legacy National antismoking program that began in the United States in
1999 with money supplied by the tobacco industry in their legal settlement agreement
with the Attorneys General of the various states.

What is the effect of price on initiation?
Econometric studies abound demonstrating that smoking behavior is heavily influ-
enced by cigarette price, as predicted by standard economic theory. The price elasticity
of demand is the phrase used to describe the estimated impact of a change in price on
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subsequent consumption. Most studies estimate that a 10 per cent increase in price will
reduce overall per capita consumption among the overall population by between 2 and
5 per cent. Several studies of adolescents suggest that they are more than twice and
possibly three times as responsive to price changes than are adults, as would be
expected from their lower level of disposable income (Chaloupka and Grossman 1996;
Lewit et al. 1997). Further, as expected, the effect of price in reducing adolescent smok-
ing is mainly seen on those who purchase cigarettes. As discussed earlier, initial experi-
mentation usually involves cigarettes supplied from social sources and evidence
supports the hypothesis that price changes will have a considerably lower impact on the
proportion of adolescents who experiment than on subsequent purchasing behavior
(Gruber 2000; Tauras et al. 2000; Emery et al. 2001).

It is important to remember that the public health approach is limited to setting the
excise tax, while the tobacco industry sets the price as part of their marketing strategy.
Indeed, a major component of the advertising and promotional budget is the use of
retail value added items that can selectively reduce the actual price that an individual
pays for cigarettes. Many of these promotions are focused on the small convenience store,
the source of cigarettes for the majority of adolescent smokers and potential smokers.

Does accessibility of cigarettes matter?
During the twentieth century world wars, cigarettes became perceived as essential to
the United States war effort and were provided to all soldiers both in their ration packs
and on street corners by the Red Cross. This made access to cigarettes relatively easy
for 14–17-year-old males. As presented earlier in Table 18.1, these two periods were
associated with rapid increases in the initiation of smoking by these adolescents.

In the last 20 years, public policy on reducing teens’ access to cigarettes has focused
on effectively barring sales of cigarettes to minors. Limiting the ability of minors to
purchase cigarettes or other tobacco products is a seemingly practical and politically
popular measure (in the United States) aimed at curbing teen smoking, by making it
difficult for adolescents to purchase cigarettes. Whether this strategy actually limits
teens’ access to cigarettes is controversial. Several studies have shown that such laws
have minimal impact on teen perceptions that cigarettes are accessible to them or on
teen smoking (Chaloupka and Grossman 1996; Rigotti et al. 1997). However, there may
be a threshold effect. Analyses of the impact of California’s strong enforcement of laws
banning tobacco sales to minors have demonstrated a major reduction in the perceived
accessibility of cigarettes and that, for the first time, perceived ease of access of ciga-
rettes predicts later smoking behavior (Gilpin et al. 2001).

What influence do schools have on initiation?
School smoking prevention efforts have the potential to influence adolescent smoking
in several ways. A study from Australia indicates that many adolescents start smoking
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regularly at school (Hill and Borland 1991). The implementation and enforcement of
smoke-free school policies limits the opportunity for teens to smoke. Further, the exis-
tence and enforcement of these policies promote norms against smoking as an accept-
able behavior for everyone, including teachers, who are important role models for
adolescents. Finally, antismoking curricula can provide vital information on the health
dangers and the addictive nature of cigarettes.

For decades, schools have played a central role in educational efforts aimed at smok-
ing prevention (USDHHS 1989, 1994; Hansen 1992; Glynn 1993). It is recognized that
such programs have the best chance of success in the setting of comprehensive com-
munity-based tobacco control programs (Glynn 1993). If tobacco policies are not con-
sistently enforced in schools, they can convey a mixed message to students (Bowen et al.
1995). However, Pentz et al. (1989) showed that, when consistently enforced and
coupled with cessation education, school-smoking policies are associated with
decreased smoking prevalence among adolescents.

By the time adolescents have reached high school, students routinely have had smok-
ing prevention education classes that discuss the health dangers of smoking. The level
of smoking experience of the adolescent is associated with how effective they perceive
these classes to be. In California, a majority of adolescents who have smoked do not
credit the classes with influencing their peers against smoking (Gilpin et al. 2001).
Therefore, such classes likely have minimal personal impact as well.

Compliance with smoke-free school policies is associated with decreased levels of
exposure to smoking at school, including teachers’ smoking and increased levels of
students who think that the classes on the health effects of smoking are effective.
General acceptance of school smoking bans for everyone at school may be a factor in
reducing adolescent smoking.
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Chapter 19

Tobacco and women

Amanda Amos and Judith Mackay

The epidemic

The global picture
Smoking is still seen mainly as a male problem, since in most countries smoking preva-
lence is lower among women than men. Yet, it is currently estimated that there are
already about 200 million women in the world who smoke, and in addition, there are
others who chew tobacco (WHO 1999). Approximately 15% of women in developed
countries and 8% of women in developing countries smoke, but because most women
live in developing countries, there are numerically more women smokers in developing
countries. Unless effective, comprehensive and sustained initiatives are implemented to
reduce smoking uptake among young women and increase cessation rates among
women, the prevalence of female smoking in developed and developing countries
could rise to 20% by 2025 (Lopez A., personal communication 1997). This would
mean that by 2025 there could be 532 million women smokers. Even if prevalence levels
do not rise, the number of women who smoke will increase because the population of
women in the world is predicted to rise from the current 3.1 billion to 4.2 billion by 2025.
Thus, while the epidemic of tobacco use among men is in slow decline, the epidemic
among women will not reach its peak until well into the twenty-first century. This will
have enormous consequences not only for women’s health and economic well being but
also that of their family.

The prevalence of smoking and smoking-related diseases in countries across the
world varies markedly by gender and socio-economic status. Women have traditionally
started smoking later and consumed fewer numbers of cigarettes than men. Thus, the
patterning of smoking among and between women and men differs according to the
stage of the smoking epidemic which countries inhabit (Fig. 19.1).

Developed countries
Currently, about 15% of women aged 15 years and above in developed countries smoke
cigarettes, almost 80 million women. In the earlier decades of the smoking
epidemic in developed countries, smokers were much more likely to be male than female.
In the past four decades, however, the pattern in many of these countries has changed
dramatically. Drawing on a widely used four-stage model of the global smoking
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epidemic (Fig. 19.1), some countries in southern Europe (e.g. Portugal) and some
developed countries in Asia and the Western pacific (e.g. Japan) can be located cur-
rently at stage 2 with smoking rates peaking at between 50% and 80% among men
while the trend among women is rising. Stage 3 countries have a longer history of
widespread smoking and include many southern, central, and eastern European coun-
tries (e.g. Italy, Spain, Greece). In these countries prevalence rates among men are
decreasing but cigarette smoking is either still increasing among women or has not
shown any decline. Women’s smoking rates typically peak at 35–45%.

Stage 4 countries have the longest history of cigarette smoking (e.g. the USA, UK,
Canada, Australia, Finland, Germany) and in these countries cigarette smoking is
declining among both women and men (Graham 1996; Cavelaars et al. 2000). However,
the gap in smoking between women and men in these countries has also greatly
decreased. Indeed, in Sweden smoking rates in women are now higher than in men.
This has been due to a combination of a narrowing in the gap between uptake rates of
smoking in girls and boys, and relatively lower cessation rates in cigarette smoking
women compared to men. In several of these countries (e.g. UK, Sweden, Austria,
Denmark, Finland, Germany) (Wold et al. 2000), smoking rates among young girls are
higher than those among boys. In addition, smoking in these countries has now
become highly concentrated among the poorer and more disadvantaged sections of the
population. This reflects relatively lower uptake rates and higher quit rates in more
affluent groups. In these countries smoking is therefore an increasingly important
cause of inequalities in health.

Another cause for concern in developed countries is that the speed of transition
from one stage of the epidemic to the next seems to be getting faster, in part due to
tobacco companies targeting of young women in countries undergoing rapid social
and economic change. In Lithuania, for example, smoking among women doubled
over a five year period in the 1990s and increased by fivefold amongst the youngest
groups (Amos and Haglund 2000). In Sweden, one of Lithuania’s neighbours, where
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Fig. 19.1 A model of the cigarette epidemic. (Source: Lopez et al. 1994.)
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women started to smoke in large numbers in the 1950s, it took almost 20 years for the
female prevalence to double. Between 1993 and 1997, rates of smoking among 12–25
year-old young women in former East Germany nearly doubled from 27% to 47%. In
contrast rates among young men showed a less steep increase from 38% to 45%, and
there was little change in smoking rates among the same age group in former West
Germany (Corrao et al. 2000).

Developing countries
Most women live in developing countries, where currently only between 2 and 10%
smoke cigarettes, although in some regions, such as South Asia, women more com-
monly chew tobacco. Therefore most of these countries are at stage 1 or stage 2 of the
epidemic, with much higher rates of smoking in men compared to women. Typically,
rates of smoking are highest among well-educated, affluent, urban young women.
Although smoking prevalence among women in these countries is generally lower than
in developed countries, this is no cause for complacency as it does not reflect health
awareness, but rather social and religious traditions and women’s low economic
resources. Also in many developing countries, such as China, there is evidence that the age
of first smoking is becoming younger. The numbers of women smokers in developing
countries will inevitably increase because:

◆ the female population will rise from the present 3.1 to 4.2 billion by 2025, so even if
the prevalence remains low, the absolute numbers of smokers will increase

◆ the spending power of girls and women is increasing so that cigarettes are becoming
more affordable

◆ the social and cultural constraints which previously prevented many women smok-
ing are weakening in some places

◆ the tobacco companies are targeting women with well-funded, alluring marketing
campaigns, linking smoking with emancipation and glamour

◆ many gender specialists, women’s organizations, women’s magazines, models, film
and pop stars, and other female role models have not yet acted on the basis that
smoking is a women’s issue, or their need to take an appropriate role

◆ women-specific health education and quitting programmes are rare

◆ governments in developing countries may be less aware of the harmfulness of tobacco
use and are preoccupied with other health issues; where they are concerned with
smoking, they focus on the higher levels of male smoking. In fact, no developing coun-
try is addressing the emerging female epidemic to the extent the problem warrants.

Regional cameos (Table 19.1)
Africa. Data are available for only a minority of African countries (Mackay and Eriksen
2002). Some of these studies were undertaken on a select group, such as students or
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urban dwellers, and therefore may not represent the national picture. Smoking rates
vary, but overall it is estimated that about 10% of African women smoke. This ranges
from less than 2% in Nigeria, Ivory Coast, and Zimbabwe to 11% in South Africa.
Studies from the few countries where more than one survey has been undertaken show
a rising trend, especially in urban areas (Elegbeleye and Femi-Pearse 1976). Smoking
patterns and trends may also differ considerably by ethnic group. For example, in
South Africa 59% of coloured women smoked in 1995 compared to 10% of black
women and 7% of Indians (WHO 1997). Rates of smoking have declined among white
South African women but are increasing among black women.

Americas. Rates of smoking in women vary considerably between the 36 countries.
In the USA and Canada rates among women peaked at over 30% and are now declin-
ing. In contrast, low rates of female smoking are reported in Caribbean countries.
Prevalence in women varies from 6% in Paraguay to 39% in Venezuela (Mackay and
Eriksen 2002). Rates of female smoking can vary considerably by ethnic group. While
in the USA smoking rates among white women have been consistently higher than
those among Black women, a study in Trinidad and Tobago found that there was a
higher prevalence among women of European origin (14%) than among women of
African (7%) or Indian origin (8%).

South East Asia. The prevalence of cigarette smoking is generally very low among
women. Only 3% of women smoke manufactured cigarettes but in several countries
other forms of tobacco use by women have been integrated into cultural practices for
several decades. In several areas of India, for example, 50–60% of women chew tobacco,
and rural women smoke the kretek, dhumti, khi yo, ya muan, chilum, and water pipe,
and ‘reverse smoke’ bidis and chutta, with the lighted end inside the mouth (Aghi et al.
1988). Very high rates of tobacco smoking are found in women in Nepal.

Western Pacific. Although the overall smoking rate across these 31 countries is esti-
mated to be less than 10%, there are wide variations. For example, in some parts of
Papua New Guinea 80% of women smoke, and rates are also high among women in
the Pacific Islands (Tuomilehto et al. 1986). Only 4% of women in China smoke
(Chinese Academy of Preventive Medicine 1999) and 3% in Hong Kong (Hong Kong
CSD 1998), Malaysia, and Thailand. Tobacco chewing is uncommon. China deserves
special mention because of its size. The prevalence of smoking remains high among
older women in cities such as Beijing and Tianjin. Although a substantial minority of
women born before 1940 became smokers by age 25, only about 2% of those born
since 1950 have done so. In two large nationwide surveys, the prevalence of smoking
among women aged 15–24 was 0.5% both in 1984 and in 1996 (Chinese Academy of
Preventive Medicine 1999). However, it is still possible that the number of young
women becoming smokers will increase. Surveys have reported 10% of young women
smoking in selected small areas in China (Liu et al. 1998).

Eastern Mediterranean. Smoking in women is often considered vulgar, improper,
even immoral. Only 2% of Egyptian women smoke compared with 35% of men
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Table 19.1 Prevalence of cigarette smoking among women in selected countries

Prevalence (%) Date of survey

Americas

Bolivia 18 1998
Brazil 29 1995
Honduras 11 1988
Jamaica 13 1990
Mexico 18 1998
Trinidad and Tobago 8 1986
USA 22 1999

Europe

Denmark 29 1999/2001
France 30 2000
Germany 31 1999/2001
Poland 25 1999/2001
Portugal 7 1995/6
Spain 25 1997
Russia 10 1997/8
UK 26 1999/2001

Africa

Algeria 7 1997/8
Ivory Coast 2 1977
Lesotho 1 1992
South Africa 11 1998
Nigeria 2 1998
Swaziland 2 1994
Zaire 25 1990

Eastern Mediterranean

Bahrain 6 1998
Bangladesh 24 2001
Egypt 2 1998
Sudan 1 2000
Tunisia 8 1997
South-East Asia

India 3 1998/9
Indonesia 4 1998
Nepal 29 2001
Thailand 3 1999
Western Pacific

Australia 18 2001
China 4 1996
Hong Kong 3 2000
Japan 13 1998
Malaysia 4 1996
New Zealand 25 2001
Singapore 3 1998

Source: Corrao et al. (2000), Mackay and Eriksen (2002).
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(Mackay and Eriksen 2002). In the Gulf region, about 8% of women smoke in contrast
to 33% of men. The highest reported female smoking prevalence is 29% in Yemen
(Mackay and Eriksen 2002). However, surveys may significantly underestimate smoking
prevalence among women in these countries as, due to religious and cultural reasons,
women may be reluctant to admit to their smoking.

Europe. Prevalence rates in some countries in central and eastern Europe (Czech
Republic, Hungary, Poland, and Bulgaria) are now similar to those in western Europe,
about 20–30% and are increasing. In countries such as Russia, where it is less accept-
able for women to smoke in public places, the rates are generally lower, around
10–15%.

Health effects of tobacco use

Active tobacco use
Because the health effects of smoking only become fully evident 40–50 years after the
widespread uptake of smoking (Fig. 19.1), we have yet to see the full global impact of
smoking on women’s health. This also means that most of what is known about the
health effects of smoking has come from studies of cigarette smoking in developed
countries which have tended to focus more on men than women. However, it is now
clear that women around the world who smoke, as with male smokers, have markedly
increased risks of many cancers, particularly lung cancer, heart disease, stroke, emphy-
sema, and other fatal diseases. Indeed there is now evidence that the health effects of
smoking for women may be even more serious than those for men. Smoking currently
kills around half a million women in the world each year and this number is increasing
rapidly (WHO 1999). Between 1950 and 2000, around 10 million women died from
tobacco use. It is estimated that over the next 30 years, tobacco-attributable deaths
among women will more than double (Jacobs 2001).

In countries which have the longest history of widespread female smoking, such as
the USA and UK, smoking is now the single most important preventable cause of pre-
mature death in women, accounting for at least a third of all deaths between the ages
35 and 69 (Amos 1996). It is also a major cause of inequalities in health among women
(Gaunt-Richardson et al. 1999; USSG 2001). In the USA, as in the UK and Japan, lung
cancer has now overtaken breast cancer as the leading cause of cancer deaths in
women. Death rates from lung cancer among white women in the United States
increased by 600% between 1950 and 2000 (USSG 2001). In 1950 lung cancer
accounted for only 3% of all female cancer deaths, whereas in 2000 it accounted for an
estimated 25%. WHO has identified the epidemic in lung cancer among women as
most worrying health trend in Europe (WHO 1999). The number of women develop-
ing lung cancer in Europe doubled during the last half of the twentieth century. In
developed countries cardiovascular diseases are the major cause of death among
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women. As in men, women who smoke have a greater risk of developing these diseases.
Nor are the serious effects confined to older women. The relative risk for coronary
heart disease associated with smoking is higher among younger than older women
(Ernster 2001).

In most developing countries the impact of smoking on women’s health is currently
much lower than in many developed countries because they are at an earlier stage of
the epidemic. For example, in China, the risks for those who smoke have been found to
be much the same for women and men, but because smoking has been low among
women, only 2.7% of the deaths of women aged 35–69 are attributed to smoking com-
pared with 13.0% of those of men (Liu et al. 1998). Also the impact on women’s health
can vary depending on the type of tobacco use in these countries. For example, in India
where betel quid chewing is common among women, oral cancer is more common
among women than breast cancer (Jacobs 2001).

In addition to the health risks that women share with men, women face particular
problems linked to tobacco use (RCP 1992; Ernster 2001; Jacobs 2001; USSG 2001).
These include:

◆ Cancer: Female-specific cancers, such as cancer of the cervix.

◆ Coronary heart disease: increased risk with use of oral contraceptives.

◆ Menstruation: Irregular cycles, higher incidence of painful cramps (dysmenorrhea).

◆ Menopause: Women who smoke tend to enter menopause at age 49—1–2 years
before nonsmokers. This places them at a greater risk for heart disease and osteo-
porosis, including hip fractures (SG), as well as an increased incidence of hot
flushes.

◆ Pregnancy: Smoking in pregnancy causes increased risks of spontaneous abortion
(miscarriage), ectopic pregnancy, low birth weight, higher perinatal mortality, long-
term effects on growth/development of the child. Many of these problems affect not
only the health of the fetus, but also the health of the mother. For example, a mis-
carriage with bleeding is dangerous for the mother, especially in poor countries
where health facilities are inadequate or nonexistent.

◆ Infertility: Smoking is also linked to infertility and delays in conceiving.

However, many women are unaware of these risks, even in countries such as the USA.
For example, a US study found a serious lack of knowledge among women regarding
gender-specific health risks of smoking (Roth and Taylor 2001). The study surveyed
female hospital employees, who represented a wide span of age, socio-economic, and
educational backgrounds, as to their awareness of reproductive health risks associated
with smoking. While nearly all were aware of increased complications in pregnancy
(91%), only a minority knew of the increased risk of miscarriage (39%), and even
fewer knew of the increased risk of ectopic pregnancy (27%), cervical cancer (24%),
and infertility (22%).

AMANDA AMOS AND JUDITH MACKAY 335

20_Chap19.qxd  6/23/04  1:16 AM  Page 335



Environmental tobacco smoke
Environmental Tobacco Smoke (ETS), or passive smoking, has a negative impact on
women’s general and reproductive health, causing many illnesses, including lung
cancer and heart disease (Samet and Yang 2001; USSG 2001). As the majority of smok-
ers in the world are men, women are at particular risk from ETS at home. As the
majority of people who work outside the home in the world are also male, women
working in these workplace settings may also be exposed to passive smoking.

Women’s own smoking may impact on the health of her family. As well as women’s
smoking during pregnancy having an impact on the health of the fetus, smoking by the
father (or other close adult) can cause complications during pregnancy, such as low
birth weight. Smoking, especially by the mother or father, around a baby or child also
increases the risk of childhood chest infections and worsening of asthma, and can have
long-term effects on growth/development (RCP 1992). Children of smokers are also
more likely to become smokers themselves.

Economic impact of tobacco use on women
Tobacco use results in a net loss of US $200 billion per year to the global economy,
with half of these losses occurring in low-income countries. There are immeasurable
personal, social, and economic costs to women, particularly those living in poverty,
in low-income countries and in rural settings. Women tend to have fewer resources
than men and are more likely to be poor lone parents. More than 70% of the estimated
1.3 billion people living in poverty are women (Hunter 2001). There are also consider-
able impacts of the cost of smoking on other aspects of the family budget such as
expenditure on diet.

Smoking and socio-economic status
Recent international comparisons of the variation in cigarette smoking by educational
level (a proxy indicator of socio-economic status) show that in mature smoking
economies (i.e. stage 4 countries) higher smoking prevalence is associated with lower
educational attainment (Cavelaars et al. 2000). In these countries, over the past few
decades, higher uptake rates and lower quit rates among lower socio-economic groups
have resulted in smoking becoming overwhelmingly associated with social and
material disadvantage, with rates highest in areas of low income and multiple deprivation.
In the UK, for example, over 60% of female smokers experience one or more of four
forms of disadvantage (low-skilled worker or tenant or social security claimant or lone
mother), whereas over 60% of female nonsmokers experience none of these disadvan-
tages (Graham 1998). Similarly in the US, smoking prevalence is nearly three times
higher among women with 9–11 years of education (30.9%) than among women with
16 or more years of education (10.6%) (USSG 2001). In the US, Canada, New Zealand,
and Australia, the highest female smoking rates are found among native and aboriginal
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populations, which characteristically experience high levels of disadvantage and depri-
vation (Greaves 1996; Carrao et al. 2000). In these countries, therefore, smoking is both
a direct and indirect cause of inequality in women’s health and their wider social and
economic well being. Directly, it impacts on women’s health and consequently their
economic productivity and prosperity. Indirectly, expenditure on tobacco means less
resources are available for other essential household requirements.

Purchasing cigarettes
The economic impact of purchasing cigarettes can have a considerable effect on per-
sonal and family income. This may be more serious for women, given their initial lower
earning power. In particular, it will hit poor women the hardest irrespective of whether
cigarettes are purchased by men and/or women in a family. Women who smoke a pack
of 20 cigarettes daily in Hong Kong spend approximately US$ 1500 per annum on the
habit. In China, research carried out in the outskirts of Shanghai showed that farmers
spend more on cigarettes and wine than on grains, pork, and fruits. Another study on
2716 households in Minhang district showed that smokers spent an average of 60% of
their personal income and 17% of household income on cigarettes (Gong et al. 1995).
In Bangladesh smoking is twice as high among the poor as the wealthy (Efroymson
et al. 2001). Average male smokers spend more than twice as much on cigarettes as per
capita expenditure on clothing, housing, health, and education combined. An esti-
mated 10.5 million Bangladeshis who are currently malnourished could have an ade-
quate diet if money spent on tobacco was spent on food instead. In Vietnam, a survey
showed that the average smoker spends as much on cigarettes in one month as spent on
health care in one year, or which could have bought 169 kg of rice, more than enough
to feed one person for one year (Thuy 1998). The impact on diet is not only restricted
to developing countries. In the UK, for example, family diet has been shown to be
adversely affected among smokers on low income (Jarvis 1997) (Box 19.1).

Health costs
By 2025 the transmission of the tobacco epidemic from rich to poor countries will be
well advanced, with 85% of the world’s smokers living in developing countries (Lopez A.,
personal communication 1997). Health care facilities will be hopelessly inadequate to
cope with this epidemic, especially among women. Also, as smokers (in addition to
earlier death) have significantly higher rates of illness, they incur higher health care
costs and also loss of income. This will impact particularly on women as they usually
have to care for family smokers when they are ill. Structural adjustment and the global
financial crisis have severely increased health costs for women and children.

Tobacco taxation
Despite the addictive components of tobacco, there is strong evidence that smokers’
demand for tobacco is strongly affected by price. Higher taxes reduce cigarette
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consumption (Townsend et al. 1994; USDHHS 1998) and postpone initiation of
smoking (Lewit et al. 1997). For example, tax increases in Canada between 1982 and
1993 led to a steep increase in the real price of cigarettes and consumption fell consid-
erably. When tax was reduced in an attempt to counter smuggling, consumption rose
sharply again until a subsequent tax increase in 1995, when consumption levelled
off (World Bank 1999). Increases in the price of tobacco appears to have a dispropor-
tionately greater impact on low- and middle-income countries than in high-income
countries, and among lower socio-economic groups in high-income countries
(Townsend et al. 1994).

There has been very little economic research on gender sensitivity to price in devel-
oping countries. Research from developed countries is somewhat conflicting (Jacobs
2001). In the US, for example, it has been found that men, particularly young men, are
most sensitive to price (Lewit et al. 1981; Lewit and Coate 1982). While most British
research has concluded that women are more price sensitive than men. Price was found
to have a significant effect on the prevalence of smoking in women in the lowest
socio-economic groups where prevalence is highest. However, the number of cigarettes
smoked by women on low income seemed not to vary with price changes in the
expected way. It has been suggested that while they may respond more than other
groups to price increases by quitting, those who continue to smoke, will smoke
cheaper, smaller, hand-rolled, or smuggled cigarettes rather than reduce the number of
cigarettes smoked (Jacobs 2001; Wiltshire et al. 2001).
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% of Daily Income:

66.3%—China

62.5%—Moldova

62%—Pakistan

60%—Papua New Guinea (BAT’s Benson and Hedges)

56%—Ghana

56%—Bangladesh (15% of average income of the wealthiest 5% of the population)

30%—Romania

28%—Bulgaria

14%—France

6%—US (using Marlboro price in Oregon)

Source: Global Partnerships (2001)

BOX 19.1: A PACK OF MARLBORO IS EQUAL TO …
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Thus, despite their overall positive effects, policies to increase tobacco taxation can
be seen as regressive, penalising female smokers within the very poorest group of society
which is least able to find a way out of addiction. Therefore, nonprice measures in
conjunction with price measures may be more effective in helping women to quit
(Jacobs 2001). In addition, interventions and public policies relevant to smoking
should take account of the needs of the poorest female smokers. For example, a pro-
portion of tobacco tax revenues could be hypothecated to address both the dimensions
of disadvantage that bind women to smoking as well as providing specifically targeted
smoking interventions (Marsh 1997; Graham 1998; Gaunt-Richardson et al. 1999;
INWAT Europe 2000).

Smoking cessation
Our understanding of smoking cessation among women is mainly drawn from
research carried out in countries with the longest history of smoking, in particular the
US and UK. In these countries the decline in cigarette smoking has been faster in men
than women. This may in part be due to some men changing from smoking cigarettes
to cigar and/or pipes. However, several studies have suggested that women may indeed
find it more difficult to quit smoking than men, and that as well as similarities, there
may be important differences between men and women as to the reasons why they
smoke which have implications for policy and practice.

The reasons why women seem to find it more difficult to quit than men are not well
understood (Hunter 2001). It is likely to be due to a combination of biological, psycho-
logical, and social factors. There is increasing evidence that while most smokers are
addicted to nicotine, factors other than nicotine may be more important in reinforcing
smoking among women than men. For example, cessation studies with nicotine
replacement therapy (NRT) have consistently reported lower quit rates in women
compared to men (Perkins et al. 1999). Similarly, studies of self-quitters have found
that women were less likely to quit initially or to remain abstinent at follow up. British
data show that, despite a similar desire to quit, women feel more dependent on their
smoking than men (Bridgwood et al. 2000). Women are more likely to say that they
would find it very hard to go without smoking for a whole day than men who smoke
the same amount.

Social and environmental factors are believed to be a more important influence
on the smoking behaviour of women than men. For example, British and Canadian
qualitative sociological research has shown how the social circumstances of disadvan-
tage play an important part in reinforcing smoking among women (Graham 1993;
Greaves 1996). This research illustrates how smoking is one mechanism which women
use to cope with living and caring in disadvantaged circumstances. That is, smoking
may constitute an important source of pleasure and satisfaction for women in caring
roles by helping them to deal with frustration, stress, boredom, and material insecurity.

20_Chap19.qxd  6/23/04  1:16 AM  Page 339



This research has made important inroads into our understanding of the difficulties of
quitting for low-income mothers and to the development of new approaches to tackle
this issue (Gaunt-Richardson et al. 1999).

Thus, while in many developed countries men and women smokers show similar levels
of motivation to quit, many women appear to face additional barriers to quitting, par-
ticularly those living in disadvantaged circumstances such as low-income mothers. It
is becoming more widely accepted therefore that tailored approaches to cessation are
needed which address the particular personal, social, and cultural factors that make it
difficult for women to quit successfully (Gaunt-Richardson et al. 1999; INWAT Europe
2000; Amos 2001; Samet and Yoon 2001). These programmes and services need to be
accessible to women throughout the life course and should be integrated into quality and
affordable health services. However, the true potential of such programmes will only be
fully realized when the wider social and economic factors that bind women to smoking,
their life circumstances, are also addressed by action at national and international levels.

The tobacco industry
A recent review of the marketing of tobacco to women concluded that ‘selling tobacco
products to women currently represents the single largest product marketing opportu-
nity in the world’ (Kaufman and Nichter 2001). And it is clear from tobacco companies
own internal documents and proclamations that they are seizing this opportunity with
gusto by manipulating various aspects of the marketing mix (product, price, packaging,
and promotion) to make their products more appealing and accessible to girls and
women around the world. While tobacco companies have only started marketing
tobacco relatively recently to women in developing countries, they can draw on over 80
years experience of successful marketing to women in countries like the US and UK
(Amos 1996; Joossens and Sasco 1999; Amos and Haglund 2000; Kaufman and Nichter
2001; USSG 2001).

Developed countries
The development of cheap mass produced cigarettes at the end of the nineteenth
century greatly affected tobacco consumption. However, although cigarette smoking
became increasingly popular among men, smoking was seen by many as a dirty habit
that corrupted both men and women. The tobacco companies responded by employ-
ing the new modern marketing methods to help spread their message (Amos and
Haglund 2000). Although women often featured in promotional materials their role
was to entice male rather than female customers. There is little evidence that tobacco
companies directly targeted women to any significant extent at this time or attempted
to challenge the dominant social stigma attached to female smoking.

World War 1 was a watershed in both the emancipation of women and the spread
of smoking among women. During the war many women not only took on ‘male’

TOBACCO AND WOMEN340

20_Chap19.qxd  6/23/04  1:16 AM  Page 340



occupations but also started to wear trousers, play sports, cut their hair short, and
smoke. Subsequently, attitudes towards women smoking began to change, and more
women started to use the cigarette as a weapon in challenging traditional ideas about
female behaviour. The cigarette became a symbol of new roles and expectations of
women’s behaviour. But it’s questionable whether smoking would have become as
popular among women as it did if tobacco companies had not seized on this opportu-
nity in the 1920s and 1930s to exploit ideas of liberation, power, and other important
values for women to recruit them to the cigarette market. Smoking was repositioned
as being respectable, sociable, fashionable, stylish, feminine, and an aid to slimming.

The Lucky Strike campaign ‘Reach for Lucky instead of a Sweet’ of 1925 was one of
the first media campaigns targeted at women. The message was highly effective and
made Lucky Strike the best selling brand. Another important element in the marketing
campaign was to challenge the social taboo against women smoking in public. In 1929
there was the much publicized event in the Easter Sunday Parade in New York where
Great American Tobacco hired several young women to smoke their ‘torches of freedom’
(Lucky Strikes) as they marched down Fifth Avenue protesting against women’s
inequality. This event generated widespread newspaper coverage and provoked
a national debate. Tobacco companies also needed to ensure that women felt confident
about smoking in public. While to some extent they tackled this by using images of
women smoking in cigarette advertisements, they also ensured that Hollywood stars
were well supplied with cigarettes and often paid them to give endorsements in adver-
tisements. Philip Morris even went so far as to organize a lecture tour in the US giving
women lessons in cigarette smoking. Within 20 years of starting to target women, over
half the young women (16–35 years) in Britain, for example, had become smokers.

Since starting to target women in North America and northern Europe in the 1920s
and 1930s, the tobacco industry has become more sophisticated in its marketing strate-
gies, developing a diverse range of messages, products, and brands to appeal to differ-
ent segments of the female market. Such marketing messages, and the way that they
have been reflected in and reinforced by the mass media such as films and magazine,
has led to the cultural meaning of women’s smoking changing from being a symbol of
being bought by men (prostitute), to being like men (lesbian/mannish), to being able to
attract men (glamorous/heterosexual) (Greaves 1996). To this could also be added its
symbolic value of freedom, i.e. being equal to men (feminism) and to being your own
woman (emancipation).

New markets
In the latter decades of the twentieth century up to today, tobacco companies have
been seizing the opportunities presented by often very rapid cultural, economic, social,
and political change to promote the ‘liberating’ symbolic value of smoking to women
(Amos and Haglund 2000). For example, in Spain after the fall of the Franco regime, ads
for Kim in the 1980s promoted the slogan ‘Asi, como soy’ (It’s so me). More recently,
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West ads in Spain have shown women in traditionally male occupations such as fighter
pilots. Some of the most blatant targeting of young women has occurred in the former
socialist countries of central and eastern Europe, which are now exposed to the com-
mercial forces of ‘free’ markets. Here cigarettes are promoted as a potent symbol of
Western freedom, as in Czech Republic ‘West—the taste of now’. Young women are
encouraged to join men in their western male leisure pursuits. In Germany in the
1990s, young women have become a prime target for cigarette ads, and many of which
have promoted smoking as synonymous with western images of modern emancipated
womanhood (Poetschke-Langer and Schunk 2001). Cigarette advertisements were
among the first to appear on Berlin wall with slogans such as ‘Test the West’. More
recently, West has been advertised in women’s magazines as being the ‘taste’ and
‘power’ of now. It is therefore not surprising that between 1993 and 1997, rates of
smoking among young women in former East Germany nearly doubled from 27% to
47%. In addition, the desire to quit among 12–25-year-old smokers declined from two-
thirds to less than half over this period (Corrao et al. 2000).

The marketing of cigarettes as both a passport to and symbol of emancipation,
independence and success is not restricted to countries in the West. A 1990 editorial
in Tobacco Reporter noted the growth opportunities represented by women as
‘Women are becoming more independent and, consequently, adopting less-traditional
lifestyles. One symbol of their newly discovered freedom may well be cigarettes’
(Zimmerman 1990). Thus we have seen in Japan Virginia Slims advertisements urging
women to ‘Be you’. Capri advertisements have encouraged them to have their own
opinions and have featured ‘real-life’ European female role models such as a dress
designer stating that ‘The dress I design represents my own way of life’. Virginia Slims
has shown a pair of Caucasian male and female rugby players with the by-line ‘the
locker rooms are separate but the playground and the goal are common’. A recent
survey found that smoking among Japanese women in their twenties more than
doubled between 1986 and 1999, from 10% to 23%.

Developing countries
UPBEAT. Amid the gloomy environment, Tobacco Reporter continued to look for the positive
in Asia. And guess what! There are reasons for optimism; ‘The situation does not fundamentally
change the underlying strengths of the market,’ an Indonesian source assures us. Rising per-
capita consumption, a growing population and an increasing acceptance of women smoking
continue to generate new demand.

Tobacco Reporter editorial about the Asian market (Tuinstra 1998).

Until the 1980s, there was relatively little tobacco promotion in developing countries.
The national monopolies did not, in general, promote their products, or did so only
minimally. But from the 1980s, when young women in some countries were starting to
become more independent and were copying western fashion and trends, the trans-
national tobacco industry introduced tobacco advertisements into developing countries.
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Many of these initial advertisements were very ‘masculine’ like the Marlboro cowboy,
but gradually a whole range of advertisements were produced, moving from
‘men-only’ advertisements; through ‘neutral’ advertisements showing, for example,
a pleasant mountain scene or a blue lagoon; advertisements where both men and
women appeared, for example, enjoying the outdoors in a group; to women-only
advertisements.

By the mid-1980s, examples of these latter advertisements specifically targeting
women were beginning to emerge, in particular advertisements for Virginia Slims.
Smoking was promoted as being glamorous, sophisticated, fun, romantic, sexually
attractive, healthy, sporty, sociable, relaxing, calming, emancipated, feminine, rebel-
lious, and an aid to slimming. Designer cigarettes then appeared: in 1989, the Yves
St. Laurent brand of cigarettes was launched in Malaysia and other countries through-
out Asia, with elegant packing appealing to women. Some of the monopolies and
national companies, such as in Indonesia, then began to copy promotion targeting
women. The tobacco industry used seductive but false images of health, emancipation,
slimness, modernity, glamour, sophistication, fun, romance, sexual attractiveness,
health, sport, sociability, femininity, and rebelliousness. Concurrently, feminized ciga-
rettes appeared—long, extra-slim, low-tar, light-coloured, menthol.

In South Africa, for example, Benson and Hedges started to produce advertisements
which feature young black women. One advertisement showed a young dark-skinned
woman in aerobics gear smoking a cigarette with a young black male. In another a
black woman wearing traditional headgear was shown seated with a black man accept-
ing a cigarette from a white man. The copy line was ‘Share the feeling, share the taste’.
In the Middle East a recent Gauloise advertisement featured a young woman in western
dress with the copyline ‘Always Freedom’ (Simpson 2001).

Not only do these advertising images and messages echo those seen in the 1930s
advertisements in the US and UK, but so do other elements of the social marketing
strategies. This was seen recently in Sri Lanka where, in a modern version of the 1929
New York Easter Parade march, the Ceylon Tobacco Company hired young women to
drive around in ‘Players Gold Leaf ’ cars handing out free cigarettes and promotional
items (Seiman and Mehl 1998). These women also handed out free merchandise at
popular shopping malls and university campuses. In a country where only one per cent
of women smoke, this seemed to be part of a wider strategy to challenge the social
taboo that respectable women in Sri Lanka should not smoke and certainly not in the
street.

Other forms of marketing
Other forms of marketing are also being targeted at women. For example, tobacco
companies have now produced a range of brands aimed at women. Most notable are
the ‘women-only’ brands such as Kim, Virginia Slims, Capri, Vogue, MS, and More.
These are feminized cigarettes—long, extra-slim, low-tar, light-coloured, menthol.
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In India in 1990 the Golden Tobacco Company attempted to target women with a new
brand, ‘MS Special Filter’ (Gupta and Ball 1990). Advertisements featured Indian
women in Western clothing and affluent settings, symbols of liberation for Indian
women who are gaining financial and professional independence. More recently, a new
cigarette brand Just Black, was launched in Goa, India with the advertising featuring a
young, fair-skinned woman leaning against a large black motor cycle while holding a
tennis racket (Kaufman and Nichter 2001). Tobacco industry documents have revealed
that this brand and campaign was developed to appeal to a new generation of image
conscious young people and to shock their parents. In China the first ever brands to be
developed by the Chinese tobacco industry are aimed at women (Hui 1998). Some
companies have also produced special gift packs and offers designed to appeal to
women. In Taiwan, tobacco companies launched gift packs for the Lunar New Year,
with the Yves St. Laurent luxurious gift pack containing two cartons of cigarettes plus
one crystal item. The 555 gift packs had either a tea set or an ashtray and the Virginia
Slim Lights gift packs stylish lighters suitable for women smokers. In Australia there
have been Alpine fashion key rings, bags, and silk underwear.

Tobacco companies also sponsor popular sport and leisure events in an attempt to
reach young women. Although it is mainly men’s sports that are sponsored in develop-
ing countries, these are watched by many women. For example, 46% of spectators at
the Hong Kong Salem Tennis in 1993 were women. Michael Chang, who plays regu-
larly in Marlboro and Salem tennis events in China, Japan, the Republic of Korea, and
Hong Kong, enjoys idol status with many teenage girls throughout Asia. There are
sponsored women’s events. In 1989, British-American Tobacco Co decided to add the
Viceroy Women Football Competition on to the final match of Viceroy Cup in Hong
Kong. In 1995, Benson and Hedges ran whole page advertisements in newspapers in
Malaysia featuring a female climber Lum Yuet Mei, suspended from a rock face,
provocatively saying ‘Tonight cling on to me as I attempt to conquer the amazing
Dolomite cliffs’ in an advertisement entitled ‘She took the challenge and realized her
golden dream.’ Malaysia is the prime example in the world of brand-stretching—
for example, travel holidays and bistros. R.J. Reynolds has designed ‘Salem Attitude’
clothing stores for the Asian market specifically to circumvent restrictions on tobacco
promotion (Kaufman and Nichter 2001).

Arts sponsorship provides the tobacco industry with culture, glamour, and
respectability, sponsoring events that appeal to women as well as men. Events in Asia
include Peter Ustinov (Hong Kong 1992); Tony Bennett Jazz concerts (Thailand 1993);
Central Ballet of China (1994); Andrew Lloyd Webber’s ‘The Phantom of the Opera’
sponsored by Philip Morris (Hong Kong 1995); ASEAN Arts Awards (Asia 1994). In
New Zealand there are the Benson and Hedges Fashion Design Awards.

Events and activities popular with the young also receive sponsorship. Admission to
films and pop or rock concerts has been either free, or through the exchange of empty
cigarette packets for free tickets (Taiwan 1988; Hong Kong 1994). American singers,
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such as Jewel and Madonna, who would not promote tobacco in the US, have allowed
their names to be associated with cigarettes in other countries. Film stars such as
Sylvester Stallone have accepted money from the tobacco industry for product place-
ment in their films.

Action
Tobacco control strategies targeted at decreasing smoking uptake and increasing cessa-
tion are much more cost-effective than treating patients with lung cancer and other
tobacco-related illnesses. There is therefore an urgent need to develop effective gender-
sensitive and gender-specific tobacco control strategies, and to allocate sufficient funds
for tobacco control programmes that reach women and girls (INWAT Europe 2000).
Public policy, legislation, research, and education therefore need to be geared specifically
towards preventing girls from initiating smoking and helping women quit (Jacobs 2001).
Over the past 10 years there has been a growing recognition, at both the international
and national levels, of the growing impact of smoking on women’s health around the
world. However, action on this issue has tended to be restricted to those countries with
the longest history of female cigarette smoking.

International level

WHO

The previous Director General of WHO, Dr Gro Harlem Brundtland, recognized the
importance of tobacco as a women’s issue. WHO has brought more women into the
organization, and given high priority to strengthening global action on women and
tobacco issues, for example:

◆ WHO has secured funding for a major initiative on women and tobacco currently
underway in the Southern African Development Commission (14 Southern African
countries).

◆ An international meeting on Women and Tobacco took place in Kobe, Japan in
November 1999. This drew in, for the first time, women’s organizations beyond the
traditional tobacco control groups, culminating in The Kobe Declaration on
Women and Tobacco.

◆ In the Western Pacific Region, all three 5-year Action Plans on Tobacco or Health
since 1990 have emphasized the importance of preventing a rise in smoking among
women as a high priority.

WHO is also working with many UN organizations, such as UNICEF, IMF, World
Bank, and others to form partnerships to reduce the epidemic.

The World Bank

The World Bank’s report ‘Curbing the Epidemic’ marked the first time a major
financial institution had supported policies designed to reduce tobacco demand
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(World Bank 1999). The document argues that tobacco control is good for the wealth
as well as the health of nations; that it does not lead to loss of taxes or jobs; and that
tobacco control measures (e.g. price increases, advertising bans, smoke-free areas,
health education, pharmaceutical assistance in quitting) are cost-effective in both
industrialized and developing countries. Men and women are not specifically indexed,
but the findings have relevance to both.

International NGOs

The International Network of Women Against Tobacco (INWAT) was founded in 1990
to address the issues around tobacco and women. It has members in about 60
countries. Other NGOs involved with tobacco maintain a gender awareness, like
the International Union Against Cancer (UICC), the International Union Against
Tuberculosis and Lung Disease (IUATLD), the World Heart Federation, the Framework
Convention Alliance and The International Non-Government Coalition Against
Tobacco (INGCAT). They encourage their member organizations to take a public
stand on tobacco, and some fund projects, research, and meetings. GLOBALink,
the internet network based at the UICC Headquarters in Geneva, links tobacco
control advocates all over the world, and has a specific website devoted to tobacco and
women.

International conferences

The tenth World Conference on Tobacco or Health in Beijing in 1997, pioneered
gender equity in World Conferences. Fifty per cent of all committee members, chairs,
and invited speakers were women. When funding was offered to developing countries
for two delegates, it was suggested that one be a female. Each speaker was asked to
incorporate the twin themes of ‘developing countries’ and ‘women’ into his or her
presentation on whatever topic. In 1998 the European Union, through Europe Against
Cancer, organized the first European conference on women and tobacco in Paris.

Regional level

APACT

The Asia Pacific Association for the Control of Tobacco (APACT), first established by
Dr David Yen in Taipei, organizes biennial regional meetings. Delegates from the
poorer countries find the smaller regional meetings more supportive than the large,
international conferences, and it facilitates delegates, especially women, speaking out.

INWAT Europe

The INWAT Europe Development Project was a pilot project funded by the European
Union (Europe Against Cancer) from 1997 to 2002. It aims to contribute to reducing
tobacco use among women in Europe by developing a strong, effective, and sustainable
network which raises awareness about this issue, promoting communication and
exchange of information and support, and developing consensus on a women centred
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tobacco control strategy for Europe. A key element of the project was an expert semi-
nar held in 1999 which brought together leading experts in the field of gender and
health, and tobacco control (INWAT Europe 2000). The report on the seminar identi-
fied three main areas for future action:

◆ Research and policy frameworks for establishing coherent tobacco control policies
for women, taking into account the important intersections between gender, socio-
economic status, and age.

◆ The importance of linking women’s tobacco control with other organizations and
pressure groups concerned with the general status of women in society.

◆ Proposals whereby INWAT could become a resource for promoting women-specific
tobacco control to a higher priority status in Europe, drawing on its extensive
network and the high quality expertise of its members.

National level
At national level, governments have a central and crucial role in tobacco control, especially
in the area of legislation and tobacco tax increases. Without government leadership
and commitment, tobacco control measures—especially in developing countries—are
unlikely to succeed. Because the full impact of tobacco-related deaths is not yet appar-
ent in developing countries, many governments are still not convinced of the degree of
the harmfulness of smoking. They are preoccupied with other problems, such as high
infant mortality, communicable diseases, economic difficulties, or political conflict,
they lack funds, and have little experience in dealing with the tactics of the transna-
tional tobacco companies. In addition, they may be reluctant to act because of the
mistakenly perceived economic ‘benefits’ of tobacco.

The lead government ministry is the Ministry of Health, but with the issue of
tobacco and women, women’s commissions or ministries should be active. There is no
government department that does not have some role. Many developing countries have
implemented tobacco control programmes, including legislation, far ahead of many
western countries, and without any severe economic consequences. For example, legis-
lation in Singapore, Fiji, Mongolia, Hong Kong, South Africa, Thailand, and Vietnam is
far ahead of many western countries. Many tobacco control measures cost little other
than political will—for example, legislation requiring health warnings on cigarette
packets; or the creation of smoke-free areas in government buildings, public areas,
transport, or schools. However, many tobacco control programmes in both developed
and developing countries continue to take a gender neutral or gender blind approach.

NGOs, including women’s groups, can:

◆ lobby, advise, or pressure governments to make sure that all legislation and other
tobacco control action is gender sensitive

◆ make sure that ministries or commissions on women address tobacco as a woman’s
issue and uphold the principle of women’s right to health as a basic human right,
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building on the progress made at the Fourth World Conference on Women and the
Convention to Eliminate All Forms of Discrimination Against Women (CEDAW)

◆ demand a total ban on direct and indirect advertising, promotion, and sponsorship
by the tobacco industry, especially that targeting women

◆ ask for increased public funding for research and advocacy on women and girls and
tobacco

◆ promote women’s leadership in tackling tobacco

◆ lobby women’s magazines to better inform women about the issue

◆ recruit the entertainment industry, especially female movie and popstars

◆ counter the claims of the tobacco industry that tobacco is a freedom for women

◆ assist with cessation

◆ join the International Network of Women Against Tobacco (INWAT).

Individual women can act in an exemplar role by not smoking themselves, by discour-
aging their own children from starting smoking, and by encouraging their partners,
parents, children, and co-workers to quit.

Research gaps
Developing more effective tobacco control programmes for women, particularly in
developing countries, is hampered by the lack of research on women and smoking.
Recent national and international reviews on women and smoking have identified a
range of research questions, including biomedical, social, economic, policy, intervention,
and evaluation, which need addressing. For example, the INWAT Europe seminar
outlined key research questions in relation to:

◆ understanding the determination of tobacco use among women across the life-
course and in different countries

◆ a biomedical research agenda which looked at the impact of smoking in relation to
sex-specific biological factors (developmental and reproductive) across the life-
course, including nicotine addiction

◆ extending and deepening current understanding of the effectiveness and cost-
effectiveness of tobacco control policies, particularly by providing a gender-sensitive
perspective that takes into account socio-economic status.

Similarly, the Kobe report on women and tobacco identified the need for ‘prospectively
designed research studies to further elucidate the complexity of the relationships
between failure to quit, nicotine withdrawal symptoms, level of addiction to nicotine,
cigarette smoking relapse, depression, alcohol use, eating, and fear of weight gain in girls
and women’ (Hunter 2001). Among the other research issues highlighted was the impor-
tance of researching the differential impact of tobacco control polices and the health
consequences of such policies on girls, women, and women from ethnic minorities,
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particularly in developing countries, given that the burden of the tobacco epidemic is
shifting to these population groups (Jacobs 2001). More recently, the major research
funding councils in Canada in 2001 supported a national expert seminar to identify
research gaps and develop a multidisciplinary research agenda on teenage girls and
smoking (Greaves and Cormier 2002).

Conclusion
At the beginning of the twentieth century few people could have imagined how such a
stigmatized behaviour as female smoking would be transformed, through judicious
marketing by the tobacco companies, into a socially acceptable and desirable behav-
iour in developed countries. The challenge facing us at beginning of the twenty-first
century is how to stem the second wave of the tobacco epidemic, particularly in devel-
oping countries and among disadvantaged women in developed countries. There
needs to be wider recognition that women’s tobacco use is a global health problem and
that effective women-centred tobacco control programmes should be implemented at
international as well as national levels. Clearly there is a need to ban all tobacco pro-
motion. But building support for women-centred tobacco control programmes
through partnerships will also be vital to achieve success. In particular, there is a need
to work with and involve both women’s organizations and women themselves, and to
broaden the agenda to encompass other social and economic factors that work against
girls and women breaking free from this fatal addiction (INWAT Europe 2003).
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Part 6

Tobacco and cancer
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Chapter 20

Cancer of the prostate

Fabio Levi and Carlo La Vecchia

Prostate cancer is the fourth site for cancer incidence worldwide in men, and the third
in developed countries after lung and colon-rectum (Parkin et al. 1999). Considerable
changes in incidence rates from prostate carcinoma have been observed in the USA,
the European Union, and in most other developed countries, suggesting that an epi-
demic of this neoplasm occurred in the late 1980s or early 1990s, followed by a fall in
rates. A critical appraisal of the descriptive epidemiology of prostate cancer indicates,
however, that most trends were likely attributable to changes in diagnostic procedures
(mainly, the introduction of prostate-specific antigen–PSA–blood test), rather than
substantial changes in risk-factor exposure (Levi et al. 2000).

The descriptive epidemiology of prostate cancer is in any case inconsistent with a
major role of tobacco on prostate cancer risk, given its time trends and geographic pat-
tern. Thus, while mortality rates from lung and other tobacco-related neoplasms have
substantially changed in various countries following the spread of cigarette smoking in
subsequent generations, only minor long-term changes have been observed in prostatic
cancer mortality rates.

Nonetheless, a possible relation between prostate cancer and cigarette smoking has
been considered in several studies (Schwartz et al. 1961; Hammond 1966; Kahn 1966;
Weir and Dunn 1970; Wynder et al. 1971; Kolonel and Winkelstein 1977; Schuman et al.
1977; Williams and Horm 1977; Hirayama 1979; Niijima and Koiso 1980; Rogot and
Murray 1980; Mishina et al. 1985; Whittemore et al. 1985; Carstensen et al. 1987;
Checkoway et al. 1987; Ross et al. 1987, 1990; Honda et al. 1988; Yu et al. 1988; Mills
et al. 1989; Newell et al. 1989; Oishi et al. 1989; Severson et al. 1989; Elghany et al. 1990;
Fincham et al. 1990; Hsing et al. 1990, 1991; Slattery et al. 1990; Mills and Beeson 1992;
Slattery and West 1993; Talamini et al. 1993; Doll et al. 1994; Hayes et al. 1994; Hiatt
et al. 1994; Tavani et al. 1994; Van der Gulden et al. 1994; De Stefani et al. 1995;
McLaughlin et al. 1995; Siemiatycki et al. 1995; Adami et al. 1996; Andersson et al.
1996; Coughlin et al. 1996; Ilic et al. 1996; Pawlega et al. 1996; Cerhan et al. 1997; Key
et al. 1997; Lumey et al. 1997; Rodriguez et al. 1997; Rohan et al. 1997; Giovannucci
et al. 1999; Parker et al. 1999; Sung et al. 1999; Villeneuve et al. 1999; Lotufo et al. 2000;
Lund Nilsen et al. 2000; Putnam et al. 2000; Giles et al. 2001; Sharpe and Siemiatycki
2001). Among these, only two case–control (Schuman et al. 1977; Honda et al. 1988)
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and four prospective studies (Kahn 1966; Rogot and Murray 1980; Hsing et al. 1990,
1991; Hiatt et al. 1994; McLaughlin et al. 1995; Rodriguez et al. 1997) showed a posi-
tive relation between prostate cancer and tobacco smoking. This relationship, if
real, may be mediated by hormonal factors, since male cigarette smokers have elevated
levels of serum testosterone and androstenedione (Dai et al. 1988). However,
one review on the health effects of cigarette smoking (IARC 1986) and two other on
major risk factors for prostate cancer (Nomura and Kolonel 1991; Boyle et al. 1997)
did not support the association between cigarette smoking and increased risk for
prostate cancer.

The main results from case–control studies are given in Table 20.1. Among the 30
case–control studies that examined the role of cigarette smoking on prostate cancer
(Schwartz et al. 1961; Wynder et al. 1971; Kolonel and Winkelstein 1977; Schuman et al.
1977; Williams and Horn 1977; Niijima and Koiso 1980; Mishina et al. 1985;
Checkoway et al. 1987; Ross et al. 1987; Honda et al. 1988; Yu et al. 1988; Newell et al.
1989; Oishi et al. 1989; Elghany et al. 1990; Fincham et al. 1990; Slattery et al. 1990;
Slattery and West 1993; Talamini et al. 1993; Hayes et al. 1994; Tavani et al. 1994; Van
der Gulden et al. 1994; De Stefani et al. 1995; Siemiatycki et al. 1995; Andersson et al.
1996; Ilic et al. 1996; Pawlega et al. 1996; Key et al. 1997; Lumey et al. 1997; Rohan et al.
1997; Sung et al. 1999; Villeneuve et al. 1999; Giles et al. 2001), only two reported a posi-
tive association (Schuman et al. 1977; Honda et al. 1988). The study by Honda et al.
(1988), based on 216 cases and 212 controls, showed a moderate positive relation
between prostate cancer and cigarette smoking (smokers vs. nonsmokers: RR = 1.9,
95% confidence interval (CI), 1.2–3.0) and a significant direct trend only in the highest
level of smoking duration. The study by Schuman et al. (1977) also showed some asso-
ciation with cigarette smoking when comparison was made with population controls
only, but it was too small (40 cases) to be informative. Furthermore, a study of 345
cases and 1346 hospital controls from the Netherlands (Van der Gulden et al. 1994)
found a direct association with ever smoking, but no dose, nor duration–risk relation-
ship. Moreover, these results also contrast with other case–control studies (Williams
and Horm 1977; Mishina et al. 1985; Ross et al. 1987; Slattery et al. 1990; Elghany et al.
1990; Fincham et al. 1990; Slattery and West 1993; Hayes et al. 1994; Siemiatycki et al.
1995; Key et al. 1997) which, using population controls, did not show any meaningful
association between tobacco smoking and prostate cancer. However, a large Canadian
population-based case–control study (Villeneuve et al. 1999) found a modest and
inconsistent inverse association with various measures of cigarette smoking.

Thus, most case–control studies found no association between smoking and prostate
cancer, with a few reporting direct or other inverse associations, which appear to be
attributable to the play of chance, in the absence of any causal association.

Among 22 prospective studies (Hammond 1966; Kahn 1966; Weir and Dunn 1970;
Hirayama 1979; Rogot and Murray 1980; Whittemore et al. 1985; Carstensen et al.
1987; Mills et al. 1989; Severson et al. 1989; Hsing et al. 1990, 1991; Ross et al. 1990;
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Table 20.1 Summary of results of case–control studies on prostate cancer in relation to cigarette smoking

Investigator(s) Location No. of subjects Major findings

Schwartz et al. 1961 Paris, France 139 cases No association. 79% and 73% of smokers among cases
139 hospital controls and controls, respectively

Wynder et al. 1971 New York, U.S. 300 cases No association. 40% and 39% of cigarette smokers among
400 hospital controls cases and controls, respectively

Kolonel and Winkelstein New York, U.S. 176 cases No significant association.a Ever smokers: OR = 1.1 
1977 269 hospital controls (noncancer controls), OR = 1.0 (cancer controls)

Schuman et al. 1977 Minneapolis, U.S. 40 cases Direct association, when neighborhood, but not hospital
43 hospital controls, were used
35 neighborhood controls

Williams and Horm 1977 U.S. (Third Nat. Cancer 257 cases No association. No of cigarette smoked: 1-400/year,
controls survey) 1116 population controls OR = 0.7; 401–800/year, OR = 0.7; >800/year, OR = 0.9.

Niijima and Koiso 1980 Japan 187 cases No association
200 hospital controls

Mishina et al. 1985 Kyoto, Japan 111 cases No significant association.a Ever smokers: RR = 1.6
100 population controls

Checkoway et al. 1987 Chapel Hill, U.S. 40 cases No association
64 hospital controls

Ross et al. 1987 Los Angeles, U.S. 284 cases (142 blacks and 142 whites) No association.a Ever smokers: 
284 population controls Whites, RR =1.1; Blacks, RR = 0.9

(142 blacks and 142 whites)

Honda et al. 1988 California, U.S. 216 cases Ever smokers: RR = 1.9; years of smoking: >40, RR = 2.6
212 population controls

Yu et al. 1988 U.S. 1162 cases (989 whites and 161 blacks) No significant association.a Whites: ex-smokers OR = 0.9;
3124 hospital controls current smokers OR = 1.0. Blacks: ex-smokers OR = 1.4;

(2791 whites and 320 blacks) current smokers OR = 1.7
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Table 20.1 (continued) Summary of results of case–control studies on prostate cancer in relation to cigarette smoking

Investigator(s) Location No. of subjects Major findings

Newell et al. 1989 Houston, U.S. 103 cases No association
220 hospital controls

Oishi et al. 1989 Kyoto, Japan 117 cases No significant association. Current smokers: 
296 hospital controls OR = 0.6; former smokers: OR = 1.4

Fincham et al. 1990 Alberta, Canada 382 cases No association.a Ex-smokers: RR = 0.8;
625 population controls current smokers RR = 0.9

Slattery et al. 1990 Utah, U.S. 385 cases No association
679 population controls

Slattery and West 1993; Utah, U.S. 720 cases 57% and 58% of ever smokers among
Elghany et al. 1990 1364 population controls cases and controls

Talamini et al. 1993; Northern Italy 281 cases No significant association.a Ever-smokers: OR=0.8
Tavani et al. 1994 599 hospital controls

Hayes et al. 1994 Atlanta, Detroit, 981 cases (502 whites, 479 blacks) Whites: current: OR = 1.2; former-smokers, 
New Jersey, U.S. 1315 population controls OR = 1.2. Blacks: current: OR = 1.0; former-smokers: RR = 1.1

(721 whites, 594 blacks)

Van der Gulden et al. 1994 The Netherlands 345 cases Significant direct association. Ever-smokers: OR = 2.1. No
1346 hospital controls relation with amount, duration, or age started smoking

De Stefani et al. 1995 Uruguay 156 cases No significant association.a Ever-smokers: 
302 hospital (cancer) controls OR = 0.7; ex-smokers: OR = 0.6; current: OR = 0.8

Siemiatycki et al. 1995; Montreal, Canada 449 hospital cases No significant associationa. Ever-
Sharpe and Siemiatycki 2001 1266 population controls (cigarette) smokers: OR = 1.1



Andersson et al. 1996 Sweden 256 cases Current-smokers: OR = 1.8. No dose–response trend
252 population controls

Ilic et al. 1996 Serbia, Yugoslavia 101 cases No significant difference in smoking habits or in the number 
202 hospital controls or type of smoking

Pawlega et al. 1996 Poland 76 cases No association
152 controls

Key et al. 1997 UK 328 cases No significant association. Current smokers: 
328 population controls OR = 1.1; former-smokers: OR = 1.1

Lumey et al. 1997 US 1097 cases No association. Current smokers: OR = 0.9; ex-smokers:
3250 hospital controls OR = 0.9; No dose–response trend

Rohan et al. 1997 Canada 408 cases Direct association. Current-smokers: 
407 population controls OR = 1.4; ex-smokers: OR = 1.7

Sung et al. 1999 Taiwan 90 cases 46% and 40% of smokers in cases and controls,
180 hospital controls respectively. Ever-smokers: OR = 1.3

Villeneuve et al. 1999 Canada 1623 cases Nonsignificant inverse association
1623 population controls

Giles et al. 2001 Australia 1476 cases No association.a Ever-smoker: OR = 1.0; ex-smoker: 
1409 population controls OR = 1.0; current smoker: OR = 0.8

aNever smokers as reference category; RR, relative risk; OR, odds ratio.
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Mills and Beeson 1992; Doll et al. 1994; Hiatt et al. 1994; McLaughlin et al. 1995;
Adami et al. 1996; Coughlin et al. 1996; Cerhan et al. 1997; Rodriguez et al. 1997;
Giovannucci et al. 1999; Parker et al. 1999; Lotufo et al. 2000; Lund Nilsen et al. 2000;
Putnam et al. 2000), four (Kahn 1966; Rogot and Murray 1980; Hsing et al. 1990, 1991;
Hiatt et al. 1994; McLaughlin et al. 1995; Rodriguez et al. 1997) showed some positive
relation with cigarette smoking (Table 20.2). Hsing et al. (1991) and McLaughlin et al.
(1995) in the US Veterans Cohort Study found a significantly elevated relative risk
among cigarette smokers (RR = 1.18; 95% CI, 1.09–1.28), particularly among heavy
smokers (OR = 1.51 in smokers of 40 or more cigarettes per day compared with non-
smokers). Hsing et al. (1990) in a report on a Lutheran Brotherhood cohort study
reported significantly elevated relative risk among persons who smoked any type of
tobacco (RR = 1.8; 95% CI, 1.1–2.9), as well as among users of smokeless tobacco (RR
= 2.1; 95% CI, 1.1–4.1). No clear dose–response relation was however found. Likewise,
the data of the Cancer Prevention Study II (CPSII; Rodriguez et al. 1997) showed an
elevated risk (RR = 1.34; 95% CI, 1.16–1.56) of fatal prostate cancer in cigarette smok-
ers, with a stronger association below age 60, but no trend in risk with number of ciga-
rettes smoked nor duration of smoking. The conclusion was that smoking may
adversely affect survival in prostatic cancer patients (Rodriguez et al. 1997). Positive
results came from the U.S. Kaiser Permanente Study (Hiatt et al. 1994) based on
238 cases.

Another prospective study from Norway (Lund Nilsen et al. 2000) found a weak posi-
tive association with number of cigarettes smoked, and a cohort study of Iowa men
(Parker et al. 1999; Putnam et al. 2000), including only about 100 prostate cancer cases,
showed a nonsignificant association with number of cigarettes. Likewise, the MRFIT
(Coughlin et al. 1996) cohort showed a significant excess risk for smokers versus
nonsmokers, in the absence of any dose–risk relation (i.e. RR was 1.5 for smokers of
<15 cigarettes/day, but 1.2 for smokers of >45 cigarettes/day).

In contrast, no association between smoking and prostate cancer was evident from
the British Physicians (Doll et al. 1994), the U.S. Health Professionals’ (Giovannucci
et al. 1999) and the Physicians’ Health Study (Lotufo et al. 2000).

This pattern of risk would suggest that the relation between smoking and prostate
cancer diagnosis or death may not be causal, but attributable to other socioeconomic
or lifestyle correlates of smoking (IARC 1986; Dai et al. 1988; Nomura and Kolonel
1991; La Vecchia et al. 1992; Boyle et al. 1997), which are likely to be less relevant in
studies conducted in health conscious populations like doctors or health professionals.
A major problem of cohort studies, in fact, is often the limited number of covariates
available in order to allow for potential confounding.

The report by Giles et al. (2001), based on a uniquely large case–control study, pro-
vides further evidence on an absence of excess risk of prostate cancer among current or
former smokers, including those who smoked the highest number of cigarettes for the
longest period of time. There is also a lack of material influence of smoking on prostate
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Table 20.2 Summary of results of cohort studies on prostate cancer in relation to cigarette smoking

Investigator(s) (reference) Location No. of subjects Major findings

Hammond 1966 U.S. 440 558 (319 cases) No association

Kahn 1966; Rogot and U.S. (Veterans) 293 916 (4607 cases) Ex-smokers: RR = 1.1; current smokers: RR =1.2; No. of cigarettes
Murray 1980; smoked: 10–20/day, RR = 1.2; 21–39/day, RR = 1.2; > 39/day,
Hsing et al. 1991 RR = 1.5

Weir and Dunn 1970 California, U.S. 68 153 (37 cases) No association.a Ever smokers: RR = 0.8; <1/2 pk/day, 
RR = 0.6; 1 pk/day, RR = 1.0; >1 pk/day, RR = 0.8

Hirayama 1979 Japan 122 261 (63 cases) No association. Age-standardized death rate per 100 000 (6.1)
among nonsmokers, (3.7) ex-smokers, (5.8)
current smokers

Whittemore et al. 1985 U.S. (college alumni) 47 271 (243 cases) No association

Carstensen et al. 1987 Sweden 25 129 (193 cases) No association.a Ex-smokers: RR = 1.0; No. of cigarettes smoked:
1–7/day, RR = 1.1; 8–15/day, RR = 0.8; >15/day, RR = 0.9

Mills et al. 1989 California, U.S. 14 000 (180 cases) No association.a Ex-smokers: RR = 1.2; current smokers: RR =0.5

Severson et al. 1989 Honolulu, Japan 7999 (174 cases) No association.a Ex-smokers: RR = 0.9; current smokers: RR = 0.9

Hsing et al.1990 Minnesota, U.S. (Lutheran) 17 633 (149 cases) Positive association.a Ever used any form of tobacco: 
RR = 1.8; current smokers: RR = 2.0

Ross et al. 1990 U.S., California 5105 (138 cases) No association.a Current-smokers: RR = 0.9; former-smokers: RR = 0.8

Mills and Beeson 1992 U.S., California (7th 14 000 (180 cases) No association. Current-smokers: 
Day Adventists) RR = 1.0. No relation with amount or duration of smoking

Doll et al. 1994 U.K. (physicians) 34 440 (568 cases) RR = 0.8,1.1,1.2 in subsequent levels of smoking

Hiatt et al. 1994 U.S., California (Kaiser Perman) 43 432 (238 cases) Positive association. Compared to never smokers, ≤ 20 cig/day, 
RR = 1.0; >20 cig/day, RR = 1.9 (95% CI 1.2–3.1)

McLaughlin et al. 1995 U.S. (Veterans) 293 916 (3124 deaths) Positive association.a Ex-smokers, RR = 1.1. 1-9 cig/day, RR = 1.1;
10-20 cig/day, RR = 1.2; 21-39 cig/day, RR = 1.2; 21–39 cig/day,
RR = 1.2; ≥40 cig/day, RR = 1.5
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Table 20.2 (continued) Summary of results of cohort studies on prostate cancer in relation to cigarette smoking

Investigator(s) (reference) Location No. of subjects Major findings

Adami et al. 1996 Sweden 135 006 (2368 cases) Current-smokers, RR = 1.1; ex-smokers, RR = 1.1. No 
trend with amount or duration of smoking

Coughlin et al. 1996 U.S. (MRFIT) 348 874 (826 cases) Positive association. No. of cigarettes smoked, 1–15 cig/day,
RR = 1.5; 16–25 cig/day, RR = 1.3; 26–35 cig/day, RR = 1.2;
36 – 45 cig/day, RR = 1.5; >45 cig/day, RR = 1.2

Rodriguez et al. 1997 U.S. (Cancer Prevention 450 279 (1748) Positive association with current smoking for fatal cancers.
Study II) Ever-smokers, RR = 1.0; current cigarettes. only smokers, RR =1.3;

former cigarettes. only smokers, RR = 1.0. No trend with amount
or duration of smoking

Cerhan et al. 1997 Iowa, U.S. 1050 (71 cases) 63% and 58% ever smokers among cases and controls. Current,
<20 cig/day, RR = 2.0; current, ≥20 cig/day, RR = 2.9. Significant 
dose-dependent trend

Giovannucci et al. 1999 U.S. (Health Professionals) 51 529 (1369 cases) No association.a Current smokers, RR = 1.1. Impact of recent use
on occurrence of fatal cancer (RR = 1.6)

Parker et al. 1999 Iowa, U.S. 1117 (81 cases) Former-smokers, RR = 1.3; current, <20 cig/day, 
RR = 1.7; current, ≥20 cig/day, RR = 1.9

Lotufo et al. 2000 U.S. (Physicians’ Health 22 071 (996 cases) No association.a Ex-smokers, RR = 1.1; current <20 cig/day, RR = 1.1;
Study) current, ≥20 cig/day, RR = 1.1. No dose- or duration-dependent trend

Lund Nilsen et al. 2000 Norway 22 895 (644 cases) RR = 0.8, 1.1, 1.4, 1.3 for subsequent levels of cigarette smoking

Putnam et al. 2000 Iowa, U.S. 1572 (101 cases) Nonsignificant association. Former-smokers, RR = 1.4; current,
<20 cig/day, RR = 1.3; current, ≥20 cig/day, RR = 1.6

aNever smokers as reference category; RR, relative risk; OR, odds ratio.
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cancer in younger or elderly men, with early or advanced, or moderate or high-grade
neoplasms.

Together with the available evidence on this issue, the results from this study provide
therefore definite evidence that cigarette smoking is not a relevant risk factor for
prostate cancer, even after a long latency period. The issue of a modest association
remains open to debate, but it is unclear whether such a modest association can be
investigated in observational epidemiological studies, in consideration also of the need
for careful allowance for confounding, since some differences in other factors (includ-
ing dietary, socioeconomic, or other) may account for the apparent inconsistencies
observed across studies (Wynder 1990; Colditz 1996).

These cautions notwithstanding, it is now clear, in conclusion, that tobacco smoking
is not a relevant risk factor for prostate cancer.
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Chapter 21

Laryngeal cancer

Paolo Boffetta

Summary
More than 160 000 new cases of laryngeal cancer are estimated to occur each year
worldwide, and 89 000 people die from this disease. Tobacco smoking is the main cause
of laryngeal cancer in all populations among which studies have been conducted,
and at least two-thirds of cases among men and one-third of cases among women are
attributable to tobacco smoking. The risk of laryngeal cancer among heavy smokers is
at least 20 times higher than that of non-smokers. Both the amount of cigarettes
smoked per day and the duration of smoking are important determinants of the risk;
a protective effect of quitting smoking is clear after five years. Several studies have
suggested a higher risk among deep inhalers; smokers of hand-rolled cigarettes
and smokers of black-tobacco cigarettes have a higher risk than other smokers.
An increased risk has been shown following smoking of cigar and pipe, as well as of
bidi and other local tobacco products. Tobacco smoking seems to exert a stronger
carcinogenic effect on the supraglottic region of the organ than on the glottis. Tobacco
smoking acts synergistically with alcohol drinking in causing laryngeal cancer; a similar
interaction with the carcinogenic effect of a diet poor is fruits and vegetables is probable.
A genetic susceptibility to tobacco-induced laryngeal cancer is plausible, but specific
factors have not yet been identified. Data on p53 mutations in laryngeal cancer are
consistent with a major carcinogenic role played by tobacco. Tobacco control remains
the main tool to prevent laryngeal cancer.

Epidemiology of laryngeal cancer
The incidence of laryngeal cancer in men is high (age-standardized rate 10/100 000 or
more) in southern and central Europe, southern Brazil, Uruguay, and Argentina, and
among blacks in the USA, while the lowest rates (<1/100 000) are recorded in south-
east Asia and central Africa (Parkin et al. 1997). The incidence in women is below
1/100 000 in most populations. Rates have not changed markedly during the last two
decades, but the interpretation of time trends is complicated by changes in diagnostic
accuracy. An estimated 161 400 new cases occurred worldwide in 2000, of which
142 200 among men and 92 300 in developing countries (Ferlay et al. 2001). The esti-
mated number of deaths in 2000 was 89 100 globally, of which 78 600 among men and
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55 100 in developing countries. More than 90% of cancers of the larynx are squamous
cell carcinomas, and the majority originate from the supraglottic and glottic parts of
the organ.

In most populations, the majority of cases of laryngeal cancer are attributable to
tobacco smoking, alcohol drinking, and the interaction between these two factors (see
below). A protective effect is probably exerted by high intake of fruits and vegetables,
although the evidence regarding specific micronutrients such as carotenoids and
vitamin C is inadequate to draw a conclusion (WCRF 1997). Maté drinking has been
suggested to be a risk factor in studies from Brazil and Uruguay (Austin and Reynolds
1996). Data concerning a possible effect of other food items are not consistent.
Occupational exposure to mists of strong inorganic acids, sulfuric acid in particular, is
an established risk factor for laryngeal cancer (IARC 1992). A possible effect has been
suggested for other occupational exposures, including nickel, asbestos, and ionizing radi-
ation, but the evidence is not conclusive (Berrino 1993). Laryngeal papillomatosis, a
condition characterized by multiple benign tumours called papillomas, is caused by
infection with human papillomavirus (HPV) types 6 and 11, the same types that cause
genital condylomata acuminata. In children, infection occurs in both genders, during
delivery; in adults, infection is common among men and may occur via orogenital
sexual contact. Papillomatosis patients have an increased risk of laryngeal cancer;
however, studies aimed at assessing the presence of HPV DNA have not yet provided
conclusive evidence for a higher prevalence of infection in cases of laryngeal cancer
than in controls. Herpes simplex virus type 1 is another virus with a possible
causal role in laryngeal cancer (Austin and Reynolds 1996). There is no evidence of
strong genetic factors in laryngeal carcinogenesis; however, polymorphism for
enzymes implicated in the metabolism of alcohol and tobacco, such as alcohol and
aldehyde dehydrogenase, are possible susceptibility factors, with relative risks in the
order of 1.5–2.

Tobacco smoking
A strong association between tobacco smoking and laryngeal cancer has been reported
since the 1950s (Schrek et al. 1950; Doll and Hill 1954; Wynder et al. 1955). This finding
has been replicated in different populations and under different circumstances of
tobacco smoking. As early as 1964, public health and scientific authorities considered
that the causal association between tobacco smoking and laryngeal cancer was clearly
established (USDEHW 1964). Since then, evidence has accumulated on different
aspects of the carcinogenic effect of tobacco smoking on the larynx, based on data
from both cohort and case–control studies. On the one hand, cohort studies, although
they may be considered methodologically superior, are mainly based on mortality data
and have primarily been assembled in areas with a low incidence of laryngeal cancer,
such as the USA, the United Kingdom, Japan, and the Nordic countries, resulting in a
relatively small number of cases, even in the largest cohorts. For example, during the
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12-year follow-up of the American Cancer Society Cancer Prevention Study I, which
included over one million individuals, a total of 109 deaths from laryngeal cancer was
recorded among men and 22 among women (Burns et al. 1996). On the other hand,
case–control studies are based on incident cases and have often been conducted in
high-risk areas, such as southern Europe and South America.

Cigarette smoking
Among men, the risk of laryngeal cancer is increased 5–10 times among ever cigarette
smokers as compared to never smokers. In population-based series, the proportion of
cases who report not having smoked during their lifetime is in the order of 1–5%. In all
studies that have analysed it, a positive trend was found between amount of smoking
and risk of laryngeal cancer relative to that of non-smokers. Table 21.1 summarizes the
results of the selected case–control studies. Additional studies provided similar results
for other populations, e.g. Uruguay (De Stefani et al. 1995), Spain (Lopez-Abente et al.
1992), and Denmark (Olsen et al. 1985), but they did not fulfil the criteria for inclusion
in Table 21.1. The heterogeneity in the results can be explained by the small number of
non-smoking cases in some of the studies, by the type of tobacco smoked, by differ-
ences in the interactive effect of alcohol drinking, and possibly by differences in genetic
susceptibility factors, in addition to differences in the quality of the studies and the
validity of the results.

Results from cohort studies are comparable to those available from case–control
studies (e.g. Doll and Hill 1954; Dorn 1959; Burch et al. 1981). As an example, Fig. 21.1
shows the relative risk among white men and women enrolled in the American Cancer
Society Cancer Prevention Study I (Burns et al. 1996).

Several cohort and case–control studies reported a positive dose–response according
to duration of smoking (Falk et al. 1989; Restrepo et al. 1989; Sankaranarayanan et al.
1990; Choi and Kahyo 1991; Lopez-Abente et al. 1992; Zheng et al. 1992; Dosemeci
et al. 1997). For example, in the study by Zheng et al. (1992) from China, the odds
ratios were 1.4 (95% confidence interval [CI] 0.4–4.6), 4.1 (1.6–11.1), 12.0 (4.8–30.1),
and 13.2 (5.6–31.2) for less than 20 years, 20–29 years, 30–39 years, and 40 or more
years of smoking.

Selected results on the effect of quitting are summarized in Table 21.2. No protective
effect is apparent during the first five years after quitting, a phenomenon that can be
partially explained by quitting because of early symptoms of the neoplastic lesion.
After that time, however, there is strong evidence of a decrease in risk of laryngeal cancer.

A higher relative risk was suggested in several studies for deep inhalation of tobacco
smoke, as compared to light or no inhalation (Restrepo et al. 1989; Lopez-Abente et al.
1992; Burns et al. 1996; Lewin et al. 1998). In a study from Uruguay, smokers of
hand-rolled cigarettes had a higher risk than smokers of manufactured cigarettes
(De Stefani et al. 1992). Studies from southern Europe and South America have
consistently reported a 1.5- to 2-fold stronger risk among smokers of black-tobacco
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Table 21.1 Results of selected case–control studies of tobacco smoking and laryngeal cancer

Study Area, period, gender* Cases** Controls*** Categories OR 95% CI Comments
(cig/day)

Graham et al. USA, 1957–1965, M 374, NA H, 381, NA 0 1.0 Ref. controls from 
1981 1–10 2.1 p < 0.05 cancer institute

11–20 4.8 p < 0.005
21–39 8.8 p < 0.005
40+ 8.5 p < 0.005

Burch et al. 1981 Canada, 1977–1979 204, 79% N, 204, 77% 0 1.0 Ref.
1–14 3.0 1.4–6.3
15–24 3.4 1.7–6.8
25+ 4.5 2.2–9.2

Tuyns et al. 1988 Italy, Spain, France, 696, > 80% P, 3057, 0 1.0 Ref.
Switzerland, 56–75% 1–7 2.4 1.3–4.3
1973–1980, M 8−15 6.7 4.2–10.7

16–25 13.7 8.7–21.6
26+ 16.4 10.1–26.6

Zheng et al. China, 201, 76% P, 414, 88% 0 1.0 Ref.
1992 1988–1990 1–9 1.6 0.5–4.9

10–19 7.1 3.1–16.6
20 12.4 4.6–33.2
21+ 25.1 9.9–63.2



Hedberg et al. USA, 235, 81% P, 547, 75% 0 1.0 Ref. ref. cat. includes 
1994 1983–1987 1–19 6.3 3.1–11.8 ex-smokers 

20–39 10.6 6.5–18.7 > 15 years
40+ 23.1 9.4−52.6

Tavani et al. Italy, 350, NA H, 1373, NA 0 1.0 Ref. low exp. cat. 
1994 1986–1992, M 1–14 3.5 2.1–6.0 includes 

15+ 10.4 6.2–17.5 ex-smokers

Dosemeci et al. Turkey, 832, NA H, 829, NA 0 1.0 Ref.
1997 1979–1984, M 1–10 1.6 0.9–2.6

11–20 3.5 2.6–4.8
21+ 6.6 4.2–10.3

Selection criteria include publication after 1980; N, cases of laryngeal cancer > 200, report of odds ratios for amount of smoking, adjustment for alcohol drinking, use of never
smokers as referent category.

*M if results are restricted to men, no indication if they refer to both sexes.

**Number of cases, response rate.

***Source of controls, number of controls, response rate.

NA, not available; H, hospital-based; P, population-based; N, neighbourhood.
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Table 21.2 Odds ratios of laryngeal cancer among ex-smokers: results of selected
case–control studies

Study* Years since quitting OR 95% CI

Tuyns et al. 1988 < 1** 1.0 Ref.

1–4 1.5 1.2–2.0

5–9 0.5 0.3–0.8

>9 0.3 0.2–0.4

Zatonski et al. 1991 < 5** 1.0 Ref.

5–10 0.8 0.3–1.8

> 10 0.3 0.1–0.6

Zheng et al. 1992 < 2** 1.0 Ref.

2–4 1.8 0.6–4.9

5–9 0.6 0.2–1.5

> 9 0.6 0.3–1.2

*See Table 21.1 for details on study design.

**Including current smokers.
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Fig. 21.1 Relative risk of laryngeal cancer by amount of smoking (American Cancer Society
Cancer Prevention Study 1) (Burch et al. 1996).
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cigarettes as compared to blond-tobacco cigarettes (De Stefani et al. 1987; Tuyns et al.
1988; Lopez-Abente et al. 1992; Schlecht et al. 1999).

Smoking of products other than cigarettes
An increased risk of laryngeal cancer from cigar and pipe smoking was noticed in the
early epidemiological studies (Wynder et al. 1955, 1976) and confirmed in some
(Schlecht et al. 1999) but not all (Freudenheim et al. 1992) recent investigations. The
magnitude of the risk is similar to that of light smokers, possibly reflecting a lower
consumption of tobacco in this group of smokers. Smoking of local tobacco products,
such as bidis in India (Sankaranarayanan et al. 1990) and yaa muan in Thailand
(Simarak et al. 1977), also increases the risk of laryngeal cancer. In particular, the effect of
bidi smoking seems to be similar to that exerted by cigarette smoking (Fig. 21.2). Use
of oral snuff and chewing of tobacco-containing products have also been associated
with an increased risk in Europe, North America, and India (Wynder et al. 1955;
Jussawalla and Deshpande 1971; Lewin et al. 1998), although some studies did not
detect an increased risk (Sankaranarayanan et al. 1990).

Involuntary smoking
Limited data are available on the risk of laryngeal cancer following involuntary expo-
sure to tobacco smoke. In a study of 59 non-smoking head and neck cancer cases and
matched non-smoking controls, cases had higher exposure to involuntary smoking
than controls (Tan et al. 1997). In a further study of 26 non-smoking cases of head
and neck cancer and 59 non-smoking controls, the relative risk of ever exposure to
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involuntary smoking was 2.2 (95% CI 0.6–8.4) and that of heavy exposure was 4.3
(95% CI 0.8–23) (Zhang et al. 2000). Supportive evidence for a possible carcinogenic
role of involuntary smoking on the larynx comes from the similarities of the carcino-
genic effect of active smoking on the lung and the larynx, both at the epidemiological
and the molecular level (Stewart and Semmler 2002). It can be concluded therefore
that an increased risk of laryngeal cancer following involuntary smoking in humans is
plausible, although it has not yet been demonstrated.

Interaction with other risk factors
The synergism between tobacco smoking and alcohol drinking in laryngeal carcinogene-
sis has been noted in the early epidemiological studies (Wynder et al. 1976) and analysed
in many subsequent reports (Flanders and Rothman 1982; Herity et al. 1982; Olsen et al.
1985; Brownson and Chang 1987; De Stefani et al. 1987; Falk et al. 1989; Franceschi
et al. 1990; Choi and Kahyo 1991; Zatonski et al. 1991; Zheng et al. 1992; Baron et al.
1993; Tavani et al. 1994; Burns et al. 1996). Figure 21.3 shows the relative risks for dif-
ferent combinations of tobacco smoking and alcohol drinking estimated in the largest
available study (Tuyns et al. 1988). An independent effect of the two carcinogens is
clearly shown, and the combined relative risk fits well with a multiplicative model of
interaction. For example, based on the results shown in Fig. 21.3, the relative risk
among heavy drinkers who are light smokers is 3.78, that of light drinkers who are heavy
smokers is 11.47, and that of heavy drinkers and smokers is 43.21, which is the product
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of 3.78 and 11.47. An interpretation of these results is that tobacco smoking and alcohol
drinking act through independent carcinogenic mechanisms on the laryngeal mucosa.

The joint effect of tobacco smoking and dietary factors has been studied by several
authors. Freudenheim et al. (1992) found a greater effect of high fat or retinol intake
(but not of low carotenoid intake) among heavy smokers than among light smokers.
De Stefani et al. (1995) found a similar risk from high intake of salted or fresh meat
among heavy and light smokers. A similar lack of synergism was reported for low fruit
intake by De Stefani et al. (1987), for low intake of β-carotene by Tavani et al. (1994),
and for low intake of fruits or vegetables by Zheng et al. (1992). Overall, the available
evidence suggests no interaction in laryngeal carcinogenesis, under a multiplicative
model, between tobacco smoking and dietary factors. In one single study, an increased
risk from heavy mate intake was found among heavy smokers but not among light
smokers (De Stefani et al. 1987). No data are available on the joint effect of tobacco
smoking and exposure to other known causes of laryngeal cancer, such as occupational
exposures.

Susceptibility factors
Few studies are available on the smoking-related risk of laryngeal cancer in men and
women separately. In most cases, this analysis was hampered by the small number of
female cases (e.g. only six female cases were available in the study by Choi et al. 1991).
In the most informative studies (e.g. Wynder and Stellman 1979), higher relative risks
have been reported among women than among men for comparable amounts of
smoking. Similar findings have been reported for lung cancer: although these studies
might reflect an increased susceptibility to tobacco carcinogenesis among women com-
pared to men (Haugen 2002), they should most likely be interpreted as a phenomenon
due to lower rates of laryngeal cancer in non-smoking women than men, possibly
reflecting the lack of effect of other environmental carcinogens.

A role of genetic polymorphism of enzymes involved in the metabolism of tobacco
carcinogens in modulating tobacco-related risk of laryngeal cancer can be postulated
on the basis of knowledge on mechanisms of action. No modification of the effect was
suggested in a study for null polymorphism of GSTM1 and GSTT1, two detoxifying
enzymes (Jourenkova et al. 1998). In the same population, the effect of tobacco smok-
ing was stronger among individuals with high activity of CYP2D6, an activating
enzyme, than among other individuals (Benhamou et al. 1996).

Effect of different sub-sites within the larynx
A number of case-control studies have provided separate estimates of the tobacco-related
risk of glottic (or intrinsic laryngeal) cancer and supraglottic (or extrinsic laryngeal)
cancer (Elwood et al. 1984; Brugere et al. 1986; Guenel et al. 1988; Tuyns et al. 1988;
Falk et al. 1989; Lopez-Abente et al. 1992; Maier et al. 1992; Muscat and Wynder 1992;
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Dosemeci et al. 1997). Without exception, relative risks are higher for supraglottic than
for glottic cancer, which is compatible with a direct contact mechanism of tobacco
carcinogenicity on the organ. As an example, Fig. 21.4 reports the results of the largest
available study from four European countries.

Limited data are available on the synergism between tobacco smoking and alcohol
drinking on cancer in different parts of the organ (Dosemeci et al. 1997; Guenel et al.
1988): although risk estimates are often unstable due to small numbers, it is suggested
that the combined effect of the two exposures on glottic cancer is compatible with a
multiplicative model of interaction, while for supraglottic cancer the combined relative
risks are lower than expected according to the multiplicative model, suggesting some
overlap in the carcinogenic action of the two agents.

Evidence from mechanistic studies
Mutation in the p53 gene is a common genetic alteration in laryngeal cancer. A distinct
pattern of mutations has been reported in cancer of the larynx, and in other tobacco-
related cancers, as compared to non-tobacco related cancers. This includes a higher
proportion of tumours harbouring a mutation and a higher proportion in G–T trans-
versions, in particular at codons 157, 158, 179, and 249. These mutations likely reflect
the effect of the interaction of tobacco carcinogens, such as BPDE, the active metabolite
of benzo(a)pyrene, on the DNA (Brennan and Boffetta in press). The evidence directly
linking tobacco smoking to p53 mutation in laryngeal carcinogenesis, however, is
weak. Out of 171 p53 mutations reported in laryngeal cancers in the IARC p53 database
(www.iarc.fr/p53/index.html), data on smoking habit were available for 73 patients, of
whom only 3 were non-smokers.
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Effect on survival
In two studies from Europe, mortality of laryngeal cancer cases was greater among
heavy smokers than among non-smokers and light smokers (Crosignani et al. 1996;
Boffetta et al. 1997). This result reflects the increased risk of other tobacco-related
causes of death; however, similar results were obtained when only deaths from laryngeal
cancer were considered, possibly reflecting an effect of smoking on the natural history
of the neoplasm and on response to therapy.

Public health impact
Tobacco smoking greatly increases the risk of laryngeal cancer. The proportion of male
cases of laryngeal cancer attributable to tobacco smoking in Europe and North
America is around 80%. This proportion might be lower in men from other regions
of the world where other causes of laryngeal cancer might play an important role,
and in women. A study of the burden of tobacco-related cancer worldwide provided
conservative estimates of 67% of cases in men and 28% in women, corresponding
to 100 600 new cases each year and, assuming no effect of smoking on laryngeal
cancer-specific mortality, 55 600 deaths (Parkin et al. 1994).

Tobacco control is the main avenue for prevention of laryngeal cancer; the evidence
of an interaction between tobacco smoking and other risk factors should not be used
as an argument to reduce the emphasis on avoiding and quitting smoking. As it is
shown in Fig. 21.5, tobacco smoking plays by far the largest aetiological role in laryngeal
carcinogenesis, either alone or in combination with other factors. The decline during
the recent decades in the incidence of laryngeal cancer among men in some regions in
which tobacco control has been implemented more effectively (e.g. the USA and
Finland vs. Denmark, Fig. 21.6) suggests that prevention of this disease through the
avoidance of its major cause is possible. As for other tobacco-related diseases, the main
priorities are today among women and in the developing countries.
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Chapter 22

Smoking and cancer of the
oesophagus

Eva Negri

It has been estimated that in the year 2000 there were in the world about 280 000 new
cases of oesophageal cancer (OC) among men and 130 000 among women (Ferlay
et al. 2001). The great majority of these cases (220 000 men and 120 000 women) occur
in less developed countries. The age-standardized rate in men is twofold in less
developed areas compared to more developed areas of the world (12.8/100 000 vs
6.7/100 000). In women the ratio between rates in less and more developed areas is
5 (6.2/100 000 vs 1.3/100 000).

OC incidence rates show a remarkably large geographical variation, with a difference
of over 300-fold between high- and low-risk areas (Munoz and Day 1996). Very high
rates have been observed in a belt starting in eastern Turkey and extending through the
southern states of the former Soviet Union, Iran, and Iraq into northern China (Kmet
and Mahboudi 1972; Blot 1994). Large differences in rates can be observed also within
small geographical areas (Munoz and Day 1996), and rapid changes of rates over time
have been observed (Negri et al. 1996). In North America, rates are much higher
among African Americans than among whites (Munoz and Day 1996).

The vast majority of OC worldwide are squamous-cell carcinomas of the oesophagus
(SCCO), and most of the epidemiologic studies on OC were based solely or chiefly on
this histologic type. Increases in the incidence of adenocarcinoma of the oesophagus
(ACO) have been reported in the US and other countries, and adenocarcinoma has
become the most frequent cell type among US whites (Blot and McLaughlin 1999).

Squamous cell and adenocarcinoma of the oesophagus differ in geographic distribution,
temporal trends and risk factors, and thus represent two separate epidemiological
entities. Thus, they will be considered separately in this chapter.

Squamous-cell carcinoma of the oesophagus (SCCO)
Already in the late 1950s some studies reported an association between tobacco and
cancer of the oesophagus (Hammond and Horn 1958; Dorn 1959; Tuyns et al. 1977),
although the authors still doubted the causality of this association.

In the following years, further evidence accumulated, and in 1986 the International
Agency for Research on Cancer (IARC) concluded that ‘smoking is an important cause
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of oesophageal cancer’ (IARC 1986). Several other studies published since have
further confirmed this association, and in the evaluation on the carcinogenicity of
tobacco done in 2002 the IARC concluded that ‘tobacco smoking is causally associated
with cancer of the oesophagus’ (IARC 2002).

This conclusion relies on overwhelming evidence, derived from studies conducted
in different areas of the world and with different designs, that—with only very rare
exceptions—found higher risks of OC in smokers. Table 22.1 shows the results of
selected case–control studies of OC. As it will be discussed later, alcohol consumption is
an important confounder/effect modifier of the relation between smoking and risk of
SCCO. Thus, only studies that present alcohol-adjusted estimates are included in the
table. In most studies, the risk of smokers was 2–5 times that of never smokers, and the
risk of former smokers was intermediate between the two. The causality of the association
is further supported by the fact that the risk of oesophageal cancer increases with
increasing daily dose and with duration of the habit in almost all studies.

Type of cigarettes. De Stefani and colleagues (1993) noted that the OR of OC were
higher in studies conducted in populations smoking mainly black tobacco, as com-
pared to those in populations smoking predominantly blond tobacco. Consistently,
studies presenting ORs separately for smokers of blond and black tobacco cigarettes
tended to find higher risks in black tobacco smokers. Compared to blond tobacco
cigarette smoker, the risk of OC of black tobacco cigarette smokers was 2.6 and 3.6 in
two studies from Uruguay (De Stefani et al. 1993). Smokers of hand-rolled cigarettes
also tend to have higher risks of OC than smokers of commercial cigarettes (Tuyns and
Esteve 1983; De Stefani et al. 1993; Hu et al. 1994; Launoy et al. 2000). Also high-tar
cigarettes convey a higher risk of OC (La Vecchia et al. 1986).

Cigars and pipe smoking. Also cigar and pipe smokers have an increased risk of OC.
In the study by Wynder and Bross (1961) the OR of OC of cigarette smokers was 2.8,
compared to never smokers, that of cigar and pipe smokers was 6.0, and that of pipe
only smokers was 9.0. Other studies also found higher risks of OC in pipe smokers
compared to cigarette smokers (Tuyns and Esteve 1983; De Stefani et al. 1993). The
studies that analysed the risk of smokers of cigars only were generally based on small
numbers of cases, but they consistently found an increased risk of about fourfold for
ever cigar smokers (La Vecchia et al. 1998; Shanks and Burns 1998).

Interaction with alcohol. Alcohol is another well-established risk factor for OC, and
alcohol and tobacco act synergistically in magnifying the risk. Thus, in countries where
both habits are widespread, the effect of tobacco cannot be considered separately from
that of alcohol. Some studies have analysed how the joint exposure to alcohol and
tobacco influences the risk of OC.

Already in 1961 Wynder and Bross noted that both factors were independently
associated to oesophageal cancer risk. In 1977 Tuyns and colleagues published
the results of their case–control study on cancer of the oesophagus conducted in
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Table 22.1 Results from selected case–control studies on smoking and risk of squamous-cell carcinoma of the oesophagus

Reference and Type of controls OR for current Dose Duration

location Cases:controls and former smokers Cutpoints OR1 Cutpoints OR1

North America

Wynder and Bross, Hospital 1–94 2.3
1961—New York, 99 OC2:100 Co3 10–20 2.7
USA 21–34 4.1

≥35 4.6

Brown et al. 1988— Hospital or deceased Current 1–195 0.8 (0.4–2.5) 1–24 yrs 1.4 (0.6–2.9)
Coastal South (for deceased cases) OR = 1.8 (1.0–3.0) 20–29 2.0 (1.1–3.4) 25–34 1.6 (1.0–2.8)
Carolina, USA 207 OC:422 Co Former ≥30 2.6 (1.4–4.7) ≥35 1.8 (1.0–3.3)

Men only (<10 yrs) 2.0 (1.0–3.7) 
Former 
(10+ yrs) 1.0 (0.5–2.1)

Kabat et al. 1993— Hospital Men
8 US cities 212 SCCO6: 6772 Co Current 1–205 1.9 (1.1–3.5)

OR = 4.5 (2.5–8.1) 21–30 2.7 (1.3–5.4)
Former >30 2.7 (1.5–5.0)
OR = 1.3 (0.7–2.4)

Women
Current 1–20 3.7 (2.0–6.7)
OR = 6.8 (3.7–12) >20 4.8 (2.4–9.5)
Former 
OR = 2.2 (1.1–4.3)

Gammon et al. Population Current OR = 5.1 <165 2.7 (1.4–5.1) <20 yrs 1.8 (0.9–3.7)
1997—3 areas 221 SCCO:695 Co (2.8–9.2) 16–20 3.9 (2.1–7.2) 20–31 2.0 (1.0–4.0)
of USA Former OR = 2.8 21–30 5.3 (2.6–11) 32–42 3.3 (1.8–6.1)

(1.5–4.9) >30 3.9 (2.0–7.6) >42 5.9 (2.0–7.6)
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Table 22.1 (continued) Results from selected case–control studies on smoking and risk of squamous-cell carcinoma of the oesophagus

Reference and Type of controls OR for current Dose Duration

location Cases:controls and former smokers Cutpoints OR1 Cutpoints OR1

South America

Castellsagué et al. Hospital (5 studies) Men
1999—Argentina, 830 SCCO:1779 Co Current 1–75 2.2 (1.3–3.5) 1–29 yrs 2.6 (1.7–4.2)
Brasil, Paraguay, OR = 5.1 (3.4–7.6) 8–14 4.1 (2.6–6.4) 30–39 3.6 (2.3–5.6)
Uruguay Former 15–24 5.3 (3.4–8.1) 40–49 4.7 (3.0–7.2)

OR = 2.8 (1.8–4.3) ≥25 5.0 (3.2–7.7) ≥50 6.0 (3.8–9.5)

Women
Current 1–145 2.1 (1.2–3.7) 1–29 yrs 0.5 (0.8–2.9)
OR = 3.1 (1.8–5.3) ≥15 2.8 (1.4–5.4) 30–39 2.0 (0.9–4.4)
Former
OR = 1.6 (0.8–3.1) ≥40 4.4 (2.2–9.0)

Europe

Tuyns et al. 1977— 0–94 1.0 (ref)
Ille-et-Vilaine, 10–19 1.5
France 20–29 1.6

≥30 6.1

Lagergren et al. Population  Current 1–95 2.3 (1.1–4.6) 1–20 yrs 2.3 (1.1–4.6)
2000—Sweden 167 SCCO: 820 Co OR = 9.3 (5.1–17) 10–19 2.9 (1.5–5.8) 21–35 2.9 (1.5–5.8)

Former >19 8.8 (4.9–16) >35 8.8 (4.9–16)
OR = 2.5 (1.4–4.7)

Zambon et al. 2000— Hospital  1–145 3.2 (1.6–6.4) 1–24 yrs 1.5 (0.4–6.2)
Northern Italy 275 SCCO:593 Co 15–24 5.4 (2.8–10) 25–34 2.6 (1.2–5.6)

Men only ≥25 7.0 (3.2–15) ≥35 6.4 (3.5–12)
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Asia

Gao et al. 1994— Population  Current 1–95 1.1 0.5–19 yrs 0.7
Shanghai, China 605 SCCO:1552 Co OR = 1.9* 10–19 1.7∗ 20–29 1.6∗

Former 20–29 2.5∗ 30–39 2.2∗
OR = 1.6∗ ≥30 4.8∗ ≥40 2.5∗

Guo et al. 1994— Nested within a Ever <105 1.87 (1.3–2.6) <20 yrs 1.2 (0.7–2.0)
Linxian, north-central cohort OR = 1.8 (1.4–2.4) 10–19 1.8 (1.3–2.5) 20–39 1.8 (1.3–2.5)
China 640 OC:3200 Co ≥20 1.9 (1.3–2.8) ≥40 2.1 (1.4–3.1)

(Men only)

Hu et al. 1994— Hospital 1–105 1.7 (1.0–2.9) 1–10 yrs 1.58 (05.–5.2)
North-east China 196 OC:392 Co 11–20 2.2 (1.3–3.7) 11–20 2.1 (1.1–4.3)

21–30 1.7 (0.8–3.7) 21–30 2.8 (1.6–5.0)
≥31 3.3 (1.5–7.4) ≥31 3.3 (2.0–5.3)

Shankaranarayanan Hospital 1–109 1.9 (0.8–4.3) <2010 yrs 2.1 (0.8–5.9)
et al. 1991—Kerala, 267 OC:895 Co 11–20 3.9 (1.7–8.9) ≥20 4.7 (2.8–7.9)
Southern India ≥21 4.8 2.3–9.8)

Takezaki et al. Outpatients  Current 1–195 3.1 (1.8–5.5) 1–29 yrs 2.2 (1.1–4.4)
2000—Nagoya, 284 OC:11936 Co OR = 3.5 (2.1–5.8) ≥20 3.5 (2.1–5.9) ≥30 3.6 (2.1–6.0)
Japan (Men only) Former

OR = 1.6 (0.9–2.8)

Africa

Segal et al. 1988— Hospital 0–194 1.0 (ref)
Soweto, South Africa 200 OC:391 cont 20–39 3.0 (1.5–5.9)

≥40 2.2 (1.3–3.7)
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Table 22.1 (continued) Results from selected case–control studies on smoking and risk of squamous-cell carcinoma of the oesophagus

Reference and Type of controls OR for current Dose Duration

location Cases:controls and former smokers Cutpoints OR1 Cutpoints OR1

Vizcaino et al. Non-smoking or Former <154 3.5 (2.7–4.5)
1995—Bulawayo, alcohol related OR = 3.4 (1.9–6.2) ≥15 5.7 (3.8–8.4)
Zimbabwe cancers

826 OC:3007 Co
Men only 

Pacella-Norman et al. Non-smoking or Current 1–144 3.3 (2.0–5.5)
2002—South Africa alcohol related OR = 3.8 (2.3–6.1) ≥15 6.0 (3.2–11)

cancers Former 
267 OC:804 Co OR = 3.8 (2.3–6.3)

1All odds ratios presented were adjusted for age, sex (when required), plus a variable number of other potential confounders. The reference category is set to never smokers, if not
otherwise specified.

2OC=oesophageal cancers.
3Co=controls.
4Grams of tobacco per day.
5Cigarattes per day.
6SCCO=squamous-cell oesophageal cancer.
7Not adjusted for alsohol. Drinking uncommon in controls, 22% of OC cases were drinkers.
8Not alcohol-adjusted.
9Cigarettes+bidi.
10Duration of bidi smoking.
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Ille-et-Vilaine, France. This study of 200 cases of OC and 778 controls has been used in
textbooks (Breslow and Day 1980) as an example of how the joint effect of two factors
can affect the OR.

Figure 22.1 shows the odds ratios for the Ille-et-Vilaine study (Tuyns et al. 1977), modi-
fied by Doll and Peto (1981), for the combination of alcohol and tobacco. The refer-
ence category is set to those who smoke less than 10 g of tobacco per day, and drink
40 g or less alcohol per day. The risk of OC increases with dose of tobacco for each level
of alcohol drinking: in non or light drinkers, the OR is 1.0 in smokers of less than 10 g of
tobacco per day (reference category), 3.4 in smokers of 10–19 g/day, 3.8 in smokers
of 20–29 g/day, and 7.8 in smokers of 30 or more g/day. In drinkers of 41–80 g/day the
corresponding OR in subsequent categories of tobacco consumptions are 7.3, 8.4, 8.8,
and 35.5; in drinkers of 81–120 g/day the OR for smoking are 11.7, 13.6, 12.4, and 87.1;
and in very heavy drinkers (>120 g/day) the risk for increasing tobacco consumption
categories are 49.8, 64.0, 130.7, and 149.3. Likewise, for every category of tobacco
consumption, the OR increases as alcohol consumption increases. Heavy smokers
and heavy drinkers have a risk of OC which is 150 times that of those who are non- or
moderate smokers and non or moderate drinkers. This impressive risk would have
been higher if only non-smokers had been included in the reference category. This was
not possible due to lack of cases not exposed to the two factors: only 9 of the 200 cases
were non-smokers, as compared to 57 expected from the control distribution,
and none of them drank less than 40 g/day of alcohol. Thus, in the high-risk area of
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Figure 22.1 Odds ratios of cancer of the oesophagus for various combinations of alcohol and
tobacco consumption. Data from Tuyns et al. (1977), modified by Doll and Peto (1981).
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Ille-et-Vilaine, OC is a rare disease in non-smoking moderate drinkers. Further studies
have confirmed that the risk of OC in heavy smokers and drinkers, compared to non-
or light smokers and drinkers, is of that order of magnitude (Segal et al. 1988; Zambon
et al. 2000).

Tuyns and colleagues further noted that the risks appeared to follow a multiplicative
model, i.e. the risk for subjects simultaneously exposed to both alcohol and tobacco is
the product of the risks of those exposed to only one factor. Breslow and Day (1980)
have modeled in detail the relation between alcohol and tobacco consumption and risk
of cancer of the oesophagus, using the Ille-et-Vilaine data. Also in many other studies,
a multiplicative model appeared to describe the joint ORs for alcohol and tobacco
satisfactorily (Zambon et al. 2000). Moreover, smoking may interact in a multiplicative
way also with other risk factors, e.g. dietary factors.

Although oesophageal cancer is less frequent in women than in men in many
countries, and most of the studies were based only or prevalently on men, smoking and
drinking are also risk factors for women (Gallus et al. 2001).

Tobacco in alcohol non-drinkers. The few studies that investigated the effect of smoking
in alcohol non-drinkers were generally based on small numbers of cases. Nevertheless,
they have consistently reported that smoking is a risk factor for OC also in absence of
alcohol consumption (Tuyns 1983; La Vecchia and Negri 1989; Tavani et al. 1996).
These studies included both never and former drinkers. In a case–control study
conducted in Hong Kong among never drinkers, smoking was still a risk factor for OC,
and the OR for heavy smokers was increased 10-fold compared to never smokers
(Cheng et al. 1995).

Smoking and drinking cessation. Several studies have shown that the risk is lower in
ex-smokers than in current smokers, and declines steeply with time since stopping smok-
ing (Brown et al. 1988; Yu et al. 1988; La Vecchia et al. 1990; Castellsagué et al. 1999a).

A study conducted in Italy and Switzerland provided convincing evidence that stop-
ping consumption of both alcohol and tobacco leads to a substantial reduction of OC
risk (Bosetti et al. 2000). After 10 or more years since stopping both habits the risk was
only about one-tenth of that of current smokers and drinkers (Fig. 22.2). Similar
results were found also in a combined analysis of five case–control studies conducted
in South America (Castellsagué et al. 2000).

Attributable risks. The proportion of cases of OC attributable to smoking, and to the
joint effect of alcohol and tobacco, varies widely between geographical areas. The
attributable fraction depends not only from the relative risk but also from the frequency
of the exposure in a population. Moreover, as shown above, the effect of smoking is
magnified by alcohol (and possibly other risk factors). Thus, even the same amount of
smoking may have a different impact in populations with different exposure to alcohol
or other factors. In North and South America and Europe, alcohol and tobacco explain
the vast majority of cases, particularly in men, where the disease is more frequent than
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in women (Wynder and Bross 1961; Tuyns et al. 1977; Negri et al. 1992; Castellsagué
et al. 1999b). Moreover, different smoking and alcohol consumptions have been shown
to account for the differences in rates between sexes or urban and rural areas (Tuyns
et al. 1977; Negri et al. 1992).

In some areas of China and central Asia where the higher incidence rates of the
world are observed, and rates in women are comparable to those in men, these two
factors appear to play only a limited role, and nutritional deficiencies or other yet not
well-identified factors may play an important role (Munoz and Day 1996). The effect
of tobacco, however, is not negligible in some areas of Asia and Africa. Tobacco
accounted for 50% of cases in men and 14% in women in urban Shanghai (Gao et al.
1994), 54% of cases in Bombay (Jayant et al. 1977), and 54% in men in Bulawayo,
Zimbabwe (Vizcaino et al. 1995).

Adenocarcinoma of the oesophagus
Adenocarcinoma of the oesophagus is much less frequent, worldwide, than SCCO.
There are thus fewer and smaller studies available. Most studies have been conducted
in North America and Europe, and only few data from other areas of the world are
available. This neoplasm resembles under many aspects to the adenocarcinoma of the
gastric cardia, and cancers that occur at the oesophageal-gastric junction are difficult
to attribute to one site or the other. Thus, several studies have considered adenocarci-
nomas of the oesophagus and gastric cardia together. There is, however, evidence that
these two cancers differ as concerns their geographic distribution and risk factors
(Lagergren et al. 1999; Corley and Buffler 2001; Eksteen et al. 2001). Thus, in this
review we consider only studies showing separate results for adenocarcinoma of the
oesophagus. Table 22.2 presents the results of selected studies of ACO according to
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Table 22.2 Results from selected case–control studies on smoking and risk of adenocarcinoma of the oesophagus

Reference and Type of controls OR for current Dose Duration

location Cases:controls and former smokers Cutpoints OR1 Cutpoints OR1

North America

Brown et al. Population Current < 205 1.1 (0.5–2.4) <30 yrs 2.5 (1.3–4.7)
1994—3 areas 174 ACO2,3 750 Co4 OR = 1.7 (0.9–3.2) 20–39 2.4 (1.3–4.4) 30–39 2.5 (1.3–4.9)
of the USA Men only ≥ 40 2.6 (1.3–5.0) ≥ 40 1.6 (0.8–3.2)

Gammon et al. Population Current <165 1.5 (1.0–2.4) < 20 yrs 1.4 (0.9–2.2)
1997—3 areas of 293 ACO: 695 Co OR = 2.2 (1.4–3.3) 16–20 2.2 (1.4–3.4) 20–31 1.7 (1.0–2.8)
USA Former 21–30 3.1 (1.9–5.1) 32–42 2.9 (1.8–4.4)

OR = 2.0 (1.4–2.9) > 30 2.1 (1.3–3.3) > 42 2.4 (1.5–3.7)

Wu et al. 2001— Population Current Former
Los Angeles county, 222 ACO:1356 OR = 2.8 (1.8–4.3) 1–195 1.2 (0.8–2.0) ≤ 20 yrs 1.4 (0.9–2.2)
USA Former ≥ 20 1.7 (1.1–2.5) 21–40 2.1 (1.4–3.1)

OR = 1.5 (1.0–2.2) Current ≥ 41 2.2 (1.3–3.5)
1– 1.6 (0.7–3.3)
20–39 2.9 (1.8–4.8)
≥ 40 4.5 (2.3–8.7)

Europe

Levi et al. Barrett’s oesophagus (BE) <156 1.0 (0.3–.41)
1990—Lausanne, 30 ACO in BE: 15–24 0.6 (0.2–1.9)
Switzerland 140 Co with BE >25 0.9 (0.3–2.9)

Menke-Pluymers et al. BE Current
1993—Rotterdam, The 62 ACO in BE: OR = 2.37 (p < 0.05)
Netherlands 96 Co with BE
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Garidou et al. 1996— Hospital ≤ 205 1.5 (0.7–3.1)
Athens, Greece 56 ACO:200 Co > 20 2.7 (1.3–5.8)

Cheng et al. 2000—4 Population Current 
regions of the UK 74 ACO:74 Co OR = 1.4 (0.5–3.7) ≤ 37.7 yrs 0.2 (0.02–2.0)

Women only Former 37.7–48.6 2.2 (0.4–12)
OR = 1.0 (0.5–1.9) ≥ 48.6 3.0 (0.6–16)

Lagergren et al. Population Current 
2000—Sweden 189 ACO:820 Co OR = 1.6 (0.9–2.7) 1–95 1.2 (0.7–2.2) 1–20 yrs 1.8 (1.1–3.1)

Former 10–19 1.7 (1.0–2.9) 21–35 1.5 (0.9–2.6)
OR = 1.9 (1.2–2.9) > 19 1.1 (0.6–2.0) > 35 2.0 (1.2–3.3)

Asia

Gao et al. 1994— Population Current 1–95 2.0 0.5–191yrs 1.8
Shanghai, China 55 ACO:1552 Co OR = 2.1 10–19 1.1 20–29 1.0

Former 20–29 2.0 30–39 2.0
OR = 1.8 ≥ 30 3.5 ≥ 40 2.0

1All odds ratios presented were adjusted for age and sex (when required) and alcohol consumption (plus a variable number of other potential confounders), if not otherwise
specified. The reference category is set to never smokers, if not otherwise specified.

2ACO=adenocarcinoma of the oesophagus.
3Includes oesophagogastric junction.
4Co=controls.
5Cigarettes per day.
6Grams of tobacco per day.
7Former smokers and smokers of less than 5 cigarettes/day included in the reference category.
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tobacco consumption. In spite of the small number of cases in many studies, smoking
is quite consistently associated to the risk of ACO, and the risk increases with increas-
ing dose and duration. For this reason the IARC evaluation of tobacco in 2002 con-
cluded that tobacco smoking is causally associated with adenocarcinoma of the
oesophagus (IARC 2002). In contrast with SCCO, alcohol consumption does not
appear to increase the risk of ACO, and thus interaction between alcohol and tobacco
is not an important issue for this histologic type.

While the risk of SCCO decreases steadily after stopping smoking, Gammon et al.
(1997) did not observe a decline in risk of ACO until 30 years after smoking cessation.
They thus suggested that smoking may affect an early stage in the induction of
oesophageal adenocarcinoma, whereas a later stage may be involved in SCCO. This
could also partly explain the diverging trends observed for the two histologic types of
oesophageal cancer in the US and some European countries.
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Chapter 23

Tobacco use and risk of oral cancer

Tongzhang Zheng, Peter Boyle, Bing Zhang,
Yawei Zhang, Patricia H. Owens, Qing Lan
and John Wise

Introduction
Epidemiological studies from various populations have consistently shown that tobacco
smoking (including filter- and non-filter cigarettes, cigars, and pipe tobacco) increases
oral cancer risk. In sum, these results indicate that: ever-smokers experience an
increased risk; current smokers have a higher risk than ex-smokers; those who started
smoking at younger ages have a higher risk than those that started at later ages;
risk increases with amount of cigarettes smoked per day, duration of smoking, and
lifetime pack-years of smoking; smokers of filter cigarettes have lower risk than
smokers of unfiltered cigarettes. Epidemiological studies have also shown that other
factors may also contribute to the effect of smoking on oral cancer risk. For example,
alcohol consumption dramatically increases the effect of tobacco smoking on the
risk of oral cancer. Similarly, xenobiotic metabolizing enzymes, involved in the metabo-
lism of tobacco carcinogens, have a significant impact on the relationship between
tobacco smoking and oral cancer risk. Overall, based on very conservative estimates,
about 46% of the cancers of the oral cavity and pharynx in men and 11% in women
are attributable to smoking worldwide, with considerable variation by location (Parkin
et al. 2000).

In this review, we will summarize the results from major epidemiological studies
investigating the association between oral cancer and tobacco product use, including
cigarette smoking, pipe tobacco and cigar smoking, and smokeless tobacco use (snuff
dipping and chewing tobacco). In most of the epidemiological studies, ‘oral cancer’
includes cancer of the tongue (CD9 141), mouth (ICD9 143–145), and pharynx
(ICD146, 148, 149), with a few including larynx (ICD9 161). Cancer of the lip
(ICD9 140), salivary glands (ICD9 142), and nasopharynx (ICD9 147) were not
included in most of the epidemiological studies of oral cancer, and therefore, cancers
of these sites will not be discussed in this review. These cancer sites also appear to have
quite different etiological profiles and very distinct natural histories as reviewed by
Boyle et al. (1995).
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Descriptive epidemiology
Cancers of the oral cavity and pharynx combined is the sixth most common cancer
site for both sexes (reviewed in Boyle et al. 1990a, 1995; La Vecchia et al. 1997;
Franceschi et al. 2000). Combined these cancers account for approximately 220 000
new cases per year in men and 90 000 in women worldwide. Their incidence rates vary
approximately 20-fold in both sexes across the world. At present, high incidence rates
are found in southern India, Pakistan, northern France, and a few areas of central and
eastern Europe, with the highest rate recorded in Bas Rhin, France (49.4/100 000 men)
(Franceschi et al. 2000).

Men are more likely to be diagnosed with oral cancer than women. Male-to-female
ratios for oral and pharyngeal cancers ranged between 4 and 20 in southern, central,
and eastern Europe (Franceschi et al. 2000). In the United States, the rates for men
are 2.5–4 times higher than those for women (Weller et al. 1993). Based on the SEER
program, in the US, African-Americans have an overall incidence of oral cancer
13.2/100 000, 65% higher than Whites of 8.0/100 000 (Weller et al. 1993). The majority
of these racial and gender differences in the US is attributable to the effects of tobacco
and alcohol (Day 1993).

In many parts of the world (such as India, Puerto Rico, and Colombia), a steady
decline in oral cancer incidence in both sexes has been observed while a stable
incidence rate was observed in the USA (Franceschi et al. 2000). There are, however,
reports that oral cancer is increasing, particularly amongst younger persons in
the Nordic countries and Europe with the reasons unknown (Boyle et al. 1990b;
Macfarlane et al. 1994).

Tobacco use and risk of oral cancer

Cigarette smoking
Oral cancer and smoking has been investigated for many years. The early studies were
restricted by the methodologies of their time and have been the subject of numerous
other reviews (Boyle et al. 1995). Accordingly, this review will focus on more recent
studies using newer epidemiological methods. In fact, a large number of studies have
explored the relationship of cigarette smoking and oral cancer risk over the past
two decades. The methods have varied but largely consist of hospital-based case–
control studies, population-based case–control studies, and prospective follow-up studies.
The major findings using each method are discussed below (also see Table 23.1) with a
brief presentation of the strengths and limitations of each method.

Hospital-based case–control studies:

A number of hospital-based case–control studies have been conducted and have clearly
shown a strong relationship between oral cancer and cigarette smoking. In interpreting
the results from these hospital-based case–control studies, a major concern is whether
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Table 23.1 Tobacco use and risk of oral cancer

Author (year) Cancer site Major results Comments
country Cigarettes Cigar/pipe Smokeless
(Cases/controls)

Hospital-based case–control studies

Winn DM et al. Oral cavity, RR = 4.6 (95% CI RR=47.5 The study subjects were 
(1981) Southern pharynx 1.6–13.4) for oral (95% CI 9.1– women residing in 67 
United States, cavity; RR = 9.6 249.5) for counties in central North 
(255/502) (95% CI 2.5–37.0) cancer of the Carolina

for pharynx among gum and buccal 
non-users of snuff mucosa among 

snuff use of 50 or
more years

Elwood et al. Oral cavity, OR = 2.1 (95% CI Controls were cancer 
(1984), pharynx, 0.9–4.8) for smoking patients with tumor sites 
Vancouver, larynx more than 50 cigarettes which were considered to be 
Canada per day no strong evidence of 
(374/374) association with smoking

Spitz et al. Oral cavity, OR = 7.5 (Ptrend < 0.01) Men: Snuff Combined effects of alcohol 
(1988) Houston, pharynx, for men OR = 12.0 Cigar: OR = 2.8 dipping: and tobacco were more than 
US (185/185) larynx (Ptrend < 0.01) for (95% CI 1.5–5.5) OR = 3.4 additive, but less than 

women for smoking Pipe: OR = 1.8 (95% CI 1.0– multiplicative
50+ pack-years (95% CI 1.0–3.4) 10.9)

Franco et al. Oral cavity RR = 6.3 for ever RR = 13.9 for pipe Snuff dipping or The RR was 142 for those 
(1989), Brazil vs. never smokers RR = 5.5 for cigar tobacco chewing with >100 pack-years of 
(232/464) for ever vs. never was not associated smoking and >1000 kg of 

smokers with oral cancer risk alcohol drinking.
Only 9 cases and 13 controls 
used smokeless tobacco
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Table 23.1 (continued) Tobacco use and risk of oral cancer

Author (year) Cancer site Major results Comments
country Cigarettes Cigar/pipe Smokeless
(Cases/controls)

Kabat et al. Oral cavity OR = 2.0 (95% CI Women only and the 
(1989), US 1.0–4.0) for current numbers of cases and 
(125/107) vs. never controls were small

Zheng et al. Tongue and OR = 1.6 for ever vs. Pipe: OR = 5.7 for The combined effects of tobacco 
(1990), Beijing, oral cavity never smokers ever vs. never in men and alcohol were approximately
China (404/404) multiplicative. Tobacco 

smoking accounts for about 
34% of all cases of oral 
cancer in this population

Talamini et al. Oral cavity, OR = 3.8 (95% CI The results are for 
(1990), pharynx 0.2–58.2) for non-drinkers
Northern Italy smokers of 
(336/1652) <15 cigarettes per day; 

OR = 12.9 (95% CI 
2.3–106.3) for 
smokers of >15 
cigarettes per day

La Vecchia et al. Oral cavity, Oral cavity/pharynx: Reference category is 
(1990), pharynx, RR = 2.3 (95% CI smokers of cigarette brands 
Northern Italy larynx 1.6–3.2) Larynx: with less than 22 mg tar 
(741/1272) RR = 1.8 (95% CI 1.2–2.8) yield per cigarette



Franceschi et al. Oral cavity, Oral cavity: OR = 11.1 Oral cavity: The risk of oral cavity and 
(1990), pharynx, (95% CI 3.4–34.8) for OR = 20.7 (95% CI pharyngeal cancer for the 
Northern Italy larynx ever vs. never 5.6–76.3) for ever highest levels of alcohol and 
(741/1272) Pharynx: OR = 12.9 vs. never smoking was increased 80- 

(95% CI 3.1–52.9) fold relative to the lowest 
for ever vs. never levels of both factors
Larynx: OR = 4.6 
(95% CI 2.2–9.6)
for ever vs. never

Nandakumar Oral cavity OR = 2.1 (95% CI OR = 17.7 OR = 242.6 (95% CI 52.6–
et al. (1990), 1.1–4.2) for (95% CI 8.7–36.1) 1119.0) for tobacco chewing 
Bangalore, cigarette smoking for chewing and ragi consumption
India (348/348) during sleep

Franceschi et al. Tongue and Tongue: OR = 10.5 Mouth: OR = 21.9 Smokers of high tar cigarettes 
(1992), mouth (95% CI 3.2–34.1) (95% CI 3.8– had a 10-fold increased risk of 
Northern Italy for current vs. never 125.6) cancer of the tongue and 14-fold
(206/726) Mouth: OR = 11.8 increased risk of cancer of mouth

(95% CI 3.6–38.4) compared with non-smokers.
for current vs. never Results are for male only.

Boffetta et al. Mouth Floor of the mouth: Non-significantly This study supports the 
(1992), US OR = 4.0 (95% CI increased risk hypothesis of the 
(359/2280) 1.5–10.3) for was observed for carcinogenic effect of 

smoking of >35 floor of mouth tobacco smoke on the oral 
cigarettes per day (OR = 1.8), soft mucosa through direct 
Soft palate palate (OR = 2.3), contact
complex: OR = 4.9 buccal mucosa 
(95% CI 1.1–21.5) (OR = 1.9) 
for smoking of >35 
cigarettes per day
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Table 23.1 (continued) Tobacco use and risk of oral cancer

Author (year) Cancer site Major results Comments
country Cigarettes Cigar/pipe Smokeless
(Cases/controls)

Negri et al. (1993), Oral cavity and RR = 3.6 for moderate The single factor with the 
Northern Italy pharynx smokers vs. never highest attributable risk was 
(439/2106) smokers; RR = 9.4 for smoking, which account for 

heavy smokers vs. 81–87% of oral cancers in 
never smokers males and for 42–47% in females

Mashberg et al. Oral cavity OR = 4.0 (95% CI OR = 3.3 (95% No increased risk was The number of subjects 
(1993), New Jersey, and pharynx 1.9–8.2) for smoking CI 1.5–7.0) found for use of snuff using snuff and chewing 
US (359/2280) of >36 cigarettes per day (OR = 0.8) or chewing tobacco was small

tobacco (OR = 1.0)

Rao et al. (1994) Lip, oral cavity No significantly RR = 2.8 (95% Very few subjects smoked 
India (713/635) (excluding increased risk for CI 2.3–3.6) for cigarette alone

base of the smoking cigarettes tobacco chewers 
tongue and compared to 
soft palate) non-chewers

Kabat et al. (1994), Oral cavity OR = 3.3 (95% CI 2.4–4.3) Crude OR = 2.3 The results for smokeless 
US (1560/2948) and pharynx for current vs. never in (95% CI 0.7–7.3) for tobacco use were based on 

males; OR = 4.3 (95% regular chewer in men. small number of subjects
CI 3.2–5.9) for current vs. Crude OR = 34.5 
never in females (95% CI 8.5–140.1) for

snuff users in women

Macfarlane et al. Oral cavity, OR = 3.8 (95% CI 2.5–5.8) The risk of oral cancer 
(1995), US, tongue, for smoking of >30 pack- increased with increasing 
Italy, China pharynx years in males; OR = 6.2 tobacco consumption among 
(835/1300) (95% CI 3.4–11.2) for women who never drank 

smoking of >18 pack- alcohol
years in females
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Muscat et al. Oral cavity OR = 2.1 (95% CI 1.4–3.2) Oral snuff and Very few subjects used oral 
(1996), US and for cumulative lifetime chewing tobacco snuff and chewing tobacco
(1009/923) pharynx tar intake of >6.8 kg in were unrelated to 

males; OR = 4.6 (95% oral cancer risk in 
CI 2.5–8.7) for this study
cumulative tar intake 
of >6.8 kg in females

Zheng et al. (1997), Tongue OR = 2.7 (95% The number of cases and 
Beijing, CI 1.3–5.9) for current controls was small
China (111/111) vs. never; OR = 2.2 

(95% CI 1.1–4.6) 
for ex-smokers vs.
never

De Stefani et al. Oral cavity OR = 13.4 (95% CI The combined effect for 
(1998), and 6.5–27.9) for tobacco and alcohol is 
Uruguay, US pharynx smoking of >62 supramultiplicative
(471/471) pack-years vs. 

never smoking

Schlecht et al. Mouth, OR = 8.0 (95% Pipe: OR = 8.2 Smoking cessation resulted 
(1999), Brazil pharynx, CI 4.6–13.8) for (95% CI 3.7–17.8) in a significant risk reduction, 
(784/1578) and larynx smoking of >40 for smoking of decreasing nearly to the levels 

cigarettes per day >20 pack years of never smokers after 20 years
Cigar: OR = 3.9 of abstention
(95% CI 1.5–10.4) 
for ever vs. never

Franceschi et al. Oral cavity OR = 10.7 (95% CI Men only
(1999), Italy and 5.0–22.8) for 
(638/1254) pharynx smoking of ≥25 

cigarettes per day



Table 23.1 (continued) Tobacco use and risk of oral cancer

Author (year) Cancer site Major results Comments
country Cigarettes Cigar/pipe Smokeless
(Cases/controls)

Moreno-lopez et al. Oral cavity OR = 8.3 (95% The number of cases and 
(1999), Spain CI 3.4–20.4) for controls was small
(75/150) smoking of >20

cigarettes per day

La Vecchia et al. Oral cavity OR = 8.4 (95% Significantly reduced risk was 
(1999), Italy and pharny CI 6.6–10.6) for observed for smoking cessation
(1280/4179) current vs. never

Zavras et al. (2000), Oral cavity and OR = 3.3 (95% OR was 8.3 (95% CI 2.4–29.1) 
Greece (110/115) pharynx CI 1.3–8.5) for for smoking >50 pack years 

smoking of >50 and drinking 28 drinks per week.
pack years during The number of cases and 
lifetime controls was small

Talamini et al. Tongue, OR = 14.8 (95% The number of cases and 
(2000), Italy mouth, and CI 3.1–70.4) for controls was small
(132/148) pharynx smoking of ≥25 

cigarettes per day

Garrote et al. (2001), Oral cavity, OR = 20.8 (95% OR = 20.45 A supra-multiplicative effect 
Havana city, Cuba pharynx CI 8.9–48.3) for (95% CI 4.7–89.7) for smoking and drinking on 
(200/200) smoking of ≥30 for smoking of >4 oral cancer risk. 82% of oral 

cigarettes per day cigars/pipes per day cancer cases in Cuba attributable 
to tobacco smoking



Population-based case–control studies

Blot et al. Oral cavity OR = 1.9 (95% CI OR = 1.9 (95% CI OR = 6.2 (95% The tobacco smoking and 
(1988), US and 1.1–3.4) for ever 1.1–3.4) for ever CI 1.9–19.8) alcohol drinking combine to 
(1114/1268) pharynx vs. never in males; vs. never in for account for about 75% of all 

OR = 3.0 (95% CI males non-smoking oral and pharyngeal cancers 
2.0–4.5) for ever vs. females in US
never in females

Tuyns et al. Larynx and Endolarynx: RR = 9.9 Men only. The relative 
(1988), Italy, pharynx (95% CI 6.4–15.4) risks for joint exposure to 
Spain, for ever vs. never. alcohol and tobacco are 
Switzerland, Hypopharynx/Epilarynx: consistent with a 
and France RR = 12.4 (95% multiplicative model 
(1147/3057) CI 6.3–24.4) 

for ever vs. never 

Merletti et al. Oral cavity OR = 3.9 (95% CI 1.6–9.4) Pipe: OR = 3.8 Attributable risks for 
(1989), Italy and for ever vs. never (95% CI 1.1–12.6) tobacco in this population 
(122/606) pharynx for ever vs. never were 72% in men and 54% 

Cigar: OR = 14.6 in women. The number of 
(95% CI 4.7–45.6) cases was small
for ever vs. never

Marshall et al. Tongue, OR = 5.7 (95% CI The effects of cigar and pipe 
(1992), US pharynx, 2.7–12.1) for smoking as practiced might 
(290/290) and floor of smoking of >70 be much less significant 

mouth pack-years than cigarette smoking in 
this study. The number of 
cases and controls were 
small
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Table 23.1 (Continued) Tobacco use and risk of oral cancer

Author (year) Cancer site Major results Comments
country Cigarettes Cigar/pipe Smokeless
(Cases/controls)

Day et al. (1993), Oral cavity, OR = 3.6 (95% CI OR = 2.2 (95% Smoking–drinking interaction 
US (1065/1182) tongue and 2.6–4.8) for ever CI 1.3–4.0) for ever vs. was generally consistent with a 

pharynx vs. never in whites never in whites; multiplicative enhancement 
OR = 2.3 (95% OR = 1.8 (95% CI 0.4–8.5) of risk following joint exposure
CI 1.1–4.7) for ever vs. for ever vs. never to tobacco and alcohol among
never in blacks in blacks both whites and blacks

Day et al. (1994), Oral cavity OR = 4.3 (95% OR = 5.0 (95% The number of cases and 
US (83/189) and CI 1.6–12) for CI 0.6–4.4) for ever vs. controls was small

pharynx current vs. never and never
former

Bundgaard et al. Oral cavity OR = 6.3 (95% CI A multiplicative enhancement
(1995), Denmark 3.1–12.9) for smoking of risk for the combination of 
(161/483) of >235 kg during tobacco and alcohol exposure 

lifetime was observed in this population.
The number of cases was small

Andre et al. Oral cavity, OR = 12.9 (95% The combined effect of 
(1995), France pharynx, CI 5.3–31.5) for alcohol and tobacco 
(299/645) and larynx smoking of ≥20 appeared to follow a 

cigarettes per day multiplicative model

Hung et al. (1997), Oral cavity OR = 5.9 (95% Men only. The number of 
Taiwan (41/123) CI 1.9–18.5) for cases and controls was small

smoking of ≥22.5 
pack-years
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Lewin et al. Oral cavity, RR = 6.5 (4.4–9.5) RR = 1.8 (95% The joint effect of high 
(1997), Sweden pharynx, for current vs. never CI 0.9–3.7) for alcohol intake (≥0 grams per 
(605/756) and larynx ex-users vs. never day) and current smoking was 

nearly multiplicative

Schwartz et al. Oral cavity OR = 2.5 (95% OR = 1.0 (95% Very few subjects used 
(1998), US and CI 1.5–4.3) for past CI 0.4–2.3) for smokeless tobacco in this 
(284/477) pharynx smoking of ≥20 smokeless tobacco study

pack-years; OR = 5.5 use in men
(95% CI 3.5–8.6) 
for current smoking 
of ≥20 pack-years

Schildt et al. Oral cavity OR = 1.8 (95% Pipe: OR = 2.0 Oral snuff: A potential interaction 
(1998), Sweden CI 1.1–2.7) for (95% CI 1.1–3.4) OR = 1.5 (0.8–2.9) between smoking and 
(410/410) current vs. never for current vs. never for ex-users vs. alcohol drinking

never

Hayes et al. Oral cavity OR = 3.9 (95% Cigarette smoking included 
(1999), Puerto and CI 2.1–7.1) for ever vs. cigar or pipe smoking. Joint 
Rico (342/521) pharynx never in men; OR = 4.9 exposure to alcohol and 

(95% CI 2.0–11.6) tobacco resulted in risks 
for ever vs. never in consistent with independent 
women effects on a multiplicative

scale
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Table 23.1 (continued) Tobacco use and risk of oral cancer

Author (year) Cancer site Major results Comments
country Cigarettes Cigar/pipe Smokeless
(Cases/controls)

Prospective follow-up studies

Hammond and Buccal, Mortality ratio = 6.5 Mortality 
Seidman (1980), pharynx, for ever vs. never ratio = 5.1 for ever 
US (more than and larynx in men; vs. never in men
1 000 000) Mortality ratio = 3.3 

for ever vs. never 
in women

Akiba and Hirayama Oral cavity, Oral cavity: RR = 2.5 Non-significantly increased 
(1990), Japan larynx (95% CI 1.3–5.7) for RR found in women
(265 000) ever vs. never in men;

Larynx: RR = 23.8 
(95% CI 5.3–420) for
ever vs. never in men

Chyou et al. (1995), Upper aero- RR = 3.2 (95% CI 1.7–5.9) Men only. The RR = 14.35 for 
Hawaiian, US digestive tract for current vs. never men who drank 14 or more 
(7995) ounces per month and smoked

more than 20 cigarettes per day
compared with those who had
never drunk or smoked
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the control group selected represents the population that produced the cases. Indeed,
in some of the hospital-based case–control studies, the control group considered
included cancers thought to be unrelated to smoking and drinking, and some with
benign neoplastic or non-neoplastic lesions, which may be smoking related. If it turns
out that these diseases were actually associated with tobacco smoking, then, the true
relationship between tobacco smoking and oral cancer risk would be underestimated.
Since most of these studies showed a strong association between cigarette smoking and
oral cancer risk, underestimation is less of a concern. But the variation of disease in
controls in different studies is still important to note as when considered together with
the relatively small sample size in some of the studies, it may explain in large part, the
significant variation in the magnitude of the reported association between tobacco
smoking and oral cancer risk.

In 1984, Elwood et al. reported an alcohol-adjusted OR of 2.8 (95% CI 1.3–6.0) for
smoking 50 or more cigarettes per day when compared to never smokers. Additional
adjustment for 4 other factors reduced the OR to 2.1 (95% CI 0.9–4.8). A weak associ-
ation observed in this study could be due to the fact that controls were composed of
various cancer patients (including cancer of the prostate, colo-rectum, skin, breast, etc.).

In a case–control study of oral cancer in Brazil, Franco et al. (1989) reported that
tobacco smoking was, by any measure, the strongest risk factor for oral cancer in this
population. The adjusted ORs for ever vs. never smokers were 6.3 (95% CI 2.4–16.3),
5.5 (95% CI 1.2–24.8), 13.9 (95% CI 4.4–44.2), and 7.0 (95% CI 2.7–18.7) for industrial
brand cigarettes, cigars, pipe, and hand-rolled cigarettes, respectively. The OR for the
heaviest vs. the lowest consumption categories (>100 vs. <1 pack-years) was 14.8 (95%
CI 4.7–47.3). Smoking cessation also resulted in a significant risk reduction, with levels
close to those of never smokers after 10 years stopping smoking. A study by Spitz et al.
(1988) in Texas, US, also showed a linear increase in risk with increasing pack-years of
cigarette smoking (Ptrend < 0.01 for both males and females). In males, the OR rose
from 1.8 (95% CI 0.7–4.4) for those who smoked 1–24 pack-years to 7.5 (95% CI
3.7–15.3) for those who smoked >49 pack-years when compared to non-smokers. In
females, the corresponding values were 1.5 (95% CI 0.4–5.1) and 12.0 (95% CI
3.8–38.0), respectively. Site-specific analysis for males also showed a significant
increase with increasing pack-years of cigarette smoking for cancer of the larynx
(Ptrend < 0.01), tongue (Ptrend < 0.01), and floor of mouth (Ptrend = 0.02), but not for
orohypopharynx (Ptrend = 0.13), and other oral cavity (Ptrend = 0.15). A significant risk
reduction was observed after 15 or more years of smoking cessation.

Zheng et al. (1990) conducted a case–control study of oral cancer in Beijing, China,
including 404 histologically confirmed incident cases and an equal number of hospital-
based controls. The study reported an alcohol-adjusted OR of 2.4 (95% CI 1.5–4.0) for
male smokers when compared to never smokers. Three measures of level of exposure—
cigarette equivalents smoked per day, years smoked, and lifetime pack-years of
smoking—all showed highly significant exposure–response relationships (Ptrend< 0.001).
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Among females, while the numbers of smokers is small, the same trends as were seen
among males are evident. An OR of 2.1 (95% CI 1.1–4.2) for male cigarette smokers
was also reported from a case–control study in India by Nandakumar et al. (1990). The
ORs were 2.2 (95% CI 1.1–4.3) for those who smoked for more than 25 years, and 2.1
(95% CI 1.0–4.4) for those who smoked more than 20 cigarettes per day. A small study
from the United States by Kabat et al. (1989) also reported an alcohol-adjusted OR of
2.0 (95% CI 1.0–4.0) for current smokers. Being an ex-smoker was not found to be
associated with an increased risk in this study (OR = 1.0, 95% CI 0.5–2.1).

Using the data from the northern Italy study, Talamini et al. (1990) further examined
the role of tobacco in non-drinkers for oral and pharyngeal cancer. They found that,
among non-drinkers, ex-smokers had a risk four times that of never smokers (OR = 4.1,
95% CI 0.5–93.6). For current smokers, ORs for smokers of <15 and ≥15 cigarettes per
day were 3.8 (95% CI 0.2–58.2) and 12.9 (95% CI 2.3–106.3), respectively. The test for
trend in risk was highly significant (Ptrend < 0.001). La Vecchia et al. (1990) further
examined the risk by low/medium or high tar contents of the cigarettes smoked, using
only the male subjects of the study. They found that, among ever smokers, the ORs for
oral and pharyngeal cancer were 8.5 (95% CI 3.7–19.4) for low to medium tar and 16.4
(95% CI 7.1–38.2) for high tar. The corresponding estimates were 4.8 (95% CI 2.3–10.1)
and 7.1 (95% CI 3.2–15.6) for laryngeal cancers. A direct comparison between high vs.
low tar cigarettes showed an OR 2.3 for oral cavity and pharyngeal cancers, and 3.8 for
laryngeal cancer, and all these estimates were statistically significant.

Franceschi et al. (1990) reported the results from a case–control study involving
cancer of the tongue and oral cavity, pharynx, and esophagus. The study found that the
alcohol-adjusted ORs for current smokers of cigarettes were 11.1 for oral cavity, 12.9
for pharynx, and 4.6 for larynx. The risks increased significantly with increasing the
number of cigarettes smoked per day, duration of smoking, and with younger age
started smoking, however, decreased with smoking cessation.

Using the data from a case–control study in northern Italy, Negri et al. (1993) reported
that, compared to non-smokers, the alcohol-adjusted ORs were 3.6 for moderate
smokers, and 9.4 for heavy smokers. In another report from northern Italy, Franceschi et al.
(1992) reported that, among current smokers, the risk associated with cigarette smoking
was similar for cancer of the tongue (OR = 10.5, 95% CI 3.2–34.1) and for cancer of the
mouth (OR = 11.8, 95% CI 3.6–38.4). The risks also increased significantly with increas-
ing number of cigarette smoking and duration of smoking for both cancer sites. An early
age at starting smoking led to an OR of 7.6 (95% CI 2.3–25.0) for cancer of the tongue
and 11.0 (95% CI 3.3–36.4) for cancer of the mouth. Smokers of high-tar cigarettes had a
10-fold increased risk of cancer of the tongue (95% CI 2.9–33.1) and a 14-fold increased
risk (95% CI 4.2–49.5) of cancer of the mouth compared with non-smokers. Ex-smokers,
who had quit smoking for more than 10 years, had an OR close to unity in this study.

Mashberg et al. (1993), in a study of US veterans in New Jersey, reported that smokers of
filter cigarettes had a lower risk of oral cancer than that of smokers of unfiltered cigarettes.
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For smokers of unfiltered cigarettes, the ORs were 7.8 (95% CI 2.4–19.0), 7.7
(3.6–16.5), 12.3 (5.3–28.6), and 7.6 (3.5–16.8) for consumption of 6 to 15, 16 to 25,
26 to 35, and 36 or more cigarettes per day, respectively. The corresponding ORs for
smokers of filtered cigarettes were 1.5 (0.5–4.2), 3.6 (1.6–7.7), 1.9 (0.7–5.0), and 2.3
(1.0–5.2), respectively. Using the same dataset, Boffetta et al. (1992) showed that soft
palate had the highest ORs associated with tobacco smoking (OR = 4.9, 95% CI
1.1–21.5 for those smoking more than 35 cigarettes per day). A similar susceptibility to
tobacco was shown for floor of the mouth (OR = 4.0, 95% CI 1.5–10.3, Ptrend < 0.01 for
those smoking more than 35 cigarettes per day). A stronger effect of tobacco on
posterior sites of the oral cavity, such as soft palate, is consistent with the earlier studies
by Hirayama (1966) and by Jussawalla and Deshpande (1971).

Kabat et al. (1994) reported a large hospital-based case–control study in eight US
cities, involving 1560 histologically incident cases of oral and pharyngeal cancer and
2948 controls (including both cancerous and non-cancerous controls). The study
found that the OR for oral cancer was significantly increased in current smokers for
both males (OR = 3.3, 95% CI 2.4–4.3) and females (OR = 4.3, 95% CI 3.2–5.9). Among
current smokers of both sexes the OR increased with amount of smoking, and among
ever smokers the risk increased with duration of smoking. Compared to lifetime
non-filter smokers, lifetime filter smokers or those who switched to filter cigarettes had
a reduced risk of oral cancer. Quitting smoking was associated with a substantial
reduction of cancer risk which was evident even in the first few years following cessation.

Macfarlane et al. (1995) also reported a higher risk of female smokers from tobacco
smoking in a combined analysis of three case–control studies from China, US, and
Italy. They found that, among men, the ORs were 1.7 (95% CI 1.2–2.5) for those who
smoked 33 pack-years or less, and 3.8 (95% CI 2.5–5.8) for those who smoked more
than 33 pack years. Among women, the corresponding ORs were 2.7 (95% CI 1.6–4.7)
and 6.2 (95% CI 3.4–11.2), respectively. The large sample size of the combined analysis
allowed the authors to examine the risk associated with smoking among never alcohol
drinkers. They reported that, among those who never consumed alcohol, the risk of oral
cancer increased with increasing consumption of tobacco and the risk again was found
to be higher for females amongst whom the increases were statistically significant.
Smoking cessation resulted in a significant risk reduction, those who had stopped smoking
for more than 9 years had a risk half that of current smokers (OR = 0.5, 95% CI 0.3–0.7).

In a case–control study of 1009 oral cancer patients and 923 age-matched controls in
the US, Muscat et al. (1996) not only found a significant dose-response relationship
between oral cancer risk and lifetime cumulative tar intake (Ptrend < 0.01) or lifetime
pack-years of smoking (Ptrend < 0.01), they also reported a significant gender difference
in the smoking-related risks for oral cancer. For example, the adjusted OR for men,
according to increasing quartile of cumulative lifetime tar consumption and relative to
never smokers, was 1.0, 0.9, 1.6, and 2.1. Among women, the corresponding ORs were
1.8, 2.8, 3.2, and 4.6.
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Zheng et al. (1997) reported a case–control study of tongue cancer in Beijing, China.
They found a significantly increased risk of tongue cancer among ex-smokers
(OR = 2.2, 95% CI 1.1–4.6), and among current smokers (OR = 2.7, 95% CI 1.3–5.9).
The risk also increased with increasing tobacco smoking, as reflected by both cigarette
equivalents smoked per day and lifetime pack-years of tobacco smoking. Quitting
smoking was associated with a significant risk reduction for tongue cancer.

In a case–control study in Uruguay, De Stefani et al. (1998) reported an increased risk
of squamous-cell carcinoma of the oral cavity and pharynx for ever-smokers (OR =
7.4, 95% CI 3.7–14.8), current smokers (OR = 10.5, 95% CI 5.2–21.3), and former
smokers (OR = 4.5, 95% CI 2.2–9.2). The risk increases with the increasing intensity of
smoking, smoking duration, and pack-years of smoking. An OR of 13.4 (95% CI
6.5–27.9) was observed for heavy smokers (more than 62 pack-years). Analyses by type
of tobacco products showed that risk was higher for black tobacco smokers (OR = 10.2,
95% CI 5.0–20.5) than for blond tobacco smokers (OR = 4.5, 95% CI 2.2–9.2).

A study from Brazil by Schlecht et al. (1999) investigated the relationship between
different types of tobacco smoking and oral cancer risk. The study found that smokers
of non-filter cigarettes had an OR of 6.9 (95% CI 4.1–11.8), and smokers of filter ciga-
rettes had an OR of 6.2 (3.9–10.0). Smokers of more than 40 pack-years of commercial
cigarettes had an OR of 8.0 (95% CI 4.6–13.8), and smokers of more than 40 pack-
years of black tobacco had an OR of 7.0 (95% CI 4.2–11.5). Current smokers were
found to have an alcohol-adjusted RR of 8.1 (95% CI 4.9–13.4) compared to never
smokers. As observed in other studies, smoking cessation resulted in a significant risk
reduction, decreasing nearly to the levels of never smokers after 20 years of abstention.

Franceschi et al. (1999) also reported a dose-dependent relationship between
cigarette smoking per day and oral cancer risk. The alcohol-adjusted OR was 3.3 (95%
CI 1.5–7.2) for smoking 1–14 cigarettes daily, 7.7 (95% CI 3.8–15.4) for smoking
15–24 cigarettes daily, and 10.7 (95% CI 5.0–22.8) for smoking 25 or more
cigarettes daily. Similarly, a dose–response relationship was observed for daily cigarette
smoking by Moreno-Lopez et al. (2000) in Spain. The study reported that the alcohol-
adjusted OR was 3.1 (95% CI 1.4–6.7) for smoking 1–20 cigarettes/day, and 8.3 (95%
CI 3.4–20.4) for smoking more than 20 cigarettes daily.

A study in the south of Greece by Zavras et al. (2001) also reported a significantly
increased risk of oral cancer among current smokers (OR = 3.0, 95% CI 1.4–6.6).
No increased risk, however, was observed for former smokers (OR = 0.9, 95%
CI 0.4–2.1). A strong dose–response relationship was observed for pack-years of
tobacco smoking (Ptrend = 0.01). For those who had more than 50 pack-years of
tobacco smoking, the alcohol-adjusted OR was 3.3 (95% CI 1.3–8.5) when compared
to never smokers.

In a study from north-eastern Italy, Talamini et al. (2000) reported an OR of
2.4 (95% CI 1.0–5.8) for former smokers compared to never smokers. Among
current smokers, risk increased with increasing number of cigarettes smoked
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per day (Ptrend < 0.001). An alcohol-adjusted OR of 14.8 (95% CI 3.1–70.4) was
observed for those who smoked 25 or more cigarettes per day.

In a combined analysis of two hospital-based case–control studies from Italy and
Switzerland involving 1280 oral and pharyngeal cases and 4179 controls, La Vecchia et al.
(1999) reported an OR of 8.4 (95% CI 6.6–10.6) for current smokers. A significantly
reduced risk was observed following smoking cessation: the ORs were 6.2 for those
who had stopped smoking for less than 2 years, 4.5 for those who had stopped for
3–5 years, 3.5 for those who had stopped for 6–9 years, 1.6 for those who had stopped
for 10–14 years, and 1.4 for those who had stopped for 15 or more years.

Garrote et al. (2001) reported the results from a case–control study of tobacco smok-
ing and risk of oral and oro-pharyngeal cancers in Cuba. A strong dose–response was
reported between cigarette smoking per day and risk of oral cancer among current
smokers (Ptrend < 0.01). The alcohol-adjusted OR for smoking 30 cigarettes or more
per day, compared with never smokers, was 20.8 (95% CI 8.9–48.3) among current
smokers. Former smokers also had an OR of 6.3 (95% CI 3.0–13.4), but risk was
significantly reduced after 10 or more years smoking cessation.

Population-based case–control studies

A potential advantage of population-based case–control study design is that controls
are randomly selected from the population which produced the cases, and therefore,
more likely to represent the population with regards to the major risk factors. However,
the relatively higher refusal rate from potential study subjects may still hamper the
interpretation of the study.

In a multicenter study in the four areas of the US, Blot et al. (1988) found that,
compared with never smokers, cigarette smokers had twice the risk in males (OR = 1.9,
95% CI 1.3–2.9), and three times the risk in females (OR = 3.0, 95% CI 2.0–4.5). The
risks of oral cancer rose with the number of cigarettes smoked per day and with the
duration of cigarette smoking. Those who smoked only filter cigarettes had a 50%
(95% CI 30–80) of the risk of those who smoked only non-filter cigarettes, and smok-
ing cessation resulted in a rapid decline in risk.

In a multi-center case–control study in four European countries, Tuyns et al. (1988)
reported a clear dose–response relationship between cigarette smoking and risk of
cancer of the larynx and hypopharynx. For those who smoked more than 26 cigarettes
per day, the ORs were 24.0 (95% CI 11.8–48.7) for cancer of the supraglottic, 10.2
(95% CI 5.4–19.3) for cancer of the glottic and subglottic, 9.4 (95% CI 3.2–28.0) for
cancer of the epilarynx, and 20.0 (95% CI 7.9–51.0) for cancer of the hypopharynx.
The study also found that earlier age started smoking carried a higher risk. Unlike the
study by Merletti et al. (1989), the smokers of exclusively filter cigarettes in this study
were found to have only half the risk of laryngeal or hypopharynx/epilarynx cancer as
compared with smokers of only plain cigarettes. As reported by Schlecht et al. (1999)
and De Stefan et al. (1998), smokers of black tobacco cigarettes had higher risk than
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smokers of blond tobacco. Smoking cessation resulted in a decrease in risk after
5 years’ abstention.

Merletti et al. (1989) from Italy reported a four- to sixfold increased risk among
subjects with medium or high tobacco consumption in both males and females.
A trend in increasing risk with duration of smoking was observed in men, but not in
women. As reported by Franceschi et al. (1990), younger age at start of smoking was
found to be associated with a higher risk in this study, and smoking cessation is associ-
ated with a sharp risk reduction. Subjects smoking black cigarettes had a higher risk,
while use of filter cigarettes showed no clear risk difference.

Marshall et al. (1992) reported the results from a case–control study in western
New York, and they found that, while the risk associated with cigarette smoking did
not increase in strict dose–response fashion, it was sizably and significantly elevated
from those who had 21–30 pack-years of smoking (OR = 2.7, 95% CI 1.2–6.0) to those
who had more than 70 pack-years of smoking (OR = 5.7, 95% CI 2.7–12.1).

Using data from a multicenter population-based case–control study of oral cancer
risk factors in the US (1065 cases and 1182 controls), Day et al. (1993) examined the
Black-White differences in the risk of oral cancer associated with tobacco smoking.
The study found that the patterns of risk among smokers were generally similar among
blacks and whites. After controlling for alcohol consumption, the risk was almost
doubled for those who smoked 20–39 cigarettes per day, and tripled for those who
smoked 40 or more cigarettes per day. The alcohol-adjusted OR for current smokers
was higher among Whites (OR = 3.6, 95% CI 2.6–4.8) than among Blacks (OR = 2.3,
95% CI 1.1–4.7), but this difference was not statistically significant. The risk declined
sharply with cessation of smoking for both racial groups, with little elevation in risk
even for those who had quit smoking 1–9 years earlier.

Tobacco smoking was also found to be significantly associated with the risk of
second cancers of the oral cavity and pharynx in a nested case–control study by
Day et al. (1994). The effects of smoking was found to be more pronounced than those
of alcohol in this study. Current smokers relative to never and former smokers had an
OR of 4.3 (95% CI 1.6–12). The alcohol-adjusted ORs for smoking rose with duration
and intensity of smoking. Risk, however, was significantly reduced 5 years after smok-
ing cessation.

Bundgaard et al. (1995) in Denmark also reported an increased risk of oral cancer
associated with increasing lifetime kilogram cigarette smoking (Ptrend < 0.001) and
with current daily amount of smoking (Ptrend < 0.001). For those who had a lifetime
consumption of cigarettes greater than 235 kg, the OR was 6.3 (95% CI 3.1–12.9). The
OR was 5.8 (95% CI 3.1–10.9) for those with current consumption of more than
20 cigarettes per day.

A dose–response relationship was observed for daily grams of cigarette smoking in a
case–control study by Andre et al. (1995) in France. The study found that those who
smoked more than one packet of cigarettes a day had a risk that was 13 times higher
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than that of non-smokers. Subjects who smoked only non-filter cigarettes had a higher
risk (OR = 2.0) than those who smoked filter cigarettes, and risk decreaseed after
stopping smoking.

A small study by Hung et al. (1997) in Taiwan found that, compared with non-
smokers, cigarette smoking had an increased risk of oral cancer (OR = 5.0, 95% CI
1.7–15.1). The risk increased with increasing lifetime pack-years of smoking: the ORs
were 4.0 (95% CI 1.2–13.5) for those with less than 22.5 pack-years of smoking, and
5.9 (95% CI 1.9–18.5) for those with more than 22.5 pack-years of smoking.

In a case–control study in Sweden, Lewin et al. (1997) reported that men who
smoked only cigarettes had an OR of 3.7 (95% CI 2.5–5.5). The risk was considerably
lower for ex-smokers (OR = 1.9, 95% CI 1.3–2.8) than for current smokers (OR = 6.5,
95% CI 4.4–9.5). No increased risk was found for men who had stopped smoking
for more than 20 years. There was dose-dependent excess risk associated with duration
of smoking, total lifetime kilograms of tobacco smoking, and daily grams of
tobacco smoking. Analysis by cancer site showed that, for men who smoked 45 years
or longer, the ORs were 6.3 (95% CI 3.2–12.4) for cancer of the oral cavity, 10.1 (95%
CI 4.6–22.1) for pharynx, 7.6 (95% CI 3.9–14.7) for larynx, and 5.4 (95% CI 2.7–11.0)
for esophagus.

In a case–control study of oral cancer in western Washington state, USA, Schwartz
et al. (1998) reported a significantly increased risk of oral cancer for both current and
past cigarette smokers. For those who smoked greater than or equal to 20 pack-years of
cigarettes, the OR was 2.5 (95% CI 1.5–4.3) for past smokers and 5.5 (95% CI 3.5–8.6)
for current smokers.

In a case–control study of oral cancer in Sweden, Schildt et al. (1998) found a signifi-
cantly increased risk of oral cancer among the current smokers (OR = 1.8, 95% CI
1.1–2.7), while found no increased risk for ex-smokers (OR = 1.0, 95% CI 0.6–1.6).
They found, however, that OR was 1.8 (95% CI 1.2–2.8) for current smokers with
more than 124.8 kg cigarette consumption. Analysis by anatomic site showed that the
risk appeared to be the highest for cancer of the floor of the mouth (OR = 8.0, 95%
CI 1.0–64.0).

Hayes et al. (1999) conducted a case–control study in Puerto Rico and found
that any cigarette use was associated with an increased risk of oral cancer among
men (OR = 3.9, 95% CI 2.1–7.1) and women (OR = 4.9, 95% CI 2.0–11.6). Risks
increased with increasing cigarette use, whether estimated by usual daily amount
(Ptrend < 0.0001), or by cumulative lifetime consumption (Ptrend < 0.0001). As reported
by Macfarlane et al. (1995) and Muscat et al. (1996), this study also reported that
women seemed to have greater risk at a given amount of cigarette consumption. Unlike
the study of Mashberg et al. (1993), this study did not find a reduced risk associated
with smoking filter cigarettes compared to smoking non-filter cigarettes. Smoking ces-
sation was shown to reduce the risk gradually, with the risk remaining elevated up to
19 years after smoking cessation.
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Prospective follow-up studies

A prospective follow-up study is conducted based on the presence or absence of
exposure of investigation without the information regarding disease status. Therefore,
a follow-up study is less prone to selection bias at the start of the study. However, the
losses to follow-up may still pose an issue for the interpretation of the study results,
especially for diseases, such as cancers, which have long induction and latency periods.

Hammond and Seidman (1980) reported a prospective mortality study of over one
million Americans in 1721 counties in 25 states in the US. The study reported that,
among men, oral cancer mortality rates were 2.3/100 000 for those who never smoked
regularly, 11.7/100 000 for pipe and cigar smokers, and 15.0/100 000 for cigarette
smokers. Among women, the oral cancer mortality rates were 2.0/100 000 for those
who never smoked regularly and 6.5/100 000 for cigarette smokers.

Another prospective cohort mortality study from Japan by Akiba and Hirayama
(1990) examined the site-specific cancer risk associated with cigarette smoking, using
the data from 265 000 residents of 29 public health districts in six prefectures through-
out Japan. The study reported a statistically significant dose–response relationship
between cigarette smoking and mortality rate for cancer of the oral cavity, larynx,
esophagus, bladder, and stomach in men. Compared to never smokers, the RRs were 2.5
(95% CI 1.3–5.7) for cancer of the oral cavity and 23.8 (95% CI 5.3–420.0) for cancer
of the larynx among males. Very few women smoked cigarettes in this population.

Chyou et al. (1995) reported a cohort study of upper aerodigestive tract cancer
among 7995 Japanese–American men in Hawaii in which they examined the potential
impact of smoking and other risk factors on the incidence of upper aerodigestive
tract cancer (30 men with oral/pharyngeal cancer, 27 men with laryngeal cancer, and
35 men with esophageal cancer). The study found that current cigarette smokers at
time of examination had a threefold risk for upper aerodigestive tract cancer compared
with never-smokers (RR = 3.2, 95% CI 1.7–5.9). A significant positive linear trend in
relative risk was observed in number of cigarettes smoked per day (Ptrend = 0.002), and
number of years of smoking (Ptrend = 0.0006).

Pipe and cigar smoking
Another major source of exposure to tobacco is through cigar and pipe smoking.
Similar to the observations for cigarettes smoking and oral cancer risk, the vast majority
of studies have identified a strong association between cigar and pipe smoking and oral
cancer risk (Blot et al. 1988; Spitz et al. 1988; Franco et al. 1989; Merletti et al. 1989;
Franceschi et al. 1990; La Vecchia et al. 1990, 1998; Zheng et al. 1990; Mashberg et al.
1993; Schildt et al. 1998; Hayes et al. 1999; Schlecht et al. 1999; Shapiro et al. 2000;
Garrote et al. 2001). With only a few studies, such as the study by Marshall et al. (1992),
reporting little or no association. In some studies, the risk of oral cancer was actually
found to be higher for pipe and cigar smokers than for cigarette smokers.
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For example, a case–control study by Franceschi et al. (1990) reported an OR of
20.7 (95% CI 5.6–76.3) for pipe and cigar smokers compared to an OR of 11.1 (95%
CI 3.4–34.8) for cigarette smokers.

Zheng et al. (1990) reported an OR of 5.7 (95% CI 2.4–13.3) for male pipe smokers
compared to 1.6 (95% CI 1.0–2.6) for male cigarette smokers in their case–control
study. Franco et al. (1989) reported a higher risk of oral cancer for pipe smoking
compared to other smoking behaviors, particularly for cancer of other parts of the
mouth (ICD9 143–145).

Pipe smoking also showed a strong dose-dependent relationship with oral cancer
risk in several studies (Blot et al. 1988; Mashberg et al. 1993; Schlecht et al. 1999). For
example, the study by Schlecht et al. (1999) reported an OR of 6.7 (95% CI 3.1–14.8)
for those who smoked 1–20 pack-years of commercial-cigarette equivalents of pipe,
and 8.2 (95% CI 3.7–17.8) for those with more than 20 pack-years of commercial-
cigarette equivalents of pipe smoking. Similarly, in a large case–control study, Blot et al.
(1988) reported an OR of 1.9 (9% CI 1.1–3.4) for those exclusively smoking cigars
and/or pipes, with a positive trend associated with increasing numbers of cigars/pipes
smoked. The OR rose to 16.7 (95% CI 3.7–76.7) for men who smoked 40 or more
cigars/week, and to 3.1 (95% CI 1.1–8.7) for those consuming 40+ pipefuls/week.

However, other studies, such as Merletti et al. (1989) reported a higher risk of oral
cancer for cigar smokers (OR = 14.6, 95% CI 4.7–45.6) than pipe smokers (OR = 3.8,
95% CI 1.1–12.6) and than cigarette smokers (OR = 3.9, 95% CI 1.6–9.4) among male
smokers. A strong dose–response relationship has been shown between cigar smoking
and risk of oral cancer. In particular, the study by Garrote et al. (2001) showed a strong
dose–response relationship between cigar smoking and oral cancer risk (Ptrend < 0.01).
They found that, compared with never smokers, those who smoked <4 cigars or equiva-
lents per day had an OR of 4.3 (95% CI 1.1–16.4), and those who smoked ≥4 cigars or
equivalents per day had an OR of 20.5 (95% CI 4.7–89.7). Shanks and Burns (1998)
reported a RR of 7.9 for ‘ever’ cigar smokers and a RR of 15.9 for heavy cigar smokers
(>5 cigars per day) for oral and pharyngeal cancer risk. In a case–control study of
oral and esophageal cancers involving only those who never smoked pipe tobacco or
cigarettes, La Vecchia et al. (1998) reported an OR of 6.8 (95% CI 2.5–18.5) for ever
smokers and 8.9 for smokers of more than 3 cigars per day, and 14.9 (95% CI 4.0–55.9)
for current cigar smokers when compared to never cigar smokers.

In either case, pipe and cigar smoking clearly increases the risk of oral cancer. This
risk seems to vary by anatomic subsite. Shapiro et al. (2000) found that, compared with
never smokers, current cigar smokers had an RR of 4.0 (95% CI 1.5–10.3) for cancer of
the oral cavity/pharynx compared to 10.3 (95% CI 2.6–41.0) for cancer of the larynx.
Former smokers had an OR of 2.4 (95% CI 0.8–7.3) for cancer of the oral cavity/phar-
ynx, but 6.7 (95% CI 1.5–30.0) for cancer of the larynx. In their case–
control study of oral and esophageal cancers, La Vecchia et al. (1998) reported an OR 9.0
(95% CI 2.7–30.0) for oral and pharyngeal cancers, compared to 4.1 (95% CI 0.7–23.0)
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for esophageal cancer among ever cigar smokers. Boffetta et al. (1992) showed that soft
palate seems to be more susceptible to cigar and pipe smoking than other sites.

Smokeless tobacco
People are also exposed to smokeless tobacco including snuff and chewing tobacco.
Snuff consists of a tobacco that has been cured and grounded into dry snuff
(<10% moisture), or moist snuff (up to 50% moisture). Snuff dipping consists of
taking a small amount of snuff between the gingival and the lip or the bucca mucosa,
and leaving there from a few minutes to several hours. Chewing tobacco includes plug
tobacco, loose-leaf tobacco, twist or roll tobacco. Chewing tobacco is held in the mouth
where it can be chewed intermittently for several hours (Grasso and Mann 1998).

Since the 1980s, there has been considerable interest in the relationship between
smokeless tobacco use and oral cancer risk, and several excellent reviews have summa-
rized the major results linking smokeless tobacco use to oral cancer risk (Winn 1988,
1997; Vigneswaran et al. 1995; Gupta et al. 1996; Grasso and Mann 1998; Johnson
2001). While the IARC has concluded that ‘there is sufficient evidence that oral use of
snuff of the types commonly used in North America and western Europe is carcino-
genic to humans’ (IARC 1985), the relationship between smokeless tobacco use and
oral cancer risk is not as consistent as what was observed for tobacco smoking from
different populations, ranging from no increased risk from studies in Sweden (Axell et
al. 1978; Lewin et al. 1997; Schildt et al. 1998) to an estimated 23-fold (rural women)
and 61-fold (urban women) excess in risk associated with snuff use in Atlanta
(Vogler et al. 1962).

A number of factors may have affected the observed relationship between smokeless
tobacco use and oral cancer risk. For example, few studies were designed specifically to
examine the relationship. Considering the low prevalence of smokeless tobacco users
in most of the populations together with the small sample sizes in many studies, few
studies would have the sufficient power to address the issue.

Perhaps a more important factor, which may account for the observed inconsistent
association, is that smokeless tobacco products used in different countries contain very
different levels of carcinogens. For example, smokeless tobacco used in Sweden is quite
different from that used in India or US. In Sweden, where studies have failed to support
an association between local snuff use and oral cancer risk, snuff is not fermented and
contains much lower nitrosamine levels than fermented tobaccos (Johnson 2001).
In India, however, processing of smokeless tobacco is done by individual farmers and
small companies with little control over fermentation and curing (Vigneswaran et al.
1995); fermentation produces potentially carcinogenic nitrosamines. Also, in India,
smokeless tobacco is often used in combination with betel leaf, areca nut, and pow-
dered slaked lime, and these additives make the combination more genotoxic than
tobacco alone. Fermentation is also used in the US, though recent improvements in
tobacco agriculture and smokeless tobacco processing have resulted in substantial
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decline in the concentration of several important carcinogens (Brunnemann and
Hoffmann 1993).

Since the levels of carcinogens in smokeless tobacco vary considerably from country
to country, studies of different populations have reached very different conclusions.
In the following, we will review the studies based on the country of origin of the study.

Studies in Sweden: Approximately, 15–20% of adult males use moist snuff in Sweden
(Lewin et al. 1997). In fact, Sweden was the world’s largest per capita consumer of
smokeless tobacco throughout the twentieth century (Nordgren and Ramstrom 1990).
Although an early study by Wynder et al. (1957) suggested an increased risk of oral
cancer among snuff users, more recent studies from Sweden have found no relation-
ship between use of local snuff and oral cancer risk. The population-based case–
control study by Lewin et al. (1997) found no increased risk of head and neck cancer
with ever using oral snuff. Age started using snuff, total number of years of using snuff,
and total amount of snuff used in a lifetime all had little or no impact on the risk of
head and neck cancer in this study.

Another recent case–control study by Schildt et al. (1998) also showed no increased
risk of oral cancer among current snuff users regardless of tobacco smoking habits.
Lifetime consumption of snuff also showed no increased risk. While ex-snuff users
were found to have an increased risk, but the risk was seen only among those who were
also active tobacco smokers. Users of chewing tobacco in this study (5 cases and 8 controls)
also did not show an increased risk of oral cancer (OR = 0.6, 95% CI 0.2–2.2).

An early retrospective follow-up study of 200 000 male snuff users in Sweden also
failed to find a significantly increased risk of oral cancer (Axell et al. 1978). Ecological
data from Sweden do not support an association between use of local snuff and oral
cancer risk in this population (Lewin et al. 1997). Specifically, Geographic areas where
consumption of oral snuff is highest, the incidence rate of head and neck cancers is
low, and, areas with low consumption of snuff, the incidence for cancer of the head and
neck is the highest.

Studies in the US: In the US, while the national prevalence rate of smokeless tobacco
use is low (about 5% for regular use), the rates are high in some parts of the country.
In North Carolina, for example, Winn et al. (1981) reported that 46% of the oral
cancer cases and 30% of the controls were snuff users. Epidemiological studies from
the US have generally indicated an increased risk of oral cancer associated with the use
of oral snuff.

The most conclusive study was conducted in North Carolina by Winn et al. (1981).
The study interviewed 232 female cases and 410 female controls, and found that
smokeless tobacco use was a potent risk factor for oral cancer in this population.
Among white women without a smoking habit, the oral and pharyngeal cancer cases
were 4.2 times (95% CI 2.6–6.7) more likely to have used smokeless tobacco than were
controls. Among women with cancer in the cheek or gums, where tissues come in
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direct contact with the tobacco powder, the relative risks rose from 13-fold for less than
25, and 25 to 49 year of use, to nearly 50-fold for 50 or more years of use. It is estimated
that about 31% of the oral cancer in this population could be attributable to snuff
dipping alone. While the study was criticized for using hospital-based controls that
may not represent the population, which produced the cases with regards to the snuff
use, the underlying association would actually be underestimated if the control
diseases were in fact associated with the use of smokeless tobacco.

A large population-based case–control study by Blot et al. (1988) also reported a
significantly sixfold (95% CI 1.9–19.8) increased risk of oral cancer due to use of
smokeless tobacco among non-smoking females. Kabat et al. (1994) reported a crude
OR of 34% (95% CI 8.5–140.1) for using snuff among female never smokers. An early
hospital-based case–control study by Vogler et al. (1962) also found an increased risk
of oral cancer associated with snuff use among both urban women (Crude OR = 60.8)
and rural women (crude OR = 22.9). Spitz et al. (1988) also reported a significantly
increased risk of oral cancer associated with snuff dipping among males (OR = 3.4,
95% CI 1.0–10.9).

There are also several studies of US populations that did not find an increased risk of
oral cancer associated with smokeless tobacco use (Mashberg et al. 1993; Muscat et al.
1996; Schwartz et al. 1998). These studies, however, generally involved populations that
have a very low prevalence rate for smokeless tobacco use, and none of them were
designed specifically to investigate the association between smokeless tobacco use and
risk of oral cancer. For example, the study by Schwartz et al. (1998) from western
Washington State found that, out of 294 female cases and controls, only one female
control subject used smokeless tobacco. Among males, prior smokeless tobacco
use was reported by only 6.7% of the cases and 5.6% of the controls (OR = 1.0,
95% CI 0.4–2.3). The hospital-based case–control study by Mashberg et al.
(1993) in New Jersey also found no increased risk of oral cancer for use of
snuff (OR = 0.8, 95% CI 0.4–1.9) or chewing tobacco (OR = 1.0, 95% CI 0.7–1.4). The
proportion of snuff or chewing tobacco together was found in only 14% of the cases
and 11% of the controls.

Muscat et al. (1996) also found no increased risk of oral cancer associated with snuff
use or chewing tobacco. But only 1.3% of the cases and 1.6% of the controls in males
used snuff. Among women, only two cases and one control reported snuff use in this
study. About 5% of the cases and controls in men and none of the women reported
regularly using chewing tobacco. Sterling et al. (1992) evaluated the relationship
between smokeless tobacco use and cancer risk based on data from the national mor-
tality followback survey, and found no increased risk of oral or other digestive cancers
associated with smokeless tobacco use, either as snuff or chewing tobacco. However, as
pointed out by Johnson (2001), a number of limitations have limited the interpreta-
tion of the study results, including small number of subjects used the products, and
issues related to data collection and presentation.
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Studies in India: Oral cancer is the most common cancer in India, where large quantities
of smokeless tobacco are used (Jayant and Deo 1986). Smokeless tobacco use is considered
to be a major risk factor for the high incidence rate of oral cancer in this country. The
study by Nandakumar et al. (1990) reported an increased risk of oral cancer among pan
tobacco chewers in both males and females, and no increased risk among pan chewing
without tobacco. A dose–response was observed for years of chewing, number of times of
chewing per day, and period of retaining the pan in the mouth. A linear test for trend was
statistically significant (P < 0.001) in all three instances. Compared to those with no his-
tory of chewing tobacco, the ORs were 8.5 (95% CI 4.7–15.2) for those who did not chew
during sleep, and 17.7 (95% CI 8.7–36.1) for those with a history of chewing during sleep.

Rao et al. (1994) also reported a significant association between tobacco chewing
and risk of oral cancer (OR = 3.0, 95% CI 2.3–3.7), and the risk increased with increas-
ing frequency (Ptrend < 0.001). For chewers who chewed tobacco 21–30 times per day,
the OR was 10.7 times higher than that for non-chewers. Several other earlier case–
control studies (Sanghvi et al. 1955; Wahi et al. 1965; Jussawalla and Deshpande 1971;
Notani 1988) and follow-up studies (Bhargava et al. 1975; Gupta et al. 1980) from
different parts of India have also provided unequivocal evidence between chewing
tobacco and oral cancer risk, and this risk appeared to be even higher among those
who began the habit at a younger age (Jayant et al. 1971).

Other countries: Franco et al. (1989) reported no association between use of smoke-
less tobacco, either as snuff or tobacco chewing, and risk of oral cancer in Brazil.
However, the number of subjects who used tobacco in this form was small (9 cases and
13 controls). In Sudan, however, an increased risk of oral cancer was reported among
those who used toombak, a coarse powder made of dried tobacco leaves, and the risk
was found to be higher for anatomic sites (buccal cavity, floor of mouth, and lip) where
tissues come in direct contact with the product (Idris et al. 1995).

Tobacco and alcohol interaction
A number of studies from different populations or racial groups have investigated the
interaction between tobacco and alcohol on the risk of oral cancer, and most of them
have concluded that the effects of tobacco and alcohol are certainly more than additive
and seem to be consistent with multiplicative, with some suggesting a supra-
multiplicative effect (Negri et al. 1993; De Stefani et al. 1998; Garrote et al. 2001).
Studies, which presented the joint distribution of cases and controls for each combina-
tion of smoking and alcohol consumption with the corresponding ORs, have shown a
sharp increase in the risk for those with the heaviest levels of consumption of both
products compared to the lowest levels of consumption of both products. The OR for the
highest levels of consumption of both products reached as high as 305 (Baron et al. 1993).

A strong interaction between tobacco and alcohol in the risk of oral cancer was
observed no matter if the relationship is expressed by lifetime consumption of the
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products (Franco et al. 1989; Zheng et al. 1990; Bundgaard et al. 1994; Schidt 1998), or
daily or weekly or monthly consumption of the products (Rothman and Keller 1972;
Wynder et al. 1976; Elwood et al. 1984; Blot et al. 1988; Tuyns et al. 1988; Merletti
et al. 1989; Franceschi et al. 1990; Day et al. 1993; Mashberg et al. 1993; Kabat et al.
1994; Andre et al. 1995; Chyou et al. 1995; Franceschi et al. 1999; Hayes et al. 1999;
Garrote et al. 2001), or by cumulative tar/amount of alcohol day (Muscat et al. 1996),
or expressed by other means (Baron et al. 1993; Lewin et al. 1997; De Stefani et al. 1998;
Zavras et al. 2001).

A strong interaction between smoking and alcohol use on the risk of oral cancer is
exemplified from the study by Franceschi et al. (1999) in Italy. In this study, the highest
level of risk of oral cancer (OR = 227.8, 95% CI 54.6–950.7) was observed among those
most heavily consuming both tobacco and alcohol.

Tobacco and gene interaction
It is suggested that functional polymorphisms in genes encoding tobacco carcinogen-
metabolizing enzymes may modify the relationship between tobacco smoking and an
individual’s oral cancer risk. This is biologically plausible since the phase I enzymes
(cytochromes P-450) activate many tobacco procarcinogens by forming or exposing
their functional groups. For example, CYP1A1 is the major enzyme responsible for the
metabolic activation of benzo-(a)-pyrene and other polycyclic aromatic hydrocarbons
(PAHs), and CYP2E1 is the major enzyme responsible for the metabolic activation
of nitrosamines. The activated carcinogens can bind covalently to DNA to form DNA
adducts. Accumulation of DNA adducts at critical loci such as oncogenes or tumor
suppressor genes can lead to somatic mutation and disruption of the cell cycle (Geisler
and Olshan 2001).

The phase II enzymes (such as the glutathione S-transferases (GSTs) and N-acetyl
transferase (NATs)) are involved in the detoxification of activated metabolites of
carcinogens by phase I enzymes. GSTM1, for instance, metabolizes and detoxifies
benzo-(a)-pyrene-diol epoxides (14,15), while GSTT1 detoxifies epoxides and other
constituents of tobacco smoke, such as alkyl halides (16,17). Therefore, individuals
who have high phase I metabolizing activities but have low or lack certain phase II
metabolizing activity, may accumulate more DNA adducts, and thus have a particularly
high cancer risk after exposure to tobacco smoke (13,18,19).

A few recent studies have investigated the association between tobacco smoking,
genetic polymorphisms, and oral cancer risk [11,20–26]. For example, Park et al. (1999)
reported a greater risk for those with the GSTP1 (var/var) genotype who were exposed
to low levels of smoking (i.e. ≤20 pack-years, OR = 3.4, 95% CI 1.1–11) than among
heavier smokers (i.e. >20 pack-years, OR = 1.4, 95% CI 0.5–4.0), suggesting GSTP1
genotype may play a role in risk for oral cancer particularly among lighter smokers.
The studies by Sato et al. (1999, 2000) also showed that individuals with a combined
genotype of Val/Val and GSTM1(–) were at an increased risk for oral squamous-cell
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carcinoma compared with other combined genotypes, in particular, at a low dose level
of cigarette smoking. These observations are consistent with the suggestion that genetic
variations in the ability to metabolize tobacco smoke carcinogens are most important in
determining cancer risk at low levels of exposure, and may be less relevant at higher
smoking doses where high levels of carcinogen exposure overwhelm polymorphism-
induced differences in enzyme activity and/or expression (London et al. 1995).

It should be pointed out, however, that epidemiological results linking, smoking,
gene and oral cancer risk have been inconsistent. In their recent review of 24 published
studies that evaluated the risk of squamous-cell carcinoma of the head and neck in
relation to GSTM1 and GSTT1 genetic polymorphisms, Geisler and Olshan (2001)
reported that some of the studies reported weak-to-moderate associations and others
finding no elevation in risk for the main effect of the gene. Few studies have directly
evaluated the interaction with tobacco. As pointed out by Geisler and Olshan (2001)
none of the studies conducted to date have been able to assess gene–environment
interaction with precision due to limited statistical power. Lack of accurate and
detailed measurement of exposure in many of the studies may have also contributed to
the inconsistent results. It is obvious that well-designed studies with large sample size
are needed to better understand the relationship between smoking, gene and risk of
oral cancer.

Attributable risk
The International Agency for Research on Cancer has classified cancer of the oral cavity,
pharynx, and larynx as tobacco-related cancers. A number of case–control studies have
estimated the proportion of oral cancer cases attributable to tobacco smoking, but the
estimated proportion depends on the validity of the estimation of the prevalence of
smoking in the population and the relative risk from the exposure. A number of factors
may affect the estimation: for example, hospital-based studies with patients as
controls, population-based studies with high refusal rate, or lack of adequate control
for major confounding factors (such as alcohol consumption). Since smoking and
drinking are highly correlated, some studies calculated estimates of the population
attributable risk (PAR) of oral cancer due to smoking and/or drinking rather than due
to smoking alone. In most of the studies, the reported PAR from smoking did not
include the impact from smokeless tobacco use, or even pipe and cigar smoking.

Parkin et al. (2000) have estimated that about 46% of the cancer of the oral cavity
and pharynx in men and 11% of these diseases in women are attributable to smoking
worldwide. Estimates vary for specific countries and are presented below.

In Italy, Merletti et al. (1989) estimated that 72.4% of oral cancer cases in men and
53.9% of the cases in women are attributable to smoke of more than 7 g of tobacco/day.
The study by Negri et al. (1993) reported that, for both sexes, the single factor with the
highest attributable risk was smoking, which in males accounted for 81–87% of oral
cancer cases and in females for 42–47%.

TONGZHANG ZHENG ET AL. 425

24_Chap23.qxd  6/23/04  1:17 AM  Page 425



In the US, Mashberg et al. (1993) estimated that 74% of oral cancer in this population
was attributable to smoking 6 or more cigarette equivalents per day, and 97% of the
disease was attributable to the combination of smoking and drinking. In a population-
based case–control study of oral cancer involving 4 states in the US, Blot et al. (1988)
estimated that 80% of the oral and pharyngeal cancer cases in men and 61% in women
were attributable to smoking and alcohol drinking. Using the data from this population-
based case–control study, Day et al. (1993) estimated that 83% of blacks and 73% of
whites developed oral cancer as a result of alcohol and/or tobacco consumption, with
most tumors arising from the combined effect of drinking and smoking. Almost half
of all oral cancer (48%) among black men was attributed to smoking one pack or more
daily in combination with heavy drinking (≥30 drinks per week). For white men, 36%
of oral cancers were accounted for by this level of smoking and drinking. Tobacco
and alcohol consumption account for bulk of the racial and gender differences in oral
cancer in the US.

In Beijing, China, Zheng et al. (1990) found that tobacco smoking accounts for about
34% of all cases of oral cancer in the Chinese population (45% among males and 21%
among females) and 44% of all oral squamous-cell carcinoma. In Bombay, it is estimated
that 70% of oral cancer cases were attributable to smoking and chewing tobacco.

Biological plausibility
Tobacco smoke is a complex mixture of compounds. Over 300 carcinogens have been
identified in cigarette smoke. Polycyclic aromatic hydrocarbons (PAHs) have long been
recognized as carcinogens present in tar. There are about 20–40 ng of benz-pyrene per
cigarette and substantial levels of carcinogenic metals such as hexavalent chromium
(Johnson 2001). The most important and abundant carcinogenic agents in tobacco
smoke are the tobacco-specific N-nitrosamines (TSNA), including nitrosonornicotine
(NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK).

About 30 carcinogens have been identified in smokeless tobacco. Again, the TSNAs
are major contributors to the carcinogenic activity of these types of tobacco (Hoffman
and Djordjevic 1997). TSNAs are formed exclusively from nicotine and from the
minor tobacco alkaloids, primarily formed after harvesting the leaves, during
drying, curing, aging, and especially during fermentation (Hoffmann et al. 1994;
Brunnemann et al. 1996).

The absorbed PAHs, TSNA, and aromatic amines from tobacco use can be metaboli-
cally activated to form electrophilic intermediates, which have the ability to react with
DNA to form covalently bound DNA adducts, which interfere with DNA replication
and initiate the carcinogenesis process. Oral swabbing of a low concentration of a mixture
of NNN plus NNK in water induces oral tumors in rats (Hoffman and Djordjevic 1997).

In vitro assays have shown that human buccal mucosa has the capability to metabolize
NNK and NNN to alkyldiazohydroxides that can react with DNA as reviewed by Gupta
et al. (1996). DNA adducts play a crucial role in tobacco-induced carcinogenesis and
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studies have demonstrated a positive correlation between DNA adduct levels and patient
smoking status. Jones et al. (1993) have shown that the mean adduct levels in isolated oral
tissue DNA from smokers were significantly higher than in non-smokers, and adduct
levels in ex-smokers (1–12 years since cessation) were similar to those in nonsmokers.

Studies have suggested that the p53 tumor suppressor gene is a likely target for
tobacco carcinogens (Jones 1998; Ralhan et al. 1998; Saranath et al. 1999; Hsieh et al.
2001). p53 tumor suppressor gene mutations are the most frequently found genetic
errors in oral cancer (Jones 1998). Brennan et al. (1995) have shown that p53 mutation
were more common in tumors from patients who were exposed to both tobacco and
alcohol than in tumors from patients who were not exposed to these risk factors.
As discussed previously, genetic polymorphism of drug-metabolizing enzymes may
affect the susceptibility to oral cancer from exposure to tobacco carcinogens.

Conclusion
In 1986 an IARC Working Party concluded that there was sufficient evidence that
tobacco was carcinogenic to humans and that the occurrence of malignant tumors of
the upper digestive tract was causally related to the smoking of different forms of
tobacco. IARC has also concluded that there is sufficient evidence that oral use of snuff
of the types commonly used in North America and western Europe is carcinogenic to
humans, and there was sufficient evidence that the habit of chewing betel quid con-
taining tobacco was carcinogenic in humans (IARC 1985). More recent epidemiological
studies and experimental studies further support these conclusions. There is convincing
evidence that a large attributable risk can be ascribed to the joint habits of cigarette
smoking and alcohol consumption.
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Chapter 24

Smoking and stomach cancer

David Zaridze

Incidence and mortality from stomach cancer is declining practically in all countries.
Nevertheless stomach cancer remains the second most common cause of death from
cancer in the world, accounting for about one million cases annually (Parkin et al.
1999). Incidence and mortality from stomach cancer are high in Japan, Korea, China,
Russia, in Columbia, and other countries of South America, and are low in North
America and western Europe (Pisani and Pisani 1999). Decline in the incidence of
stomach cancer is accompanied by increase in cancer of the gastric cardia (Devesa
et al. 1998; Botterweck et al. 2000).

Helicobacter pylori infection is causally associated with stomach cancer (IARC 1994).
It has been shown-that type of food storage, namely the lack of refrigeration is a major
risk factor for stomach cancer (World Cancer Research Fund 1997; Zaridze et al. 2002).
Diets low in fruits and vegetables decrease the risk of stomach cancer (Nomura et al.
1990; Kabat et al. 1993; World Cancer Research Fund 1997; De Stefani et al. 1998; Terry
et al. 1998; Mathew et al. 2000; Zaridze et al. 2002), while high salt intake has been
claimed to increase the risk (Nomura et al. 1990; World Cancer Research Fund 1997;
Zaridze et al. 2002). Alcohol consumption and especially consumption of liquors has
been found to increase the risk of gastric cancer and especially cancer of the gastric
cardia (Agudo et al. 1992; Hansson et al. 1994; Kabat et al. 1993; Gammon et al. 1997;
De Stefani et al. 1998; Lagergren et al. 2000; Zaridze et al. 2000).

Smoking has been found to be associated with an increase in the risk of stomach cancer
in many cohort and case–control studies reported from Asia, America, and Europe.
Thirteen cohort studies found a statistically significant association between smoking
and the risk of stomach cancer, relative risks ranging from 1.4 to 2.6 in current smokers.
These studies include American Cancer Society study (Hammond 1966), U.S. Veteran’s
cohort (Kahn 1966), Japanese cohort (Hirayma 1982), British doctors cohort study
(Doll et al. 1994), cohort of male Japanese physicians (Kono et al. 1987), six prefecture
study in Japan (Akiba and Hirayama 1990), cohort of American men of Japanese
ancestry (Nomura et al. 1990, 1995), cohort of American men of Scandinavian and
German descent (Kneller et al. 1991), cohort study of inhabitants of Aichi prefecture in
Japan (Kato et al. 1992a), cohort of inhabitants of five areas of Norway (Tverdal et al.
1993), cardiovascular risk factor study from Iceland (Tulinius et al. 1997), cohort of
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residents of Taiwan (Liaw and Chen 1998), Cancer Prevention Study II (Chao et al.
2002). In four cohort studies the increase in the risk associated with smoking was statis-
tically not significant (Kato et al. 1992b; Guo et al. 1994; Engeland et al. 1996; Yuan et al.
1996). Three studies did not find any association between smoking and stomach cancer
(Chen et al. 1997; Nordlund et al. 1997; Terry et al. 1998).

In seven of the positive cohort studies dose–response relationships were observed
between intensity, and/or duration of smoking and the risk of cancer of the stomach.
Statistically significant trends between number of cigarettes smoked per day and
the risk of stomach cancer were observed in a 16-year follow-up report of Japanese six
prefecture study (P for trend < 0.01) (Akiba and Hirayma 1990), a 20-year follow-up
report of the cohort of US Veterans (P for trend < 0.01) (McLaughlin et al. 1995), in a
20-year follow-up report of the cohort of American men of Scandinavian and German
origin (P for trend 0.01) (Kneller et al. 1991), in a 40-year follow-up report of the cohort
of British doctors (P for trend < 0.01) (Doll et al. 1994), and in the cohort of inhabitants
of Taiwan (P for trend < 0.06) (Liaw and Chen 1998). In Cancer Prevention Study II
there was a statistically significant trend between number of cigarettes smoked per day
and the risk of stomach cancer among current smoking women (P for trend = 0.04)
and among ex-smoker men (P for trend = 0.06). The association between duration
of smoking and the risk of stomach cancer were reported by Nomura et al. (1990),
MacLaughlin et al. (1995), Liaw and Chen (1998), and Chao et al. (2002), with a statis-
tically significant trend between number of years smoked and the increase in relative
risk. Age started smoking was significantly associated with the risk of stomach cancer
in the cohort of American men of Japanese ancestry (P for trend < 0.0001) (Nomura 
et al. 1995), in the cohort of the inhabitants of Taiwan (P for trend < 0.02) (Liaw and
Chen 1998) and among men in Cancer Prevention Study II (P for trend = 0.03) (Chao
et al. 2002). Cumulative exposure to smoking expressed as number of pack-years
of smoking has also been found to influence the risk of stomach cancer (Kneller et al.
1991; Chao et al. 2002). Cancer Prevention Study II examined the effect of cessation
on the risk of gastric cancer. Among men there was a dose–response relationship
between age-quit smoking (P for trend = 0.0015), number of years since smoking 
cessation (P for trend = 0.0015), and relative risk of gastric cancer (Chao et al. 2002).

It should be noted that in most if not all studies the cohorts were followed passively
and the information on smoking habit of cohort members was based only on the inter-
view at the initial survey, while many cohort members could change their smoking
habit during the long follow-up period. Therefore the risk of stomach cancer associated
with smoking in these cohort studies could be underestimated due to misclassification
of former smokers as current smokers.

About 40 case–control studies investigated the association between tobacco smoking
and stomach cancer. One of them was a retrospective mortality case-referent study
(Liu et al. 1998). Nineteen studies were population-based and the rest hospital-based
case–control studies. In most studies relative risks were adjusted for different variables,
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such as sex, age, SES, education, income, diet, namely consumption of fruits and 
vegetables, alcohol consumption.

Thirty-one case–control studies reported a statistically significant increase in the risk
of stomach cancer among smokers (Hoey et al. 1981; Correa et al. 1985; Risch et al.
1985; Hu et al. 1988; You et al. 1988; De Stefani et al. 1990; Kato et al. 1990; Lee et al.
1990; Wu-Williams et al. 1990; Dockerti et al. 1991; Saha 1991; Yu and Hsieh
1991; Hoshiyama and Sasaba 1992; Kabat et al. 1993; Hansson et al. 1994; Inoue et al.
1994; Siemiaticky et al. 1995; Yu et al. 1995; Gajalakshmi and Shanta 1996; Ji et al.
1996; Zang et al. 1996; Gammon et al. 1997; De Stefani et al. 1998; Liu et al. 1998;
Chow et al. 1999; Innoue et al. 1999; Ye et al. 1999; Lagergren et al. 2000; Mathew et al.
2000; Zaridze et al. 2000; Wu et al. 2001).

In 10 case–control studies smoking was found not to have any influence on the risk
of stomach cancer (Hanszel et al. 1972, 1976; Armijo et al. 1981; Jedrychowski et al.
1986, 1993; Buatti et al. 1989; Ferraroni et al. 1989; Boeing et al. 1991; Agudo et al.
1992; Gao et al. 1994).

Twenty-one studies have shown statistically significant dose–response trend between
number of cigarettes smoked per day and/or duration of smoking and/or age start
smoking and/or pack-years smoked and the risk of gastric cancer (Hu et al. 1988; You
et al. 1988; De Stefani et al. 1990; Kato et al. 1990; Lee et al. 1990; Wu-Williams et al.
1990; Yu and Hsieh 1991; Kabat et al. 1993; Hansson et al. 1994; Yu et al. 1995;
Gajalakshmi and Shanta 1996; Ji et al. 1996; Zhang et al. 1996; Gammon et al. 1997;
De Stefani et al. 1998; Liu et al. 1998; Ye et al. 1999; Lagergren et al. 2000; Mathew et al.
2000; Zaridze et al. 2000; Wu et al. 2001). For example, a population-based case–
control study from China which included 1124 stomach cancer cases and 1452 
community controls (Ji et al. 1996) showed statistically significant dose–response rela-
tionship between numbers of cigarettes smoked per day and risk of stomach cancer 
(P for trend = 0.0002), with highest risk observed in men who smoked 20–29 cigarettes
per day (RR = 1.77, 95% CI 1.35–2.33); statistically significant trend in the risk was
observed for duration of smoking (P for trend = 0.002), with highest risk seen in men
who smoked for more than 40 years (RR = 1.64, 95% CI 1.21–2.24) and for cumulative
lifelong exposure to smoking expressed as pack-years smoked (P for trend = 0.0002),
with highest risk estimates in the highest exposure group (RR = 1.68, 95% CI 1.22–2.30).
Statistically significant dose–response relationships between duration of smoking
(P for trend <0.001), pack-years smoked (P for trend < 0.001), age at start smoking 
(P for trend <0.01), and relative risks of stomach cancer were observed in hospital-
based case–control study from Uruguay which included 330 male cases and 622
controls drawn from the same hospitals as cases (De Stefani et al. 1998). In the popula-
tion-based study in USA (Gammon et al. 1997) statistically significant dose–response
was observed for number of cigarettes smoked per day (P for trend < 0.05), duration of
smoking in years (P for trend < 0.05), and cumulative exposure to tobacco smoke, or
pack-years (P for trend <0.05).
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Cessation of smoking affected the risk of cancer of the stomach. In the population-
based case–control study from Sweden which included 338 cases of stomach cancer
and 678 community controls (Hansson et al. 1994), there was a statistically significant
association between number of years since quitting and the risk of stomach cancer 
(P for trend = 0.02). In the study of De Stefani et al. (1998) relative risk of stomach
cancer among men who gave up smoking 10–14 years ago was 1.0 (95% CI 0.5–2.1),
while in those who gave up smoking 1–4 years ago relative risk was 2.4 (95% 
CI 1.3–3.6), and in current smokers was 2.6 (95% CI 1.6–4.1). In the study reported by
De Stefani et al. in 1990, quitting for more than 10 years resulted in the decrease of
relative risk (RR = 0.6, 95% CI 0.3–1.0) in comparison with individuals who gave up
smoking 1–4 years ago (P for trend = 0.028).

Several case–control studies presented results separately for gastric cardia (or for ade-
nocarcinoma of distal oesophagus and gastric cardia) and distal stomach (Wu-Williams
et al. 1990; Kabat et al. 1993; Zhang et al. 1996; Gammond et al. 1997; De Stefani et al.
1998; Ye et al. 1999; Zaridze et al. 2000; Wu et al. 2001). In all these studies effects of
smoking on the risk have been seen for cancers of both sites. In some studies association
was somewhat stronger for distal stomach (Wu-Williams et al. 1990; Zhang et al. 1996;
Wu et al. 2001), in others with cancer of the gastric cardia (Kabat et al. 1993; Zaridze et al.
2000). Dose–response relationship was observed between number of cigarettes smoked
per day, duration of smoking, pack-years of smoking, age started smoking, and the risk
of cancer of the gastric cardia (Zhang et al. 1996; Gammon et al. 1997; De Stefani et al.
1998; Ye et al. 1999; Zaridze et al. 2000; Wu et al. 2001) and distal stomach (Gammon
et al. 1997; De Stefani et al. 1998; Zheng et al. 1996; Wu et al. 2001). Case–control study
from Sweden reported similar trends in relative risk of stomach cancer related to number
of cigarettes smoked per day—for cancer of the distal stomach (P for trend = 0.005) and
gastric cardia (P for trend = 0.04), duration of smoking—for cancer of the distal stomach
(P for trend = 0.002) and gastric cardia (P for trend = 0.03).

Smoking cessation significantly decreased the risk of cancer of gastric cardia. In a
population-based case–control study reported from Sweden which included 262 cases
of cancer of gastric cardia and 820 community controls, the increase in numbers of
years since smoking cessation was associated with statistically significant decrease in
the risk (P for trend < 0.0001). Those individuals who gave up smoking for more than
25 years had relative risk of 1.9 (95% CI 1.1–3.1), while those who quit 0–2 years ago
had relative risk of 4.2 (95% CI 2.8–6.4) (Lagergren et al. 2000). Similar trend was
observed by Wu et al. (2001), both for cancer of gastric cardia (P for trend < 0.0002)
and cancer of the distal stomach (P for trend < 0.002).

Significant association between smoking and risk persisted when relative risks were
computed separately for intestinal and diffuse types of stomach cancer (Kato et al.
1990; Ye et al. 1999).

Number of cases of stomach cancer in women was generally small and the increases
in risks associated with smoking were less than for men and statistically not significant
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(Kato et al. 1990; Ji et al. 1996; Zaridze et al. 2000). However in the studies where suffi-
cient number of cases of stomach cancer in women were included the size of relative
risks were comparable with relative risk in men. For example in the study from Japan
which included 995 cases of stomach cancer of which 344 were women showed statisti-
cally significant increase in relative risk among current smoking women (RR = 1.74,
95% CI 1.28–2.36). Risk estimates were higher in women in the age of 60 years or
more (RR = 1.99, 95% CI 1.24–3.21) (Innoue et al. 1994). In the study of Kabat et al.
(1993) current smoking women were at increased risk of adenocarcinoma of distal
oesophagus and the gastric cardia (RR = 4.8, 95% CI 1.7–5.4) and cancer of the distal
stomach (RR = 4.8, 95% CI 1.9–11.9). Highest relative risks were for those women who
smoked for more than 21 years. Ever smoking Polish women were also at increased risk
of stomach cancer (RR = 1.8, 95% CI 1.1–3.0) (Chow et al. 1999). Risk was increased
in current smokers (RR = 1.8, 95% CI 1.0–3.3), as well as in former smokers (RR = 1.8,
95% CI 0.9–3.7).

Of special interest is the mortality-based case–control study carried out in China
(Liu et al. 1998). In this study 27 710 deaths (20 195 men and 7515 women) from
stomach cancer were identified. The reference group included individuals who died
from causes not related to smoking. Information on smoking habit was obtained from
proxy interviews. It has been shown that in men smoking increases the risk of stomach
cancer by 30%, while current smoking in women was associated with only 17%
increase in the risk. According to this study 18% of death from stomach cancer in
Chinese men and only 1.7% in women could be attributed to smoking. These figures
reflect present not very high smoking rates in Chinese, specially in Chinese women,
which unfortunately inevitably will rise. Similar trends will be seen in other countries,
where smoking epidemics in women have not yet reached its maximum. Increase in
smoking rates in women will be followed by rise of smoking-related relative risks of
cancers, including stomach cancer and proportion of death attributable to smoking.

Diet and alcohol consumption, all associated with the risk of stomach cancer could
be major confounding factors of the effect of smoking on the risk of cancer of this site
(World Cancer Research Fund 1997; Zaridze et al. 2000). However, adjustment for
alcohol drinking (De Stefani et al. 1990; You and Hsieh 1991; Kabat et al. 1993; Ji et al.
1996; Simieticky et al. 1996; Zhang et al. 1996; Gammon et al. 1997; De Stefani et al.
1998; Innoue et al. 1999; Ye et al. 1999; Lagergren et al. 2000; Zaridze et al. 2000), as
well as for consumption of fresh fruits and vegetables (De Stefani et al. 1990; You and
Hsieh 1991; Inoue et al. 1994; Semiaticki et al. 1995; Gajalakshmi and Shanta 1996;
De Stefani et al. 1998; Innoue et al. 1999; Lagergren et al. 2000), did not materially
effect the risk estimates associated with smoking.

Positive association between smoking and the risk of stomach cancer could be con-
founded by the effect of H. pylori infection status. A large body of evidence supports a
causative role for H. pylori in stomach cancer. In 1994 IARC recognized H. pylori as a
class 1 human carcinogen (IARC 1994).
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Several surveys have shown that H. pylori infection status is not associated with the
smoking habit. Limburg et al. (2001) examined association between seropositivity
for H. pylori with different risk factors in Linxian prospective study. The proportion
of seropositive individuals was similar in non-smokers (58%) and in smokers
(61%). Moreover, the prevalence of CagA seropositive individuals was higher in
non-smokers (32%), than in smokers (24%). Another study in China looked at associ-
ation between prevalence of H. pylori infection and smoking, drinking, and diet.
Prevalence of H. pylori positivity was higher among never smokers, relative risk
for ever smoking being 0.9 (0.7–1.0). In highest category of smokers of more than
14 235 pack-years OR was 0.8 (0.6–1.1) (Brown et al. 2002). Similar evidence is
observed in Europe. Prevalence of seropositive subjects is similar among never
(50.9%), former (48.7%), and current smokers (45.1%). In fact, among never smokers
proportion of H. pylori seropositives is somewhat higher than among current smokers
(OR = 0.8, CI 0.7–0.9) (The EUROGAST study group 1993). In only one study
conducted in north England smoking of more than 35 cigarettes/day turned to be
associated with higher risk of H. pylori positivity. However, it should be noted that the
proportion of subjects infected were identical in all lower smoking intensity categories.
Overall there is no association between H. pylori infection status and smoking
(Moaygedy et al. 2002).

Zaridze et al. (2000) computed the interaction between H. pylori seropositivity and
smoking in relation to the risk of stomach cancer. H. pylori infection did not affect
smoking-associated risk of stomach cancer. However, relative risk of stomach cancer
was higher among H. pylori positive men. Similar results were obtained by Siman et al.
(2001). The results of these analyses suggest that smoking potentiates the effect of
H. pylori infection on the risk of stomach cancer.

The relative risk of gastric cancer associated with smoking is most probably under-
estimated in hospital-based case–control studies, due to substantial proportion of
patient with smoking-related diseases in control groups. Of special concern are the
studies in which prevalence of smoking was higher in controls than in cases and in
which controls with smoking-associated diseases were recruited (Jedrichowski et al.
1986; Lee et al. 1990; Boeing et al. 1991; Agudo et al. 1992).

According to one widely accepted model of gastric carcinogenesis development
of cancer in stomach is preceded by several stages, including chronic atrophic
gastritis, intestinal metaplasia, and dysplasia. Relative risk of developing these
lesions have been shown to be associated with smoking. Risk of both metaplasia (P =
0.03) and dysplasia (P < 0.001) increased significantly with increasing tobacco
consumption, but the magnitude of association was much stronger for dysplasia. The
odds ratio for dysplasia among heavy smokers (>20 cigarettes/day) compared with
lifelong non-smokers exceeded 2 and was statistically significant (OR = 2.2, 95% CI
1.5–3.3). The risks of metaplasia and dysplasia also increased with increasing duration
of smoking. P values for trend were 0.02 and < 0.001 for metaplasia and dysplasia,
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respectively. The risk of dysplasia also rose with increasing pack-years of smoking.
(Kneller et al. 1993). You et al. (2000) assessed the effect of smoking on progression of
gastric precursor lesions to dysplasia and cancer. Smoking duration for more than
25 years was associated with significant increase in the risk of progression to gastric
cancer and dysplasia (OR = 1.6, 95% CI 1.0–2.1; P for trend = 0.04). The risk was
also increased in those who smoked more than 20 cigarettes/day (OR = 1.4 95%
CI 0.9–2.3).

Few studies have reported on cigar, pipe, or smokeless tobacco use in relation to
stomach cancer. In most recent analyses of CPS II cohort, current smokers of exclu-
sively cigars had significantly higher stomach cancer mortality than non-users of any
tobacco (OR = 2.29, CI 1.49–3.41) (Chao et al. 2002). In a cohort study of American
men of German and Scandinavian origin regular pipe users were at very high risk 
(RR = 4.4, CI 1.84–10.72). Relative risk remained marginally significant after stratifica-
tion for pack-years of cigarette smoking (RR = 2.3, CI 0.98–5.22). In case–control stud-
ies reported by Correa et al. (1985), Wu-Williams et al. (1990), and Lagergren et al.
(2000) significant association between cigar and/or pipe smoking and risk of stomach
cancer was observed. In case–control study conducted in India smoking of bidi
(RR = 3.3, CI 1.8–5.67) and chutta (RR = 2.4, CI 1.18–4.93) was associated with statisti-
cally significant increase in the risk of gastric cancer, with dose–response relationship
between intensity and duration of smoking and relative risk (Gajalakshmi and Shanta
1996). Chewing tobacco increased risk of stomach cancer in cohort study reported
from America by Kneller et al. (1991). However after adjusting for cigarette smoking
increase in the risk lost statistical significance. All Swedish studies reported no associa-
tion between snus (snuff) dipping and stomach cancer incidence (Hansson et al. 1994;
Ye et al. 1999; Lagergren et al. 2000).

Worldwide, it has been estimated that the smoking-attributable proportion of stom-
ach cancer is 11% among men and 4% among women in developing countries, and
17% among men and 11% among women in developed countries (Tredaniel et al.
1997). According to Liu et al. (1998) 18% death from stomach cancer in men and 1.8%
in women in China are caused by smoking. The proportion of incident cases of stom-
ach cancer attributable to smoking has been estimated to be 20% in Poland (Chow 
et al. 1999) and 31% in India (Gajalakshmi and Shanta (1996). In US 28% of stomach
cancer death in men and 14% in women are attributable to tobacco smoking (Chao et al.
2002). According to estimates of Siemieticky et al. (1995) smoking causes 35% of inci-
dence cases of stomach cancer in US. Adding stomach cancer to the list of cancers
caused by smoking would increase the total number of smoking-attributable death by
at least 84 000 per year worldwide (Tredaniel et al. 1997) not accounting for recent
increases in smoking prevalence or the expected rise in stomach cancer incidence due
to ageing in the developing world.

In summary the existing scientific evidence suggest a causal association between
smoking and stomach cancer.
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Chapter 25

Cigarette smoking and
colorectal cancer

Edward Giovannucci

Introduction
Our understanding of the potential association between tobacco and risk of colorectal
cancer has had an interesting history. The landmark early studies, which covered the
1950s and 1960s, consistently did not support an association between tobacco and
colorectal cancer risk (Hammond and Horn 1958, 1966; Higginson 1966; Kahn 1966;
Staszewski 1969; Weir and Dunn 1970; Doll and Peto 1976; Williams and Horm 1977;
Graham et al. 1978; Doll et al. 1980; Haenszel et al. 1980; Rogot and Murray 1980).
Many of these studies had been instrumental in demonstrating important associations
with other cancer sites. Generally, by the 1970s, tobacco was not considered an impor-
tant risk factor for colorectal cancer. However, around this time colorectal adenomas
had become established as cancer precursors through careful pathologic studies
(Morson 1974; Lev 1990). Epidemiologists began studying risk factors for colorectal
adenomas in studies conducted in the 1980s and 1990s, and smokers were consistently
found to have an appreciably elevated risk. In 1994, a hypothesis, attempting to recon-
cile the apparent paradox findings between colorectal adenomas and cancers, stated
that carcinogens from cigarette smoke cause irreversible genetic damage in colorectal
epithelial cells, but several decades are required for completion of all the carcinogenic
events following this initiating event (Giovannucci et al. 1994a, b). This hypothesis
predicted that an association would be observed initially in adenomas, and then in
cancers, after a certain period of time. Thus, the early studies may not have considered
a sufficiently long time lag between smoking exposure and time of risk, and thus may
have not yielded an association.

In recent years, the association between tobacco and colorectal cancer has been
re-evaluated, including in studies that initially did not support an association but that
had additional follow-up (Giovannucci 2001). In this chapter, the results for an associ-
ation between tobacco and colorectal adenoma and cancer are summarized. Evidence
addressing the likelihood of a causal association, and the implications of the findings,
are then addressed.
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Cigarette smoking and colorectal adenoma
Beginning in the 1980s, a number of studies have addressed the association between
tobacco use and risk of colorectal adenoma. In almost every study, smokers had a
higher risk of colorectal adenoma (Hoff et al. 1987; Demers et al. 1988; Kikendall et al.
1989; Cope et al. 1991; Monnet et al. 1991; Zahm et al. 1991; Honjo et al. 1992; Kune et al.
1992b; Lee et al. 1993; Olsen and Kronborg 1993; Giovannucci et al. 1994a, b ; Jacobson
et al. 1994; Boutron et al. 1995; Martinez et al. 1995; Longnecker et al. 1996; Terry and
Neugut 1998; Nagata et al. 1999; Potter et al. 1999; Almendingen et al. 2000; Breuer-
Katschinski et al. 2000). Typically, the studies have demonstrated dose–response
relationships between adenoma risk with cigarettes per day among current smokers,
and associations with duration of smoking, and with total cigarette pack-years.
Generally, individuals who smoke one to two packs (20–40 cigarettes) daily, or who
have accumulated 20–40 cigarette pack-years of smoking, have approximately a two- to
threefold higher risk than non-smokers. The studies are remarkable in their consis-
tency in both men and women; in stark contrast to these 21 studies, only two case–con-
trol studies found no or equivocal relationships. One of these studies, conducted in the
US (Sandler et al. 1993), found a non-significant but suggestive twofold increased risk
in women with higher numbers of pack-years, but no association was apparent in men.
A Japanese study, based on only 86 cases, showed no association (Kono et al. 1990), but
with 116 additional cases that occurred with continued follow-up, a strong positive
association emerged (Honjo et al. 1992).

Several important observations are noteworthy. First, while smoking intensity is
important, duration also appears to be critical. For example, a Japanese study (Nagata
et al. 1999) found a higher risk among those who had smoked for 30+ years (relative
risk (RR) = 1.60; 95% confidence interval (CI) = 1.02–2.62) but not less (RR = 1.10,
95% CI = 0.69–1.84). In two US studies of men (Giovannucci et al. 1994b) and women
(Giovannucci et al. 1994a), elevated risks for large adenoma were observed only among
individuals, who had smoked for at least 20 years. Other studies also tend to indicate
that several decades of smoking may be required for a clear association to emerge for
adenomas (Monnet et al. 1991; Zahm et al. 1991; Terry and Neugut 1998). This finding
is noteworthy because adenomas typically arise a decade or more before malignancies;
thus, this pattern would suggest at least several decades to elapse between smoking
exposure and colorectal cancer risk. Second, the findings generally held for risk of large
(>1 cm) adenoma (Zahm et al. 1991; Honjo et al. 1992; Kune et al. 1992b; Lee et al.
1993; Giovannucci et al. 1994a, b; Jacobson et al. 1994; Boutron et al. 1995; Longnecker
et al. 1996; Terry and Neugut 1998; Nagata et al. 1999; Potter et al. 1999). Thirdly, an
association has been observed relatively consistently among past smokers (Hoff et al.
1987; Monnet et al. 1991; Zahm et al. 1991; Honjo et al. 1992; Giovannucci et al. 1994a, b;
Jacobson et al. 1994; Martinez et al. 1995; Longnecker et al. 1996). Finally, the associa-
tion between tobacco and risk of colorectal adenoma persisted and was not appreciably
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attenuated in every study after controlling for potential confounders, including diet
and alcohol in many of the studies.

The presence of an association is incontrovertible, suggesting that this association is
causal, or represents a consistent bias or uncontrolled confounding. Arguing against
confounding is the consistency of the findings in males and females in diverse popula-
tions, including the US, Norway, France, and Japan, the strength of the association, and
the dose–response pattern for intensity and duration of smoking, and the similar
results for age-adjusted and multivariate analyses (Hill 1965). A second possibility is
that the results were due to some consistent bias. Of note, most studies were based on
endoscopied individuals, it is plausible that smokers are more likely to undergo
endoscopy for indications related to an underlying polyp as compared with non-
smokers, creating a bias whereby smokers with adenomas would be preferentially
entered into the study population. However, even in studies or sub-groups in which all
in the defined population are screened regardless of symptoms (Hoff et al. 1987;
Demers et al. 1988; Monnet et al. 1991; Zahm et al. 1991; Honjo et al. 1992; Giovannucci
et al. 1994a, b), smokers are at higher risk. Another possibility is that adenomas might
be more easily detectable during endoscopy for smokers, perhaps because of a relaxing
effect of nicotine on the large bowel. However, this bias is more plausible for small
adenomas but less so for large adenomas (Zahm et al. 1991; Honjo et al. 1992; Kune
et al. 1992b; Lee et al. 1993; Giovannucci et al. 1994a, b; Jacobson et al. 1994; Boutron
et al. 1995; Longnecker et al. 1996; Terry and Neugut 1998; Nagata et al. 1999; Potter et al.
1999); moreover, associations have been observed consistently in past smokers, where
the putative relaxing influence of nicotine would no longer be present.

Smoking and colorectal cancer

Summary of studies in the United States

In general, the early studies on tobacco and colorectal cancer did not support an asso-
ciation (Hammond and Horn 1958, 1966; Higginson 1966; Kahn 1966; Staszewski
1969; Weir and Dunn 1970; Doll and Peto 1976; Williams and Horm 1977; Graham et al.
1978; Doll et al. 1980; Haenszel et al. 1980; Rogot and Murray 1980). For example, in
the earliest report based on data from the Veterans Administration by Hammond and
Horn, 187 783, men were followed from 1952 to 1955 and accrued 667 753 person-
years (Hammond and Horn 1958). Compared to never smokers, cigarette smokers had
a twofold excess risk of all cancers combined but not for cancers of the colon (84 cases
observed, 108.4 expected) or rectum (55 observed, 58.8 expected). Following publica-
tion of data suggesting a 35 to 40-year induction period between smoking and risk for
colorectal cancer (Giovannucci et al. 1994a, b), Heineman et al. (1994) further studied
the Veterans Administration population for the period covering 1954–1980. In this
new analysis, based on 3812 colon cancer deaths and 1100 rectal cancer deaths, risk
increased with earlier age of initiating smoking (about a 40–50% increase for both
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colon and rectal cancers among those who began before the age of 15 years). This study
offered strong support for the hypothesis that smoking primarily influences the early
stages of colorectal cancers.

In contrast to the earlier published studies of US men, studies that have had follow-
up time after 1970 have almost universally supported an association (Wu et al. 1987;
Slattery et al. 1990, 1997; Giovannucci et al. 1994b; Heineman et al. 1994; Chyou et al.
1996; Le Marchand et al. 1997; Hsing et al. 1998; Chao et al. 2000; Stürmer et al. 2000).
A study of male health professionals (Giovannucci et al. 1994b) demonstrated a
twofold elevated risk in men who had accumulated at least 10 cigarette pack-years
more than 35 years previously, even among those who had subsequently quit decades
previously. In a cohort study of US males followed from 1980 to 1985, Wu et al. (1987)
reported an elevated risk of colorectal cancer among current smokers (RR = 1.80), past
smokers who stopped < 20 years (RR = 2.63) and ≥20 years (RR = 1.71). In a study
of Hawaiian-Japanese men (Chyou et al. 1996), the results were not statistically
significant up until 30 pack-years, but the RR = 1.48 (95% CI = 1.13–1.94) for
colon cancer and RR = 1.92 (95% CI = 1.23–2.99) for rectal cancer for 30+ pack
years. In the prospective Lutheran Brotherhood Study, a linear dose–response was
observed between cigarettes/day in current smokers at baseline and colon cancer risk,
although the number of cases was limited (n = 120) (Hsing et al. 1998). Relative to
never smokers, the RR for past smokers was 1.45 (95% CI = 0.8–2.7); for current smok-
ers (1–19 cigarettes per day), 1.1 (95% CI = 0.5–2.5); current smokers (20–29 cigarettes
per day), 1.6 (95% CI = 0.7–3.4); current smokers (≥30 cigarettes per day), 2.3 (95%
CI = 0.9–5.7).

Two recent cohorts have added further support. In the Physicians’ Health Study,
smoking status was examined in 1982 and men were followed for more than twelve
years (Stürmer et al. 2000). In a multivariate model, the RR for colorectal cancer was
elevated for current smokers (RR = 1.81; 95% CI = 1.28–2.55) and past smokers
(RR = 1.49; 95% CI = 1.17–1.89). Smoking up to twenty years before baseline (P = 0.05)
and smoking up to and including age 30 years (P = 0.01) were statistically significantly
related to risk, even controlling for subsequent smoking history. The results indicated
that smoking in the distant past is most critical, but recent past smoking may also be
important. In the Cancer Prevention II Study (CPS II), a prospective study of mortality
of 312 332 men and 469 019 women begun in 1982, smoking for ≥20 years after
baseline increased risk of colorectal cancer in men (Chao et al. 2000). Dose–response
relations were observed for cigarettes per day, pack-years smoked and earlier age
started smoking for current and past smokers. In this study, risk was not elevated for
those who quit smoking >20 years before baseline.

An association between smoking and risk of colorectal or colon cancer in men has
also been observed in four case–control studies (Dales et al. 1979; Slattery et al. 1990;
Le Marchand et al. 1997; Slattery et al. 1997). The study by Le Marchand et al. (1997)
was notable in finding a positive association between smoking and colorectal cancer risk
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with a generally increasing risk with time since smoking. In the study by Slattery et al.
(1997), the risk increased with number of cigarettes per day and remained elevated
even in men who had quit for ≥15 years. A case-control study of US blacks conducted
from 1973 to 76, which also included women, found an elevated risk of colorectal
cancer with 20+ years of smoking (Dales et al. 1979).

Less relevant information is available for women, but the data also tend to suggest a
long lag between smoking history and risk for colorectal cancer. Because women began
smoking substantially in the US only during the late 1940s and 1950s (Pierce et al.
1989), a rise in the incidence of colorectal cancer would not have been expected until
approximately the late 1980s assuming a 35–40-year induction period (Giovannucci
et al. 1994a, b). In fact, up to around 1990, there do not appear to be studies that found
a positive association between smoking and colorectal cancer risk among women in
the US, but some supportive data have emerged recently. The first study to show a clear
association was based on data from the Nurses’ Health Study (Giovannucci et al.
1994a). This analysis found a twofold elevated RR among long-term smokers, includ-
ing past smokers. Interestingly, an earlier analysis from this cohort, which included
cases diagnosed from June of 1976 to May of 1984, found only a weak, statistically
non-significant association between smoking and colon cancer, although past smoking
was significantly associated with risk of rectal carcinoma (Chute et al. 1991). These
results were confirmed for colorectal cancer mortality for women in the Cancer
Prevention Study II (Chao et al. 2000). In that study, elevated risks of colorectal cancer
mortality were observed after 20–30 years of smoking duration before baseline both
in current smokers (RR = 1.41; 95% CI = 1.26–1.58) and past smokers (RR = 1.22; 95%
CI = 1.09–1.37).

Three case–control studies supported an association between long-term tobacco use
and colorectal cancer risk. Newcomb et al. (1995) found among women who smoked
for at least 31 years, but not less, a dose–response relation with cigarettes per day.
In addition, earlier age at smoking initiation was associated with an increased risk.
Past smokers had a moderately increased risk. Slattery et al. (1997) found that
>35 pack-years of smoking was associated with an elevated risk (RR = 1.38; 95%
CI = 1.11–1.71) in women. Finally, Le Marchand et al. (1997) (1987–1991) also found
an elevated risk of colorectal cancer for smokers; in this study, risk was particularly
strong for women who had smoked for >30–40 years in the past.

Summary of recent studies in other countries

In recent years, a number of studies reporting on colorectal cancer risk and smoking
have been conducted outside the United States. Almost all of these have been in
European countries, except for a few studies in Japan. One of the landmark studies on
tobacco and cancer is a long-term follow-up study of British male doctors (Doll et al.
1994). In recent analyses, smokers of 25+ cigarettes per day had a 4.4-fold higher rate
of rectal cancer (P < 0.001), based on 168 cases. Colon cancer, based on 437 cases,
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exhibited only weak evidence of an increased risk (not statistically significant;
RR = 1.44). This study had a follow-up of 40 years, but did not present time-lagged
analyses. In a population-based case–control study of 174 colorectal cancer cases in
Great Britain (Welfare et al. 1997), male and female smokers were at increased risk
(OR = 1.77; 95% CI = 1.03–3.14).

A Norwegian cohort study of 68 825 men and women documented 51 fatal colon
cancers and 40 fatal rectal cancers from 1972–88 (Tverdal et al. 1993). Males who had
smoked in the past had a moderately increased risk for fatal colon cancer (RR = 1.2)
and fatal rectal cancer (RR = 1.4), and male current smokers, but not female smokers,
were at elevated risk from fatal colon cancer (RR = 1.5) and rectal cancer (RR = 1.8).

In a cohort study in Finland (Knekt et al. 1998), 56 973 men and women were
followed from 1966–72 to 1994. A non-statistically significant overall association was
observed, but for follow-up periods of between 11 and 20 years, a significant increased
risk was observed for smokers (RR = 1.57; 95% CI = 1.09–2.24). At baseline, smokers
had smoked for 20 years on average. This association was limited to men (RR = 1.94;
95% CI = 1.25–2.24), who smoked more than women. In a comparison of colorectal
cancer risk for persons recorded as smokers in both of two baseline examinations,
a significant increase in risk was observed in the consistent smokers (RR = 1.71; 95%
CI = 1.09–2.68).

An Icelandic cohort study documented 145 colorectal cancers in 11 580 women and
193 cases in 11 366 men followed from 1968 to 1995 (Tulinius et al. 1997). In this
cohort, the prevalence of current smoking at baseline was higher in women than in
men (1–14 cigarettes/day: 11% of men, 20% of women; 15–24 cigarettes/day: 13% of
men, 16% of women; 25+ cigarettes/day: 6% of men, 3% of women). Among women,
risk of colorectal cancer increased with increasing level of cigarette smoking (multivariate
RRs = 1.37, 1.53, 2.48). Results were not presented for men (Tulinius et al. 1997).

In a Yugoslavian hospital-based case–control study over 1984–86 (Jarebinski et al.
1988, 1989), risk of colorectal cancer was not elevated among men and women
who had smoked for 1–30 years (RR = 1.0), but risk was elevated for total colorectal
(RR = 2.0) and rectal cancer (RR = 2.7) among long-term smokers (30+ years).

The largest study non-supportive of a relationship between smoking and colorectal
cancer risk was a hospital case–control study of 955 cases of colon cancer and 629 cases
of rectal cancer in northern Italy (D’Avanzo et al. 1995). Cancers of the colon and
rectum were not associated with number of cigarettes smoked, number of pack-years,
duration, time since initiation, and time since quitting.

Several studies of smoking and colorectal cancer risk were conducted in Sweden,
producing mixed results. A random sample of 26 000 Swedish women were asked
about their smoking status in the early 1960s and then were followed for 26 years
(Nordlund et al. 1997). No significant association was observed, except for a
slight increase in smokers of 16+ cigarettes per day at baseline (RR = 1.42; 95%
CI = 0.77–2.60). However, this study was conducted before 1990. A case–control study
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(Baron et al. 1994) of 352 colon cancer cases and 217 rectal cancer cases found no asso-
ciation with tobacco, even among long-term smokers (40+) years. A cohort study of
Swedish construction workers did not find any association among 713 men with colon
cancer, and only a weak association with 505 rectal cancer cases (Nyrén et al. 1996).
Among men with 30+ years of smoking at the start of follow-up, the RR was 1.03 (95%
CI = 0.85–1.25) for colon cancer and 1.21 (95% CI = 0.96–1.53) for rectal cancer.
However, in a prospective cohort study of 17 118 Swedish twins, long-term heavy
tobacco use was associated with an increased risk of colorectal cancer (RR = 3.1, 95%
CI = 1.4–7.1) (Terry et al. 2001).

The only non-US, non-European studies were conducted in Japan. A Japanese study
of 59 male and 34 female colorectal cancer cases yielded null results (Tajima and
Tominaga 1985), but smoking became prevalent in Japan only in the 1950s and this
study was conducted from 1982 to 83. A hospital-based case–control study in Nagoya,
Japan (Inoue et al. 1995), examined ‘habitual’ smoking (both past and current) and
risk of colon cancer (n = 231) and rectal cancer (n = 201) over the years 1988–92. No
relationship was observed for colon cancer, but ‘habitual’ smoking was associated with
an increased risk of rectal cancer for both males (OR = 1.9; 95% CI = 1.1–3.2) and
females (OR = 1.7; 95% CI = 1.0–3.1). A recent case–control study in Tokyo (Yamada
et al. 1997) of 129 colorectal carcinoma-in situ cases, 66 colorectal cancers, and
390 controls from 1991 to 1993 found that cumulative exposure (pack years) to ciga-
rette smoking within the prior 20 years was significantly associated with risk for
colorectal carcinoma-in situ (RR = 3.7; 95% CI = 1.6–8.4 for ≥31 versus 0 pack-years;
P(trend) = 0.0003), whereas smoking until 20 years before the diagnosis was associated
with risk for colorectal cancer (RR = 5.0; 95% CI = 1.3–18.3; for ≥31 versus 0 pack-
years; P(trend) = 0.005).

Assessment of evidence that smoking causally
increases risk of colorectal cancer
The evidence summarized above strongly implicates long-term smoking as causally
related to risk of cancers of the colon and rectum. Particularly if one examines the
more recent studies, which can better study the impact of long-term smoking, the
results are remarkably consistent with few exceptions. The following characteristics of
the results support that this association is causal.

Firstly, in studies of US men with follow-up time exclusively after 1970, all
10 published studies report a positive association (Wu et al. 1987; Slattery et al. 1990,
1997; Giovannucci et al. 1994b; Heineman et al. 1994; Chyou et al. 1996; Le Marchand
et al. 1997; Hsing et al. 1998; Chao et al. 2000; Stürmer et al. 2000). In addition, all
5 published studies for US women with follow-up time in the 1990s report statistically
significant positive associations (Giovannucci et al. 1994a; Newcomb et al. 1995;
Le Marchand et al. 1997; Slattery et al. 1997; Chao et al. 2000). In studies conducted
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outside of the US, although there have been several notable non-supportive studies
(Baron et al. 1994; D’Avanzo et al. 1995; Nyrén et al. 1996; Nordlund et al. 1997), most
recent studies (Jarebinski et al. 1988, 1989; Tverdal et al. 1993; Inoue et al. 1995;
Tulinius et al. 1997; Welfare et al. 1997; Yamada et al. 1997; Knekt et al. 1998; Terry et al.
2001) found long-term smokers to be at elevated risk. Even accounting for possible
publication bias, that these findings are all due to chance is implausible.

Secondly, the studies of cancers are complemented by studies of adenomas, for
which almost all have supported an association with long-term smoking history.
Perhaps, associations with small adenomas are less compelling, because only a small
percentage progress to cancer and these are more prone to detection biases. However,
all of 12 studies that examined large adenomas found a positive association with smok-
ing history (Zahm et al. 1991; Honjo et al. 1992; Kune et al. 1992b; Lee et al. 1993;
Giovannucci et al. 1994a, b; Jacobson et al. 1994; Boutron et al. 1995; Longnecker et al.
1996; Terry and Neugut 1998; Nagata et al. 1999; Potter et al. 1999). Large adenomas
have acquired many genetic alterations observed in malignancies (Vogelstein et al.
1988), and the epidemiology for these lesions closely parallels that of cancers.

Thirdly, given the diversity of study designs for cancer, prospective, retrospective,
and endoscopy-controlled studies for adenomas, for men and for women in different
populations, it is unlikely that some consistent detection bias could account for all
these observations. In addition, some of the theoretical biases should be opposing
for adenomas and cancers. For example, if there is a stronger likelihood of smokers
with adenomas being more likely to be diagnosed than non-smokers with adenomas,
this should produce a positive detection bias for adenomas but a negative detection
bias for cancers because their precursors would be removed preferentially for smokers.
Also, while current smokers tend to have lower screening rates than the non-smokers,
past smokers (especially in populations such as physicians, health professionals, and
nurses) may have similar or even enhanced screening than never smokers, but both
current and past smokers are at increased risk for colorectal cancer.

Fourthly, in every study of cancer or large adenoma that has adjusted for various
potential confounders, results for smoking have not been appreciably attenuated. This
pattern exists even in studies that adjusted for numerous potential lifestyle factors (e.g.
physical activity, alcohol, diet) that could be plausibly related to tobacco use (Wu et al.
1987; Slattery et al. 1990, 1997; Giovannucci et al. 1994b; Newcomb et al. 1995; Chyou
et al. 1996; Le Marchand et al. 1997; Chao et al. 2000; Stürmer et al. 2000). Moreover,
past smokers, especially those who quit long in the past would tend to have different
covariate patterns than continuing smokers, yet associations with tobacco use have been
seen for both groups. Finally the relatively consistent findings for men and women in
diverse populations from various countries argue against confounding.

Fifthly, the association has a high degree of biologic plausibility. Cigarette smoking
is judged unequivocally to be causally related to at least eight different cancers, includ-
ing those not directly related to smoke, such as the pancreas, kidney, and bladder
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(U.S. Dept. of Health Education and Welfare et al. 1979). The burning of tobacco
produces numerous genotoxic compounds, including polynuclear aromatic hydro-
carbons, heterocyclic amines, nitrosamines, and aromatic amines (IARC Working
Group on the Evaluation of the Carcinogenic Risk of Chemicals to Humans 1986;
Manabe et al. 1991; Alexandrov et al. 1996; Hoffmann and Hoffman 1997). The large
intestine is exposed to these compounds either through the circulatory (Yamasaki and
Ames 1977) or digestive system (Kune et al. 1992a). DNA adducts to metabolites of
benzo[a]pyrene, a carcinogenic polycyclic aromatic hydrocarbon, are detected more
frequently in the colonic mucosa of smokers compared to non-smokers (Alexandrov
et al. 1996). DNA adduct levels in the normal-appearing colonic epithelium of colorec-
tal cancer patients occur at a higher frequency than in non-cancer patients (Pfohl-
Leszkowicz et al. 1995). The apparently long induction period of at least 3 or 4 decades
between the presumably genotoxic event and ultimately diagnosis of malignancy is con-
sistent with the natural history of colorectal cancer (Giovannucci and Martínez 1996).

Unresolved issues and implications
The data just summarized strongly support an association between smoking and risk
of colorectal cancer. Dose–response relations have been reported for pack-years, smok-
ing duration, smoking intensity, smoking history in the distant past, and younger age
at initiation of smoking. Relative risk comparing the high versus low categories of
these factors have generally been in the range of 1.3–1.8. As most of these variables
tend to be correlated, teasing out which are the most relevant factors is difficult,
although clearly those who began early and smoked most intensely for many years are
at highest risk. To what degree and how quickly risk drops after one ceases smoking
remains somewhat in question, but most data suggest that part of the excess risk
persists indefinitely in past smokers (Wu et al. 1987; Giovannucci et al. 1994a, b;
Slattery et al. 1997; Stürmer et al. 2000). Only one study (Chao et al. 2000) found that
the excess risk appears to approach zero after about 20 years since quitting. While
smoking at any age has numerous health benefits, for colorectal cancer the avoidance
of smoking at early ages appears particularly important.

Generally, associations have been observed for both colon and rectal cancers,
although, in several studies (Doll and Peto 1976; Chute et al. 1991; Inoue et al. 1995;
Nyrén et al. 1996), an association was observed or suggestive only with rectal cancer.
However, in one of these studies (Chute et al. 1991), with additional follow-up
(Giovannucci et al. 1994a), an association emerged for colon cancer. In most studies
that have distinguished among colon and rectal cancer, the association has been
stronger for rectal cancer (Tverdal et al. 1993; Doll et al. 1994; Giovannucci et al. 1994a;
Heineman et al. 1994; Newcomb et al. 1995; Chyou 1996 #6191; Chao et al. 2000),
though present for both. Overall, whether differences exist between the proximal and
distal colon has not been adequately addressed.
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Little is known whether smoking may preferentially increase risk of some molecular
sub-types of colorectal cancer, though some early evidence is provocative. In one study,
initiation of smoking at a young age and smoking for 35+ years was associated preferen-
tially with colorectal cancer categorized by microsatellite instability (Slattery et al.
2000). An additional study found a higher risk of mismatch repair-deficient colorectal
cancer in cigarette smokers (Yang et al. 2000). In another study (Freedman et al. 1996),
current smoking and total pack-years of smoking were not associated with colorectal
cancers that were positive for p53 mutations, but current and past smokers had a two-
fold risk of developing cancers without p53 overexpression, and a dose–response relation
was observed with increasing cigarette pack-years (P = 0.03). These findings suggest that
colorectal cancers related to smoking may proceed through a p53-independent pathway.

Most studies have focused on cigarette smoking, whereas relatively few have exam-
ined cigar or pipe smoking. In the large CPS II study, current smokers who had
smoked exclusively cigars or pipes were at elevated risk of colorectal cancer mortality
(multivariate RR = 1.34; 95% = 1.11–1.62) (Chao et al. 2000). Other studies have also
indicated that cigar/pipe smoking may increase risk of colorectal cancer (Hammond
and Horn 1966; Heineman et al. 1994; Slattery et al. 1997). As smoking of these prod-
ucts has increased in some segments of the population, further work in defining the
association for pipe and cigar smoking is important.

Another area where further work would be of interest is determining whether specific
individuals would be at higher risk because of their genetic background or other modi-
fiable behavior. While there have been a number of studies of polymorphic genes
encoding xenobiotic metabolizing enzymes in colorectal cancer, potential interactions
with tobacco have been examined in a relatively small proportion of these (Brockton
et al. 2000). This is a relatively untapped area. Only a few reports have considered
whether there are smokers at relatively higher or lower risk of colorectal cancer based
on behaviors or lifestyle characteristics.

In conclusion, the overall body of evidence indicates that colorectal cancer is a smok-
ing-related malignancy. Two factors probably have contributed to the fact that this has
not been appreciated until relatively recently. First, there appears to be a relatively long
time lag between onset of smoking and period of risk, and second, colorectal cancers
are common even in non-smokers so the population attributable risk has been
moderate compared to other malignancies. In the United States, estimates of the
population attributable risk due to smoking have been 21% of colorectal cancer in
men (Giovannucci et al. 1994b), 16% of colon cancer and 22% of rectal cancer in men
(Heineman et al. 1994); 12% of colorectal cancer mortality in men and women (Chao
et al. 2000), and 11% of colon cancer and 17% of rectal cancer in women (Newcomb
et al. 1995). From these estimates, approximately 7000–10 000 deaths from colorectal
cancer per year would be attributable to cigarette smoking in the US (Chao et al. 2000).
Because at least part of the excess risk appears to be permanent, the prevention of
smoking in the young is especially important for this malignancy.
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Chapter 26

Smoking and cervical neoplasia

Anne Szarewski and Jack Cuzick

Squamous cell cervical cancer is primarily related to sexual activity (reviewed by
Brinton 1992). Important risk factors are the number of sexual partners (of both the
woman and her male partner) and early age at first intercourse. Use of barrier methods
of contraception appears to be protective, whereas long-term use of the combined oral
contraceptive pill appears to increase risk (Moreno et al. 2002; Skegg 2002).
Overwhelming evidence now implicates the human papillomaviruses (HPVs), particu-
larly certain so-called ‘high-risk’ types (e.g. 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
and 68) as the causal sexually transmitted agents (Walboomers et al. 1999) although
other sexually transmitted infections such as chlamydia, herpes simplex virus (HSV),
and human immunodeficiency virus (HIV) may also have a role. The high frequency of
infection with HPV and the relative rarity of cervical cancer suggest that other factors
are needed to facilitate the carcinogenic process.

Winkelstein (1977) first drew attention to a possible role of cigarette smoking as a
cofactor. Several studies had previously reported an association but it had been dis-
missed as a confounding factor for sexual variables, assumed to be either unmeasured
or recorded inaccurately. Cigarette smoking and sexual behaviour are frequently
related and the strong link between sexual behaviour and cervix cancer makes the
evaluation of any relationship with smoking very difficult. However, as demonstrated
below, the overall epidemiologic evidence supports the hypothesis that smoking is
a cofactor or risk factor in its own right, even after controlling for sexual variables.
In addition, there is now a substantial body of evidence from studies which have
controlled for the effect of HPV, and which still show a significant effect of smoking.
Three possible biological mechanisms have been proposed to explain the association,
namely a direct carcinogenic effect on the cervix of cigarette smoke metabolites, an
indirect effect mediated by an alteration of the host immune response, and an effect on
antioxidants. These will be discussed later in this chapter.

We reviewed this topic extensively in the past (Szarewski and Cuzick 1998) and in this
chapter propose to mainly update that review. Readers are therefore referred to the pre-
vious publication for details of studies not fully covered or referenced here. An addi-
tional feature provided here is a series of forest plots of the individual studies, which
allow simple visualization of the data. We have focused on current smoking where the
data were available, but if not, have used ever smoking as the exposure variable. No specific
attempt has been made to summarize information on dose–response and duration.
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Cohort studies
We are aware of 11 cohort studies in this field, with varying endpoints and mostly with
limited information regarding smoking (Fig. 26.1). Ten of these show an increased risk
in smokers and most also exhibit a dose–response relationship. In general, however,
these studies did not adjust for sexual behaviour variables and this limits their value
for assessing an independent effect of smoking. Only one cohort study included testing
for HPV (Moscicki et al. 2001), but this study was small and concentrated on young
women so that the endpoints were incidence of HPV and LSIL in the cohort.

Case–control studies
We have previously reviewed case–control studies in detail (Szarewski and Cuzick
1998). In the last 6 years, the majority of new studies published have included HPV
testing and have therefore been of greater interest. Later in this chapter, we will
therefore concentrate on those studies.

There are 32 case–control studies which have addressed the relationship between
smoking and invasive cervical cancer (Eluf-Neto et al. 1994; Cuzick et al. 1996; Daling
et al. 1996; Hirose et al. 1996, 1998; Kjaer et al. 1996; Chichareon et al. 1998; Ngelangel
et al. 1998; Szarewski and Cuzick 1998; Atalah et al. 2001; Santos et al. 2001), summa-
rized in Fig. 26.2. Of these, 29 make some adjustment for sexual behaviour variables
and 21 show an increase in risk for current smokers, with relative risks for current
smokers generally between 1.5 and 2.0 after adjustment for sexual variables. In addition,
the majority also show a dose–response relationship.

Twenty case–control studies have specifically looked at carcinoma in situ or CIN 3
(Kjaer et al. 1996; Ho et al. 1998; Olsen et al. 1998; Roteli-Martins et al. 1998; Szarewski
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 Garfinkel 1980*

 Cederlof 1975*

 Hammond 1966*

Fig. 26.1 Smoking and cervical neoplasia: cohort studies. * Unadjusted.
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and Cuzick 1998; Ylitalo et al. 1999; Deacon et al. 2000; Kjellberg et al. 2000). All but
one show a positive relationship with smoking and a dose–response relationship
(Fig. 26.3). The adjusted odds ratios for current smokers are generally higher than
those reported for invasive cancer, ranging between 1.7 and 6.6. The reasons for this 
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Fig. 26.2 Smoking and cervical neoplasia: case–control studies—cancer. *Unadjusted; †Heavy
exposure group.
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Fig. 26.3 Smoking and cervical neoplasia: case–control studies—carcinoma in situ/CIN Grade 3.
*Unadjusted; †Heavy exposure group.
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are unclear, but could reflect a younger age group where current smoking is more 
prevalent.

Seven studies report data on both CIN (cervical intraepithelial neoplasia) and invasive
cancer (Szarewski and Cuzick 1998; Hildesheim et al. 2001; Lacey et al. 2001; Zivaljevic
et al. 2001). These studies generally encompass all grades of CIN and separate odds
ratios for CIN and cancer are not given. All but one of these studies show a positive
relationship with smoking, mostly with a dose–response, with adjusted odds ratios
between 1.6 and 7.0 (Fig. 26.4).

Sixteen studies have looked at CIN only, of all grades (Kjaer et al. 1996; Sasagawa et al.
1997; Szarewski and Cuzick 1998; Derchain et al. 1999; Scholes et al. 1999). All but one of
these show a positive relationship with smoking, with adjusted odds ratios between 1.4
and 5.8 for current versus never smokers (Fig. 26.5). Six studies show a dose–response,
three studies do not, and seven do not have appropriate data for this analysis.

It is of interest that some studies which have looked separately at low and high
grades of CIN have found that the relationship with smoking tends to be stronger for
the higher grades. For example, in the study by Cuzick et al. (1990), the adjusted odds
ratio for women with CIN 1 was 1.21 (NS), whereas for CIN 3 it was 1.72 (p < 0.05).
Schiffman et al. (1993) found a significant relationship of smoking with CIN 2/3 in
HPV positive smokers (RR 2.7, 95% CI 1.1–6.5), but not in those with low- grade CIN.
Similar results were reported by Vonka et al. (1984), Morrison et al. (1991), Brisson et al.
(1994), Kjaer et al. (1996), and Derchain et al. (1999) in which the percentage of
smokers increased steadily from controls to CIN 1, to high-grade CIN or cancer.
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Fig. 26.4 Smoking and cervical neoplasia: case–control studies—both cancer and CIN.
*Unadjusted; †Heavy exposure group.
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Luesley et al. (1994) studied 167 women referred to a colposcopy clinic with cervical
smears showing mild dyskaryosis. Histological outcome was made on the basis of a large
loop excision of the transformation zone (LLETZ). Current smoking was associated with
an odds ratio of 4.6 (CI 2.29–9.37) for high-grade disease (CIN 2 or worse). In addition,
lesion size was found to be significantly larger in smokers (p = 0.007). Similar results were
reported by Daly et al. (1998) who also reported a dose–response relationship between
the number of cigarettes smoked and the risk of high-grade disease in women with mild-
ly abnormal smears (OR 5.85, 95% CI 1.92–17.80 for women who smoked more than 20
cigarettes per day). Unfortunately, these studies did not include testing for HPV and did
not adjust for sexual variables other than parity and contraceptive status.

Interaction with the human papillomavirus (HPV)
In 1982, Zur Hausen suggested that the HPV might be the primary cause of cervical
cancer. Although it appears to be one of the few complete carcinogens (i.e. not necessar-
ily requiring other cofactors) it is clear that carcinogenicity is greatly accelerated when
cofactors are present. He postulated that, in the case of cervical cancer, both smoking
and HSV were possible cocarcinogens. Since then, the evidence implicating HPV as the
major causal agent has become overwhelming, with a number of high-risk types identi-
fied, in particular types 16 and 18 (Munoz et al. 1992; Walboomers et al. 1999).

The number of studies which have included information both on smoking and
presence of HPV infection has increased considerably in recent years. Early studies
used assays of limited accuracy, but more recent studies have mostly used a consensus
PCR system or hybrid capture II. These studies will now be considered in greater detail
(Figs. 26.1–26.5).
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Fig. 26.5 Smoking and cervical neoplasia: case–control studies—CIN of all grades. *Unadjusted.
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Reeves et al. (1987) were the first to use HPV typing in his case–control study of cervical
cancer cases in Latin America. Unfortunately, the method chosen was filter in situ
hybridization (FISH) which is now known to be of low sensitivity and specificity. There
was no dose–response information from this study, but the unadjusted odds ratio for cur-
rent smoking (number/day not specified) was 2.88 (95% CI 1.2–6.6). The results from this
study are of limited value in view of the lack of a sexual behaviour adjusted odds ratio.

Herrero et al. (1989) reported another Latin American study of cancer cases, again
using FISH for HPV detection. In this study, only 30 per cent of cases and controls had
ever smoked for more than 6 months, and over half of these (in both groups) had
smoked less than 10 cigarettes per day. This study did not show an overall effect of
smoking (RR 1.7, 95% CI 0.8–3.6), but it is interesting that within the subgroup of
women who were positive for HPV 16/18 there was some additional increased risk
with smoking (RR 6.3, 95% CI 4.3–9.2), after adjustment for other sexual variables,
and also a dose–response relationship (RR for >10/day 8.4, 95% CI 4.4–16.2).

Bosch et al. (1992) reported a Spanish/Latin American study of invasive cancer cases,
using a consensus PCR technique to evaluate HPV status. The results were presented
separately for Spain and Colombia, as there were some differences between the two
countries. In Spain, only 26 per cent of the cases and 17 per cent of the controls had
ever smoked, while in Colombia 50 per cent of the cases and 40 per cent of the controls
had ever smoked. No information was available regarding the amount smoked.
After adjusting for HPV and sexual variables, smoking was only marginally significant
in this study (combined odds ratio 1.5 (95% CI 1.0–2.2)).

A study by Munoz et al. (1993) was carried out in parallel with the one by Bosch et al.
(1992), this time looking specifically at cases with CIN 3/carcinoma in situ rather than
invasive cancer. In Spain 59 per cent of cases and 34 per cent of controls were current
smokers; in Colombia 38 per cent of cases and 14 per cent of controls were current
smokers. However, in Spain 19 per cent of cases and 46 per cent of smoking controls
had smoked for less than 5 pack-years and in Colombia the figures were 60 per cent of
cases and 49 per cent of controls. Thus, even if the women smoked, they tended to be
relatively light smokers. In Spanish women, although a significant overall association
with current smoking was not found, there was a dose–response relationship (p = 0.003),
with an odds ratio of 3.1 (95% CI 2.0–4.7) for smokers of more than 5 pack-years.
In Colombia, there was an association with current smoking, odds ratio 2.0 (95%
CI 1.3–3.0), but no clear dose–response (p = 0.09).

The International Agency for Research on Cancer (IARC) has carried out a series of
studies in developing countries. These studies (Eluf-Neto et al. 1994; Chichareon et al.
1998; Ngalangel et al. 1998; Santos et al. 2001) have had a similar design and so will be
discussed together. Women with invasive cancer were recruited, with controls from
the same hospital. HPV testing was performed by the G5+/G6+ consensus PCR.
A common problem in these studies is that relatively few women smoked, reducing
their statistical power. In addition, smokers tended to smoke fewer than 10 cigarettes
per day. Both squamous and adenocarcinoma were included, but not always reported
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separately (because of small numbers). The studies which looked at adenocarcinoma
separately (Chichareon et al. 1998; Ngelangel et al. 1998) did not find a significant
association with smoking. Three studies (Chichareon et al. 1998; Ngelangel et al. 1998;
Santos et al. 2001) present results only from HPV positive cases and controls. However,
this reduces the number of women still further and, although all show an elevated OR
for smoking, none is statistically significant. IARC recognized that the individual studies
lacked power and has recently published a meta-analysis (using only HPV positive
cases and controls), which shows a significant association with smoking (OR 2.04, 95%
CI 1.32–3.14) and a dose–response effect (Plummer et al. 2003).

Lacey et al. (2001) presented results for both adenocarcinoma and squamous cancer
from a multi-centre study in the USA. Interestingly, there was a suggestion that current
smoking was inversely related with adenocarcinoma, with an odds ratio of 0.6 (95% CI
0.3–1.1), though only 18 per cent of the 124 cases and 22 per cent of the 307 controls
smoked. Numbers for the squamous cancer analysis were also small, with 91 invasive
and 48 in situ cases, of whom 43 per cent smoked. There was a positive, though non-
significant, association with current smoking (OR 1.6, 95% CI 0.9–2.9). HPV testing
(by consensus PCR) was not carried out on all women and some only had post-treatment
samples, which may have reduced the power of the study further.

Hildesheim et al. (2001) included both cancer and CIN in their Costa Rican study.
The analysis was restricted to HPV positive cases and controls (using both hybrid
capture II and PCR). Despite the fact that only 12 per cent of cases and 6 per cent of
controls were smokers, a significant association was found with current smoking (OR,
2.3 95% CI 1.20–4.3) and there was a dose–response relationship for those smoking
more than six cigarettes per day, having an odds ratio of 3.1 (95% CI 1.2–7.9).

Becker et al. (1994) compared Hispanic with non-Hispanic women in a university
gynaecology clinic in New Mexico. HPV status was determined by a consensus PCR.
Incident cases of CIN 2/3 were included, with the majority of both cases and controls
(64%) being of Hispanic origin. The women were relatively young, with a median age of
26 and a range of 18–40 years. An increased risk of CIN 2/3 in current smokers persisted,
even after adjustment for HPV (OR 1.8, 95% CI 1.1–3.0). Interestingly, a separate analy-
sis by ethnic group showed that current smoking was significant only in non-Hispanic
women, though the difference between the ethnic groups was not statistically significant.

Olsen et al. (1995) reported on women with CIN 2/3 in Norway, using PCR methods
for HPV assessment. The women were relatively young (median age 31/32 years, range
20–44 years). They found a very strong association between HPV 16 and high-grade
disease (adjusted OR 182.4, 95% CI 54.0–616.1). Information on smoking status was
limited to ever versus never smokers; the crude OR of 4.1 (95% CI 2.1–8.1) was
reduced to 1.5 (95% CI 0.5–4.3) after adjustment for HPV.

A further analysis of these data (Olsen et al. 1998) showed that HPV positive women
who smoked were at greater risk of CIN 2/3 than HPV positive women who did not
smoke (OR 2.54, 95% CI 1.13–5.72). In addition, statistical testing showed that 74 per
cent of cases were attributable to the joint effect of smoking and HPV positivity.
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Morrison et al. (1991) used a combination of Southern blotting and polymerase
chain reaction (PCR) techniques to assess HPV status in his study, conducted in
New York. This case–control study did not include cancer cases, restricting itself to CIN
(of any grade). Once again, a high proportion of both cases (53%) and controls (44%)
were of Hispanic origin and relatively few women (20% of cases and 9% of controls)
smoked more than 10 cigarettes per day. The study showed an increased risk in
smokers (OR 3.0, 95% CI 1.1–8.1) and a dose–response relationship, but the association
was no longer significant after adjustment for HPV.

Schiffman et al. (1993) reported a case–control study from a health screening clinic in
Oregon, using consensus PCR for determination of HPV status. Cases and controls were
chosen on the basis of cytology results, which introduced misclassification problems in
both case and control groups. Although not all cases had colposcopy and biopsy, of those
who did, the majority were low-grade lesions. Based on cytology, there were 450 low-
grade lesions and 50 of high grade. Thirty-five per cent of cases and 20 per cent of controls
were current smokers; no data were presented regarding amount or duration of smoking.
An increased risk in current smokers was observed (RR 1.7, p < 0.05), but this was no
longer significant after adjustment for HPV (RR 1.2, 95% CI 0.8–1.8). However, an ancil-
lary analysis showed that among HPV positive women, current smokers were almost three
times as likely to have CIN 2/3 as non-smoking women (RR 2.7, 95% CI 1.1–6.5).

Kjaer et al. (1996) showed that even after adjustment for sexual behaviour and the
presence of HPV (detected by consensus PCR), smoking remained an independent risk
factor for both low- and high-grade cervical abnormalities (as measured by cytology).
The adjusted relative risks (RR) were 1.8 (95% CI 1.1–2.8) for low-grade abnormalities
and 2.3 (95% CI 1.3–4.2) for high-grade abnormalities. The study also showed that
current smoking was a significant risk factor in both HPV positive (OR 1.9, 95% CI
1.2–3.2) and HPV negative women (OR 2.4, 95% CI 1.3–4.6).

Roteli-Martins et al. (1998) compared risk factors in women with biopsy-proven CIN
1 with those who had high-grade CIN, in their study in Brazil. HPV testing was per-
formed by Hybrid Capture I. The 77 women were between 20 and 35 years of age.
Smokers were significantly more likely to have high-grade CIN (35 per cent of women
with CIN 1 smoked vs. 78 per cent of those with CIN 2/3, p < 0.001) and there was a trend
towards an increasing risk with increasing duration of smoking (p = 0.07). In addition,
smokers were significantly more likely to test positive for high-risk HPV types (p = 0.046).

Ho et al. (1998) also used women with CIN 1 as controls for those with high-grade
CIN in their study from New York. In this larger study of 348 women, 90 per cent were
Hispanic or Black. HPV testing was performed by PCR and Southern blotting. It was
found that the risk of having CIN 3 was significantly greater in smokers (OR 2.37, 95%
CI 1.09–5.15) and increased with the number of cigarettes smoked per day (p = 0.03)
and duration of smoking (p = 0.02). This was not the case for CIN 2, however (OR for
current smoking 1.46, 95% CI 0.67–3.19).

Ylitalo et al. (1999) in Sweden used all women without CIN 3 as controls for those
with CIN 3 (thus the control group included even those with CIN 2). This was a
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case–control study nested in a screening cohort, so HPV testing for types 16 and 18 
only was performed on archival smears by PCR. A doubling of risk for CIN 3 was
found in current smokers (OR 1.94, 95% CI 1.32–2.85). The effect of smoking
remained significant in women who were HPV positive (OR 2.34, 95% CI 1.28–4.27),
but not in those who were HPV negative.

A similar nested case–control study was carried out by Deacon et al. (2000), and
once again any women without CIN 3 were used as controls for those who had CIN 3.
There were 199 HPV positive cases (by PCR), 181 HPV positive controls, and 203 HPV
negative controls. The risk factors for HPV positivity and having CIN 3 were different,
with smoking significant (with a dose–response) for CIN 3 (OR 2.57, 95% CI
1.49–4.45) but not for HPV infection. The authors suggest that this provides evidence
for a synergism of smoking with HPV to cause cervical neoplasia.

Kjellberg et al. (2000) in Sweden looked at 137 women with high-grade CIN and 253
age-matched controls. HPV testing was performed by PCR. Smoking was significantly
associated with high-grade CIN even after adjustment for the presence of HPV (OR
2.6, 95% CI 1.2–5.6). In addition, there was a dose–response for both duration and
amount of smoking (adjusted OR for >15/day 6.0, 95% CI 2.7–13.3).

Sasagawa et al. (1997) in Japan found that smoking was a significant risk factor for
invasive cancer after adjustment for HPV (OR 5.8, 95% CI 1.8–19.0), but not for CIN
(OR 1.6, 95% CI 0.63–4.0). Smoking significantly elevated the risk of having an HPV
infection (by PCR) in controls (OR 2.7, 95% CI 1.1–6.9) but not cases (OR 1.4, 95% CI
0.38–5.4), most of whom were in any case HPV positive.

Derchain et al. (1999) compared women with biopsy-proven CIN with those whose
biopsies were normal (despite an abnormal colposcopy). After adjustment for the
presence of HPV (by Hybrid Capture I), smoking was still associated with increased
risk of high-grade CIN (OR 4.37, 95% CI 1.48–12.92).

Coker et al. (2002) have looked at both active and passive smoking as risk factors for
CIN, using hybrid capture I as their HPV test. Current smoking was associated with a
non-significant increase in risk of high-grade CIN (OR 1.81, 95% CI 0.71–4.6), with a
similar, but again non-significant odds ratio for passive smoking exposure (OR 2.05,
95% CI 0.77–6.2).

The relationship between smoking and HPV infection
Ley et al. (1991) investigated HPV prevalence in a screening population, using PCR
methods for HPV detection. The study consisted of a cross-sectional sample of 467
women attending a university health clinic in California for routine screening. The
women were young (median age 22 years), mostly white (72%) and non-Hispanic
(87%). On initial analysis, current smoking was correlated with presence of HPV (OR
2.3, 95% CI 1.1–5.2). The study did not investigate the women further and therefore no
information is available regarding cervical abnormality in the two groups.

Rohan et al. (1991) conducted a similar cross-sectional university health clinic
screening study, in Toronto. In this study, 105 women attending for routine cervical
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screening had samples taken for HPV typing (types 6, 11, 16, 18, and 33) by PCR. Once
again, these women were young, with a mean age of 23 (range 20–27 years). Current
smokers were more likely to have HPV infection of any type (OR 9.5, 95% CI 2.3–39.5).
Ever-smokers were also more likely to be infected with HPV, of any type (OR 4.8, 95%
CI 1.6–14.2) and of HPV 16 (OR 5.8, 95% CI 1.5–22.3). None of the women had an
abnormal smear and no further investigations were performed.

Burger et al. (1993) in a study of 181 women with abnormal cervical smears found
that the prevalence of HPV types 16, 18, and 33 (as measured by PCR) increased in
accordance with the number of cigarettes smoked (χ2

trend
= 10.75, 1 df, p = 0.001) even

after adjustment for sexual variables.
In a separate, though overlapping study, Burger et al. (1996) found that the likeli-

hood of women with CIN being HPV positive (by PCR) again increased significantly
as their smoking intake increased (OR for >20/day 3.11, 95% CI 1.16–8.29).

Fairley et al. (1995) looked at the effect of stopping smoking in 49 women who origi-
nally tested positive for HPV. Based only on self-reports, no significant difference in
HPV positivity (measured by PCR in material collected from tampons) at one year was
found between the women who reported stopping smoking completely and the
remaining women, some of whom were reported ‘partial quitters’.

Chan et al. (2002) in a study of over 2000 women attending for routine screening
found that current smoking was significantly associated with the presence of high-risk,
but not low-risk HPV types (by PCR). The odds ratio for current smoking was 3.34
(95% CI 1.76–6.35).

Moscicki et al. (2001) carried out a longitudinal study in women aged 13–20 years
in San Francisco. Women who were HPV negative at the beginning of the study were
followed up for a median of 50 months. Smoking was not associated with development
of incident HPV infection, but was a significant risk factor for development of low-
grade CIN, in women who were HPV positive (OR 1.67, 95% CI 1.12–2.48), suggesting
that HPV infections are more likely to lead to CIN in smokers.

Four studies (Hildesheim et al. 1994; Ho 1995; Liu et al. 1995; Remmink et al. 1995)
have looked at factors affecting persistence of HPV infections. Of these, one showed no
effect of smoking (Ho et al. 1995) and one did not collect enough information on smok-
ing behaviour for analysis (Remmink et al. 1995). Liu et al. (1995) carried out a 6-month
intervention trial of folate supplementation, in which they found that heavy smokers had
a lower risk of progression of dysplasia (RR 0.79, 95% CI 0.66–0.94). Hildesheim et al.
(1994) also found a lower risk of persistent HPV infection in current smokers compared
to never smokers (OR 0.22, 95% CI 0.06–0.79). None of these studies was specifically
designed to look at the effect of smoking and all had little information on smoking behav-
iour (indeed, too little for analysis in the case of Remmink et al. 1995). Several ongoing
cohort studies should provide more definitive evidence on this important question.

Bosch and Munoz have published further analyses of the studies carried out in Spain
(Bosch et al. 1996) and Colombia (Munoz et al. 1996). They have looked at the effect of
male sexual behaviour and penile HPV carriage on the risk of cervical cancer and CIN 3 in
the wives. In Spain, the presence of HPV DNA in the male (measured by PCR) conveyed a
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five-fold risk of cervical cancer for the wives (OR 4.9, 95% CI 1.9–12.6). However, even
after controlling for the presence of HPV DNA, other infections, sexual behaviour, and the
wife’s smoking habit, smoking by the male partner was still a significant risk factor for cer-
vical cancer (OR 2.8, 95% CI 1.8–4.4) and showed a dose–response relationship (OR for
>26 pack years 3.3, 95% CI 2.0–5.5). In Colombia, by contrast, the presence of penile HPV
DNA was not a significant factor (OR 1.2, 95% CI 0.6–2.3). However, after adjustment for
the presence of HPV DNA and sexual behaviour, smoking was once again a significant
factor, though less strongly than in the Spanish study (OR 1.7, 95% CI 1.1–2.5), with a sug-
gestion of a dose–response relationship (OR for >26 pack-years 2.0, 95% CI 1.0–3.9).

Intervention studies
An intervention study (Szarewski et al. 1996) found a significant correlation between
the extent of smoking reduction and reduction in the size of minor-grade lesions over
a 6-month period. This study also looked at the effect of smoking reduction on
immunological parameters (see below).

Possible mechanisms

Direct effects
During the last decade, evidence has accumulated to support a direct biological mechanism
for the association of smoking with cervical neoplasia. It has been shown that nicotine and
cotinine are both found in cervical mucus possibly at concentrations that are higher than
in serum (Sasson et al. 1985; Hellberg et al. 1988). It has also been reported that the mucus
concentrations correlate with reported cigarette consumption (Schiffman et al. 1987;
McCann et al. 1992; Prokopczyk et al. 1997). Nicotine can be converted to nitrosamines,
which are known to be carcinogenic (Hoffman et al. 1985), but polycyclic aromatic
amines in cigarette smoke are thought to be more important for other sites. Studies have
shown malignant transformation of HPV 16-immortalized human endocervical cells by
cigarette smoke condensate (Nakao et al. 1996; Yang et al. 1996, 1997, 1998). In addition,
DNA adducts (Simons et al. 1995; Mancini et al. 1999) and other evidence of genotoxic
damage (Cerqueira et al. 1998) are detectable in cervical exfoliated cells. Winkelstein (1977)
has pointed out that smoking is strongly associated with squamous cell carcinoma at other
sites (lung, bladder) and that the vast majority of cervical carcinomas are of this type.

Immunologic effects
Immunosuppression is associated with an increased risk of cervical neoplasia and there
is some evidence that smoking may induce immunological changes in the cervix. Women
who are on immunosuppressive therapy are known to be at increased risk of developing
condylomas, CIN, and cervical carcinoma (Porecco et al. 1975; Schneider et al. 1983;
Sillman et al. 1984; Penn et al. 1986; Sillman et al. 1987; Alloub et al. 1989). In addition, a
recent study (Alloub et al. 1989) has shown that these women are more likely to show
positivity for HPV 16/18; in this study, 27 per cent of the immunosuppressed women
versus 6 per cent of the controls were positive for HPV 16/18 (p < 0.005).
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Women infected with the HIV have been shown to be at higher risk of developing both
HPV infection and CIN (Byrne et al. 1989; Maiman et al. 1990; Johnson et al. 1991;
Schafer et al. 1991; Vermund et al. 1991; Mandelblatt et al. 1992; Maggwa et al. 1993).
Since these conditions share many of the same risk factors, confounding is always a pos-
sibility. However, it does appear that the degree of immunosuppression (as measured by
CD4/CD8 ratio) in HIV positive women is related to the risk of CIN (Schafer et al. 1991;
Conti et al. 1993) and also to the risk of recurrence of CIN after treatment (Maiman et al.
1993). It has been suggested that, by virtue of its immunosuppressive effects, HIV infec-
tion may facilitate infection with HPV and may also promote the effect of HPV in cervical
carcinogenesis (Matorras et al. 1991; Vermund et al. 1991; Conti et al. 1993).

There is still controversy as to which immune parameters might be affected by
smoking. In 1978 Rasp reported an impairment in adhesion of alveolar macrophages
in smokers, which appeared to be reversible on cessation of smoking. Miller et al.
(1982) found a reduced CD4/CD8 ratio in the blood of heavy smokers compared to
non-smokers, and showed that the CD4/CD8 ratio returned to normal 6 weeks after
cessation of smoking.

In recent years, attention has focused on the possible effect of smoking on
Langerhans cells, epithelial dendritic cells which appear to have an important role in
presenting antigen to T lymphocytes (Stingl et al. 1978; Hauser et al. 1992). It has been
shown that application of a known skin carcinogen in mice results in a marked deple-
tion of Langerhans cells (Muller et al. 1985). Smokers have been shown to have a
reduced cutaneous inflammatory response to standard test irritants (Mills et al. 1993).

A number of studies have assessed the relationship between cervical neoplasia, HPV,
and Langerhans cells. There is general agreement that Langerhans’ cell density is
reduced in the presence of HPV infection (Morris et al. 1983; Vayrynen et al. 1984;
Caorsi et al. 1986; McArdle et al. 1986; Tay et al. 1987; Hawthorn et al. 1988; Morelli
et al. 1993). However, some studies show that Langerhans’ cell density is also reduced
in CIN (Tay et al. 1987; Morelli et al. 1993; Szarewski et al. 2001), while others suggest
that it is increased (Morris et al. 1983; Vayrynen et al. 1984; Caorsi et al. 1986; McArdle
et al. 1986; Hawthorn et al. 1988). Interestingly, Morelli et al. (1993) compared
Langerhans’ cell density across the grades of CIN and found a decrease in CIN 1 (compa-
rable to that seen with HPV infection) and an increase in the higher grades. A contrasting
pattern was found by Spinillo et al. (1993), who showed a significant reduction in
Langerhans’ cell counts in HIV positive women who had CIN, compared with HIV neg-
ative controls. In this study, Langerhans’ cell density was reduced in HIV positive women
even after adjusting for the presence of HPV by in situ hybridization. In addition, signifi-
cantly lower Langerhans’ cell counts were found in high-grade compared with low-grade
CIN. These studies are complicated by different techniques of measuring Langerhans’
cell density, which may at least in part, account for the discrepancies observed.

Daniels et al. (1992) studied the effect of smokeless tobacco on Langerhans’
cell density in oral mucosal premalignant lesions (leukoplakia) and found it to be
significantly reduced. However, Cruchley et al. (1994) found no such reduction in the
normal oral mucosa of smokers.
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Barton et al. (1988) showed a reduction in Langerhans’ cell counts in cervical biopsies
from women with both CIN and HPV infection. In addition, current smokers had
significantly reduced Langerhans’ cell counts compared to non-smokers in both
normal epithelium (p = 0.005) and biopsies showing CIN and/or HPV (p = 0.03). Poppe
et al. (1995, 1996) confirmed these findings (in normal epithelium) and also showed a
reduction of CD4 lymphocytes in the normal epithelium of smokers. However, Poppe
et al. (1996) failed to show a correlation between the number of cigarettes smoked
daily and the Langerhans’ cell counts. Barton et al. (1988) did not distinguish between
different smoking levels, differentiating only between current, ex-, and non-smokers.

By contrast, Szarewski et al. (2001) showed a significant increase in the number of
Langerhans’ cells with increasing levels of smoking, as measured by salivary cotinine lev-
els. This study assessed changes in both Langerhans’ cells and lymphocytes when women
attempted to give up smoking: a significant trend towards a reduction in cell count with
stopping smoking was found for Langerhans’ cells (p = 0.05), total lymphocytes (p = 0.02),
and CD8 lymphocytes (p = 0.05). Heavy smoking was also significantly associated
(p = 0.02) with an increased chance of persistence of HPV in cervical biopsies.

Other immune parameters may also be involved in the aetiology of cervical HPV
infection and CIN. A decrease in T cell counts, particularly of the CD4 component, has
been reported, resulting in a reversed CD4/CD8 ratio (Tay et al. 1987). In the study of
HIV positive women by Spinillo et al. (1993), both the reduction in Langerhans’ cell
count and increasing grade of CIN were correlated with a progressively greater reversal
of the blood CD4/CD8 ratio. Several studies (Turner et al. 1988; Kesic et al. 1990;
Soutter et al. 1994) have shown a lower CD4/CD8 ratio in the peripheral blood of
women with CIN, compared to colposcopically normal controls. In the study by
Soutter et al., laser treatment of the CIN resulted in a rise in the CD4/CD8 ratio.
The specific effects of smoking were not, however, evaluated in these studies.

Future studies need to take into account cytokine interactions, which recent studies
suggest may be influenced by smoking (Eppel et al. 2000) and are significant in the
immune response to HPV and CIN (Mota et al. 1999; Stanley et al. 1999).

Antioxidants
In recent years another aspect of the effect of smoking has come to light. It appears that
smokers have a significantly different intake of many nutrients compared to non-smokers,
and, in particular, a lower intake of foods providing antioxidants (Cade et al. 1991;
Wichelow et al. 1991; Margetts et al. 1993). Smoking itself generates about 1015 free radicals
with each puff, increasing the requirement for antioxidants which protect cells from dam-
age by free radicals (Church et al. 1985). Smokers have been shown to have lower plasma
levels of antioxidants compared with non-smokers (Palan et al. 1996). Not only do smokers
have lower intakes of antioxidants such as β-carotene, α-tocopherol, and ascorbic acid,
but, for a given intake, smokers have lower circulating blood levels of these vitamins com-
pared to non-smokers (Stryker et al. 1988; Margetts et al. 1993). It has been suggested that
the dietary intake of smokers and the metabolic effects of smoking on nutrient metabo-
lism increase the risk of oxidative tissue damage in smokers above that which might be
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expected from the free radicals generated by smoking itself (Halliwell et al. 1993; Margetts
et al. 1993). This may be of relevance to cervical neoplasia, where a number of studies have
suggested a protective effect of antioxidant vitamins such as vitamin E (α-tocopherol),
vitamin C (ascorbic acid) and β-carotene (Wassertheil-Smoller et al. 1981; Marshall et al.
1983; Romney et al. 1985; La Vecchia et al. 1988; Verreault et al. 1989; Cuzick et al. 1990;
Slattery et al. 1990; Basu et al. 1991). Although the role of dietary factors in cervical neopla-
sia is still unclear, it, and the possible link with smoking, merits further investigation.

Adenocarcinoma

Adenocarcinoma of the cervix is relatively rare by comparison with the squamous cell
type, accounting for approximately 5–10 per cent of all cervical cancer. However, the
incidence appears to be increasing, particularly in young women (Kjaer et al. 1993).
Studies in this field are limited by the rarity of the disease, which results in small num-
bers for comparison. This topic has been well reviewed by Kjaer et al. (1990); however, it
is interesting to note that sexual behaviour, in particular, the number of sexual partners,
and also HPV types 16 and especially 18, appear to be more strongly linked to adeno-
carcinoma than has previously been suspected. There are four studies (Parazzini et al.
1988; Brinton et al. 1990; Chichareon et al. 1998; Ngelangel et al. 1998) so far with suffi-
ciently large numbers to present results for smoking in relation to adenocarcinoma,
but even these have few cases. None has found a significant association. Larger studies are,
however, needed before definite conclusions can be drawn.

Conclusion
Epidemiologic evidence strongly links smoking with squamous cell cervical cancer and
high-grade CIN. However, some controversy still exists as to whether the link is causal or
in some way reflects residual confounding with unmeasured aspects of sexual behaviour
(Phillips et al. 1994). Attempts to adjust for sexual behaviour through variables such as age
at first intercourse and number of sexual partners have generally reduced the strength of
the relationship with smoking, but it has not disappeared: it remains at or above two-fold
for current smokers and shows a dose–response relationship in many studies.

Recent studies which have collected data on HPV infection have further complicated
the interpretation of the data. This is partly due to the much higher odds ratios found
for HPV infection, which is clearly the major risk factor. In general, cases tend to be
almost universally HPV positive whereas controls are primarily HPV negative, so that
adjustment essentially results in a comparison of (HPV positive) cases to HPV positive
controls. This situation leads to difficulties in obtaining an adequate number of HPV
positive controls. Nevertheless, adjustment for HPV infection has not substantially
reduced the odds ratios for smoking.

The current HPV-adjusted studies have two further major limitations. There is a
concentration on women from developing countries, who generally smoke less and in
whom other cofactors, such as other sexually transmitted diseases, may be more
important. These studies have generally found positive odds ratios for smoking but
have not been individually significant. European studies have had similar odds ratios
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(typically around two-fold), but because of the greater prevalence of smoking, these
studies have more often been statistically significant.

More fundamental is the possibility that smoking leads to a weakened immune
response which in turn increases the likelihood that an HPV infection will become
persistent. If this were true, the persistent HPV infection becomes an intermediate
endpoint, and adjusting for it would incorrectly indicate no effect of smoking on
carcinogenesis. However, it is possible that smoking is in fact increasing the likelihood
that an infection will become persistent.

To address these issues, further case–control studies are needed in non-Hispanic
women with high-grade CIN and cancer. It is essential that detailed smoking histories
are recorded and HPV assays by PCR techniques are performed. Controls can provide
valuable information as to whether HPV positivity is increased in smokers in the
absence of disease, which would shed light on its role in persistence of HPV infection
in older women. Useful information about this should come from the current studies
of HPV testing in primary screening (Clavel et al. 2001, Petry et al. 2003, Cuzick et al.
2003). Ideally, HPV positive controls should be tested again after one year to more
accurately evaluate this hypothesis. In addition there is a need for cohort studies in
young women which examine the factors leading to persistent HPV infections.
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Chapter 27

Tobacco and pancreas cancer

Patrick Maisonneuve

Introduction
In developed countries, pancreas cancer is the 10th most common form of cancer in
men and the 9th most common form of cancer in women, but because of its very poor
prognosis, it ranks as the fourth most common cause of cancer deaths in both sexes
(Ferlay et al. 2000).

The risk of pancreatic cancer increases rapidly with age, with 80% of the cases being
diagnosed after age 60. Pancreatic cancer has been predominantly a male disease,
presumably because of past differences in smoking habits, but the sex ratio decreases
with increasing age. Blacks are 50% more likely to contract pancreatic cancer than
whites (Coughlin et al. 2000). The cause for this racial difference is poorly understood.
There is little evidence to suggest that blacks smoke more than white, but suggestive
evidence that there are racial differences in the ability to degrade carcinogens
contained within tobacco smoke (Richie et al. 1997).

Risk factors for pancreas cancer comprise a diet rich in meat and fat, past medical
history of pancreatitis or diabetes, exposure to certain chemicals, and hereditary
factors, but tobacco smoking remains the major recognized risk factor for pancreatic
cancer.

Prospective studies
The strongest evidence of the association between cigarette smoking and pancreatic
cancer comes from a series of large prospective studies.

In 1966, Hammond and Horn investigated the relation between smoking and death
rates in a large prospective study of one million US men and women (Hammond and
Horn 1966). Between October 1959 and February 1960, 1 078 894 men and women
were enrolled in the study and completed a detailed questionnaire including smoking
habits. After 3 years of follow-up, the pancreatic cancer mortality ratio for men who ever
smoked regularly compared to men who never smoked was 2.69 for subjects aged 45 to 64
and 2.17 for subjects over 65 years of age. For women aged 45 to 64, the mortality ratio
was 1.81 for women who ever smoked regularly and 2.58 for women classified as
“Heavier” cigarette smokers. (At that time, many female cigarette smokers smoked
only a few cigarettes a day, did not inhale, and had been smoking for only few years.)
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Similar results were found in a second similar prospective mortality study of 1.2
million American men and women enrolled in 1982 (Coughlin et al. 2000). Eighty percent
of subjects were between the ages of 43 and 71. After 14 years of follow-up, cigarette
smoking at baseline was associated with a two-fold risk of fatal pancreatic cancer in
males. For former smokers, the risk decreased to levels similar to that of non-smokers
20 years after cessation.

Another large prospective study including 34 440 male British doctors recruited in
1951 provided strong evidence of the association between cigarette smoking and pan-
creatic cancer. After 20 years of observation, the annual age-standardized pancreatic
cancer death rate per 100 000 men was 14 in non-smokers, 12 in ex-smokers, 14 in
current smokers of less than 14 cigarettes/day, 18 in current smokers of 15–24
cigarettes/day, and 27 in current smokers of 25 or more cigarettes/day. No association
was found for pipe or cigar smokers only (Doll and Peto 1976). After 40 years of obser-
vations, compared to never smokers, the mortality ratio was 1.4 for ex-smokers, 1.8 for
current smokers of less than 25 cigarettes/day and 3.1 for current smokers of 25 or
more cigarettes/day (Doll et al. 1994).

A combined analysis of two large ongoing prospective studies, the Nurses’ Health
Study and the Health Professionals Follow-up Study, including 118 339 women and
49 428 men again demonstrated a 2.5 fold increased risk of pancreatic cancer for current
smokers (Fuchs et al. 1996). A significant positive trend in risk with increasing pack-years
of smoking was observed (p = 0.004) however confined to cigarette consumption within
the past 15 years. Former smokers had a 48% reduction in pancreatic cancer risk within
2 years of quitting and the risk of pancreas cancer among former smokers approached
that for never smokers after less than 10 years of smoking cessation. It was also estimated
from this study, that 25% of pancreatic cancers may be attributable to cigarette smoking.

Of interest, another large prospective cohort study was conducted in an elderly
population consisting of 13 979 residents of a retirement community (Shibata et al.
1994). About 80% of the cohort members were between 65 and 85 years of age at entry
in the study. After 9 years of follow-up, 65 pancreatic cancer cases had been identified
and smoking was associated only with a modest non-significant elevation in risk
indicating that, most likely, subjects susceptible to tobacco carcinogens would develop
pancreatic cancer before reaching old age.

Case–control studies
In parallel to these large prospective studies, a large number of case-control studies
have been conducted but, because pancreatic cancer is a very lethal disease, many of
these studies were based on either retrospective data or on information gathered from
proxy respondents, in which smoking habits may not be completely reliable. Still the
vast majority of these studies identified cigarette smoking as a risk factor for pancreatic
cancer, with similar effects than those described in the cohort studies.
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Cigar, pipe, and chewing tobacco
While cigarette smoking remains the most common form of tobacco in westernized
countries, alternative forms of tobacco are available. In particular, cigars
became increasingly fashionable since mid-1990s in the United States and later
in western Europe. The number of cigars consumed in the United States increased
by approximately 50% between 1993 and 1998 (U.S. Department of Agriculture 1996,
1999). Still, little is known about the health hazard of cigar smoking, possibly because
cigars were not required to carry a health warning from the Surgeon General until June
26, 2000 (U.S. Department of Health and Human Services 2000).

Most of the published case–control studies did not have sufficient statistical
power to assess the association between either cigar, pipe, chewing tobacco, or oral
snuff consumption and pancreatic cancer on their own. These forms of tobacco
are less common and are often consumed in addition to cigarettes making difficult
the evaluation of the effect of each single product. Still, in an hospital-based study of
484 male and female patients with pancreatic cancer and 954 control subjects, pipe or
cigar smokers had a two-fold risk of developing pancreatic cancer (OR = 2.1; 95%
CI = 1.2–3.8) while the risk was 3.6 (95% CI, 1.0–12.8) for tobacco chewers
(Muscat, 1997). These results suggest that tobacco smoke causes pancreatic cancer
when inhaled into the lungs and that tobacco juice may also cause pancreatic
cancer when ingested or absorbed through the oral cavity. In a recent analysis
of a large prospective mortality study in the United States, a significant association
between cigar consumption and pancreas cancer was found but limited to current
cigar smokers who reported that they inhaled the smoke (RR = 2.7; 95% CI=1.3–9.9)
(Shapiro et al. 2000).

Gene–environment interaction
Research in the area of gene–environment interaction is an important topic for various
cancers because minimizing exposure to environmental risk factors could reduce the
impact of inherited genetic susceptibility factors. A positive family history of pancre-
atic cancer and smoking are two independent risk factors, each of which approximately
doubles the risk of pancreatic cancer but Schenk et al. found an interaction between
these two risk factors (Schenk et al. 2001). Smokers who are related to a person who
develops pancreatic cancer before the age 60 have 8 times the risk of pancreatic cancer
as individuals lacking these two risk factors.

Another report focused on the impact of smoking in patients with hereditary
pancreatitis, a rare pancreatic disorder associated with a 50- to 70-fold increased risk of
pancreatic cancer (Lowenfels et al. 2001). In these patients, smoking doubled the
risk of pancreatic cancer, as it does in the general population, but pancreatic cancer
developed in average 20 years earlier in smokers than in non-smokers.
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Histological and experimental studies
There is also strong evidence that smoking is associated with histologic alterations and
molecular damages of the pancreas.

In a large autopsy study based on 22 344 slides from 560 autopsied subjects, histolog-
ical alterations in the ductal epithelium was strongly associated with smoking habits.
Only 5.4% of the non-smokers had medium to high percentages of ductal cells with
atypical nuclei. This rose to 50.7% in light smokers and to 74.9% in smokers of more
than 40 cigarettes/day. Advanced findings (increased numbers) of cells with atypical
nuclei were found in the acinar cells of the parenchyma in only 1.8% of non-smokers;
11.4% in smokers of less than 20 cigarettes/day; 29.2% in smokers of 20–39
cigarettes/day and 69.1% in smokers of more than 40 cigarettes/day. Moderate or
advanced hyaline thickening of arterioles in 12.8% of the non-smokers increased to
74.4% in the heaviest smoking group. A similar relationship was observed for fibrous
thickening in the arteries (Auerbach and Garfinkel 1986).

The nicotine-derived nitrosamine, nitrosamine 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK), is known to cause adenocarcinomas of the lung
and pancreas in laboratory animals (Hoffmann et al. 1993, Schuller et al. 1993),
and is thought to be largely responsible for the development of these cancers
in smokers. In particular, NNK has genotoxic effects on cells, such as the formation
of DNA adducts and mutations in the RAS gene. Experimental studies have
demonstrated that aromatic amines and nitroaromatic hydrocarbons are metabolized
by the pancreas and may be involved in the etiology of human pancreatic
cancer (Anderson et al. 1997), and that DNA damage derived from carcinogen expo-
sure is involved in pancreatic carcinogenesis and in particular that smoking was
positively correlated to the level of total DNA adducts in pancreatic cancer tissue
(Wang et al. 1998).

From these observations, it was hypothesized that polymorphisms in genes that
encode carcinogen-metabolizing enzymes could also affect the risk of smoking-related
pancreatic cancer. In particular, it has been shown that the glutathione S-transferase T1
(GSTT1) enzyme protects pancreatic cells from the damaging effects of tobacco smok-
ing and that lacking this enzyme may increase the risk of smoking-related pancreatic
cancer (Duell et al. 2002). Using biological material collected in a large case-control
study in the San Francisco Bay Area, it was shown that the XRCC1 (X-ray repair
cross-complementing group 1) 399Gln allele, which has been associated with elevated
biomarkers of DNA damage in human cells, is also a potentially important determi-
nant of susceptibility to smoking-induced pancreatic cancer (Duell et al. 2002). Still,
previous smaller studies did not find significant associations between GSTM1, GSTT1,
NAT1 or CYP1A1 polymorphisms and pancreatic cancer susceptibility (Bartsch et al.
1998; Liu et al. 2000).
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Conclusion
Overall, tobacco smoking is associated with a two- to three-fold increased risk of
pancreatic cancer and is responsible for approximately 25% of all pancreatic tumours.
The risk is increasing with the amount of cigarette smoked and 10–15 years have to
pass from quitting smoking until the risk fell to the level of a non-smoker. The risk
seems to be higher for younger subjects and decreases to non-significant values among
elderly people. Among individuals at high risk of pancreatic cancer such as patients
with hereditary pancreatitis, smoking further advances the age at which cancer develops.
Smoking has also been associated with histopathological alterations of the epithelial
cells of the pancreas and the tobacco-related carcinogens. NNK induces adenocarcinoma
of the pancreas in laboratory animals. Still, smoking remains the strongest risk factor
amenable to preventive intervention.
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Chapter 28

Smoking and lung cancer

Graham G. Giles and Peter Boyle

Summary
The establishment of the causal link between smoking and lung cancer was an
epidemiological triumph won against considerable resistance marshalled by the tobacco
industry. This chapter reviews how the evidence that smoking causes lung cancer was
accumulated and weighed against criteria adopted to establish the causal significance
of epidemiological associations between an exposure and disease. The history of
elucidating the association between lung cancer and smoking is now fundamental to
modern epidemiological thinking and practice but in the early to mid-twentieth cen-
tury the science of epidemiology was new and in the making, and the research on
smoking and lung cancer contributed to the development of epidemiology as a disci-
pline (White 1990). In addition to the evaluation of epidemiological evidence, the case
for causality was strengthened by evidence from human pathology and by evidence
from experimental studies using animal models. Much of this material has been
reviewed previously elsewhere (IARC 1986) to which the interested reader is referred
for more detail than can be given here.

Introduction
The last century has witnessed a remarkable epidemic of lung cancer. The words of
Adler (1912), today make salutatory reading. ‘Is it worthwhile to write a monograph on
the subject of primary malignant tumours of the lung? In the course of the last two
centuries an ever-increasing literature has accumulated around this subject. But this liter-
ature is without correlation, much of it buried in dissertations and other out-of-the-way
places, and, with but a few notable exceptions, no attempt has been made to study the
subject as a whole, either the pathological or the clinical aspect having been emphasised at
the expense of the other, according to the special predilection of the author. On one point,
however, there is nearly complete consensus of opinion, and that is that primary malig-
nant neoplasms of the lungs are among the rarest forms of the disease. This latter opinion
of the extreme rarity of primary tumours has persisted for centuries.’

The lung is the principal body organ susceptible to tobacco carcinogenesis and, apart
from non-melanocytic skin cancer, in many populations it has been or remains the
most commonly diagnosed cancer in men and an increasingly common cancer in
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women (Gilliland and Samet 1994). The smoking of tobacco is the principal cause of
lung cancer. The IARC Monograph on Tobacco Smoking (IARC 1986) estimated the
proportion of lung cancer deaths attributable to tobacco smoking in five developed
countries (Canada, England and Wales, Japan, Sweden, and the United States) to range
between 83 and 92 per cent for men and 57 and 80 per cent for women. Historically,
the incidence of lung cancer has waxed and waned to a greater or lesser degree in dif-
ferent populations related to the timing, prevalence, and intensity of the smoking epi-
demic and the different local dose of carcinogens delivered per cigarette. In some
countries, especially those in which the epidemic struck early and was supplied with
high tar cigarettes, age-standardized annual incidence and mortality rates exceeded
100 per 100 000 men and subsequently declined with the falling prevalence of men
smoking. In the same populations the uptake of smoking in women was delayed by
one or two decades. This delay, and a contemporaneous marketing of the filter tipped
and lower dose cigarettes, resulted in a slower rise in rates. Consistent with the histori-
cal rise and fall in the prevalence of smoking in men, in several populations lung can-
cer rates in men have now peaked or are falling. The prevalence of smoking in women
has either continued to grow or has declined only slowly. There is evidence from some
countries that lung cancer rates in women may be stabilizing but the scenario in most
countries is one of continuing increases in incidence and mortality. In 2000 it was esti-
mated globally that 1.2 million people were diagnosed with lung cancer (Parkin 2001).
This number is expected to grow. Many countries of Europe, Asia, Africa, and South
America have only recently achieved a high prevalence of smoking, especially in
women. In terms of lung cancer alone, these populations will generate millions of
additional deaths over the next few decades.

In men in all European countries, except Portugal, lung cancer is now the leading
cause of cancer death. In the United States (and in all except a few Scandinavian countries)
it is the commonest tumour in terms of incidence as well (although the recent inflation
of prostate cancer incidence figures with very early cases is taking prostate cancer
above lung cancer in terms of the incidence of the disease). The range of geographical
variation in lung cancer mortality in Europe is three-fold in both sexes, the highest
rates being observed in the United Kingdom, Belgium, the Netherlands, and
Czechoslovakia, and lowest rates reported in southern Europe and also in Norway
and Sweden (Levi et al. 1989). This overall pattern of age-standardized lung cancer
mortality rates does not reveal the important and diverging cohort effects occurring in
various countries: for instance, some of the countries in which there are now low rates
such as those in southern Europe and parts of eastern Europe, experienced a later
uptake and spread of tobacco use, and now appear among the most elevated rates in
the younger age groups. This suggests that these same countries, including Italy,
Greece, France, Spain, and several countries in eastern Europe, will have the highest
lung cancer rates in men at the beginning of the next century in the absence of rapid
intervention.
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The importance of adequate intervention is shown by the low lung cancer rates in
Scandinavian countries which have adopted, since the early 1970s, integrated central
and local policies and programs against smoking (Bjartveit 1986; Della-Vorgia et al.
1990). These policies may have been enabled by the limited influence of the tobacco
lobby in these countries. The experience in Finland provides convincing evidence of
the favourable impact, after a relatively short delay, of well-targeted large-scale inter-
ventions on the most common cause of cancer death and of premature mortality in
general.

With specific reference to women, current rates in most European countries (except
the United Kingdom, Ireland, and Denmark) are still substantially lower than in the
United States, where lung cancer is now the leading cause of cancer death in women.
In several countries, including France, Switzerland, Germany, and Italy, where smoking
is now becoming commoner in young and middle-aged women, overall national
mortality rates are still relatively low, although appreciable upward trends have been
registered over the last two decades. This is particularly worrisome in perspective, since
smoking prevalence has continued to increase in subsequent generations of young
women in these countries. Thus, the observation that lung cancer is still relatively rare
in women, with smoking at present accounting only for approximately 40–60 per cent
of all lung cancer deaths cannot constitute a reason for delaying efficacious interven-
tions against smoking by women. The currently more favourable situation in Europe
compared with the United States, together with the observation that smoking cessation
reduces lung cancer risk after a delay of several years, should in the presence of
adequate intervention, enable a major lung cancer epidemic in European women to
be avoided.

A proportion of lung cancers, varying in various countries and geographical areas,
may be due to exposures at work, and a small proportion to atmospheric pollution
(Tomatis 1990). The effect of atmospheric pollution in increasing lung cancer risk
appears to be chiefly confined to smokers. Lung cancer risk is elevated in atomic bomb
survivors (Shimizu et al. 1987), patients treated for ankylosing spondylitis (Smith and
Doll 1982), and in underground miners whose bronchial mucosa was exposed to radon
gas and its decay products: this latter exposure was reviewed and it was concluded that
there was ‘sufficient evidence’ that this occupational exposure caused lung cancer
(IARC 1988). A greater risk of lung cancer is generally seen for individuals who are
exposed at an older age. Investigation of the interaction with cigarette smoking among
atomic bomb survivors suggests that it is additive (Kopecky et al. 1987) but the data
from underground miners in Colorado are consistent with a multiplicative effect
(Whittemore and McMillan 1983).

The overwhelming role of tobacco smoking in the causation of lung cancer has been
repeatedly demonstrated over the past 50 years. Current lung cancer rates reflect cigarette
smoking habits of men and women over past decades (Boyle and Robertson 1987;
La Vecchia and Franceschi 1984; La Vecchia et al. 1988) but not necessarily current
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smoking patterns, since there is an interval of several decades between the change in
smoking habits in a population and its consequences on lung cancer rates. Over 90 per
cent of lung cancer may be avoidable simply through avoidance of cigarette smoking.
Rates of lung cancer in central and eastern Europe at the present time are higher than
those ever before recorded elsewhere; lung cancer has increased 10-fold in men and 
8-fold in women in Japan since 1950; there is a worldwide epidemic of smoking among
young women (Chollat-Traquet 1992) which will be translated in increasing rates of
tobacco-related disease, including cancer, in the coming decades; there is another epi-
demic of lung cancer and tobacco-related deaths building up in China as the cohorts of
men in whom tobacco smoking became popular reach ages where cancer is an impor-
tant hazard (Boyle 1993) . Many solutions have been attempted to reduce cigarette
smoking and increasingly many countries are enacting legislation to curb this habit
(Roemer 1993).

The epidemiology of smoking and lung cancer
From the perspective of the early twenty-first century, a causal relationship between
smoking and lung cancer is taken as self evident, but this was not always the case.
An early observer of the then rare respiratory cancer (Rottman 1898) considered
it an occupational hazard, possibly from exposure to tobacco dust. The association
between tobacco smoking and the development of lung cancer appears to have been
suggested in the United Kingdom in 1927 (Tylecote 1927). The first interview study
on tobacco smoking and lung cancer seems to have been reported from Vienna
(Fleckseder 1936) where lung cancer rates had risen dramatically. Fleckseder (1936)
found 51 smokers among 54 patients he found with lung cancer. Thirty seven of these
smoked between 20 and 90 cigarettes daily while excessive smoking of pipes, cigars, or
both was rarer.

The same association was alluded to in a report from the United States (Ochsner
and Debakey 1939) in a study primarily of a series of 79 patients treated by total
pneumonectomy. A report from Cologne followed one year later (Muller 1940) based
on the post-mortem records of 96 patients. The patient, or more usually the relatives of
fatal cases, was interviewed as to their occupation, tobacco consumption, and
exposure to specific ‘inhalants’. Re-analysis of Muller’s data provides relative risk of
3.1 among moderate smokers, 2.7 among heavy smokers, 16.8 among very heavy smokers
and 29.2 among excessive smokers. Within the limitations of the study (e.g. small
numbers, especially among non-smoking cases, possible inaccuracies in elucidation of
precise smoking histories) these results were noticeably similar to results obtained
from later case–control studies in the United States and, apart from a lack of increase
among heavy smokers, there is the possible appearance of a dose–response relationship.

A study of smoking habits and occupation based on 195 post-mortem records of
cases of lung cancer at the Pathology Institute at Jena for the years 1930–1941 was
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reported: useable replies were obtained from relatives of 93 men and 16 women. Of the
women, 13 were non-smokers (Schairer and Schoniger 1943). The authors attempted
to collect control information by interviewing 700 men in Jena between the ages of
53 and 54, the average age of the lung cancer patients at death (53.9 years). It was a
study performed in Germany towards the end of the Second World War and only
270 men from Jena responded to the questionnaire. The authors showed great insight
in concluding that wartime conditions (particularly the rationing system) may have
favoured results from non-smokers. They reported a statistically significant difference
in non-smokers and heavy smokers among lung cancer patients on the one hand and
normal patients on the other. Realizing the possible errors in their material they con-
cluded that there was a considerable probability that lung cancer was far more frequent
among heavy smokers and far less frequent among non-smokers than expected. Their
data is such that an approximate relative risk can be calculated and the risk relative
to non-smokers was 1.9 among light smokers; 9.1 among moderate smokers, and
11.3 among heavy/excessive smokers. Again there appears to be a moderate dose–
response relationship. A further study from the Netherlands (Wassink 1948) identified
very similar associations between smoking and lung cancer.

Over the first few decades of the twentieth century, reports began not only to admit
that the incidence of lung cancer was increasing (Clemmeson and Buck 1947) but also
to associate the increase with smoking rather than better diagnosis or increased
longevity of the population (Anon 1942). These findings were largely ignored until
1950, when five case–control studies of the topic were published (Doll and Hill 1950;
Levin et al. 1950; Mills and Porter 1950; Schrek et al. 1950; Wynder and Graham 1950)
that included altogether over 2000 cases, the two largest studies having over 600 cases
each and an equivalent numbers of controls (Doll and Hill 1950; Wynder and Graham
1950). Their conclusions were virtually identical—that smoking, particularly cigarette
smoking, was an important factor in the production of lung cancer. The evidence from
these studies, however, failed to gain wide acceptance. Instead it attracted opposition,
not only from the tobacco industry but also from some other scientists because,
although an association between smoking and lung cancer had been demonstrated,
few were willing to accept it as evidence of a causal relationship, as at this time the
case–control design was considered by many to have too many defects for it to produce
reliable, unbiased findings (Sadowsky et al. 1953; Hammond 1954).

The methodological problems of case–control studies were to be overcome by using
another epidemiological design, and shortly after the publication of the first case–
control studies, the results of two prospective cohort studies came to hand (Doll and
Hill 1954; Hammond and Horn 1958). These two cohort studies essentially confirmed
the strong associations that had been shown between cigarette smoking and lung cancer
by the case–control studies, and gave additional information; e.g. with respect to the
dose–response relationship between the amount smoked and the risk of lung cancer
and the decrease in risk in those who were able to stop the habit.
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The proof that smoking tobacco causes lung cancer
The evidence described above was not enough to satisfy powerful critics which, as well as
tobacco industry apologists such as Todd, included two other well-respected statisticians –
Berkson and Fisher. Their criticisms of these epidemiological studies, however frustrat-
ing they might have been at the time, ultimately helped to refine the criteria used to
assess whether epidemiological associations are causal. Causal reasoning in epidemiol-
ogy had been developed from considerations of infectious diseases and, in hindsight, the
application of Koch’s postulates was unlikely to provide a comfortable fit with chronic
disease causation. Although elaborated upon further by others, the criteria with which to
assess causality were laid down by the mid-1960s (USPHS 1964; Hill 1966) as follows: the
consistency, strength, specificity, temporal sequence and coherence of the association.

It is salutary to review the criticisms of the causal hypothesis made at the time.
Todds’s criticisms included the low correlation between national lung cancer mortality
and tobacco consumption (r = 0.5), the unreliability of smoking histories, and that the
increase in mortality was more likely to be due to pollution (Anon 1991). Hill and Doll
were able to dismiss the first criticism as, given the crudeness of the measures, a coeffi-
cient of this size strengthened their conclusions. In regard to the second criticism, if
smoking histories were in fact unreliable, measurement error would have diluted the
strength of the measured association. Furthermore, smoking histories were later found
by Todd himself (White 1990) to be remarkably precise. In regard to pollution as a
cause, there was simply no evidence to support the proposition.

Berkson’s principal criticisms (Berkson 1958) were based on three observations; the
first was the lack of specificity of action, the second was lack of biological evidence of a
carcinogen and the third was the lower than expected death rates in the cohorts com-
pared with their respective general populations. He was concerned that the studies
found too many disease outcomes to be associated with smoking, rather than just with
lung cancer that was the subject of investigation, and concluded that the findings were
the result of many subtle and complicated biases. He supported his opinion with the
failure of the attempts to produce cancer experimentally and to isolate the responsible
carcinogen. The lower than expected rates experienced in the early years of the cohort
he argued were also evidence of biased sampling.

The concept of specificity of action has limited utility when dealing with a complex
mix of more than 4000 carcinogenic substances administered to the whole body rather
than a single microorganism. In making this criticism Berkson also failed to take
account of the extraordinary strength of the association between smoking and lung
cancer and the wide range of relative risks associated with different diseases. Hill’s
rejoinder was that it was as if he said that milk could not be a cause of any disease
because it spread tuberculosis, diptheria, scarlet fever, undulant fever, dysentery etc.
(Hill 1966). On the other hand, his request to identify the active carcinogen was appro-
priate but it unfortunately hindered the widespread acceptance of the epidemiological
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evidence by some eminent authorities (Anon 1962). The ‘healthy’ cohort effect that gave
rise to the early reduced risks compared with the general population was soon to
disappear as the relative risk between smokers and non-smokers in the cohort increased.

Fisher, on the other hand, emphasized Doll and Hill’s finding from their case–control
study (Doll and Hill 1950), that smokers who developed lung cancer inhaled less often
than smokers who remained free of the disease (Fisher 1958), to suggest that inhalation
was protective against lung cancer. He also pointed to an apparent inconsistency in the
secular trends by sex—that lung cancer rates were increasing more in men than women
while the increase in smoking prevalence had recently been greatest in women (Fisher
1957). He did not comment on the cohort study findings. Because of his scientific
interests, and possibly because of his smoking habit, he was interested in pursuing
studies of genetic susceptibility but these plans were curtailed by his death in 1962.

The paradoxical findings with respect to inhalation patterns were a valid point of
criticism that resisted clarification for some time. It is now known that the deposition
of particulate matter in the bronchi differs by the depth of inhalation, deep inhalers
depositing less in the bronchi and more particulates deep in the lungs (Wald et al. 1983).
The concern about trends by gender was misplaced, as it failed to take into account the
long latency period between exposure and the diagnosis of lung cancer and the strong
cohort effects in the uptake of the smoking habit that differed between the sexes.

The consistency of the association
The consistency of the findings shown by the early case–control and cohort studies has
been maintained in numerous additional studies since that time that have been con-
ducted in many different populations (IARC 1986). The consistency of the evidence
from these analytical studies has been reinforced further by ecological studies of lung
cancer trends in populations that have shown a high correlation between smoking
rates and lung cancer rates both within populations and internationally (Doll 1954;
Doll and Peto 1981). Analysis of lung cancer mortality trends over time have shown
pronounced cohort effects associated with the prevalence of smoking (USDHHS
1982), and in some populations where male smoking prevalence has fallen, so too is
lung cancer mortality (Gilliland and Samet 1994).

The strength of the association
Strength of association is perhaps the single most important criterion in establishing
causation. It is usually expressed as the ratio of the incidence of disease in those
exposed to the causal agent (in this case smoking) to the incidence of the disease in the
unexposed. In cohort studies this ratio is termed the relative risk, which is approximated
in case–control studies by the odds ratio. In cohort studies, the estimates of relative risk
of lung cancer comparing cigarette smokers with non-smokers range from 9 to 14-fold
(Doll and Hill 1954; Hammond and Horn 1954; Hammond 1966; Cederlof et al. 1975;
Doll and Peto 1976; Lund and Zeiner-Henriksen 1981).
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Associations of this strength are likely to reflect a causal relationship and the
likelihood is increased when a dose–response relationship can be demonstrated.
Evidence of dose–response also supports the biological coherence of the association.
In regard to lung cancer, several cohort studies have illustrated dose–response in several
ways; in terms of the daily amount smoked, the duration of smoking, the age at onset
of smoking, and the cumulative amount smoked. For example, in terms of number of
cigarettes smoked, the mortality ratio compared with non-smokers for those who
smoked 25 or more a day exceeded 25 for men and 29 for women in the British
Physician’s Study (Doll and Hill 1950). For age at onset less than 15 years the mortality
ratio exceeded 16 for men in the ASC 25 state study (Hammond 1966) and 18 for men
in the US Veteran’s study (Rogot and Murray 1980).

The specificity of the association
As mentioned already, the specificity criterion for causality is a relict from Koch’s
postulates with respect to causal agents for infectious diseases. The specificity criterion,
however, only reinforces a causal hypothesis and is not considered a necessary criterion
(USPHS 1964; Hill 1966). Although tobacco smoke is measured epidemiologically as
a single exposure, it is a complex mixture of carcinogenic chemicals that act together in
a variety of ways to cause cancers in several organs and tissues. Of all the cancer types
that can be at least partly attributed to smoking, the specificity for lung cancer is the
greatest as evidenced by the strength of the association already noted above. The relative
risks observed for smoking and lung cancer are much larger than those observed for
cancers occurring in other organs, especially for cancers in tissues that are not directly
exposed to tobacco smoke such as the kidney and the uterine cervix.

The temporal relationship of the association
Obviously, to be causally associated with the disease the suspect aetiological exposure
has to antedate the diagnosis. One reason why the findings from major prospective
cohort studies have been most useful in establishing a causal relationship between
smoking and lung cancer is because the exposure to smoking was measured in advance
of diagnosis in thousands of subjects who were free of disease at entry to the studies.

The coherence of the association
The coherence criterion links the epidemiological observations with other knowledge
in regard to the biology and natural history of the disease. This takes into account
other criteria, for example those of temporal sequence and dose–response relationship
discussed above. Another piece of supportive evidence is the diminution of risk after
smoking cessation, which shows a negative dose–response relationship with increasing
time since quitting. In the British Physician’s Study after quitting for 15 years or more
the mortality ratio was 2 compared with 16 in those who had quit for less than 5 years
(Doll and Peto 1976). This was similar to the mortality ratio for US Veterans who had
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quit for 20 years or more (Rogot and Murray 1980). Evidence from human pathology
was also useful in establishing causality. Auerbach (Auerbach et al. 1979) examined
pre-malignant changes in the bronchial epithelium from 402 male autopsies and
discovered that atypical cells were more prevalent in the bronchial epithelium of
smokers compared with non-smokers and that their prevalence increased in a dose–
response fashion with the amount habitually smoked, the prevalence of atypical cells in
non-smokers being very low.

Experimental evidence
A large amount of supportive evidence has been produced from experimental animal
models of smoking carcinogenesis (IARC 1986). Some of this work faced difficulties
especially in regard to the development of appropriate inhalation models. Unlike man,
experimental animals avoid inhaling tobacco smoke and the delivery of carcinogenic
doses of smoke to the lung can also be perturbed by anatomical differences in the animals’
upper respiratory tracts compared with humans. It was also commonly observed that
the loss of weight experienced by animals that were chronically exposed to smoke often
extended their lives (Wynder and Hoffman 1967). Despite these inconsistencies,
informative data were obtained on the carcinogenic effect of smoke in its gaseous
phase. Further proof of carcinogenic potential was obtained by topical application of
cigarette smoke condensate to mouse skin (Wynder and Hoffman 1967) and the injection
of cigarette smoke condensate directly into rodents’ lungs (Stanton et al. 1972).

Passive smoking and lung cancer risk
Having established a strong and consistent causal association between direct smoking
and an increased risk of lung cancer, tobacco research turned recently to the associa-
tion between exposure to environmental tobacco smoke (passive smoking) and a
diversity of adverse health events, including lung cancer (Burns 1992; EPA 1992;
Stockwell et al. 1992). On the basis of 30 epidemiological studies, the United States
Environmental Protection Agency (EPA) concluded that environmental tobacco
smoke (ETS) was a human lung carcinogen. It has been estimated that each year in the
United States, 434 000 deaths are attributable to tobacco use, in particular cigarette
smoking (CDC 1991), 112 000 of these smoking-related deaths from lung cancer
(USDHHS 1989). There are an estimated 1500 deaths in non-smoking women due to
passive smoking and 500 deaths in non-smoking men annually. The basis for these
conclusions is a group of epidemiological studies that took spouse smoking as a measure of
exposure to ETS (EPA 1992). The overall relative risk obtained from 11 studies conducted
in the United States was 1.19; there was a tendency for a positive trend in risk to be found
with increasing dose of smoking (EPA 1992). All the spousal smoking was assessed by
questionnaire and the group of studies, with notable exceptions (Garfinkel et al. 1985;
Fontham et al. 1991), is characterized by low statistical power and small increased
relative risks with large confidence intervals frequently extending over unity.
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Small increased risks such as this are below that which can be reliably detected by
epidemiological methods and the exposure assessment in these studies is poor. The use
of biomarkers for analysing and quantifying the role of ETS is much more complex for
cancer than asthma, given the much longer interval between exposure and clinical
manifestation of the disease. The critical reviewer could find shortcomings in the
majority of the published studies of ETS and lung cancer. However, as was recognized
by an IARC Working Party (IARC 1986) given current knowledge of the chemical con-
stituents of both side stream and mainstream smoke, of the materials absorbed during
passive smoking and of the quantitative relationships between dose and effect that are
commonly observed from exposure to carcinogens, it could be concluded that passive
smoking gives rise to some risk of lung cancer. The great deal that is known about the
carcinogenic effects of active smoking (IARC 1986) has undoubtedly bolstered the
interpretation of the epidemiological data on passive smoking.

Despite nearly half a century of careful epidemiological study and the scientific
certainty that tobacco is carcinogenic there is still a need to quantify the risks of low
level exposure.

Public health failure, 1960s onwards
It has been clear for the entire second half of the twentieth century that cigarette smoking
causes lung cancer. Current low levels of smoking among physicians and research
scientists, in many countries, have led many of them unconsciously to overlook tobacco
smoking as an important cause of cancer (Boyle 1993b). There is, however, a very sub-
stantial body of evidence from many sources which indicates the carcinogenicity of
tobacco smoking. Not only does cigarette smoking greatly increase the risk of lung
cancer in smokers, but the risk of oral cavity cancer, larynx cancer, oesophageal cancer,
bladder cancer, pancreas cancer, cervix cancer, stomach cancer, kidney cancer, and
colorectal cancer are also increased (Boyle 1997).

There is at present a worldwide epidemic of tobacco-related diseases: not only does
smoking cause increased levels of many different common forms of cancer, but it
also increases the risk of cardiovascular disease. Deaths from lung cancer, the cancer
site most strongly linked to cigarette smoking, have increased in Japan by a factor of
10 in men and 8 in women since 1950. In central and eastern Europe, more than
400 000 premature deaths are currently caused each year by tobacco smoking. In young
men in all countries of central and eastern Europe, currently there are levels of lung
cancer which are greater than anything seen before in the western countries and these
rates are still rising. In Poland, a country severely hit by the tobacco epidemic, life-
expectancy of a 45-year-old man has been falling for over a decade now due to the
increasing premature death rates from tobacco-related cancers and cardiovascular
disease (Zatonski and Boyle 1996). Tragically, cigarette smoking is still increasing
in central and eastern Europe and also in China, where an epidemic of tobacco-related
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deaths is building up quickly. Tobacco smoking is also the most easily avoided risk
factor for cancer.

The most important determinant of risk of lung cancer is the duration of smoking:
long-term cigarette smokers have a one hundred-fold increased risk compared with
never-smokers (Peto 1986). The content of cigarettes (low tar) produces only a three-
fold variation in risks between the extremes (Low tar is frequently taken to include a
number of features including filtered-tips as well as the active tar yield). Lung cancer is
the major tobacco-related site and the leading cause of cancer death in men
in almost all developed countries. Incidence rates are around 10–15 per 100 000 in
non-smokers, between 80–100 per 100 000 in the highest-incidence population groups
such as Afro-Americans and rates exceeding 200 per 100 000 have been reported in
cities of central and eastern Europe. Lung cancer being frequently fatal, mortality rates
are high and, consequently, the social costs are high.

The early concept that reducing tar and nicotine would reduce cancer risk was well
founded on epidemiological studies, which showed a reduction in lung cancer risk, but
not cardiovascular disease, of between twenty and fifty per cent in association with the
move to filters which occurred over the fifties and sixties (Bross and Gibson 1968;
Wynder et al. 1970; Dean et al. 1977; Hawthorne and Fry 1978; Wynder and Stellman
1979; Rimington 1981; Lubin 1984; Federal Trade Commission 1995). It was therefore
logical that public health authorities should press for further reductions. However, the
reductions which appeared in the yields as measured by the FTC system do not reflect,
in a quantitative way, what passes into the lungs of smokers. That more intensive
(‘compensatory’) smoking patterns are seen in smokers was demonstrated by Russell in
1980 and many others (Russell 1980; Herning et al. 1981; Kozlowski et al. 1982; United
States Surgeon General 1986).

In the absence of systematic on-going analysis of what has been going into smokers
lungs, we are left with biological outcomes as an index of what has been happening.
There are three potentially important observations in this regard (Gray and Boyle 2000).

First of all, it is very difficult to imagine that the large fall in the tar content of cigarettes
sold in the United Kingdom over the last fifty years (Wald et al. 1981) has not influenced
the lung cancer death rate which has been falling for two decades in men in that country.

Secondly, and paradoxically, mortality from lung cancer in men increased between
the first (CPS-I) and second (CPS-II) Cancer Prevention Studies of the American
Cancer Society (Thun and Heath 1997; United States Surgeon General 1989): these
studies recruited men from birth cohorts approximated 30 years apart. At first glance,
the decrease in mortality promised by the yield reductions of the 1950s and 1960s has
not been substantial over the 1970s and 1980s. However, this may be too simple an
interpretation.

Information of the number of cigarettes smoked at time of enrolment to both studies
may not mirror the lifelong patterns of smoking that cause lung cancer (Thun et al.
1977): data on smoking in early life, which critically determines duration of smoking,
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are sparse in both studies. Cigarette consumption during adolescence and early adult-
hood was probably heavier among smokers in CPS-II for several reasons. Manufactured
cigarettes were more readily available in the 1950s than in the 1930s, eras when smoking
was likely to be initiated in the CPS-II and CPS-I cohort respectively.

Birth cohort analyses show that a prevalence of smoking among white men increased
with each successive birth cohort born from 1900 to 1929 and decreased thereafter
(Burns 1994). Age-specific lung cancer death rates have decreased in those born after
1930 (Devesa et al. 1989; Gilliland and Samet 1994).

The large increases in lung cancer death rates from CPS-I to CPS-II probably reflect
unmeasured heavier smoking among CPS-II during the 1940s and 1950s as well as the
measured increase in daily consumption and duration of smoking. In addition, CPS-II
may include a more addicted ‘hard-core’ smokers, who find it virtually impossible to
quit smoking, and CPS-II smokers, partly to compensate for lower nicotine content of
modern cigarettes, may inhale more deeply, take more puffs per cigarette and retain
smoke longer in the lungs than did smokers in the past. The impact of lower tar and
nicotine cigarettes is difficult to elucidate with all these other changes in effect.

Thirdly, and what is clear, is that there has been a real swing towards higher rates of
adenocarcinoma of the lung both in the United States and elsewhere (Cutler and
Young 1975; Vincent et al. 1977; Cox and Resner 1979; Young et al. 1981; Beard et al.
1985; Wu et al. 1986; Johnson 1988; El-Torkey et al. 1990; Devesa et al. 1991; Wynder
and Muscat 1995) which is consistent with the hypothesis that qualitative changes in
cigarette smoke have led to a change in the observed pattern of lung cancer but not to a
substantial decrease in mortality.

Women around the world have taken up cigarette smoking habit with gusto. For
many years it appeared that their lung cancer rates were low and that tobacco was not
having the same effect on men. This complacency, which crept in during the two
decades from the mid-1960s especially, is now exposed as false: neither is there
evidence that the effect of cigarette smoking on lung cancer risk is greater in women
than in men. The dominance of the effect of duration of smoking means that a long
period of time will pass between the exposure (large numbers of women smoking)
until the effect (high levels of lung cancer). Lung cancer now exceeds breast cancer as
the leading cancer cause of death in women in the United States, Canada, Scotland, and
several other countries. In Canada, breast cancer mortality has remained at least constant
for nearly four decades while lung cancer death rates have increased between 3 and
4-fold during the same period. While the higher case-fatality of lung cancer may be
one factor in the mortality rates overtaking breast cancer, there is increasing evidence
that there are regions of the world where the gap in the incidence rate is now closing.
For example, in Glasgow, an area where lung cancer has been historically high, by 1990
the incidence rate for lung cancer (115 per 100 000) exceeded that for breast cancer
(105 per 100 000) in 1990 (Gillis et al. 1992). In international Cancer Registries, there
are some where the incidence of lung cancer now exceeds the incidence of breast
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cancer and others where there is still a gap. In the SEER (Surveillance Epidemiology
and End Results) Programme of the US NCI, the incidence of lung cancer in both
black and white women increased by over 90 per cent between 1973–1977 and
1988–1992: the increase in the incidence of breast cancer was around 25 per cent in
both racial groups (comparison made between incidence rates age-adjusted using 1970
US population). Of great worry is that there does not appear to be any end in sight to
this increase in lung cancer risk internationally: it is programmed to continue for several
decades to come.

Part of the complacency over the effect on women was also due to the strong tendency
for women to smoke brands of cigarettes which were lower in tar and nicotine content
than men: it was assumed that this would have less of a risk on lung cancer than the
higher tar cigarettes which men generally smoked. Now marked changes in the rates of
the major histological cell types of lung cancer can be seen with particular increases
in the risk of adenocarcinoma (Zheng et al. 1994; Levi et al. 1997). The changes seen
are compatible with increased risk of adenocarcinoma due to increasing levels of
smoking of light cigarettes (‘low tar, low nicotine’). It appears that abandoning,
high-tar cigarettes (15–45 mg tar) may have had some impact on reducing squam
ous-cell carcinoma risk, there is now a ‘balancing’ by light cigarettes increasing risk of
adenocarcinoma.

Cigarette smoking kills half of all those who adopt the habit with 50 per cent of these
deaths occurring in middle age and each losing an average of 20 years of non-smokers
life expectancy (Doll et al. 1994). It kills in over 24 different ways with lung cancer
being the commonest cancer-site (Doll et al. 1994). Lung cancer rates have been declin-
ing in men and increasing in women: cigarette smoking in men has been declining
while it has been increasing in women. These two are closely related. The move to
‘light’ cigarettes, which is increasingly common, now appears to be linked to increases
in adenocarcinoma of the lung and shows no sign of being linked to a reduced risk
overall. Clearly cigarettes are different but still seriously harmful after decades of self-
regulation. There is no such thing as a safe cigarette. Smokers should be urged and
helped to stop smoking, children and young adults should be convinced not to smoke.
Tobacco can become an addictive drug: it should be left alone (Boyle et al. 1995).
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Chapter 29

Tobacco smoking and cancer of
the breast

Dimitrios Trichopoulos
and Areti Lagiou

Tobacco smoking is the most important human carcinogen, and breast cancer is, at
least in the developed world, the type of cancer that causes more deaths among women
(Lagiou and Adami 2002). If tobacco smoking were found to be a factor that increases
the risk of breast cancer, the implications would extend beyond the potential preven-
tion of a number of breast cancer cases, because of the emotional impact that this form
of cancer has. The evidence, however, has been unusually puzzling.

Biologic considerations
It has been reported that active smoking may increase (Lash and Aschengrau 1999;
Johnson et al. 2000), reduce (Vessey et al. 1983), or be unrelated to (MacMahon 1990;
Egan et al. 2002) the risk of breast cancer. More recently, it has been indicated that
passive smoking may increase the risk of this disease (Morabia et al. 1996). Various
biological plausibility arguments have been invoked in support of each of the various
possibilities:

◆ Tobacco smoking may reduce the risk of breast cancer. Tobacco smoking has established
anti-estrogenic effects (MacMahon et al. 1982; Baron 1984; Michnovicz et al. 1986)
and estrogens are important determinants of breast cancer risk (Hankinson and
Hunter 2002). The anti-estrogenicity of tobacco smoking is manifested in several
associations with estrogen-dependent diseases or conditions, including associations
with earlier menopause (Cooper et al. 1999), osteoporosis (Hopper and Seeman
1994), and endometrial cancer (Terry et al. 2002). An inverse association between
tobacco smoking and breast cancer has been reported for men (Casagrande et al.
1988; Petridou et al. 2000) among whom tobacco smoking also has anti-estrogenic
effects (Michnovicz and Fishman 1990).

◆ Tobacco smoking may increase the risk of breast cancer. Tobacco smoke is an
established human carcinogen (IARC Monographs 1986) and causes cancer in
several non-respiratory sites, including pancreas (Lowenfels and Maisonneuve
2002) and liver (Kuper et al. 2000). It contains several fat-soluble compounds with
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carcinogenic potential that can be activated into electrophilic substances by enzymes
in the human mammary cells (Phillips et al. 2001; Morabia 2002). Nipple aspirates of
smokers contain metabolites of compounds of cigarette smoke, which can be geno-
toxic (Petrakis et al. 1980; Morabia, 2002). As it is true for other breast carcinogens,
notably ionizing radiation (Hoel and Dinse 1990; Land Ha 1995; Hankinson and
Hunter 2002), tobacco smoking could exert its carcinogenic potential particularly
among young women or among women who have never been pregnant and whose
mammary epithelium has not been terminally differentiated (Russo et al. 2001).

◆ Tobacco smoking is unrelated to breast cancer risk. Tobacco smoking may be unrelated
to breast cancer risk or may have dual effects that incorporate a detrimental effect
during the early life initiation stage and a beneficial anti-estrogenic effect during
the late life tumour progression stage. Dual effects on breast cancer risk are well
established with respect to obesity, which acts in a beneficial way before menopause
and in a detrimental way after it (Hankinson and Hunter 2002).

◆ Passive smoking may increase the risk of breast cancer. At source, environmental
tobacco smoke contains high concentrations of most tobacco carcinogens. Although
nicotine inhalation (and cotinine excretion) through passive smoking is two orders
of magnitude lower than that through active smoking, this may not apply to other
agents, including carcinogenic agents. Exposure to environmental tobacco smoke
may start shortly after birth and the carcinogenic effects of tobacco smoke depend
exponentially on total duration of exposure (Dockery and Trichopoulos 1997).
Early life exposures, before terminal mammary differentiation induced by a full-
term pregnancy, are thought to have higher carcinogenic potential on the breast
(Adami et al. 1998).

◆ Passive smoking is unrelated to breast cancer risk. In every instance in which passive
smoking has been implicated in disease causation, active smoking has been an
established cause of the corresponding disease with a considerably higher relative
risk. Paradigms are lung cancer (Dockery and Trichopoulos 1997) and chronic
obstructive lung disease (Kalandidi et al. 1987). Even if there is a weak positive asso-
ciation between breast cancer and active smoking, an association of the disease with
passive smoking would be extremely weak and empirically undetectable.

Epidemiological evidence on active smoking
and breast cancer
Until the late 1980s, tobacco smoking had not been explicitly studied in relation to
breast cancer and whatever evidence was available was a side-product of investigations
with different primary objectives. MacMahon was the first to critically evaluate this
evidence (MacMahon 1990). He noted that hospital-based case–control studies had
indicated an inverse association, which was probably due to the fact that many diseases
represented among hospital controls are positively associated with tobacco smoking.
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He further noted that case–control studies relying on population controls, or on
controls with diseases unrelated to smoking, pointed to a weak positive association, as
did cohort studies in which selection bias is unlikely.

An additional refinement in epidemiological studies was introduced when the
possibility was raised that passive smoking may increase the risk of breast cancer
(Morabia et al. 1996). Non-smokers were subdivided into those genuinely non-
exposed to tobacco smoking (that is non-smokers that have not been passively exposed
to tobacco smoke) and those passively exposed to environmental tobacco smoke. In an
exhaustive and thoughtful review, Morabia (2002) identified 11 case–control studies
that evaluated active smoking in relation to breast cancer using as referent women who
were not exposed to either active or passive smoking. In all of these studies, the point
estimate of the adjusted odds ratio for breast cancer among active smokers was higher
than the null value of 1 and in six of them the relative risk elevation was statistically
significant. However, the results of a recent large cohort study, in which passive smokers
were excluded from the non-smoking referent group, were less clearcut (Egan et al.
2002); the relative risk (and 95 per cent confidence interval (CI)) for breast cancer was
1.04 (0.94–1.15) among current active smokers and 1.09 (1.00–1.18) among past active
smokers.

The results of case–control studies may have been biased because exposure histories
were collected after disease onset, and health conscious women, who are generally
non-smokers, may have been over-represented among controls. Indeed, there is some
evidence, discussed later on, that points to information bias in case–control studies.
On the other hand, the fact that smokers have, as a rule, an earlier age at menopause
(Cooper et al. 1999) which is associated with lower breast cancer risk (Hankinson and
Hunter 2002), tends to introduce negative confounding that has not always been
accounted for. It should also be noted that in perhaps the most powerful epidemiologi-
cal study (Egan et al. 2002), a significant increase in breast cancer risk was found, as
predicted, among women who begun smoking before the age of 17 years (RR = 1.19,
95 per cent CI 1.03–1.37). The results of another study have pointed to the same direc-
tion (Innes and Byers 2001). In addition, findings indicating that cigarette smoking may
modify the prevalence and spectrum of p53 mutations in breast tumours (Conway et al.
2002), evidence that smoking may selectively increase breast cancer risk in high-risk fam-
ilies (Couch et al. 2001), and reports that smoking is associated with an increased occur-
rence of hormone receptor negative tumours (Morabia et al. 1998; Manjer et al. 2001)
cannot be explained on the basis of simple forms of information and selection bias.

Epidemiological evidence on passive smoking
and breast cancer
The fact that passive smoking was found to be a significant predictor of coronary heart
disease among non-smoking women in the Nurses’ Health Study (Kawachi et al. 1997),
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even though the relative risk linking active smoking to this disease is rarely more than
three-fold, imparts an element of credibility to the hypothesis that passive smoking
may increase the risk of breast cancer. At least 11 case–control studies reviewed by
Morabia (2002) have evaluated passive smoking in relation to breast cancer risk. In all
these studies, the odds ratio estimates were higher than 1, and in five of them the excess
breast cancer risk among passive smokers was statistically significant. Thus, the evidence
from case–control studies is strongly supportive of a weak positive association between
passive smoking and breast cancer risk.

The evidence from two cohort studies, however, points to no association between
passive smoking and breast cancer risk. In the Jee et al. study (Jee et al. 1999) the
relative risk was 1.3 with 95 per cent CI from 0.9 to 1.8, whereas in the Egan et al. study
(2002), the corresponding relative risk was 0.9 with 95 per cent CI from
0.7 to 1.2.

In a mechanistic meta-analysis of all epidemiological studies, the empirical evidence
would support a positive association between passive smoking and breast cancer risk,
but the inherently higher validity of cohort investigations forces a re-examination of
the results of the case–control studies. As has been pointed out by Egan et al. (2002),
information bias is a major concern in case–control studies, because exposure histories
are generally collected after disease onset. This is particularly true for an emotionally
charged disease with largely unknown aetiology, studied in relation to an exposure
(passive smoking) which is subject to misclassification and which can be viewed with
hostility. In situations like these, women with breast cancer, who are not themselves
smokers (an exposure which is not likely to be misclassified), may tend to allocate
themselves to the category of passive smokers, thus removing themselves from the
category of genuinely non-exposed to either active or passive smoking.

Logical as this argument may be, it is still hypothetical. However, there is an indirect
way to evaluate it. All case–control studies that have examined passive smoking in
relation to breast cancer risk have also evaluated active smoking in relation to this risk,
using as referent women who were genuinely non-exposed to either active or passive
smoking. These studies have been termed ‘second generation’, because they have used
a more appropriate referent in comparison to earlier studies of active smoking, in
which passive smokers were not excluded from the referent group of non-smoking
women (Morabia 2002). Table 29.1 abstracts information presented by Morabia
(Morabia 2002). If some non-smoking women with breast cancer were inclined to
incorrectly designate themselves as passive smokers, the odds ratio for breast cancer in
relation to passive smoking would be inflated because of an increase at the numerator
of the odds ratio formula. Moreover, the odds ratio for breast cancer in relation to
active smoking would also be inflated because of a decrease in the denominator of
the formula. Under the hypothesis of information bias, the predicted net result would
be a positive correlation of the breast cancer odds ratio estimates among active and
passive smokers from each of the 11 studies. The Pearson and Spearman correlation
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coefficients from the data in Table 29.1 are + 0.85 (p < 0.001) and + 0.81 (p < 0.05),
respectively. Compatibility of the empirical evidence with the working hypothesis of
information bias does not, of course, establish the validity of this hypothesis, but it
lends credibility to it.

Conclusion
There is little evidence that passive smoking increases the risk of breast cancer,
although one cannot reject this possibility. The problem is the more general one of
distinguishing between a null association from a weakly positive one, or, indeed, a
weakly negative one, on the basis of epidemiological evidence alone.

With respect to active smoking, the overall epidemiological evidence is also weak.
There are findings, however, suggestive of interaction of this exposure with the differ-
entiation status of the mammary gland, as reflected by age at exposure and parity, and
these findings cannot be explained by simple forms of information bias. There are also
reports that active smoking affects selectively hormone receptor negative tumours, and
that it modifies the spectrum of p53 mutations in breast tumours. These results may
reflect chance or selective reporting, but, if they were to be replicated and further sup-
ported by epidemiological results, they could mean that active smoking affects breast
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Table 29.1 Odds ratios (and 95 per cent confidence intervals) for breast cancer among passive
smokers and among active smokers in comparison to neither-active-nor-passive smokers.
Results of 11 case–control studies*

Case–control studies Adjusted OR (95 per cent CI)

Passive smoking Active smoking

Wells 1992 (Sandler) 1.6 (0.8−3.4) 1.2 (0.6−2.5)

Morabia et al. 1996 2.3 (1.5−3.7) 2.5 (1.6−3.8)**

van Leeuwen et al. 1997 (Rookus) 1.2 (0.8−1.7) 1.2 (0.8−1.6) 

Wells 1998 (Smith) 1.6 (0.8−3.1) 2.0 (0.98−4.1)

Lash and Aschengrau 1999 2.0 (1.1−3.7) 2.0 (1.1−3.6)

Zhao et al. 1999 2.5 (1.7−3.8) 3.5 (1.3−9.3)

Millikan et al. 1998; Marcus et al. 2000 1.3 (0.9−1.9) 1.1 (0.8−1.6)**

Delfino et al. 2000 1.9 (0.8–4.3) 1.4 (0.8–2.7)**

Johnson et al. 2000—pre-menopausal 2.3 (1.2−4.6) 2.3 (1.2−4.5)

Johnson et al. 2000—post-menopausal 1.2 (0.8−1.8) 1.5 (1.0−2.3)

Chang-Claude et al. 2001 1.5 (1.0−2.3) 1.4 (0.9−2.2)

*Modified from: Morabia 2002.

**Crude OR.
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cancer risk. At this stage, and if one were to adopt the International Agency for
Research on Cancer terminology concerning the evaluation of carcinogenicity, the
likely verdict on active smoking in relation to breast cancer risk would be that it is a
‘possible’ carcinogen.
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Chapter 30

Smoking and ovarian cancer

Crystal N. Holick and Harvey A. Risch

Epidemiology
Ovarian cancer causes more deaths than any other cancer of the female reproductive
system and ranks second in incidence among gynecologic cancers, accounting for
4 per cent of all cancers, with 23 300 new cases estimated among women in the United
States in 2002 (American Cancer Society 2002). Risk of ovarian cancer increases with
age and peaks in the late 70s. Mutations in the genes BRCA1 or BRCA2 account for
about 10 per cent of all epithelial ovarian cancers (Risch et al. 2001). Pregnancies
and use of oral contraceptives are known to reduce the risk of developing ovarian
cancer, and nulliparous women are more likely to develop it (Daly and Obrams 1998).
In addition to female reproductive factors, personal and environmental exposures
including diet practices (Cramer et al. 1984; Risch et al. 1994), coffee consumption
(La Vecchia et al. 1984), alcohol intake (Polychronopoulou et al. 1993), and smoking
history (Doll et al. 1980) may also modify the risk of ovarian cancer. Recently,
evidence has emerged that risk factors for ovarian cancer—including tobacco smok-
ing (Kuper et al. 2000; Marchbanks et al. 2000; Green et al. 2001), parity (Kvale et al.
1988; Risch et al. 1996), and oral contraceptive use (The WHO Collaborative
Study of Neoplasia and Steroid Contraceptives 1989; Risch et al. 1996)—may vary by
histologic type.

Hypotheses of ovarian carcinogenesis
The carcinogenic process of epithelial ovarian cancer is not fully understood. Several
mechanisms of ovarian pathogenesis have been hypothesized, each of which could
have involvement by tobacco smoking.

Incessant ovulation
Increased cell division, stimulated by internal and external factors, increases the
accumulation of genetic errors and is thought to enhance the risk of neoplastic trans-
formation (Preston-Martin et al. 1990). Fathalla, in 1971, theorized that regularly
repeated ovulation in women may increase the likelihood of ovarian malignancy
(Fathalla 1971). According to this hypothesis, repeated ovulation-induced disruption
and repair of the ovarian epithelium increases epithelial proliferation and risk of
DNA damage, leading to neoplastic transformation and thus to ovarian cancer.
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Casagrande et al. (1979) extended this concept by suggesting that anovulation, result-
ing from oral contraceptive use, reduces the risk of ovarian cancer. Epithelial clefts and
inclusion cysts frequently form within the ovarian stroma as part of ovulatory repair.
Cells lining the clefts or inclusion cysts may undergo metaplasia to resemble serous,
mucinous, or endometrioid epithelium, as well as neoplastic transformation to
produce tumors of serous, mucinous, or endometrioid histologic varieties.

The incessant-ovulation hypothesis is supported by inferences from epidemiologic
studies of ovarian cancer (Risch et al. 1983; The Cancer and Steroid Hormone Study
1987; Whittemore et al. 1992; Schildkraut et al. 1997). Hormonal, reproductive,
and environmental factors, such as oral contraceptive use, pregnancy, and tobacco
smoking, may modify risk of ovarian cancer via an impact on ovulation. A dose–
response decrease in risk with increasing parity (Hankinson et al. 1995) and with
increasing duration of oral contraceptive use (Gross and Schlesselman 1994) is consis-
tently observed in most studies. Evidence also suggests that tobacco smoking may
impair ovulation in women, since smoking is observed to be associated with delayed
conception (Baird and Wilcox 1985) and with reduced ovulatory response to
gonadotropin stimulation (Van Voorhis et al. 1992). Furthermore, ovarian atresia, caused
by exposure to polycyclic aromatic hydrocarbons contained in cigarette smoke, has been
shown in other species (e.g. rodents) (Mattison and Thorgeirsson 1978). Cigarette
smoking also results in earlier age at natural menopause (Cooper et al. 1999; Hardy
et al. 2000). With cigarette smokers having fewer lifetime ovulations than nonsmokers,
the repeated ovulation model predicts a lower risk of ovarian cancer among smokers.

Although the incessant ovulation hypothesis is supported by the above evidence as
well as by animal studies showing the proliferative behavior of the ovarian epithelium
following ovulation (Godwin et al. 1992), it is unable to explain appreciable discrepancies
between the amount of anovulation and the magnitude of effect on risk for several
ovulation-related factors (Risch 1998). Tobacco smoking may therefore influence the
risk of ovarian cancer through additional biologic mechanisms, unrelated to ovulation,
for example involving hormonal factors.

Gonadotropin–estrogen theory
Stimulation of the ovary by steroid hormones may play a causative role in the
pathogenesis of ovarian cancer. Under the gonadotropin–estrogen (hormonal) theory,
the initial stage in the development of epithelial ovarian cancer, as in the incessant-
ovulation hypothesis, involves repeated proliferation and invagination of the ovarian
surface epithelium to form clefts and inclusion cysts within the ovarian stroma.
Subsequent events including differentiation, further proliferation, and eventual malignant
transformation are mediated through hormonal stimulation (Cramer and Welch 1983).
Specifically, increased pituitary gonadotropin [follicle-stimulating hormone (FSH) or
luteinizing hormone (LH)] action and the resulting excessive estrogen (or estrogen
precursor) stimulation of ovarian epithelial cells is responsible for the increased risk of
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ovarian cancer development. Factors that affect estrogen regulation would influence
gonadotropin stimulation and risk indirectly (Cramer and Welch 1983).

The gonadotropin–estrogen hypothesis predicts that higher concentrations of FSH
and LH, leading to greater ovarian estrogen synthesis, would increase the risk of devel-
oping ovarian cancer. This observation is consistent with reports showing increased risk
associated with exogenous menopausal estrogen use (Hoover et al. 1977; Parazzini et al.
1994; Rodriguez et al. 1995; Purdie et al. 1996; Risch 1996; ). A number of common
chemicals or drugs are believed to enhance hepatic estrogen degradation or metabolism
(Helzlsouer et al. 1995). It is possible therefore that tobacco smoking may influence the
risk of epithelial ovarian cancer through hormonal mechanisms by altering the levels
of circulating estrogens. Women who smoke appear to have lower levels of urinary
estrogens, and other evidence of endogenous estrogen-deficiency (Wynder et al. 1969;
Van Voorhis et al. 1992). The reduced circulating estrogens in smokers could thus
result in a decreased risk of ovarian cancer.

There is very little direct evidence bearing on the gonadotropin–estrogen hypothesis.
The site distribution of ovarian epithelial tumors shows a larger fraction arising within
epithelial inclusion cysts, compared with the epithelial cells on the ovarian surface, and
the smallest fraction in the peritoneal mesothelium which has the greatest surface
area (Godwin et al. 1992; Resta et al. 1993). This suggests a hormonal influence on
neoplastic transformation. Studies evaluating the presence of ovarian epithelial cell
steroid–hormone receptors show at least low levels of estrogen receptors (al-Timimi
et al. 1985). Ovarian cancers mostly arise in the postmenopausal years, after the
large perimenopausal rise in gonadotropin levels. On the other hand, a nested
case–control study of prediagnostic serum gonadotropin and steroid hormone levels
showed that women with lower FSH levels were at increased risk of subsequently
developing ovarian cancer; there was no association with estrogen levels (Helzlsouer
et al. 1995).

Beyond estrogens: progesterone and androgens
The presence of progesterone and androgen receptors within ovarian epithelial cells
(al-Timimi et al. 1985; Zeimet et al. 1994) suggests that the epithelial cells are exposed
to and respond to both these hormones, and this has led to speculation on the involve-
ment of these hormones in the etiology of ovarian carcinogenesis (Risch 1998). It has
been suggested that the progestin exposure in oral contraceptive use (and in pregnancy,
for that matter) may be responsible for the protective effect, independent of or in addi-
tion to anovulation (Risch 1998). One mechanism underlying the progestin hypothesis
may involve enhanced apoptosis of the ovarian epithelium (Rodriguez et al. 1998).
The degree of protection associated with oral-contraceptive use may be related to the
progestin potency of the formulation (Schildkraut et al. 2002).

Various epidemiologic and other studies support a role for androgens in the etiology
of ovarian cancer (reviewed in Risch 1998). In postmenopausal women, smoking
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appears to be related to increased levels of adrenal androgens. In premenopausal
women, smoking increases the androgen–estrogen ratio of follicular fluid (Van
Voorhis et al. 1992), to which the ovarian epithelium is exposed. It seems reasonable
that smoking could thus act on the ovarian epithelium through hormonal effects, but
more studies are needed.

Tobacco smoking and risk of ovarian cancer
Several mechanisms support the biologic plausibility of an association between
tobacco smoking and ovarian cancer, however given the above discussion, it is uncer-
tain in which direction, to increase or decrease risk, the association should be. Results
from early studies evaluating the association between cigarette smoking and risk of
ovarian cancer lead IARC in 1987 to report that ovarian cancer was not considered to
be a tobacco-related cancer (IARC 1987). With the exception of a British cohort study
(Doll et al. 1980), no association has been found between tobacco smoking and risk of
ovarian cancer in subsequent prospective studies (Engeland et al. 1996), and additional
case–control studies have found null or inconsistent results (Trichopoulos et al. 1981;
Smith et al. 1984; Tzonou et al. 1984; Baron et al. 1986; Franks et al. 1987; Hartge et al.
1989; Franceschi et al. 1991; Polychronopoulou et al. 1993). Some studies have
observed nonsignificant reductions in risk among smokers (Byers et al. 1983;
La Vecchia et al. 1984). In a Japanese case–control study of alcohol consumption and
risk of breast, corpus uteri, and ovarian cancer, Kato et al. (1989) found a nonsignifi-
cant relative risk of 0.78 (95% CI: 0.56–1.08) for ever smokers versus never smokers.
Evaluating several reproductive, dietary, genetic, or environmental factors on the
development of ovarian cancer, studies by Whittemore et al. (1988), Mori et al. (1988),
and Slattery et al. (1989) reported no significant differences in tobacco use between
cases and controls, though no details were given. An increase in ovarian cancer
risk associated with tobacco smoking has also been observed (Cramer et al. 1984;
Stockwell and Lyman 1987). Cramer et al. (1984) conducted a population-based
case–control study of dietary factors and ovarian cancer that found a nonsignificant
increased relative risk of 1.8 (95% CI: 0.54–5.97) for smokers versus nonsmokers.
Those authors found no significant trends in risk in relation to lifetime pack-years
of cigarette smoking (Cramer et al. 1984). Several of the studies (Cramer et al. 1984;
Mori et al. 1988; Slattery et al. 1989; Polychronopoulou et al. 1993) did not control for all
of the most potentially important confounding factors including age, parity, and oral
contraceptive use, and this is a limitation in considering their results.

Risk differences according to histologic subtype
There is evidence that various risk factors involved in the development of epithelial
ovarian cancer—including parity and oral contraceptive use—might vary by the histologic
type of the tumor (Risch et al. 1996). Germline BRCA1 or BRCA2 mutations do not
occur in women with mucinous tumors (Risch et al. 2001). A follow-up study of more
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than 60 000 females in Norway found a protective effect of increasing parity among
serous, endometrioid, and other epithelial tumors but not for mucinous tumors
(Kvale et al. 1988). In The WHO Collaborative Study of Neoplasia and Steroid
Contraceptives, oral contraceptive use was significantly inversely associated with epithe-
lial ovarian cancer risk for all the principal histologic types except for mucinous tumors
(The WHO Collaborative Study of Neoplasia and Steroid Contraceptives 1989).
Similarly, Risch et al. (1996) reported a population-based study of dietary and reproduc-
tive factors and epithelial ovarian cancer, which found decreasing oral contraceptive- and
parity-related trends in risk for all of the particular histologic varieties of ovarian tumors
except mucinous tumors. These case–control studies, as well as one other (Cramer et al.
1982), consistently found odds ratios closer to (or even above) unity associated with ever
use of oral contraceptives in mucinous tumors compared to serous, endometrioid, clear
cell, or other (nonmucinous) epithelial tumors.

Few studies have evaluated relationships between tobacco smoking and risks of the
different histologic subtypes of ovarian cancer. There is however some evidence for an
increase in risk of mucinous ovarian cancer with tobacco smoking. An early report by
Franks et al. (1987), using data from The Cancer and Steroid Hormone Study, found
no association between epithelial ovarian cancer overall and smoking dose or duration,
age started smoking, time since started smoking, or latency of smoking. A recent
re-examination of the association in that study according to histologic subtype found
current cigarette smoking to be a risk factor for mucinous epithelial ovarian cancer
(odds ratio (OR) = 2.9; 95% CI: 1.7–4.9), but not for the other histologic types
(Marchbanks et al. 2000). This association remained significantly elevated regardless of
age started smoking and number of years since first use of cigarettes (Marchbanks et al.
2000). Risk of mucinous epithelial ovarian cancer for current smokers increased
slightly with increasing cumulative pack-years of smoking; this same pattern was not
observed for serous, endometrioid, or other histologic types (Marchbanks et al. 2000).
Moreover, another recent study provided support for Marchbanks et al.’s findings,
reporting some evidence for an association between mucinous ovarian tumors and
heavy daily tobacco smoking (Kuper et al. 2000). Investigating the association between
cigarette smoking and risk of ovarian cancer in a large case–control study, Green et al.
(2001) concluded that current cigarette smoking was a risk factor for ovarian cancer,
but especially for mucinous borderline and invasive types. Significantly elevated risks
for mucinous epithelial tumors were seen among both current smokers (OR = 3.2; 95%
CI: 1.8–5.7) and past smokers (OR = 2.3; 95% CI: 1.3–3.9) compared to never smokers
(Green et al. 2001).

If steroid hormones are involved in the etiology of ovarian cancer, variation in
hormone metabolism and degradation could affect disease risk, and exposures such as
tobacco smoking may modify these associations through induction effects on enzymes
that activate or detoxify both polycyclic hydrocarbons and other (pro)carcinogens
found in tobacco smoke, as well as steroid hormones. Thus, it has been suggested that
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tobacco smoking may affect the relationships between several genetic polymorphic
variants and risk of ovarian cancer (Goodman et al. 2001). A common high-activity
variant in the gene for microsomal epoxide hydrolase (EPHX1), which detoxifies
endogenous steroids and exogenous xenobiotics, was observed in one study to be
associated with increased risk of ovarian cancer (Lancaster et al. 1996). Spurdle et al.
(2001) evaluated the effect of both this variant and smoking and risk of ovarian cancer,
taking into account histologic classification. They found smoking to be associated with
increased risk of mucinous tumors, regardless of EPHX1 genotype, and that the
heterozygote and fast variants of this polymorphism were associated with decreased
risk of mucinous tumors among nonsmokers (Spurdle et al. 2001). These results
appear to suggest that smoking may be associated with risk of mucinous
ovarian tumors, that this risk may not be mediated through effects on induction of
microsomal epoxide hydrolase, but that this enzyme might still be involved in the
metabolism of other substances that could be associated with risk.

Histology: mucinous ovarian tumors
The various findings above are consistent with our suggestion that mucinous ovarian
tumors comprise a distinct etiologic entity, separate from the other types of epithelial
ovarian neoplasms (Risch et al. 1996). Differing from most types of ovarian cancer,
mucinous tumors are thought to reflect a neoplastic morphologic continuum, from
mucinous cystadenomas, through low-malignant potential (borderline) tumors, to
invasive cancers, and many cases show the coexistence of these features within a single
neoplasm (Rodriguez and Prat 2002). It has been speculated that the major effect of
smoking may occur in the early stages of the mucinous cystadenoma-to-carcinoma
sequence (Green et al. 2001). Mucinous tumors of the ovary, as well as serous and
endometrioid ones, all share a common histogenetic ancestry with other structures of
the reproductive tract, and show morphologic similarities to endocervical (or intestinal),
endosalpingeal, and endometrial tumors, respectively (Parmley and Woodruff 1974).
The resemblance of mucinous ovarian tumor cells to tumor cells of the endocervix or
colon, or even pancreas, leads to two possibilities, that (a) risk factors for these tumor
types might be shared, or (b) that mucinous ovarian tumors are frequently improperly
diagnosed as such but are metastatic from unrecognized intestinal primaries. The latter
issue is a recognized problem in diagnosing mucinous ovarian primaries (Lash and
Hart 1987; Young and Hart 1989), and it is unclear to what degree the various epidemio-
logic studies showing positive associations with mucinous neoplasms were able to
resolve the true origin of these tumors. Nicotine, benzo[a]pyrene, and other metabo-
lites of cigarette smoke have been found in the cervical mucus of smokers (Feyerabend
et al. 1982; Sasson et al. 1985) and it is possible that these substances are also present in
the local environment of the ovary. Though cigarette smoking does not appear to be
associated with risk of cervical adenocarcinoma (Lacey et al. 2001), it is related to risk
of both colon cancer (Giovannucci 2001) and pancreas cancer (Muscat et al. 1997),
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and at least the enteric variety of mucinous ovarian tumors might reflect the same
association.

Summary
Several possible mechanisms by which various factors may affect the risk of developing
epithelial ovarian cancer have been hypothesized. It is possible that incessant ovulation
and gonadotropin–estrogen hypotheses may work together in the etiology of this
disease. However, evidence points to additional hormonal influences on the behavior
of ovarian epithelial cells. The harmful effects of tobacco smoking may not be limited
to these proposed mechanisms of ovarian carcinogenesis. Cigarette smoke contains
polycyclic aromatic hydrocarbons, N-nitrosamines, and other carcinogenic substances,
and it is unknown if these constituents of the smoke reach the epithelium of the ovary
to exert a local effect, as has been suggested elsewhere (Mattison and Thorgeirsson
1978; Hellberg and Nilsson 1988). Early studies reported no association between
tobacco smoking and risk of epithelial ovarian cancer, but more recent studies looking
at the particular histologic varieties of ovarian cancer appear to show associations
between tobacco smoking and increased risk of mucinous ovarian tumors. Ovarian can-
cer may very well be a heterogeneous disease with several distinct etiologic pathways.
Analysing the associations between smoking and ovarian cancer, while taking into
account histologic heterogeneity, may provide clues to the different underlying etiologies
that comprise ovarian cancer pathogenesis.
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Chapter 31

Endometrial cancer

Paul D. Terry, Thomas E. Rohan, Silvia Franceschi
and Elisabete Weiderpass

Endometrial adenocarinoma accounts for approximately one of every 10 cancers diag-
nosed among women worldwide, with incidence rates varying at least 10-fold between
areas of low incidence (such as North Africa and China) and high incidence (such as
North America) (Parker et al. 1997; Parkin et al. 1999). The use of exogenous estro-
gens, and of estrogen replacement therapy in particular, has been strongly related to
increased risk in epidemiological studies (IARC 1999; Akhmedkhanov et al. 2001).
Exogenous estrogens unopposed by progesterone have been hypothesized to increase
the risk of this malignancy through increased mitotic activity of endometrial cells,
increased number of DNA replication errors, and somatic mutations resulting in the
malignant phenotype (Akhmedkhanov et al. 2001). Hence, factors associated with
estrogen absorption or metabolism may alter the risk of this malignancy. In this
regard, it has been hypothesized that cigarette smoking might be associated with anti-
estrogenic effects, and through this mechanism reduce the risk of endometrial cancer
(Baron 1984; Baron et al. 1990). Our aim here is to review the current literature on
cigarette smoking and endometrial cancer risk. We review published studies identified
through searches of the Medline and Cancerlit databases and cross-matching the refer-
ences of relevant articles. Virtually all published reports are in the English language,
and we have restricted our review to those.

Studies of cigarette smoking and endometrial cancer risk
To date, at least 26 epidemiological studies have examined the association between
smoking and endometrial cancer risk (Williams and Horm 1977; Weiss et al. 1980;
Kelsey et al. 1982; Smith et al. 1984; Lesko et al. 1985; Tyler et al. 1985; Baron et al.
1986; Franks et al. 1987; Lawrence et al. 1987, 1989; Levi et al. 1987; Stockwell
and Lyman 1987; Koumantaki et al. 1989; Elliott et al. 1990; Rubin et al. 1990; Austin
et al. 1993; Brinton et al. 1993; Engeland et al. 1996; Goodman et al. 1997; Shields et al.
1999; Terry et al. 1999, 2002a, b; Jain et al. 2000; McCann et al. 2000; Newcomer et al.
2001; Weiderpass and Baron 2001). These studies have been categorized according
to their basic design (case–control or cohort) and the type of smoking measures used
(qualitative or quantitative). Studies that have used both qualitative (e.g. ‘ever’, ‘current’,
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or ‘former’ smoker) and quantitative measures (e.g. number of cigarettes per day or
years of smoking duration) are reviewed in both sections.

Current, former, ever, and never smokers
Cohort studies

Cohort studies are those in which exposure assessment precedes the quantification
of disease occurrence in exposed and unexposed individuals. To date, there have
been three prospective cohort studies (Engeland et al. 1996; Terry et al. 1999, 2002a) of
the association between cigarette smoking and endometrial cancer risk (Table 31.1).
These studies do not support clearly a reduction in endometrial cancer risk among
current or former smokers compared with never smokers. However, the results of
two of these studies (Engeland et al. 1996; Terry et al. 1999) were based on a small
number of cases and a limited number of women with long-term or intense cigarette
smoking.

Case–control studies
The results of 12 population-based case–control studies (Smith et al. 1984; Tyler 
et al. 1985; Franks et al. 1987; Elliott et al. 1990; Rubin et al. 1990; Brinton et al. 1993;
Goodman et al. 1997; Shields et al. 1999; Jain et al. 2000; McCann et al. 2000; Newcomer
et al. 2001; Weiderpass and Baron 2001), that have included between 46 and 740
endometrial cancer cases, generally have shown small to moderate reduced risks among
current smokers compared to never smokers, but have shown no association with risk
among former smokers compared to never smokers (Tables 31.1 and 31.3). The results
of six hospital-based case–control studies (Kelsey et al. 1982; Lesko et al. 1985; Levi et al.
1987; Stockwell and Lyman 1987; Koumantaki et al. 1989; Austin et al. 1993), that have
included between 83 and 1374 endometrial cancer cases, are consistent with those
of population-based studies in showing moderate (e.g. 30–40%) lower risks among
current compared with never smokers, but do not show altered risks (or perhaps small
10–20% reduced risks) in former compared to never smokers (Table 31.1). The largest
of the hospital-based studies (Stockwell and Lyman 1987), with 1374 cases and 3921
controls, found both former and current smokers to be at moderately (approximately
30%) reduced risk of endometrial cancer.

Quantitative measures of smoking

Cohort studies
Two (Terry et al. 1999, 2002a) of the three (Engeland et al. 1996; Terry et al. 1999,
2002a) prospective cohort studies mentioned in the previous section have examined
quantitative smoking measures in relation to endometrial cancer risk. The results of
these studies were consistent with the inverse associations with current smoking (but
not former smoking) observed in the case–control studies (Table 31.2). Of these two
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Table 31.1 Epidemiological studies of cigarette smoking and endometrial cancer risk: current, former, and never smokers

First author, Study design Cases/ Age Ever Former Current Adjustment for:* 
study year controls range at smoking vs. smoking smoking

(# in Cohort) recruitment never vs. never vs. never  
OR (95%  CI) OR (95%  CI) OR (95% CI)

Engeland et al. Prospective cohort 140/26 000 32–72 – 1.2 (0.6–2.2) 1.1 (0.7–1.6) Not specified
1996

Terry 1999 Prospective cohort 123/11 659 42–82 – 0.7 (0.3–2.0) 0.9 (NO CI)† Age, weight, parity

Terry 2002 Prospective cohort 403/70 591 40–59 – 1.0 (0.8–1.3) 0.8 (0.6–1.1) Age, BMI, HRT, parity
Brinton et al. Population case– 405/297 20–74 0.8 (0.5–1.1) 1.1 (0.7–1.6) 0.4 (0.2–0.7) Age, weight, HRT, parity, diabetes,

1993 control age at menopause

Elliot et al. 1990 Population case– 46/138 – – 1.4 (0.6–3.5) 0.2 (0.1–0.6) Age, BMI, HRT, parity, diabetes
control

Franks et al. Population case– 79/416 20–55 0.5 (0.3–0.8) – – Age, BMI, HRT, parity, diabetes, 
1987 control – age at menopause

Goodman et al. Population case– 332/511 18–84 0.8 (0.6–1.2) – Age, BMI, HRT, parity, diabetes
1997 control

Jain et al. 2000 Population case– 220/223 30–79 1.0 (0.8–1.3) – – None
control

McCann et al. Population case– 236/639 40–85 0.6 (0.4–0.8) – _ Age 
2000 control

Newcomer et al. Population case– 740/2372 40–79 0.8 (0.7–0.9) 0.8 (0.7–1.0) 0.8 (0.6–1.0) Age, BMI, HRT, parity, diabetes
2001 control

Rubin et al. Population case– 196/986 20–54 – 0.8 (0.5–1.2) 0.7 (0.5–1.0) Age, BMI, treatment for diabetes
1990 control

Shields et al. Population case– 553/752 45–64 – 0.8 (0.6–1.2)‡ 0.6 (0.4–0.8)‡ Age, BMI
1999 control
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Table 31.1 (continued) Epidemiological studies of cigarette smoking and endometrial cancer risk: current, former, and never smokers

First author, Study design Cases/ Age Ever Former Current Adjustment for:* 
study year controls range at smoking vs. smoking smoking

(# in Cohort) recruitment never vs. never vs. never 
OR (95%  CI) OR (95%  CI) OR (95% CI)

Smith et al. Population case– 70/612 20–54 0.8 (0.4–1.5) – – Age, BMI, HRT, parity, age 
1984 control at menopause

Tyler et al. 1985 Population case– 437/3200 20–54 0.9 (0.7–1.1) 1.0 (0.7–1.4) 0.8 (0.7–1.1) Age, Weight, HRT, age at 
control menopause

Weiderpass and Population case– 709/3368 50–74 – 0.9 (0.7–1.1) 0.6 (0.5–0.8) Age, BMI, HRT, parity, diabetes,
Baron, 2001 control age at menopause

Austin et al. Hospital case– 168/334 40–82 – 0.8 (0.5–1.5) 0.7 (0.4–1.2) Age, BMI, HRT, parity, diabetes
1993 control

Kelsey et al. Hospital case– 167/903 45–74 0.8 (NO CI) – – Age, HRT, age at menopause
1982§ control

Koumantaki et al. Hospital case– 83/164 40–79 – – 0.5 (0.2–1.3)¶ Age, height, weight, HRT, 
1989 control parity, age at menopause

Lesko et al. Hospital case– 510/727 18–69 – 0.9 (0.6–1.2) 0.8 (NO CI)† Age, BMI, HRT, age at 
1985 control menopause, parity, diabetes

Levi et al. 1987 Hospital case– 357/1122 31–74 – 0.9 (0.5–1.5) 0.5 (0.3–0.7) Age, BMI, HRT, parity, age
control at menopause

Stockwell and Hospital case– 1374/3921 – – 0.6 (0.5–0.8) 0.7 (NO CI)† Age
Lyman 1987 control

*Covariates considered here are: age, body mass index (BMI), hormone replacement therapy (HRT), age at menopause, parity, diabetes.
†Crude measures of association were calculated from the data provided.
‡Results shown are for women not taking unopposed estrogens. Among estrogen users, smokers were also at higher risk than nonsmokers.
§Results reported in Baron (1984).
¶Former smokers were combined with never smokers in this analysis.

Note: The table was originally published in Lancet Oncology 2002;3:470–80 and has been reproduced with permission.
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studies (Terry et al. 1999, 2002a), one (Terry et al. 1999) found a 50 per cent reduced
risk among current smokers in the highest level of intensity (11 cigarettes per day or
more) compared to nonsmokers, but the number of cases was low and the confidence
intervals correspondingly wide. The more recent and larger of the two cohort studies
(Terry et al. 2002a) found a statistically significant 40 per cent reduced risk among
current smokers of more than 20 cigarettes per day, but showed somewhat weaker and
statistically nonsignificant reductions in risk with smoking of long duration or high
consumption of pack-years. In contrast, the risk among former smokers was similar to
that among never smokers.

Case–control studies
To date, six population-based case–control studies (Lawrence et al. 1987, 1989; Tyler et
al. 1985; Brinton et al. 1993; Newcomer et al. 2001; Weiderpass and Baron 2001) have
examined quantitative measures of smoking in relation to endometrial cancer risk,
generally showing inverse associations to be strongest among current smokers of high
intensity or long duration (Tables 31.2 and 31.3). However, one population-based
study of late-stage endometrial cancer (Lawrence et al. 1989) did not show an associa-
tion with any measure of smoking (although the number of cases in that study was rel-
atively small); in another small study (Lawrence et al. 1987), the same investigators
found that smoking more than 20 cigarettes per day was associated with a reduced risk
of early-stage endometrial cancer among both current and former smokers. While the
majority of these studies adjusted their relative risk estimates for potentially
confounding variables, such as body mass index (BMI) (weight (kg)/height (m)2), hor-
mone replacement therapy (HRT), parity, diabetes, and age at menopause (Table 31.1),
studies that did not adjust for these variables tended to show similar inverse associa-
tions. Within individual studies, statistical adjustment for the effects of BMI and other
covariates often made little difference, although some attenuation of relative-risk
estimates have been noted (Weiderpass and Baron 2001; Terry et al. 2002a).

Six hospital-based case–control studies of endometrial cancer that examined quanti-
tative measures of smoking have mostly shown statistically significant 30–60 per cent
reduced risks with current or recent smoking of high intensity (Lesko et al. 1985; Levi
et al. 1987; Stockwell and Lyman 1987), with smoking of long duration (Koumantaki
et al. 1989), or with a relatively large number of pack-years (Table 31.2) (Williams and
Horm 1977; Baron et al. 1986). However, the fact that the various smoking measures are
correlated with each other complicates the differentiation of their independent effects.
For example, smokers of high intensity also tend to be smokers of long duration (Terry
et al. 2002a), and the latter also tend to have commenced smoking at an early age.

Effect modification
A number of studies have examined the association between smoking and endometrial
cancer risk according to factors that are known determinants of endogenous hormone
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Table 31.2 Epidemiological studies of cigarette smoking and endometrial cancer risk: smoking frequency, duration, and pack-years

First author, Study design # Cases/ Age Smoking intensity Smoking duration Pack-years 
study year controls range (cigarettes/day) (years) (packs/day*years)

(# in Comparison OR Comparison OR Comparison OR 
cohort) (95% CI) (95% CI) (95% CI)

Terry 1999 Prospective 123/11 659 42−82 Current 11+ 0.5 – – – –
cohort vs. never (0.1–2.0)

Terry 2002 Prospective 403/70 591 40−59 Former >20 0.9 Former >20 1.1 Former >20 1.0 (0.7–1.5)
cohort vs. never (0.6–1.3) vs. never (0.8–1.6) vs. never

Current >20 0.6 Current >20 0.8 (0.6–1.1) Current >20 0.7 (0.5–1.1)
vs. never (0.4–0.9)* vs. never vs. never 

Brinton Population 405/297 20−74 Ever 30+ 0.7 Ever 40+ vs. 0.5 (0.3–0.9)* – –
1993 case–control vs. never (0.4–1.4) never

Former 30+ 1.4 (NO CI) Former 40+ 0.5 (NO CI)
vs. never vs. never

Current 30+ 0.3 (NO CI) Current 40+ 0.5 (NO CI)
vs. never vs. never

Lawrence Population 301/289 40−69 Former >20 0.6 – – – –
1987 case–control vs. never (NO CI)

Current >20 0.5 
vs. never (NO CI)

Lawrence Population 84/168 40−69 Former > 20 1.0 – – – –
1989 case–control vs. never (NO CI) 

Current >20 1.0 
vs. never (NO CI)
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Newcomer Population 740/2372 40–79 – – – – Ever 80+ 0.9 
2001 case–control vs. never (0.5–1.4)

Tyler, 1985 Population 437/3200 20−54 – – – – Ever 15+ 1.0 
case–control vs. never (0.7–1.2)

Weiderpass Population 709/3368 50−74 Maximum 0.7 Lifelong 45+ 0.6 – –
2001 case–control 20+ vs. never (0.4–1.3) vs. never (0.3–0.9)

Baron Hospital 476/2128 40−89 – – – – Ever 15+ 0.6 
1986 case–control vs. never (0.4−0.9)*

Koumantaki Hospital 83/164 40–79 – – 20+ 0.5 – –
1989 case–control (continuous (0.3–0.9)*

variable)

Lesko Hospital 510/727 18−69 Current 25+ 0.5 – – – –
1985 case–control vs. never (0.3–0.8)

Levi 1987 Hospital 357/1122 31−74 Current 15+ 0.4 – – – –
case–control vs. never (0.2–0.9)*

Stockwell and Hospital 1374/3921 – Current >40 0.5 – – – –
Lyman 1987 case–control vs. never (0.3–0.9)

Williams and Hospital 358/3189 25−76 – – – – Ever 40+ 0.7 (NS)
Horm 1977 case–control vs. never

*Statistically significant test of trend reported.

Note: The table was originally published in Lancet Oncology 2002;3:470–80 and has been reproduced with permission.
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Table 31.3 Epidemiological studies of cigarette smoking and endometrial cancer risk according to menopausal status

First author, Study design # Cases/controls Comparison Premenopausal Postmenopausal 
study year (# in cohort) OR (95% CI) OR (95% CI)

Terry 2002 Prospective Cohort 403/70,591 Current >20 cigarettes/day vs. never 0.7 (0.4–1.3) 0.6 (0.3–1.1)

Brinton 1993 Population case–control 405/297 Former vs. never smokers 3.0 (1.2–7.4) 0.8 (0.4–1.2)

Current vs. never smokers 0.5 (0.1–1.7) 0.4 (0.2–0.7)

Ever 30+ years vs. never 6.2 (0.9–42.3) 0.6 (0.4–1.0)*

Ever 30+ cigarettes/day vs. never 1.3 (0.2–7.1) 0.6 (0.3–1.3)*

Franks 1987 Population case–control 79/416 Ever vs. never smokers – 0.5 (0.3–0.8)

Lawrence 1987 Population case–control 301/289 Current vs. never smokers 0.6 (NO CI) 0.6 (NO CI)

Smith 1984 Population case–control 70/612 Ever vs. never smokers 1.3 (0.7–2.5) 0.4 (0.2–1.0)

Weiderpass and Population case–control 709/3368 Current (highest level of duration) 0.9 (0.4–2.0) 0.4 (0.2–0.8)
Baron2001

Koumantaki 1989 Hospital case–control 83/164 Current vs. former + nonsmokers 2.3 (NO CI) 0.2 (NO CI)

Lesko 1985 Hospital case–control 510/727 Current 25 + vs. never smokers 0.9 (0.4–2.2) 0.5 (0.2–0.9)

Levi 1987 Hospital case–control 357/1122 Current vs. never smokers 0.5 (0.2–0.9) 0.4 (0.3–0.7)

Stockwell 1987† Hospital case–control 1374/3921 Current >40 vs. never smokers 1.9 (0.5–7.8) 0.4 (0.2–0.8)

*Statistically significant test of trend reported
†In this study the stratification categories were <50 vs. 50 + years

Note: The table was originally published in Lancet Oncology 2002;3:470−80 and has been reproduced with permission.
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levels, and which may counteract or augment possible tobacco-related hormonal
changes. These factors include menopausal status, HRT, and BMI. Effect modification
can reflect true underlying differences in the association across strata, for example, if
cigarette smoking acted to reduce or modify estrogen levels differently in one group
compared to another, but can also reflect methodological factors, such as differences
that occur by chance or through the varying prevalence of confounding variables.

Menopausal status
Although endometrial cancer is rare among premenopausal women, several studies
have examined the association between cigarette smoking and endometrial cancer risk
according to menopausal status, including one prospective cohort study (Terry et al.
2002a), five population-based case–control studies (Smith et al. 1984; Franks et al.
1987; Lawrence et al. 1987; Brinton et al. 1993; Weiderpass and Baron 2001), and four
hospital-based case–control studies (Lesko et al. 1985; Levi et al. 1987; Stockwell and
Lyman 1987; Koumantaki et al. 1989) (Table 31.3). In all but one of these studies, a
study of early stage endometrial cancer (Lawrence et al. 1987), the inverse association
was (to varying degrees) stronger among postmenopausal than premenopausal
women. Among premenopausal women, the relative risk estimates for cigarette smok-
ing have been inconsistent, sometimes showing increased risks with certain measures
of cigarette smoking (Smith et al. 1984; Stockwell and Lyman 1987; Koumantaki et al.
1989; Brinton et al. 1993), sometimes showing decreased risks (Lawrence et al. 1987;
Levi et al. 1987; Brinton et al. 1993; Terry et al. 2002a), and sometimes showing practi-
cally no association (Lesko et al. 1985; Weiderpass and Baron 2001). In analyses limited
to postmenopausal women, on the other hand, all showed between 20 and 80 per cent
reduced risks of endometrial cancer with the various smoking measures.

Hormone replacement therapy (HRT)
Given the possibility that cigarette smoking is associated with blood hormone
levels mostly among women who are taking HRT (Jensen et al. 1985; Jensen and
Christiansen, 1988; Cassidenti et al. 1990), one might speculate that an inverse associa-
tion between smoking and endometrial cancer risk would be stronger among HRT
users than among nonusers. However, the results of studies that have examined the
association between smoking and endometrial cancer risk according to HRT use
(Weiss et al. 1980; Franks et al. 1987; Lawrence et al. 1987; Levi et al. 1987; Terry et al
2002a) are equivocal in showing such a pattern (Table 31.4). While two studies (Franks
et al. 1987; Levi et al. 1987) observed a larger reduction in risk among smokers taking
HRT than among smokers not taking HRT, two other studies (Lawrence et al. 1987;
Terry et al. 2002a) found no difference in the association according to HRT status,
including a large prospective cohort study (Terry et al. 2002a). Thus, although effect
modification by HRT status is biologically plausible, the available epidemiological
evidence is equivocal.
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Table 31.4 Epidemiological studies of cigarette smoking and endometrial cancer risk according to hormone replacement therapy (HRT) use 

First author, Study design # Cases/controls Comparison No HRT HRT
study year (# in cohort) OR (95% CI) OR (95% CI)

Terry et al. 2002 Prospective cohort 403/70,591 Current > 20 cigarettes/ 0.6 (0.4–1.0)* 0.6 (0.3–1.3)
day vs. never

Franks et al. 1987 Population case–control 79/416 Ever vs. never smokers 0.5 (0.3–0.9) 0.3 (0.1–0.8)

Lawrence et al. 1987 Population case–control 301/289 Current vs. never smokers 0.6 (NO CI) 0.6 (NO CI)

Weiss et al. 1980 Population case–control 322/289 Ever vs. never smokers 0.4 (0.2–0.7) –

Levi et al. 1987 Hospital case–control 357/1122 Current vs. never smokers 0.5 (0.3–0.7) 0.2 (0.1–0.7)

*Statistically significant test of trend reported.

Note: The table was originally published in Lancet Oncology 2002;3:470–80 and has been reproduced with permission.
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Relative body weight
Obesity is an established risk factor for endometrial cancer (IARC 2002). Given the fact
that smokers tend to have lower BMI than nonsmokers (although former smokers tend
to have a higher BMI than current or never smokers) (Baron et al. 1990), two case–
control studies have examined the association between cigarette smoking and endome-
trial cancer risk according to BMI (Levi et al. 1987; Elliott et al. 1990). Neither of these
studies, one hospital-based (Levi et al. 1987) and one population-based (Elliott et al.
1990), found any clear differences in the association between smoking and endometrial
cancer risk according to BMI. Another study (Lawrence et al. 1987), a population-based
case–control study of early stage endometrial cancer, observed the inverse association
with cigarette smoking to become stronger with increasing absolute rather than relative
body weight.

Studies of cigarette smoking and blood hormone levels
Whether mediated through changes in the amount of adipose tissue, altered age at
menopause, or anti-estrogenic effects, blood hormone levels might be an important
link between smoking and the reduced risk of endometrial cancer observed in most of
the studies discussed above. The estrogens that have typically been studied in relation
to cigarette smoking include estrone, sex-hormone binding globulin (SHBG)-bound
estradiol, and estriol. Blood levels of androgens, typically androstenedione and
dehydroepiandrosterone (DHEAS), have also been studied, since these are biological
precursors of estrone. Studies that have examined blood levels of SHBG are less
common, and studies of unbound (free) estradiol are scarce.

Smoking and blood estrogen levels
Studies of cigarette smoking and blood hormone levels have been conducted mostly
among postmenopausal women who were not taking HRT (Table 31.5). Of these stud-
ies, nine examined serum (Friedman et al. 1987; Cauley et al. 1989; Slemenda et al.
1989; Schlemmer et al. 1990; Cassidenti et al. 1992; Austin et al. 1993; Law et al. 1997)
or plasma (Khaw et al. 1988; Longcope and Johnston 1988) estrone, ten examined
serum (Friedman et al. 1987; Cauley et al. 1989; Slemenda et al. 1989; Schlemmer et al.
1990; Key et al. 1991; Cassidenti et al. 1992; Austin et al. 1993; Law et al. 1997) or plas-
ma (Khaw et al. 1988; Longcope and Johnston 1988) estradiol, and two examined
serum (Cassidenti et al. 1992) or plasma-free (Longcope and Johnston 1988) estradiol.
As shown in Table 31.5, these studies have been consistent in showing little or no asso-
ciation between smoking and blood estrogen levels among postmenopausal women
who were not taking hormone replacement therapy. Among premenopausal women,
three studies (Longcope and Johnston 1988; Key et al. 1991; Berta et al. 1992) found no
clear association between cigarette smoking and estrogen levels. Studies that adjusted
hormone measurements for the effects of BMI (and other covariates) showed similar
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Table 31.5 Studies of cigarette smoking and blood hormone levels

First author, Study population Sex hormones examined Major differences in blood Additional 
study year hormone levels between adjustment

smokers and nonsmokers for BMI

Austin et al. 1993 209 postmenopausal women not taking HRT Serum E1, E2, ∆4A No major differences Yes

Berta et al. 1992 694 premenopausal women with BMI < 25 Plasma E1, E2 No major differences No

Cassidenti et al. 1990 25 postmenopausal women randomized Serum E1, E2, unbound E2, Unbound E2 (lower) and Randomization
to take 1 or 2 mg micronized E2 SHBG SHBG-binding capacity 

(higher) in smokers

Cassidenti et al. 1992 38 postmenopausal women not Serum E1, E2, SHBG, non- ∆4A (higher) and DHEAS Yes
taking HRT SHBG-bound E2, ∆4A, (higher) in smokers

DHEAS

Cauley et al. 1989 143 postmenopausal women not Serum E1, E2, ∆4A ∆4A (higher) in smokers Yes
taking HRT

Friedman et al. 1987 25 postmenopausal women not Serum E1, E2, ∆4A, DHEAS ∆4A (higher) and DHEAS Yes
taking HRT (higher) in smokers

Jensen et al. 1985 136 postmenopausal women randomized Serum E1, E2 E1 (lower) and E2 (lower) in Randomization
to 4, 2, or 1 mg E2, or placebo smokers

Jensen and 110 postmenopausal women randomized Serum E1, E2 E1 (lower) and E2 (lower) in Randomization
Christiansen 1988 to oral or percutaneous E2 or placebo smokers after oral E2 



Key et al. 1991 147 pre- and postmenopausal Serum E2, DHEAS No major differences Yes
women not taking HRT

Khaw et al. 1988 233 postmenopausal women not taking HRT Plasma DHEAS, ∆4A, E1, ∆4A (higher) and DHEAS Yes
E2, SHBG (higher) in smokers

Lapidus et al. 1986 253 postmenopausal women not taking HRT Serum SHBG No major differences Yes

Law et al. 1997 1219 pre- and postmenopausal Serum E1, E2, ∆4A, DHEAS, No major differences Yes
women not taking HRT SHBG

Longcope and 88 pre- and postmenopausal women Plasma ∆4A, E1, E2, free E2, ∆4A (higher) in smokers Yes
Johnston 1988 not taking HRT SHBG

Michnovicz et al. 27 premenopausal women not 2-Hydroxylation of injected 2-Hydroxylation of E2 (higher) No
1986 taking HRT, BMI<25 radiolabeled E2 in smokers

Schlemmer et al. 1990 267 women in the early postmenopause Serum E1, E2, ∆4A ∆4A (higher) in smokers No

Slemenda et al. 1989 84 peri- and postmenopausal women Serum E1, E2, ∆4A ∆4A (higher) in smokers No

Abbreviations: E1 (estrone), E2 (estradiol), ∆4A (androstenedione), DHEAS (dehydroepiandrosterone), SHBG (sex-hormone binding globulin), HRT (hormone replacement therapy), BMI (body
mass index).

Note: The table was originally published in Lancet Oncology 2002;3:470–80 and has been reproduced with permission.
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results to those that did not, suggesting that BMI is not a strong confounding variable
in this association.

Two studies examined the association between cigarette smoking and blood
estrogen levels after randomization of women to groups receiving either estradiol or
placebo (Table 31.5) (Jensen and Christiansen 1988; Cassidenti et al. 1990). In a
small study of 25 postmenopausal women (Cassidenti et al. 1990), unbound estradiol
was significantly lower among smokers than nonsmokers both at baseline and
shortly after taking micronized estradiol orally. No important differences were
observed between smokers and nonsmokers in serum levels of either estrone or bound
estradiol. In contrast, a study in which 110 postmenopausal women were randomized
to take hormones (either orally or percutaneously) or a placebo (Jensen and
Christiansen 1988) found that smokers had lower levels of both estrone and bound
estradiol than nonsmokers after oral (but not percutaneous) hormone treatment for
at least one year (levels of free estrogens were not examined). These results indicate
that smoking might affect the absorption or metabolism of hormones used in
replacement therapy.

Smoking and blood sex-hormone binding globulin
(SHBG) levels
Of the five studies that have examined the association between cigarette smoking and
serum (Lapidus et al. 1986; Cassidenti et al. 1992; Law et al. 1997) or plasma (Khaw
et al. 1988; Longcope and Johnston 1988) SHBG, none found any clear association.
However, one of these studies (Khaw et al. 1988) found an inverse association between
smoking and the ratio of bound estradiol to SHBG, a measure of estrogen activity.
In this context, it is interesting to note that Cassidenti et al. (1990) found unbound
(but not SHBG-bound) estradiol significantly lower among smokers than nonsmokers
both at baseline and after taking oral estradiol, suggesting an increased SHBG-binding
capacity in the women who smoked.

Smoking and blood androgen levels
In postmenopausal women, androgens are the major source of estrone, converted
through an aromatization process in fat deposits. Thus, adiposity is positively correlat-
ed with estrogen levels in postmenopausal women. Of the nine studies that examined
blood levels of androstenedione in smokers (Friedman et al. 1987; Khaw et al. 1988;
Longcope and Johnston 1988; Cauley et al. 1989; Slemenda et al. 1989; Schlemmer
et al. 1990; Cassidenti et al. 1992; Austin et al. 1993; Law et al. 1997), all found higher
circulating levels among current than never or former smokers (Table 31.5). However,
these same studies did not show clear variation in blood estrone levels by smoking
status, perhaps suggesting a reduced conversion of androstenedione to estrone among
smokers. Of the five studies that have examined cigarette smoking and DHEAS levels,
three (Friedman et al. 1987; Khaw et al. 1988; Cassidenti et al. 1992) found increased
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blood levels among current smokers, while the other two (Key et al. 1991; Law et al.
1997) found no clear differences according to smoking status.

Studies of cigarette smoking and urinary hormone levels
Seven studies have examined cigarette smoking and urinary estrogen levels
(MacMahon et al. 1982; Michnovicz et al. 1986, 1988; Trichopoulos et al. 1987; Berta
et al. 1992; Key et al. 1996; Berstein et al. 2000) (Table 31.6), and of these, three found
no major differences according to smoking status (Trichopoulos et al. 1987;
Michnovicz et al. 1988; Berta et al. 1992). The remaining four studies each showed
lower urinary estriol levels among smokers than nonsmokers, but mixed results for
urinary estrone and estradiol (MacMahon et al. 1982; Michnovicz et al. 1986; Key et al.
1996; Berstein et al. 2000). The results of two of these studies (Michnovicz et al. 1988;
Berstein et al. 2000) showed lower levels of 2-hydroxyestrone among smokers than
nonsmokers.

Studies of cigarette smoking and age at menopause
Age at natural menopause varies substantially under the influence of genetic and
environmental factors (McKinlay 1996). A relatively early age at menopause has been
associated with reduced risk of endometrial cancer (Kelsey et al. 1982; Baron 1984;
Baron et al. 1990; Akhmedkhanov et al. 2001). For example, a one year decrease in age
at menopause has been associated approximately with a 7 per cent decrease in risk
(Kelsey et al. 1982). In this regard, it has been proposed that cigarette smoking decreases
the age at natural menopause (Baron et al. 1990), and might reduce endometrial cancer
risk through reduced exposure to endogenous estrogens. At least 19 studies have exam-
ined the association between cigarette smoking and age at natural menopause
(Hammond 1961; Daniell 1976, 1978; Bailey et al. 1977; Jick and Porter 1977;
McNamara et al. 1978; Lindquist and Bengtsson 1979; van Keep et al. 1979; Kaufman
et al. 1980; Adena and Gallagher 1982; Andersen et al. 1982; Willett et al. 1983;
McKinlay et al. 1985; Brinton et al. 1986; Hiatt and Fireman 1986; Stanford et al. 1987;
Brownson et al. 1988; Chu et al. 1990; Field et al. 1992) (Table 31.7). In these studies,
differences in age at menopause between smokers and nonsmokers were measured in
terms of differences in means (Daniell 1976, 1978; McNamara 1978; Kaufman et al.
1980; Adena and Gallagher 1982; Hiatt and Fireman 1986; Field et al. 1992; Weiderpass
et al. 1999), medians (McKinlay et al. 1985; Brinton et al. 1986; Stanford et al. 1987;
Brownson et al. 1988; Chu et al. 1990), or the percentage of women who reached
menopause by a certain age (Hammond 1961; Bailey et al. 1977; Jick and Porter 1977;
Lindquist and Bengtsson 1979; van Keep et al. 1979; Andersen et al. 1982; Willett et al.
1983) (these latter studies are not shown in Table 31.7). These studies have shown that,
on average, smokers have menopause 1–1.5 years earlier than nonsmokers. There are
no clear differences in the results of studies that adjusted estimates for obesity (and
other covariates) compared to those that did not.
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Table 31.6 Studies of cigarette smoking and urinary hormone levels

First author, Study population Sex hormones Differences in urinary hormone excretion Additional 
study year examined levels between smokers and nonsmokers adjustment 

for BMI

Bernstein et al. 2000 16 postmenopausal women before Urinary E1, E2, E3, E1 and E3 (lower), E2 and 2OHE1 No
and after taking 2 mg per os/d E2 16αOHE1, 2OHE1 (higher) in smokers after treatment

Berta et al. 1992 694 premenopausal women, BMI < 25 Urinary E1, E2, E3 No major differences No

Key et al. 1996 367 pre- and postmenopausal women Urinary E1, E2, E3 E3 (lower) in postmenopausal smokers Yes

MacMahon et al. 1982 106 premenopausal women not Urinary E1, E2, E3 E1, E2, E3 (lower) in smokers in the No
taking HRT luteal phase of the menstrual cycle

Michnovicz et al. 1988 29 premenopausal women not Urinary E1, E2, E3, E3 (lower) and 2OHE1 (higher) in smokers No
taking HRT, BMI < 25 16αOHE1, 2OHE1

Michnovicz et al. 1986 27 premenopausal women not Urinary E1, E3 E3 (lower) and the ratio of E3 to E1 No
taking HRT, BMI < 25 (lower) in smokers

Trichopoulos et al. 1987 220 postmenopausal women not Urinary E1, E2, E3 No major differences Height and 
taking HRT weight

Abbreviations: E1 (estrone), E2 (estradiol), E3 (estriol), 16α-OEH1 (16-alpha-hydroxyestrone), 2-OEH1 (2-hydroxyestrone), HRT (hormone replacement therapy), BMI (body mass index).

Note: The table was originally published in Lancet Oncology 2002;3:470–80 and has been reproduced with permission.
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Table 31.7 Studies of cigarette smoking and age at menopause (median or mean age at menopause (in years))

First author, Study Nonsmokers Ever smokers Former smokers Current Difference in Adjustment 
study year sample size smokers years (current– for BMI

nonsmokers)

Adena and Gallagher 1982 15 464 50.9 – 50.5 49.9 1.0 No

Brinton et al. 1986 1930 50.6 50.5 – – – No

Brownson et al. 1988 2149 50.3 49.9 50.1 49.6 0.7 No

Chu et al. 1990 9402 Cases: 50.5 – Cases: 50.6 Cases: 49.3 1.2 No
Controls: 49.9 Controls: 49.6 Controls: 48.7 1.2

Daniell et al. 1976 1279 49.1 47.6 – – – Yes

Daniell et al. 1978 236 49.4 47.4 – – – Yes

Field et al. 1992 3234 Cases: 50.3 Cases: 49.3 – – – No
Controls: 49.3 Controls: 48.8

Hiat and Fireman 1986 84 172 48.9 – 48.4 48.0* 0.9 Yes

Kaufman et al. 1980 656 49.4 – 49.2 47.7* 1.7 Yes

McKinlay et al. 1985 7828 52.0 – – 50.3 1.7 No

McNamara et al. 1978 1405 50.1 – – 49.3 0.8 No

Stanford et al. 1987 3497 51 50 – – – No

Weiderpass et al. 1999 3368 Cases: 52 – – Cases: 51 1 No
Controls: 50 – Controls: 50 0

*Crude values were calculated from the data provided.

BMI, body mass index.

Note: The table was originally published in Lancet Oncology 2002;3:470–80 and has been reproduced with permission.
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Comments
The results of at least 26 epidemiological studies to date suggest that current or recent
smoking is associated with a small to moderate decreased risk of endometrial cancer,
particularly among postmenopausal women who smoked for many years at high
intensity. Associations between cigarette smoking and increased risk of osteoporosis
(Baron 1984; Jensen et al. 1985; Jensen and Christiansen 1988; Baron et al. 1990), and
attenuated effects of HRT among smokers (Jensen and Christiansen 1988), suggest an
‘antiestrogenic’ effect of smoking (Baron 1984; Baron et al. 1990). However, circulating
levels of estrogen generally do not differ according to categories of cigarette smoking.
A positive association between smoking and blood androgen levels has been observed
consistently, especially with androstenedione, although its relevance to the association
between smoking and endometrial cancer risk remains unclear.

Regarding the effects of smoking on estrogenic profiles, the type, rather than the
absolute levels, of circulating estrogens may be important. In particular, smoking may
increase estradiol 2-hydroxylation, which has been observed to decrease mammary
epithelial proliferation rates in experimental studies (Bradlow et al. 1996). Although
active smokers and nonsmokers may have the same concentrations of estrogens over-
all, smokers might have a lower concentration of more biologically active estrogens
(primarily 16-alpha-hydroxyestrone). However, only one study (Michnovicz et al.
1986) has directly examined 2-hydroxylation in relation to cigarette smoking, finding a
50 per cent increased estradiol 2-hydroxylation in premenopausal women who smoked
at least 15 cigarettes per day compared to nonsmokers. Although based on relatively
small sample sizes, the findings of lowered levels of urinary estriol, and increased
urinary 2-OEH1, among smokers observed in two studies (Michnovicz et al. 1988;
Berstein et al. 2000) may support the hypothesis that smoking decreases the formation
of active estrogen metabolites along the 16-alpha-hydroxylation pathway.

Since adipose tissue is the main determinant of estrogen levels among
postmenopausal women, and is inversely associated with smoking, BMI may partly
mediate the inverse association between cigarette smoking and estrogen. Most studies
have adjusted for current BMI, although more relevant measures may include changes
in body weight over time, waist-to-hip ratio, or duration of obesity. In addition, smoking
appears to lower the age at which women reach menopause by an average of about
1–1.5 years, an association that seems to weaken with time since smoking cessation.
Statistical adjustment for the effects of age at menopause generally has not altered the
inverse associations between smoking and endometrial cancer risk. While a lower
average body weight and earlier age at menopause among current smokers compared
to nonsmokers certainly mediates some of the inverse association between smoking
and endometrial cancer risk, the extent of this mediation remains unclear.

Effect- modification may provide clues to the mechanisms underlying associations
observed in epidemiological studies. However, the data regarding effect modification
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of the association between cigarette smoking and endometrial cancer risk by other fac-
tors remain equivocal. On the one hand, 10 studies have shown a reduced endometrial
cancer risk with current smoking that is stronger among, or limited to, postmenopausal
women (Smith et al. 1984; Lesko et al. 1985; Brinton et al. 1993; Weiderpass and Baron
2001), women using HRT (Franks et al. 1987; Levi et al. 1987; Weiss et al. 1980), parous
women (Terry et al. 2002a), and women who are obese (Lawrence et al. 1987; Brinton
et al. 1993). On the other hand, nine studies have failed to demonstrate important dif-
ferences in the association according to menopausal status (Lawrence et al. 1987; Levi
et al. 1987; Terry et al. 2002a), obesity (Levi et al. 1987; Terry et al. 2002a), or HRT use
(Lawrence et al. 1987; Brinton et al. 1993; Weiderpass and Baron 2001; Terry et al.
2002a). However, the validity of a single estrogen measurement as an indicator of a
woman’s usual levels is unclear, and none of the published reports has had sufficient
statistical power to address meaningfully the issue of effect modification.

In summary, the available data suggest that cigarette smoking is associated with
reduced risk of endometrial cancer among current smokers, mainly among
postmenopausal women, and that the association weakens with time since quitting.
Studies that examined quantitative measures of exposure to cigarette smoke have
shown greater reductions in risk among women who were current smokers and
smoked either more intensely or for a longer duration than women who smoked
relatively less. The mechanisms by which this association may be driven remain unclear.
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Chapter 32

Tobacco and cardiovascular disease

Konrad Jamrozik

Introduction
At the level of the whole population, tobacco causes far more harm via its contribution
to cardiovascular disease (CVD) than it does through its effects on either the risk of
lung cancer or of chronic obstructive pulmonary disease (COPD). This occurs because,
in the absence of smoking, lung cancer and COPD are both very rare conditions. CVD,
by contrast, is now the commonest cause of death of Homo sapiens (World Health
Organization 1999). Thus, for a given prevalence of smoking in a population, the small
increase in risk of CVD, in relative terms, that is associated with smoking generates
many additional cases of CVD. By contrast, the much larger relative risks for lung
cancer and COPD associated with smoking generate fewer additional cases of these
conditions because these risks are applied to ‘background’ incidence rates that are
much lower than the lifetime risk of CVD in non-smokers (Wald 1978).

Nevertheless, and despite some relationship between smoking and heart disease
having been described for at least a century (Bruce 1901), more than twenty years
elapsed between publication of the original report on the effects of smoking and health
by the Royal College of Physicians of London (1962), which concentrated on lung
cancer, and the appearance of a report from the Surgeon-General of the United States
dedicated to the adverse effects of smoking on the cardiovascular system (United States
Department of Health and Human Services 1983). Even the latter report is remarkable
for the number of aspects of CVD about which information on the impact of smoking
was either entirely lacking or inadequate to draw firm conclusions. This emphasizes how
much more was learnt about active smoking and CVD in the last two decades of the
twentieth century. That picture is now very close to complete, although, as this chapter
will show, some significant questions remain unanswered and, arguably, we have yet to
distil all of the lessons that might be taught by the knowledge that we have available.

To some extent, history has repeated itself in relation to passive smoking. The first
reports of an increased incidence of major respiratory illness in infants and children who
were passive smokers appeared in the English-language literature in 1974 (Colley et al.
1974; Harlap and Davies 1974), and data implicating passive smoking as a cause of lung
cancer in adults were first published in 1981 (Hiryama 1981; Trichopoulos et al. 1981).
However, another four years elapsed before equivalent studies of CVD appeared
(Garland et al. 1985), even though a literature on the short-term consequences of passive
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smoking for cardiovascular function had been amassing since at least 1969 (Ayres et al.
1969). This chapter will demonstrate that after more than three decades of research,
the epidemiological picture of passive smoking and CVD is still far from complete.

Scope of this chapter
Although the cardiovascular system has both arterial and venous sides, the emphasis
here is on arterial disease related to smoking, and on the similarities and differences of
the effects of smoking on disease in the four principal arterial ‘territories’—those in the
head (cerebrovascular tree), heart (coronary arterial tree), abdomen (principally the
aorta, but also the mesenteric arteries supplying the gut), and legs (peripheral arterial
tree). The corresponding conditions of principal interest are: cerebrovascular disease
(CeVD), including stroke and transient cerebral ischaemic attack (TIA); ischaemic
heart disease (IHD), including acute myocardial infarction (AMI); abdominal aortic
aneurysm (AAA); and peripheral arterial disease (PAD).

The coronary equivalent of TIA is angina pectoris, transient chest pain that is classi-
cally brought on by exercise and relieved by rest before permanent damage is done to the
muscle of the heart (which is what does occur in AMI, commonly known as ‘heart
attack’). The peripheral arterial equivalent of TIA and angina is intermittent claudica-
tion (IC), cramping pain in the muscles of the calf, thigh, or buttock that also is brought
on by exercise, and specifically walking, and is relieved by rest. In contrast to angina and
IC, the precipitants of TIA are not well understood, but the syndrome is analogous inso-
far as there is a temporary disruption of neurological function that is ascribed to a short-
term inadequacy in the supply of blood to part of the brain, relative to its needs, and the
symptoms resolve before obvious permanent damage is done to the underlying tissue.

One approach to this chapter would be to consider smoking and disease in each of
the four principal arterial territories in turn. However, the material has instead been
organized according to the criteria proposed by Sir Austin Bradford Hill for assessing
whether statistical associations are likely to reflect underlying causal relationships (Hill
1965). As will become apparent, this allows us to see quickly not only areas of research
where the volume of knowledge is such that we can safely regard a particular question
as definitively answered, but also where unanswered questions remain or where per-
sisting inconsistencies should cause us to think again about what we hold to be the
underlying biological mechanisms. In addition, the Bradford Hill criteria have proved
very useful as a framework for evaluating the emerging evidence regarding passive
smoking and disease where, in general, the effects of exposure on risk are much smaller
than for active smoking (National Health and Medical Research Council 1997) but the
policy response throws into sharp focus issues surrounding the right of society to curtail
the ‘private’ behaviour of individuals in public places and workplaces.

With the literature on smoking and health now running to tens of thousands of scien-
tific papers, any review, even one restricted to a particular subset of diseases, is necessar-
ily selective. In the case of active smoking, the references cited here are a mixture of
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citations of some of the best-known studies and of work conducted by the author in
Perth, Western Australia. At first sight, the latter might seem an obscure choice, but it has
been made for two reasons. First, Perth is one of few communities worldwide where the
same methods have been used to assess the impact of active smoking on disease in each
of the four principal arterial territories identified above, ascertainment of all of the cases
and selection of control subjects have both been population-based, and internationally
agreed criteria have been used to define cases. Framingham, Massachusetts, is another
such community (Dawber 1980), but after more than fifty years of study, the numbers of
events of the more uncommon arterial syndromes experienced by an inception cohort
of just 5209 individuals is still too small to be statistically meaningful. Application of the
same methods of enquiry to mathematically informative numbers of events in the dif-
ferent arterial territories in members of the same population provides a firmer basis on
which to judge similarities and differences in relationships than does drawing together
information from different communities that are widely dispersed in space and time.

The second reason for giving prominence to work from Western Australia is that the
context of the investigations, in terms of prevailing patterns and trends in smoking, is
well documented. Many of the ‘classical’ studies of health and smoking were begun, if
not also completed, in settings where unfiltered cigarettes dominated the local market
and the prevalence of smoking was very high in men and still rising sharply in women.
This might beg the question as to how relevant are the findings now when, internation-
ally, filtered cigarettes are completing their takeover of virtually all markets for tobacco
products. Set against a background of stable or rising prevalences of smoking, the ‘classi-
cal’ studies probably are relevant to many developing countries now, where the uptake of
smoking by both sexes still continues. However, for some time the prevalence of smok-
ing has been falling significantly in many developed countries, especially in the English-
speaking world and Scandinavia (Molarius et al. 2001). Perth is representative of such
settings (Macfarlane and Jamrozik 1993), and therefore potentially much more inform-
ative as to the risks associated with modern patterns of smoking of modern cigarettes.

After examining the evidence regarding active and passive smoking and arterial dis-
ease, this chapter briefly considers effects of smoking on the venous system before clos-
ing with a section identifying a relatively small number of areas where further research
on smoking and CVD might be worthwhile.

The Bradford Hill criteria
The decision having been taken to organize the information on smoking and arterial
disease according to the Bradford Hill criteria, it becomes necessary to introduce those
criteria in their own right.

Sir Austin Bradford Hill was an eminent statistician whose long list of accomplish-
ments includes involvement in the original Medical Research Council trial of strepto-
mycin for tuberculosis (Medical Research Council 1948), publication, with Sir Richard
Doll, of the first English case–control studies of smoking and lung cancer (Doll and
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Hill 1950, 1952), and establishment, again with Doll, of the long-running cohort study
of smoking in British doctors (Doll et al. 1980, 1994). His criteria for assisting judge-
ments about the likelihood of causal relationships explaining associations seen in
observational data were published in 1965, with the original paper emphasizing that, as
a true experiment, a randomized controlled trial involving human subjects should
always provide the best evidence for answering such questions (Hill 1965). The criteria
are listed and briefly explained in Table 32.1. Various other individuals and groups
have proposed extensions and embellishments to the list of criteria, but Hill’s for-
mulation has the claim of simplicity as well as precedence, and therefore has been
adopted here.

In relation to diseases purportedly caused by tobacco, the weight of evidence available
by at least the early 1960s had made such experiments unethical, even if they were prac-
tical, while experimental studies conducted in laboratory animals could contribute only
to Hill’s criterion of biological plausibility because the potential for between-species
differences limited their applicability to humans. Nevertheless, so-called ‘natural
experiments’, in which the incidence of cardiovascular and other diseases are tracked
as the smoking habits of a given population change, have contributed important
information bearing on the criteria of temporal sequence and reversibility. These
observations fall into a category known to epidemiologists as ‘ecological studies’
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Table 32.1 The Bradford Hill criteria for judgements about causation

Criterion Test and its interpretation

Strength Is the statistical relationship strong? Does it show a dose–response relationship—is
a higher level of exposure to the putative cause associated with a greater risk of
the disease?

Consistency Is the relationship seen consistently in studies conducted at different historical
periods, in different places, in different people (for example, in men as well as in
women, in young people as well as in older ones, in different ethnic groups), 
and using different epidemiological methods (such as case–control and
cohort studies)?

Temporal Do at least some of the studies provide incontrovertible evidence that exposure to
sequence the putative cause preceded development of the alleged effect?

Reversibility Is a reduction in exposure followed by a reduced risk of the disease of interest?
This question is best answered in data from individuals, but indicative
information may also be derived from studies of whole populations

Specificity Is exposure to the putative causal factor associated with development of an
outcome that is unique to that exposure?

Biological Is there supportive evidence from experimental studies in other species and from
plausibility laboratory work on relevant organs, tissues, and other physiological systems?

A systematic search for, and failure to find, evidence that would not support
a conclusion of biological plausibility can be very useful here in demonstrating
that the overall body of evidence is ‘coherent’.
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because the data on both exposure and disease are collected at the level of an entire
community rather than for individuals, and care must be taken that some other
factor that influences the pattern of the disease of interest more directly, quickly, or
profoundly has not also changed during the period under study. In the case of
Australia, for example, the evidence suggests that smoking among men peaked either
during or soon after World War II (Hyndman et al. 1991) (see Fig. 32.1), which might
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Fig. 32.1 Retrospective cohort analyses of smoking habits of Australian (a) men and
(b) women
Footnote, Each line on a graph plots the evolution of smoking habits in the set of men or
women born in a particular five-year period. The peak prevalence occurred among men in
their twenties at the time of World War II, and far preceded and exceeded that among
women, as did the rate of decline once the peak was passed. Overall, Australian women have
been slower to stop starting and to start stopping than their male counterparts.
Source: Hyndman et al. (1991)
Copyright: Health Department of Western Australia
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have contributed to the unprecedented downturn in mortality from IHD that occurred
in the late 1960s and has continued since (Dwyer and Hetzel 1980) (see Fig. 32.2).
However, the same change in the epidemiology of the disease also ‘fits’ with the major
shift from plain to filter cigarettes that occurred from the late 1950s onwards. On the
other hand, neither the change in level of smoking nor the type of cigarette smoked
would explain why mortality from stroke, the more lethal manifestation of CeVD,
began falling in the early 1950s (Jamrozik 1997), unless the time-trend for reduction
of risk, specifically after cessation of smoking, was significantly faster for CeVD than
for IHD. Development of effective pharmacological treatments for high blood pres-
sure might conceivably have triggered the downturn in mortality from CeVD, even
though hypertension is also a major independent and modifiable risk factor for IHD.
Data on other potentially important factors, such as changes in dietary patterns con-
sequent on the arrival of significant numbers of migrants from continental Europe
and on developments in kitchen appliances, are extremely scant (Jamrozik et al.
1992), and those on levels of blood lipids and patterns of physical activity virtually
non-existent.

The example of secular trends in mortality from arterial disease in Australia serves to
illustrate several important points. While application of the Bradford Hill criteria to

observational data on individuals itself requires considerable judgement, interpretation

TOBACCO AND CARDIOVASCULAR DISEASE554

Fig. 32.1 (continued).

33_Chap32.qxd  6/24/04  3:22 PM  Page 554



KONRAD JAMROZIK 555

Fig. 32.2 Trends in mortality from IHD and stroke in Australian (a) men and (b) women
Footnote: In both sexes, mortality from stroke began falling early in the 1950s, while that
from IHD continued to increase until the late 1960s before beginning to fall sharply and contin-
uously. Taken together, the two patterns are not entirely consistent with the graphs shown in
Fig. 32.1, suggesting that factors other than changes in smoking habits are also at play.
Source: National Heart Foundation of Australia (1996)
Copyright: National Heart Foundation of Australia
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of secular trends in these diseases in whole communities, and the role that changes in
smoking habits play in initiating and maintaining those trends, is even more difficult.
Secondly, as the foregoing discussion makes clear, smoking is just one of several major,
independent, and potentially modifiable risk factors for development of CVD, which
has direct implications for Bradford Hill’s criterion of specificity. Thirdly, if both ciga-
rettes and patterns of their use change simultaneously, it may be close to impossible
to discern, at least retrospectively, how much, if any, each change contributed to a
population’s experience of CVD.

But all of this is to run before we can walk. Let us first consider the individual criteria
proposed by Bradford Hill and how they apply to the data on active smoking. Table 32.2
summarizes such a survey.

Strength and dose–response
As may be seen from Table 32.2, active smoking of cigarettes is a strong risk factor for
disease in each of the four principal arterial territories, and shows an obvious
dose–response in each. The dose–response relationships shown in Tables 32.3 and 32.4
are representative of those seen internationally, and those for IHD in Perth are further
supported by data from cohort studies conducted in the same population (see Table 32.5).
Unexpectedly, follow-up of healthy subjects recruited to the earlier case–control study
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Table 32.2 Application of Bradford Hill criteria to the evidence on ACTIVE smoking and
arterial disease

Criterion Manifestation of arterial disease

Ischaemic Cerebrovascular Abdominal Peripheral 
heart disease disease aortic aneurysm arterial disease

Strength ✓ ✓ ✓ ✓

dose–response ✓ ✓ ✓ ✓

Consistency
time ✓ ✓ ✓ ✓

place ✓ ✓ ✓ ✓

person ✓ ✓ ✓ ✓

epidemiological method ✓ ✓ � ✓

Temporal sequence ✓ ✓ � ✓

Reversibility
individual ✓ ✓ � �

population ✓ � � �

Specificity � � � �

Biological plausibility ✓ ✓ ✓ ✓

✓ = Evidence available and supports criterion.

� = Available evidence does not support criterion.

� = Evidence either not available or inconclusive.
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Table 32.3 Case–control studies of active smoking and ischaemic heart disease in Perth, Western Australia

Type of arterial disease Definition Daily Cases Controls Odds ratio 95% Confidence Adjusted for:
(Period of study) and source consumption limits
[Reference] of cases of cigarettes
Sex and age-groups

Ischaemic heart AMI: Perth n = 174 n = 843 age, history of 
disease (1989) MONICA Never smoked 1.0 – hypertension, 
(Liew 1989) Register Ex-smoker maternal history 
Men only; 25–64 years 1−24 1.71 0.87, 3.37 of IHD, vigorous 

25+ 2.37 1.14, 4.96 exercise
Current smoker
1–24 2.07 1.06, 4.05
25+ 6.65 3.27, 13.5

Ischaemic heart AMI: Perth n = 336 n = 735 age, dietary salt,
disease (1994) MONICA Never smoked 1.0 – fat, meat, alcohol,
(Spencer et al. 1999) Register Ex-smoker 2.0 1.25, 3.33 exercise, obesity,

diabetes, history
Men only; 25–64 years Current smoker 2.5 1.67, 3.33 of hypertension,

angina, low
cholesterol diet

Ischaemic heart AMI: Perth n = 416 n = 935 age, marital status,
disease (1990–1993) MONICA Never smoked 1.0 – source of income,
(Lambert 2000) Register Ex-smoker 1.34 0.94, 1.91 alcohol, exercise, 

Women only; Current smoker 3.87 2.67, 5.61 dietary fat, diabetes
25–64 years
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Table 32.4 Case–control studies of active smoking and other arterial disease in Perth, Western Australia

Type of arterial disease Definition Daily Cases Controls Odds 95% Confidence Adjusted for:
(Period of study) and source consumption ratio limits
[Reference] of case of cigarettes
Sex and age-groups

Cerebrovascular disease Stroke: Perth n = 295 n = 553 history of hypertension,
(1989–1990) Community Never smoked 1.0 – alcohol, claudication,
(Jamrozik et al. 1994) Stroke Ex-smoker 0.75 0.46, 1.24 previous CeVD, 
Both sexes; Study 1–20 1.99 1.04, 3.79 dietary milk, meat,

ages ≥18 years 21+ 3.52 1.35, 9.14 salt, fish; matched
for age and sex

Abdominal aortic AAA ≥ 30mm n = 875 n = 11 328 age, place of birth,
aneurysm WA* Never smoked 1.0 – height, family history

(1996–1998) AAA Ex-smoker 2.5 2.0, 3.1 of AAA, dietary salt,
(Jamrozik et al. 2000a) Program 1–24 4.5 3.5, 5.8 exercise, waist:
Men only: 65–83 years 25+ 6.0 4.0, 9.0 hip ratio

Peripheral arterial disease IC or n = 744 n = 3726 age, diabetes, 
(1996–1998) ABI ≤ 0.9 Never smoked 1.0 – exercise, history
(Fowler et al. 2002) WA Ex-smoker 2.1 1.6, 2.6 of hyperlipidaemia
Men only: 65–83 years AAA 1–14 3.9 2.7, 5.6

Program 15–24 6.6 4.2, 10.5
25+ 7.3 4.2, 12.8

*WA = Western Australia; AAA = abdominal aortic aneurysm; IC = intermittent claudication; ABI = ankle:brachial index of systolic blood pressure.
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Table 32.5 Cohort studies of active smoking and arterial disease in Perth, Western Australia

Type of arterial disease Definition Daily Events Size of Odds 95% confidence Adjusted for:
(Period of study) and source consumption cohort ratio limits
[Reference] of data of cigarettes
Sex and age-groups

Ischaemic heart disease First AMI*: n = 72 n = 4805 age, diastolic
(1978–1994) Perth Never smoked 1.0 – blood pressure, 
[unpublished data] Cohort Ex-smoker 0.99 0.53, 1.88 cholesterol, diabetes
Men only, ages ≥18 years Study 1–14 1.42 0.61, 3.33 (men with CVD
Five years of follow-up 15–24 1.68 0.67, 4.12 excluded)

25–34 4.10 1.98, 8.49
35+ 2.83 0.79, 10.1

Cerebrovascular disease Major CVD*: n = 141 n = 931 age, sex, history of
(1989–1994)  Perth Never smoked 1.0 – AMI, diabetes,
(Jamrozik et al. 2000b) Community Current smoker 0.43 0.19, 0.995 intake of meat, use
Both sexes; ages ≥18 years Stroke Study of full fat milk
Five years of follow-up

*AMI = acute myocardial infarction; ‘major CVD’ = death from IHD, CeVD, AAA, PAD or mesenteric thrombosis, plus non-fatal AMI or stroke.
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of stroke (Jamrozik et al. 1994) revealed an inverse relationship between current smoking
and major cardiovascular events (Jamrozik et al. 2000b).

Apart from the long-running studies in Framingham (Dawber 1980) and of British
doctors (Doll et al. 1980, 1994) that have already been mentioned, new cohorts con-
tinue to be established in a wide variety of countries. Individual studies take some time
to ‘mature’, although much useful information has already been obtained from the very
large cohorts under follow-up in the Nurses Health Studies (Hu et al. 2000) and Health
Professionals Study (Verhoef 1998) and from men screened for participation in the
Multiple Risk Factor Intervention Trial (MRFIT) (Stamler et al. 1986). In addition,
patients with AMI who participated in the ISIS-2 trial of aspirin and streptokinase
have now been included in one of the largest case–control comparisons ever conducted
for a non-communicable disease (Parish et al. 1995). Once again, the results show a
strong and dose-related increase in risk of major coronary events associated with active
smoking.

A recent, large case–control study of stroke in New Zealand (Bonita et al. 1999)
stands out from all of these studies for two reasons apart from its focus on events in the
cerebral rather than the coronary arteries. The first is that ascertainment of cases was
population-based and therefore less subject to bias related to either the selected nature
of the participants or the fact that, to be included, those suffering an event had to sur-
vive to reach hospital alive. Secondly, it has been one of the first studies deliberately to
exclude passive smokers from the control group, a problem that may have affected
many of the ‘classical’ studies and that, as Bonita et al. demonstrate, serves to under-
estimate the effects of active smoking on risk of disease (1999). The difference between
their two sets of estimates, seen in Table 32.6, is sufficiently large to support a recom-
mendation that exclusion of passive smokers should now be the ‘gold standard’ in such
studies, especially since the spread of smoke-free policies has reached a point where
large proportions of many communities are now able to live, travel, work, and relax in
smoke-free environments if they so choose.

Smoking has long been accepted as a risk factor for both AAA and particularly PAD,
but, as we shall see later, the relative lack of systematic study of these conditions appears
to have contributed to a delay in our learning some important lessons about them.

Consistency
As has already been intimated, that active smoking is an important risk factor for the
development of IHD is now supported by close to fifty years of research that includes
both men and women, both case–control and cohort investigations, and evidence from
a wide variety of geographical settings. Much the same is true of stroke, with one
important proviso to which we will return. The more limited data on PAD and AAA
demonstrate the same features, although both of these tend to be disproportionately
diseases of men, the former possibly because men took up smoking much sooner than
women, the latter at least partly because of a genetic component.
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Table 32.6 Effect of exclusion of passive smokers from the control group on the apparent risk of stroke associated with active smoking

Smoking status With passive smokers INCLUDED With passive smokers EXCLUDED

Cases n = 521 Controls n = 1851 Odds ratio* 95% CLs Cases n = 521 Controls n = 1851 Odds ratio* 95% CLs
(%) (%) (%) (%)

Never smoked 31.1 48.7 1.0** – 21.1 35.7 1.0§ –
29.8 36.5 1.82¶ 1.34, 2.49

Current smoker 31.5 13.8 4.14 3.04, 5.63 31.5 13.8 6.33 4.50, 8.91

1–4 per day 5.2 2.1 2.56 1.35, 4.88 5.2 2.1 3.89 2.03, 7.47

5–14 per day 8.1 3.4 4.37 2.61, 7.32 8.1 3.4 6.63 3.89, 11.3

15+ per day 18.2 8.3 4.59 3.17, 6.63 18.2 8.3 7.06 4.75, 10.5

Ex-smoker 33.4 36.2 1.0 0.75, 1.32 13.6 12.7 2.21 1.50, 3.27

<2 years 4.2 2.4 2.30 1.24, 4.27 4.2 2.4 3.45 1.84, 6.46

2–10 years 9.4 10.3 1.23 0.80, 1.88 9.4 10.3 1.89 1.21, 2.93

>10 years 19.8 23.5 0.79 0.57, 2.51

Source: Adapted from Bonita et al. (1999).

*Adjusted for age, sex, diabetes, hypertension, and history of heart disease.

**Includes never smokers who were passively exposed.
§Unexposed never smokers and unexposed ex-smokers of more than 10 years’ standing.
¶Passively exposed never smokers and ex-smokers of more than 10 years’ standing.
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The outstanding issue with regard to stroke is that it consists of three different
pathological syndromes: subarachnoid haemorrhage (SAH), accounting for about 4%
of all strokes and due in 85% of cases to rupture of a saccular aneurysm of an artery at
the base of the brain external to the brain tissue (van Gijn and Rinkel 2001); primary
intracerebral haemorrhage (PICH), responsible for about 11% of strokes in popula-
tions of European origin (Jamrozik et al. 1999) and due to haemorrhage from a small
blood vessel within the brain tissue; and occlusive stroke, accounting for most of the
remaining cases and due to thrombosis or to an embolus from the heart or neck,
blocking a blood vessel in the brain. That the risk factors for these in general, and the
role of smoking in particular, are not necessarily the same has received only limited
attention, at least partly because routine CT examination to establish the pathologi-
cal basis of stroke has become available only relatively recently. In fact, a case–control
study conducted as part of the Perth Community Stroke Study (PCSS) was one of
the first to provide evidence that active smoking is a risk factor for both occlusive
stroke and PICH, although it did point to intriguing differences between these syn-
dromes in regard to their associations with certain other risk factors (Jamrozik et al.
1994).

The PCSS alone included too few cases of SAH to permit separate analysis of risk
factors for this form of stroke, but a large population-based series amassed retrospec-
tively in the southwest of England suggests that smokers are more likely to survive an
episode of SAH than are non-smokers (Pobereskin 2001a). As an editorial accompany-
ing this report noted, such a finding is unexpected and potentially controversial (Juvela
2001). Of itself, it provides no clues as to the role of smoking in the aetiology of SAH,
and Pobereskin concedes that it has not been consistently reported from other series.
Most of those have not examined either question or not published the results if they
have done so, and few are individually large enough to have a reasonable chance of
seeing the effect on survival if it exists. Pobereskin is also open in acknowledging that
data on smoking habits are most difficult to collect for patients who do not survive to
reach hospital or who die soon after being admitted. Potentially this could lead to a
bias in which smoking was apparently associated with better survival, but Pobereskin is
confident that this problem has not affected his data (Pobereskin 2001b). If his original
observation is correct, it may be one of several hints that the relationship between
smoking and aneurysmal disease differs fundamentally from that with occlusive, ather-
osclerotic arterial disease.

Temporal sequence
In practice, the question of temporal sequence—exposure to the putative cause (smoking)
preceding development of the alleged outcome (arterial disease)—is rarely a problem in
relation to major non-communicable diseases related to tobacco because most smok-
ers acquire the habit in their teens and the consequent diseases usually do not manifest
themselves before later middle age. Nevertheless, the issue of temporal sequence is
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readily addressed by cohort studies to which recruitment is limited to subjects with no
evidence of the relevant disease at baseline. With the proviso that any screening test
almost certainly generates some false negatives, such cohort studies are certainly avail-
able for IHD and CeVD. This is of critical importance as ‘temporal sequence’ is the
only one of the criteria proposed by Bradford Hill that must be fulfilled if one is to con-
clude that a causal relationship does explain the statistical associations observed
between an exposure of interest and its putative effect.

Very large studies would be required in the case of AAA, where the prevalence of sur-
gically significant lesions is still less than 1% in men in early old age (Jamrozik et al.
2000a). The prevalence of PAD, diagnosed either by symptoms (IC) or a reduced
ankle:brachial index of systolic blood pressure, is at least six times higher in the same
age–sex group (Fowler et al. 2002), making cohort studies more feasible. For example,
Bowlin et al. found that current smokers of more than 20 cigarettes daily doubled their
risk of developing IC within five years relative to never smokers (1994).

Reversibility
Good evidence was already available at the time of the 1983 report from the Surgeon-
General (United States Department of Health and Human Services 1983) that after an
individual stops smoking his or her excess risk of IHD associated with active smoking
dissipates rapidly, compared with the equivalent pattern for lung cancer, and probably
has disappeared entirely within seven to ten years. While much of the research available
at that time was dominated by studies of men whose careers as smokers spanned the
change from plain to filter cigarettes, more recent confirmatory evidence of the same
pattern is available from the Nurses’ Health Study for women (Kawachi et al. 1994) and
from two of the Australasian centres in the World Health Organization MONICA
Project for men (McElduff 1998a). The Nurses’ Health Study has demonstrated a very
similar pattern of reduction of excess risk of stroke after cessation of smoking (Kawachi
et al. 1993), and the same findings are evident for both the coronary and cerebral arte-
rial territories in studies conducted in Western Australia (Liew 1989; Jamrozik et al.
1994; Spencer et al. 1999; Lambert 2000) (see Tables 32.3 and 32.4).

In the case of AAA and PAD, however, there is evidence from Western Australia of
long persistence of residual excess risk after a man gives up smoking. The sets of data for
these conditions displayed in Table 32.4 both come from cross-sectional case–control
comparisons based on a large randomized controlled trial of screening for AAA involv-
ing men aged 65–83 years selected at random from electoral rolls, enrolment to vote
being compulsory for all adult Australian citizens (Jamrozik et al. 2000). Information
on smoking habits was collected via a self-completed questionnaire that was answered
by the men before the screening examinations for AAA and PAD were undertaken.
However, claims to have stopped smoking were not verified biochemically, although
many men were accompanied to the screening examination by a wife or partner who
was all too willing to act as their ‘conscience’.
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Table 32.7 shows that stratification of ex-smokers, who constituted some 60% of all
men screened, by reported time since cessation of smoking did reveal an inverse rela-
tionship with apparent risk of PAD, but the excess risk of each condition was still sta-
tistically significant among men who claimed to have stopped smoking more than
twenty years previously. Misclassification of continuing smokers as ex-smokers could
conceivably contribute to these findings, despite the overall pattern of responses
regarding smoking status being consistent with the retrospective cohort analysis men-
tioned previously (Hyndman et al. 1991). At the same time, calculations showed that if
the apparent excess risk in those who had ever smoked was correct and causal, some
40% of cases of PAD in this population were attributable to previous smoking and
a further 32% to current smoking (Fowler et al. 2002). Thus, while there is no uncer-
tainty surrounding the reversibility of the excess risk of IHD and stroke if a smoker
gives up the habit before overt disease develops in these arterial territories, the same
may not be true of the aorta and arteries of the lower limb. Since AAA is, by definition,
aneurysmal disease, while PAD is occlusive disease, the explanation for the contradiction
cannot lie in a different pathological process affecting arteries below the diaphragm
compared with that above it. In any case, the puzzle is compounded further when one
considers that atherosclerosis plays a role in all four arterial syndromes.

Fewer analyses are available of the relationships between population-wide trends in
smoking and those for the incidence or mortality from arterial disease, but, as dis-
cussed earlier, the interpretation of such data is fraught with hazard because all of the
cigarettes themselves, patterns of smoking, the medical management of cardiovascular
risk factors and events, and the epidemiology of the diseases changed rapidly and
significantly over the last five decades of the twentieth century.
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Table 32.7 Long-term persistence of excess risk of PAD in ex-smokers
(Fowler et al. 2002) 

Smoking status Odds ratio 95% CLs

Never smoked 1.0 –

Ex-smoker 2.1 1.6, 2.6

20+ years 1.3 1.0, 1.7

10–19 years 2.7 2.0, 3.6

5–9 years 3.7 2.5, 5.3

1–4 years 3.8 2.5, 5.7

<1 year 5.4 2.4, 11.9

Current smoker

1–14 / day 3.9 2.7, 5.6

15–24 per day 6.6 4.2, 10.5

25+ per day 7.3 4.2, 12.8

CLs = confidence limits; odds ratios adjusted for age, physical activity, diabetes, and history of
high triglyceride and cholesterol levels.
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Specificity
The entries in Table 32.2 for ‘specificity’, meaning exposure to the putative causal factor
being associated with development of an outcome that is unique to that exposure,
stand out as the one row for which the evidence on smoking and CVD currently avail-
able does not support the criterion proposed by Bradford Hill. The explanation for this
lies in the fact that many factors increase the risk of atherosclerotic CVD and, with a
final pathological process that is common to all of them, it is very difficult to discern
epidemiologically whether any given risk factor makes a contribution that is unique to
itself. As is discussed further below, the apparent lack of specificity for smoking in the
genesis of CVD has been a matter of scientific note for at least twenty years
(Anonymous 1980), and the whole issue has been re-examined very thoroughly more
recently in the context of evidence that, relative to active smoking, passive smoking
seems to carry a risk for IHD that is disproportionately high compared with its contri-
bution to the development of lung cancer in non-smokers.

Biological plausibility
Randomized, blinded controlled trials have provided incontrovertible evidence that
smoking, exposure to tobacco smoke, or exposure to components of tobacco smoke
such as carbon monoxide, produce clinically observable effects on various parts of the
cardiovascular system including the electrical system of the heart (Sheps et al. 1987),
the coronary circulation (Ayres et al. 1969; Aronow and Rokaw 1971; Sumida et al.
1998; Otsuka et al. 2001), and the peripheral arteries (Celermajer et al. 1996). This evi-
dence is supported by cross-sectional studies demonstrating increased asymptomatic
thickening of the lining ‘intima’ layer of the carotid arteries in both active and passive
smokers (Howard et al. 1994), with follow-up of the same individuals showing greater
rates of evolution of these ‘plaques’ in smokers (Diez-Roux et al. 1995; Howard et al.
1998). Since the carotid arteries are the main blood vessels supplying the brain, greater
degrees of occlusion at the anatomical sites examined in these studies are associated
with neurological symptoms, and surgical clearance of such obstructions reduces the
risk of stroke, these findings clearly are of direct relevance to the role purportedly
played by smoking in the aetiology of CeVD.

These studies in intact humans are complemented by a wealth of laboratory research
on other species (Penn and Snyder 1996; Penn et al. 1996, 2001) and on human tissues
(Davis et al. 1989; Kritz et al. 1995). Glantz and Parmley (1995) provide a wide-ranging
review of the evidence that passive smoking, in particular, could plausibly cause an
increase in risk of CVD in non-smokers and point to a number of mechanisms through
which this could occur. It is true that there are differences in chemical and other charac-
teristics between the smoke inhaled directly from cigarettes by smokers and that inhaled
from ambient air by non-smokers. However, the overall exposure of the latter to partic-
ular constituents of the smoke is so obviously lower that, taken with the evidence of
direct, potentially harmful effects of active smoking on parts of the cardiovascular
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system, the convincing argument regarding the biological plausibility of passive smok-
ing as a cause of CVD means that the case in regard to active smoking must be even
more compelling. Significantly, the identification of a number of different mechanisms
via which tobacco smoke could harm the arterial tree makes it very difficult to modify
cigarettes to make them ‘safer’ in regard to the risk of CVD in smokers.

Passive smoking and arterial disease
The evidence that passive smoking increased the incidence of severe respiratory infec-
tions in infants and young children (Colley et al. 1974; Harlap and Davies 1974) was
not seriously challenged when it emerged. This is probably because it was known by
the 1970s that active smoking caused COPD (Fletcher and Peto 1976) and was associ-
ated with increased mortality from pneumonia in adults (Doll and Peto 1976), it was
obvious that children of this age could be heavily exposed if their parents smoked
around them, and the implications for policy were limited because the majority of that
exposure occurred in private homes, a domain that most communities are loathe to
regulate. However, the tobacco industry having been alerted in 1978 to the threat to its
well-being posed by the issue of passive smoking (Roper Organization 1978), the pub-
lication, in 1981, of evidence (Hirayama 1981; Trichopoulos et al. 1981) that passive
smoking was associated with lung cancer in adults was accompanied by very consider-
able controversy. The possible contribution of passive smoking to IHD, first identified
epidemiologically in 1985 (Garland et al. 1985), has proved even more contentious
because it appears to be similar in magnitude to the effect of passive smoking on the
risk of lung cancer, whereas the multiplying effect of active smoking on the risk of lung
cancer is at least five times its effect on IHD.

The National Heart Foundation of Australia was one of the first health organizations
to react to the paper from Garland et al. (1985), publishing a pamphlet on passive
smoking and heart disease entitled, “So you think you’re a non-smoker” (National
Heart Foundation of Australia 1985) in the same year. More systematic reviews of the
scientific evidence on passive smoking generally were published by the Surgeon-
General in the United States in 1986 (United States Department of Health and Human
Services 1986) and the National Health and Medical Research Council (NHMRC) in
Australia in 1987 (National Health and Medical Research Council 1987), but neither
body was persuaded at that time that passive smoking caused CVD. When the NHMRC
visited the question of passive smoking again (1997), many more epidemiological and
laboratory reports on the issue of CVD had been published, leading that body to a con-
clusion that the evidence for a causal relationship was ‘strongly suggestive’. In Britain,
the Scientific Committee on Tobacco and Health was unambiguous in its report pub-
lished in 1998 that passive smoking is a cause of IHD (Department of Health 1998),
and Law et al., working in the same country, had been persuaded by the evidence avail-
able in the preceding year (1997), as had the California Environmental Protection
Agency (Office of Environmental Health Hazard Assessment 1997).
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The epidemiological evidence implicating passive smoking as a cause of IHD
continues to mount (Ciruzzi et al. 1998; McElduff et al. 1998b; Thun et al. 1999;
Irabarren et al. 2001; Rosenlund et al. 2001), with new meta-analyses appearing at
frequent intervals (He et al. 1999), and the data on stroke are also growing (Bonita
et al. 1999). However, as may be seen from Table 32.8, little attention has been afforded
to the role of passive smoking in the genesis of AAA and PAD, and the question of
whether the risk of any of the arterial diseases falls when a non-smoking individual
stops being passively exposed to tobacco smoke has not been studied systematically.

Although the elevation in risk of IHD associated with passive smoking is modest,
both coronary disease and exposure to tobacco smoke are so common among non-
smokers that the aggregate number of additional cases of heart attack potentially
attributable to passive smoking is very large indeed (Wells 1994). The sceptics, some of
whom openly acknowledge support from the tobacco industry, regularly advance argu-
ments about misclassification of continuing smokers as ex-smokers, publication bias
(LeVois and Layard 1995)—the tendency for studies showing no association not to be
submitted or accepted for publication—and confounding—systematic differences in
the lifestyles of non-smokers who are and are not passive smokers that render the
former more prone to development of IHD—as possible explanations for pattern of
positive findings in the available literature. These objections are theoretical and largely
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Table 32.8 Application of Bradford Hill criteria to the evidence on passive smoking and
arterial disease

Criterion Manifestation of arterial disease

Ischaemic Cerebrovascular Abdominal Peripheral 
heart disease disease aortic aneurysm arterial disease

Strength � � � �

dose–response ✓ ✓ � �

Consistency
time ✓ ✓ � �

place ✓ ✓ � �

person ✓ � � �

epidemiological ✓ � � �

method

Temporal sequence ✓ � � �

Reversibility
individual � � � �

population � � � �

Specificity � � � �

Biological plausibility ✓ ✓ ✓ ✓

✓ = Evidence available and supports criterion.

� = Available evidence does not support criterion.

� = Evidence either not available or inconclusive.
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speculative, but each has been examined systematically and discounted (Steenland
et al. 1998; Wells et al. 1998).

Two further papers, both including authors who are associated with the tobacco
industry, proffer elaborate but slightly different arguments about the overall
dose–response relationship between tobacco smoke and CVD. Gori (1995) calculates
that a pooled estimate of the epidemiological data on the excess risk of IHD associated
with active smoking of five cigarettes daily is not statistically significant and therefore
that there is a threshold of exposure to tobacco smoke, whether through active or pas-
sive smoking, below which individuals suffer no adverse cardiovascular consequences.
Smith et al. (2000) argue that combining the epidemiological data for active and pas-
sive smoking produces a non-linear dose–response curve that is biologically implausible.
The best counter to both these observations is a simple experiment that showed that
exposure to tobacco smoke in the corridor of a hospital for just 20 minutes resulted in
significant ‘activation’ of the platelets of non-smokers but not those of smokers,
platelets being small cells in the bloodstream that play a critical role in thrombosis,
including coronary thrombosis and occlusive stroke (Kritz et al. 1995).

In summary, the epidemiological association between passive smoking and at least
IHD is definitely real, and the available evidence points to it being both based on a
causal relationship and of considerable public health significance, even though the
excess risk in individual passive smokers is small.

Active smoking and venous disease
Smokers have significantly increased mortality from the most lethal form of venous
disease, pulmonary embolism (PE) secondary to deep vein thrombosis (DVT) (Doll et al.
1994), which is perhaps a consequence of the higher levels of fibrinogen and activation
of platelets in smokers, as well as their increased risk of cancer. Beyond the known
interaction with use of the oral contraceptive pill (Farmer et al. 2000), it is uncommon
to see smoking cited as increasing the risk of DVT and PE. Nevertheless, smoking does
appear to be an independent risk factor for these conditions (Hansson et al. 1999).
Interest in this association may be increased following publication of evidence that ces-
sation of smoking before major elective surgery reduces post-operative complications,
of which DVT and PE are among the most serious (Moller et al. 2002).

One might also predict a relationship between smoking and varicose veins, perhaps
mediated through the ‘smoker’s cough’, but this is evident in some (Brand et al. 1988)
but not all (Fowkes et al. 2001) of the studies that have sought such an association.

Unanswered questions
The case against active smoking as an avoidable cause of major diseases in each of the
four principal arterial territories is overwhelming. However, as well as the issue of passive
smoking and the somewhat limited investigation of the role of smoking in diseases of
the venous system mentioned above, a number of questions surrounding smoking and
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arterial CVD remain unanswered. Some of these are of considerable significance in
terms of public health, others suggest novel lines of enquiry into the biology of vascular
disease, and yet others potentially have ramifications in both these spheres.

Type of tobacco product
The great bulk of the evidence concerning the impact of smoking on CVD is derived
from studies of users of manufactured cigarettes. When pipes and cigars receded from
the tobacco markets in most developed countries in the 1970s and 1980s, epidemiolog-
ical interest in these products also waned, but it has been rekindled by a recent resur-
gence in the smoking of cigars. There is little doubt that use of such products is
associated with significant hazard (Hein et al. 1992; Jacobs et al. 1999). Much less
information is available concerning hazards potentially associated with traditional
forms of smoking in other communities.

Changes over time in manufactured cigarettes raise a related set of questions, espe-
cially as it is not clear which component or components of tobacco smoke are respon-
sible for the increased risk of arterial disease in smokers. In practice, with the
epidemiology at least of IHD also changing rapidly, it would be very difficult to detect
whether changes in the source and blend of tobacco, other additives, cigarette papers
or filters affected the risk of vascular events in smokers. Nevertheless, because manu-
facturers attempt to tailor their products to particular markets, divergences between
the patterns of vascular disease in otherwise similar countries might potentially pro-
vide clues as to which aspects of tobacco products or their use are particularly relevant
to the development of atherosclerosis.

On the other hand, there is little uncertainty regarding one question relating to type
of tobacco product and risk of CVD. The evidence already cited suggests that smokers
of cigarettes should not be encouraged to change to other tobacco products in an
attempt to reduce their risk of CVD. Direct support for this inference is available from
a long-term prospective study of ‘switching’. Former smokers of cigarettes who
changed to pipes and cigars experienced a significant reduction in risk compared with
men who continued smoking cigarettes but also a 57% excess risk of dying from one of
IHD, lung cancer, and COPD compared with those who stopped smoking entirely
(Wald and Watt 1997). The explanation almost certainly lies in the fact that former
smokers of cigarettes continue to inhale the smoke when they change to other forms of
tobacco product (Goldman 1977).

Lack of reversibility in AAA and PAD
As already noted, case–control studies from Western Australia suggest that the eleva-
tion in risk of AAA and PAD persists long after the individual stops smoking, in contrast
to the rapid declines in excess risk of IHD and CeVD. Wilmink et al. (1999) reported
a relative risk for AAA of 3.0 (95% CL 1.4–6.4) in ex-smokers, but Blanchard et al. (2000),
who summarized a history of smoking in terms of pack-years, did not draw attention
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to this phenomenon. A major review of the literature by English et al. (1995) considered
all non-coronary and non-cerebral arterial disease as a single category and therefore
does not permit examination of the question. Whether arterial disease related to smok-
ing behaves differently in different anatomical territories bears further investigation as
this may provide new insights into the basic biology of atherosclerosis. Any new studies
should include independent verification of claims by affected individuals to have
stopped smoking before development of their symptoms.

Aneurysmal disease
There is growing evidence that smoking has a protective effect in regard to develop-
ment of retinopathy in patients with diabetes mellitus (Janghorbani et al. 2001; Keen
et al. 2001; Stratton et al. 2001). As the key lesion in this condition is an arterial micro-
aneurysm, there is a sharp contrast with the elevated risk in smokers of macro-
aneurysmal disease in the cerebral (Shinton and Beevers 1989) and aortic circulations
(Jamrozik et al. 2000). Again, further investigation of this paradox might reveal new
lessons about the pathogenesis of arterial disease.

Smoking and survival from major vascular events
While smoking has a strong influence on the incidence of major arterial disease events,
its relationship to survival after such events is less clear. One Australian population-based
study of middle-aged patients with AMI who reached hospital alive suggested that case
fatality at 28 days was significantly lower in current smokers (Nidorf et al. 1990), while
another, which included all major coronary events in a defined population, found no
significant association in either direction between smoking and short-term survival
(McElduff and Dobson 2001). Apparently protective effects of current smoking have also
been observed in major trials of acute coronary care (Barbash et al. 1995), but careful
work in New Zealand suggests that the reduced case-fatality of smokers after they are
admitted to hospitals with an AMI is balanced by worse out-of-hospital survival, with no
significant relationship apparent overall (Sonke et al. 1997). This does not appear to be
the explanation for the observation, cited earlier (Pobereskin 2001a), that smokers fare
better, in terms of survival, after subarachnoid haemorrhage. However, it does underline
the importance of taking a population-wide view of rapidly fatal phenomena, lest
artefacts related to differential survival to reach hospital alive be accepted at face value.

In the overall picture, sorting out the details of the relationships between smoking
and the outcome of major vascular events is not a high priority compared with the
need to reduce the contribution of smoking to the incidence of such episodes.
Nevertheless, the availability of clear answers would permit unambiguous advice to be
given to patients and their families.

Conclusion
The smoking of tobacco is a major independent risk factor for life-threatening diseases
in all four principal arterial territories. The totality of the evidence indicates that this
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relationship goes beyond statistical association to one of cause-and-effect. Most impor-
tantly, compared with other factors such as hypertension, hypercholesterolaemia, and
lack of physical activity, cessation of smoking requires a once-only change on the part
of the individual, and a change to non-smoking is followed by a rapid and complete
disappearance of the excess risk of IHD and stroke, the two most common fatal mani-
festations of arterial disease. How smoking harms the arterial tree is not completely
clear, but several plausible candidate mechanisms have been identified. A number of
other scientifically intriguing questions about smoking and both arterial and venous
diseases also remain open. But it is beyond any doubt that smoking does most of its
harm in terms of deaths, not through cancer or COPD, but through vascular disease.
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Chapter 33

Chronic obstructive pulmonary
disease

David M. Burns

Introduction
Tobacco use antedates the arrival of Columbus in the Americas, and tobacco leaf
became a mainstay of trade between America and Europe over the next several centuries.
However, use of tobacco as cigarettes is a behavior largely confined to the twentieth and
now the twenty-first century (USDHHS 2001). Milder blends of flue-cured tobaccos
are used for most cigarettes, and they produce a more acid smoke than the tobacco
used for pipes and cigars (IARC 1986). Nicotine, the addictive agent sought by the
smoker, is less readily absorbed across the oral mucosa from this more acid smoke;
and, to satisfy the smokers need for this drug, smoke must be inhaled into much larger
surface area of the lung to allow sufficient absorption. This obligatory inhalation of
cigarette smoke by the addicted smoker makes cigarette smoking the most hazardous
form of tobacco use, and the deposition and retention of tobacco smoke in the lung
causes chronic obstructive pulmonary disease (COPD). An extensive body of literature
has examined the relationship of tobacco smoke inhalation to chronic lung disease,
and that literature is reviewed elsewhere (USDHHS 1984, 1990, 2001, in press). This
chapter presents a synthesis of the available information, but it does not attempt to
provide an exhaustive set of references to this substantial body of literature.

Lung damage from tobacco smoke inhalation is described using a variety of terms
including chronic bronchitis, emphysema, chronic obstructive lung disease (COLD),
COPD, and chronic airflow obstruction. The pathophysiological pattern of this injury
is often separated into three overlapping pictures which are each present to a variable
extent in most long-term cigarette smokers. The first pattern consists of inflammatory
changes in the larger airways with hypertrophy of the airway lining and an increased
number of mucus-secreting glands, and it commonly presents with the clinical symp-
tom of a chronic cough productive of small amounts of sputum. This set of clinical
symptoms is technically defined as chronic bronchitis when it is present for three or
more months in two or more years. However, in common medical usage, the diagnosis
of chronic bronchitis sometimes also includes individuals with emphysema and air-
flow limitation rather than just chronic cough. This overlapping usage of terms, which
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have specific scientific definitions but are commonly used in medical and scientific dis-
course to include all forms of tobacco-induced chronic lung injury, occurs for all of the
common names for smoking-induced lung disease; and it causes confusion in the
medical and lay literature. In this chapter we will use the term COPD to encompass all
of the patterns of lung injury produced by cigarette smoking.

A second pathophysiological pattern is that of inflammatory changes in the smaller
and more distal airways of the lung which narrows these airways and increases their
resistance to airflow. These changes can progress to produce the decreased expiratory
airflow characteristic of clinically significant COPD.

Inflammatory cells present in the peribronchiolar spaces release digestive enzymes
that ultimately damage and disrupt the alveolar walls producing emphysema, the third
pathophysiological pattern of injury. As the alveolar walls rupture, the lung becomes
composed of a smaller number of much larger airspaces with a reduced surface area
and decreased elastic recoil. When examined at autopsy, this digested lung appears full
of holes of various sizes. During life, it functions poorly for gas exchange and ventila-
tion. The decreased elastic recoil of an emphysematous lung reduces the pressure avail-
able to drive expiratory airflow and allows the airways to collapse during expiration,
further worsening the rate of expiratory airflow produced by the inflammatory
changes in the small airways described above.

Composition of tobacco smoke
Tobacco smoke is a complex aerosol with particles largely within the range of 0.1–1.0
microns in diameter (Stratton et al. 2001). These particles are small enough that they
are not removed in the upper airway and deposit largely on the alveolar and airway
surfaces of the lung. The pattern of lung deposition is consistent with particles of a
somewhat larger size since there is more deposition in the airways and on the alveolar
surfaces than would be expected from extrapolations based on particle size alone
(Stratton et al. 2001). The difference in deposition location is likely due to aggregation
of particles in the very dense aerosol of mainstream smoke or because the particles
may grow in size as they are humidified in the airway.

Tobacco smoke contains over 4800 individual constituents and the composition of
the smoke is undergoing rapid chemical change as it is inhaled (IARC 1986).
Biologically active free radicals are generated as tobacco is burned, and they persist
long enough to interact with lung tissue following inhalation. The constituents of
smoke have at least three toxicities important for causing injury to the lung in COPD.
Tobacco smoke as whole smoke, and several of its constituents, are potent irritants to
the airways capable of creating an inflammatory response in the airways even with initial
use. This acute irritant response, manifest as a reflex cough in many adolescents with
their first inhalation of cigarette smoke, disappears as the airway adapts to repetitive
exposure to smoke. It is replaced by a chronic low-grade inflammation of the airways.
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Many of the constituents in both the gas phase and the particulate phase of smoke
paralyse the cilia lining the airways. Cilia are the hair-like structures on the surface of
airway cells that rhythmically beat to move mucus up and out of the lung aiding in the
removal of particles deposited on the surface of the airways. Paralysis interferes
with the clearance process of the lung and results in a longer residence time in the
airway for toxic smoke constituents. Lastly, smoke can oxidatively inactivate some
of the protective proteins in the blood, most notably the antiproteases that prevent
lung digestion.

Early responses of the lung to cigarette smoking
Acute cough and bronchoconstriction are common reactions to the first inhalation of
cigarette smoke. When this protective warning of the airways is ignored and regular
smoking is begun, inflammatory changes appear in the small (>2 mm) airways of the
lung. These changes are evident in some smokers within the first few years of smoking;
and, after smoking for 10–15 years, the majority of smokers have evidence of abnormal
function in these small airways. Much of the functional limitation of expiratory airflow
in COPD results from increased resistance to expiratory airflow in these same small
airways (Hogg et al. 1968). However, development of inflammatory changes in the
small airways early in the smoking experience is not a useful predictor of the likelihood
of subsequently developing clinically significant COPD. These early changes are likely a
nearly universal response to the inhaled irritants in the smoke, and it is other biologic
or genetic determinants of how the lung responds to chronic irritation that define
which smokers will go on to develop COPD.

Even during adolescence and early adulthood, cigarette smoking is associated with a
lower level of lung function and an increased frequency of respiratory symptoms,
particularly cough (USDHHS 1994). Adolescent smokers have a lower rate of increase
in lung function as they grow into adulthood when compared to nonsmoking adoles-
cents, and there is evidence that they reach a lower level of peak lung function (Tager
et al. 1988). There is also concern that their decline in lung function may begin at an
earlier age. Changes in lung development documented in actively smoking adolescents
are likely superimposed on similar changes produced by exposure to environmental
tobacco smoke during infancy and early childhood.

Changes in lung function in smokers and nonsmokers
The most widely used measure of lung function abnormality in COPD is the volume of
air that can be expired during the first second with a maximal effort (FEV1). Among
populations of heavy smokers, an excess decline in the FEV1 is first seen at age 25–34
for both males and females in comparison with never smokers. An excess decline
in FEV1 is seen among both light and heavy smokers by age 35–44 (Beck et al. 1981).
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This excess decline in lung function is greater among those who smoke more cigarettes
per day and worsens with increasing duration of smoking (Burrows et al. 1977;
USDHHS 1984).

The relationship between smoking and lung function as measured by FEV1 at
various ages is presented in Fig. 33.1. When more than 70 per cent of lung function is
lost, it is common for smokers to have symptoms from their ventilatory limitation,
most notably shortness of breath on exertion. Once 90 per cent of lung function has
been lost ventilatory limitation can compromise survival and death from ventilatory
failure becomes an increasingly likely and unavoidable outcome. Among normal indi-
viduals who do not smoke, and who do not have substantive exposure to environmen-
tal tobacco smoke, lung function increases as a child grows and the FEV1 reaches a
peak between ages 20 and 25 years. Thereafter, it slowly declines. This experience is
presented as a thick solid line in Fig. 33.1. Children who are exposed to environmental
tobacco smoke have a lower rate of lung growth. That effect of environmental tobacco
smoke exposure is portrayed by the dotted line prior to age 20 in the figure. This lower
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Fig. 33.1 FEV1 as a per cent of the value at age 25 for smokers, nonsmokers, and those who
quit. The values presented are the FEV1 as a percentage of the value for an individual at age
25 years. The heavy solid line represents those who have never smoked, the dashed line repre-
sents the entire population of smokers including those exposed to environmental tobacco
smoke as children, the thin solid line represents those smokers who are going to develop
COPD, thin solid lines also represent those who quit at age 40 years and when symptoms
develop. See text for description.
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rate of growth in lung function may be worsened, and the age of peak lung growth may
be reached earlier, if the adolescent begins to actively smoke cigarettes. There is consid-
erable concern that these changes in the developing lung may predispose the adult lung
to a more rapid decline in function with increasing age, particularly with continued
smoking during adulthood.

When the entire population of adult smokers is examined, their rate of lung function
decline with age is substantially steeper than that for nonsmokers, reflecting progres-
sive damage to the airways and alveoli of the their lungs. This change with advancing
age and duration of smoking is presented in Fig. 33.1 as a dashed line labeled ‘all
smokers’. However, the rate of decline is not sufficient to cause respiratory disability
for the majority of smokers, in part because of the large ventilatory reserve of the
lung. When an abnormal FEV1 is used as the criteria for diagnosis of COPD, approxi-
mately one-third of smokers over age 55 (Sherrill et al. 1994) have COPD, and that
percentage increases to over 45 per cent when smokers over age 65 are examined
(Higgins et al. 1993). These high prevalences of abnormal lung function are supported
by autopsy studies which show evidence of at least some emphysema in the lungs of
approximately 90 per cent of long-term cigarette smokers (Auerbach et al. 1972;
Sutinen et al. 1978).

Many smokers with abnormal lung function may be unaware of the presence of lung
injury and may have no symptoms related to their lung damage. A minority of ciga-
rette smokers, in the range of 15 per cent, will have a more rapid decline in lung func-
tion and will develop clinically significant COPD. These smokers are more likely to
have smoked more cigarettes per day and to have smoked for a longer duration, but
known characteristics of smoking behavior do not fully explain why some smokers will
develop COPD and others with similar smoking patterns do not. Differences in genetic
susceptibility or differences in response to inflammation have been postulated as
reasons for the differences in the rate of progression to clinically significant disease.

The thin solid line in Fig. 33.1 represents those smokers who go on to develop
COPD. They have a more rapid decline in lung function with time, as must be expected
since they have developed more extensive disease. Having an abnormal FEV1 by early
middle age (age 45) is a strong predictor of developing COPD, but it is less clear that
the rate of decline over one period of time is a good predictor of the future rate of
decline or of the likelihood of developing COPD. Identification of smokers with
abnormal lung function in early middle age offers the opportunity to intervene with
smoking cessation assistance before clinically significant ventilatory limitation develops.
Those who quit smoking are likely to have a small improvement in lung function dur-
ing the first year of abstinence, and their rate of decline in lung function slows to that
of the never smoker (Anthonisen et al. 1994; Scanlon et al. 2000). This pattern of
change is depicted by the thin solid line in Fig. 33.1 labeled ‘quit at age 40’. If smokers
quit before there is extensive lung damage and remain abstinent, it is likely that most of
them will never develop clinically significant COPD.
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In contrast to interventions early in the course of lung injury from smoking, getting
smokers to quit once they have developed disease extensive enough to be disabling has
more limited benefits. Even for this group with extensive damage, there is a slowing in
the rate of decline in lung function with cessation of smoking; but the individuals usually
remain symptomatic. The effect is simply to prolong the interval between the onset of
symptoms and death rather than to eliminate the disability. This effect is depicted by
the thin solid line in Fig. 33.1 labeled ‘Quit with onset of disability’.

Chronic cough is a less disabling but far more common result of cigarette smoking
than is ventilatory limitation. Increased prevalence of chronic cough is evident even
among adolescent and young adult smokers. The prevalence increases with increasing
duration of smoking and is present in the majority of moderate to heavy smokers over age
60 years (Lebowitz and Burrows 1977). This cough begins as a dry cough but progresses
with longer duration of smoking to become productive of small amounts of mucus.

Mechanisms of lung injury
Airway inflammation and enzymatic digestion of lung structural proteins (elastin and
collagen) are mechanisms that define the injury to the lung in COPD. Early in the
smoking exposure, the changes are edema and inflammatory cell (cytotoxic T lympho-
cytes and macrophages) infiltration in the walls of the small airways of the lung.
Inflammation is due to epithelial cell injury that increases permeability and releases
proinflammatory mediators. These mediators draw in neutrophils, and the result is a
pathological picture typical of chronic inflammation. The vast majority of smokers
develop these changes, and many develop them within the first year or two of smoking.
These early changes can reverse within one year following cessation among smokers
with a short smoking duration (Buist et al. 1976, 1979). With longer duration of smok-
ing, epithelial hyperplasia, smooth muscle hypertrophy, and peribronchiolar fibrosis
are commonly found in most smokers (Cosio et al. 1978, 1980). At least modest degree
of emphysema is found in most continuing smokers over the age of 60 years (Auerbach
et al. 1972; Sutinen et al. 1978), and the severity of the emphysematous change increases
with the number of cigarettes smoked per day.

The neutrophils and macrophages that characterize the inflammatory response to
cigarette smoke in the lung release enzymes capable of digesting the elastin and colla-
gen that make up the structural elements of the lung. Antiproteases, released from
macrophages and found in the blood, block the action of these enzymes (Barnes 2000).
The result is a balance that preserves the integrity of normal lung while allowing the
lung to respond to external infectious agents by releasing digestive enzymes. Oxidants
in cigarette smoke inactivate the antiproteases unbalancing this relationship and lead-
ing to digestion of lung tissue, rupture of alveolar walls, and emphysematous dilation
of the alveolar spaces (Barnes 2000).

In contrast to the inflammatory changes in the small airways, emphysema is usually
manifested later in life (over age 50) and is not reversible.
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Death rates from COPD in smokers and nonsmokers
Death from infection, respiratory failure, or other complications of COPD is an end
result of the slowly accumulating lung damage produced by smoking. Because symp-
toms and disability may be present for a decade or more before death from COPD, and
because individuals may die with COPD without it being the cause of death, death
rates from COPD underestimate both the extent of cigarette-induced lung injury
among smokers and the prevalence of COPD for the general population. Comparisons
of mortality rates between smokers and nonsmokers (e.g. relative risks) yield very high
values at most ages, since the occurrence of COPD is largely limited to smokers and
very low rates of disease or death from COPD occur among never smokers. Mortality-
based relative risks increase with increasing number of cigarettes smoked per day and
increasing duration of smoking (USDHHS 1984).

The effect of smoking on rates of death from COPD can also be examined using the
excess death rate in smokers. An excess death rate is simply the age and disease-specific
death rates in never smokers subtracted from the same age and disease-specific death
rates in smokers, and it offers a different perspective on the absolute risks of the dis-
eases due to smoking at different ages.

Figure 33.2 presents excess death rates for lung cancer, coronary heart diseases, and
COPD for male smokers examined in the American Cancer Society Cancer Prevention
Study II (Thun et al. 1997). It is evident that coronary heart disease results in substan-
tial excess mortality among smokers by age 40 years, and excess death rates from lung
cancer increases rapidly after age 50. However, death from COPD is largely confined to
ages over 60–65 years. This later onset of excess death rates from COPD is due to the
slowly progressive nature of the disease process and the large ventilatory reserve of the
lung, but it is also the reason why morbidity and health care costs from COPD are
much larger than one might expect from comparisons based solely on numbers of
deaths from different causes.

The late rise in smoking attributable death rate from COPD also helps to explain
why national death rates from heart disease and lung cancer rise more rapidly than do
death rates from COPD as cigarette smoking is first adopted by the population of a
country, and correspondingly why death rates from COPD decline more slowly than
those of heart disease and cancer as the prevalence of smoking declines.

Changes with cessation of smoking
The risk of dying from COPD declines following cessation of cigarette smoking when
compared to that of continuing smokers (USDHHS 1990). The decline in risk is slower
than that for heart disease and lung cancer, and there remains a small increase in risk
even after prolonged abstinence (NCI 1997). The fraction of the excess risk of dying of
COPD, lung cancer, and coronary heart disease that remains after abstinence of vari-
ous durations is presented in Fig. 33.3. It takes longer for the excess risk of death from
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COPD to decline following cessation, and the death rate remains substantially elevated
in former smokers even after 20 years of abstinence.

As described above, lung function may improve slightly following cessation probably
due to a decrease in airway inflammation once the exposure to the irritants in tobacco
smoke ceases. The rate of lung function decline with advancing age also slows follow-
ing cessation and returns to that of the never smoker (Anthonisen et al. 1994; Scanlon
et al. 2000). However, the emphysema present in the lung at the time of cessation does
not repair, and lung function rarely returns to normal among smokers with substantial
lung injury at the time of cessation.

Respiratory symptoms, most notably a chronic productive cough, often improve
following cessation and may disappear altogether.

Pipe and cigar smoking
Cigarette smokers are much more likely to inhale tobacco smoke than are those who
have only smoked pipes and cigars, and this distinction is evident in the pattern of
disease risks found among smokers of different forms of tobacco. Pipe and cigar smok-
ers have risks similar to those of cigarette smokers for cancers of the oral cavity where
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Fig. 33.2 Male excess death rates* from smoking-caused diseases (*rates in smokers minus 
the rate in never smokers). Excess rates are calculated by subtracting the age-specific death
rate for a given disease experienced by smokers from that for never smokers in the American
Cancer Society Cancer Prevention Study II as published by Thun et al. (1997). Rates are 
presented for male smokers.
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exposure to smoke is similar whether the smoker inhales or not; but cancer of the lung
and COPD are much less common among pipe and cigar smokers than among ciga-
rette smokers (Shanks et al. 1998). These distinctions in disease risks disappear if pipe
and cigar smokers inhale more deeply, an observation of considerable concern since
cigarette smokers who have switched to pipes or cigars are much more likely to report
that they inhale the smoke than are smokers who have only used these forms of tobacco.

Cigarettes with lower machine-measured yields of tar
and nicotine
The yield of tar and nicotine as measured by machine has declined substantially for
commercial cigarettes sold over the past 50 years, and these newer and filtered ciga-
rettes have been presented to the public as safer alternatives to unfiltered and higher tar
cigarettes (Pollay and Dewhirst 2002). Smokers of these types of cigarettes report them
as being ‘smoother on the throat and lighter on their chest’ (Shiffman et al. 2001), and
there is some evidence to suggest that smokers of these products may have a lower
prevalence of chronic cough (Higenbottam et al. 1980). However, the evidence does
not suggest a difference in the extent of lung function impairment or mortality from
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Fig. 33.3 Fraction of excess risk remaining with increasing duration of cessation. The data 
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COPD with use of these cigarettes (NCI 2001). Whatever symptomatic benefits may
occur, they are clearly dwarfed by the increases in disease risk that accrue with contin-
ued smoking.

Summary
Cigarette smoking is the dominant cause of chronic obstructive pulmonary disease for
both men and women. Changes in the lungs of smokers can be demonstrated within a
few years of beginning to smoke. By the age 25–34 years, evidence of functional loss is
evident in populations of smokers. The risks of developing ventilatory impairment and
of dying of COPD increase with increasing number of cigarettes smoked per day and
increased duration of smoking. Cessation of smoking alters the rate of lung function
decline and risk of dying from COPD, but the benefits of cessation are greatest when
cessation can be achieved early before substantial lung injury has occurred.
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Chapter 34

Smoking and other disorders

Allan Hackshaw

Introduction
Given that smoking consists of several thousand chemicals and toxins it is no wonder
that it is associated with a wide range of diseases. Since the first epidemiological studies
linking smoking with lung cancer, there has been an abundance of studies (epidemio-
logical and biological) that have shown smokers to be at a higher (or in a few cases,
lower) risk of developing certain disorders. Smoking is an established cause of several
cancers, respiratory disease, and cardiovascular disease; these are described elsewhere
in this book. Here, I describe disorders other than those just mentioned and provide an
overview of published reviews and the results of published meta-analyses where avail-
able. I also present the results from cohort studies that are based on incident cases
(where possible), thus aiming to ensure that smoking has preceded the disorder and
avoiding some of the possible biases associated with case–control studies. The studies
referenced here may not be all that are available. The disorders reviewed here are by no
means all those that are or may be associated with smoking. They represent ones that
are relatively common in the population and in which smoking has, in the past, been
regarded as a risk factor.

Gastrointestinal system
Smoking is associated with several disorders of the gastrointestinal tract. Table 34.1
shows pooled relative risks of some of the main disorders obtained from meta-analyses.

Peptic ulcer
Peptic ulcers (gastric or duodenal) are relatively common amongst adults. Many
epidemiological studies have shown that smokers are about twice as likely to develop
peptic ulcers than non-smokers, including several large cohort studies that looked at
incidence of the disease (Table 34.2). Risk increases with increasing cigarette consump-
tion (Paffenberger et al. 1974; Anda et al. 1990) and it is lower in ex-smokers (Anda
et al. 1990; Vessey et al. 1992; Doll et al. 1994). Studies have also showed that smoking
can delay the healing process once ulcers have developed and it can increase the risk of
recurrence. The evidence is consistent with that from biological studies from which
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Table 34.2 Cohort studies that reported results on peptic ulcer and smoking

Study Country Number Total number Gender Relative risk in current smokers 
of subjects of ulcers diagnosed compared to never-smokers (95% CI)

Paffenberger et al. 1974 USA 26 954 487 Men 1.30 (1.07–1.58)

Stemmermann et al. 1989 USA (Hawaii) 5933 326 Men 2.12 (1.60–2.80)

Anda et al. 1990 USA 2851 140 Women 1.8 (1.2–2.6)

Kurata et al. 1992 USA 34 198 154 Men 1.50 (0.47–4.81)
Women 1.48 (0.35–6.24)

Vessey et al. 1992 UK 17 032 175 Women 1.74 (not reported)

Doll et al. 1994 UK 34 439 134* Men 3.00 (not reported)

Johnsen et al. 1994 Norway 6864 165 Men 2.66 (1.88–3.77)
6907 78 Women 2.28 (1.42–3.67)

*Deaths from peptic ulcer.

Table 34.1 Published pooled relative risks associated with smoking and gastrointestinal disease

Disorder Author Number of epidemiological Gender Relative risk (95% CI) in smokers 
studies in analysis compared to non-smokers

Peptic ulcer Kurata and Nogawa 1997 20 Men and women 2.2 (2.0–2.3)

Crohn’s disease Logan 1990 7 Men and Women 2.4 (2.0–2.9)

English et al. 1995 7 Men 2.24 (1.45–3.46)

7 Women 4.76 (3.10–7.31)

Ulcerative colitis Logan 1990 8 Men and women 0.47 (0.39–0.56)

Gallstone disease English et al. 1995 4 Men and women 1.24 (1.16–1.32)
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several mechanisms have been proposed. Smoking affects factors that can promote the
development of ulcers, for example by increasing gastric secretions such as pepsin and
causing the reflux of contents in the duodenum back into the stomach. It also has a
detrimental effect on the defensive mechanisms in the gastroduodenal mucosa, which in
the absence of smoking would aid ulcer healing. There have been several reviews on this
topic, for example, see  Ashley (1997), Eastwood (1997), Parasher and Eastwood (2000).

However, with the recent discovery of the micro-organism Helicobacter pylori as an
important cause of peptic ulcer, it is possible that the effect of smoking as an inde-
pendent risk factor is less than originally thought. It is proposed that smokers are only
more susceptible to H. pylori infection and that smoking enhances the adverse effects of
the infection (Parasher and Eastwood 2000). Furthermore, there is evidence that once
the infection has been eradicated, smoking has little or no effect on ulcer development
or recurrence (Marshall et al. 1988; Borody et al. 1992; O’Connor et al. 1995; Chan et al.
1997; Kadayifci et al. 1997). Whatever the true mechanism may be, smoking is an
important risk factor, either by causing some ulcers directly or indirectly by leading to
H. pylori infection.

Inflammatory bowel disease
It is well documented that smoking increases the risk of Crohn’s disease but decreases
the risk of ulcerative colitis, and this has been consistent between studies, most of
which have been case–control studies. Table 34.3 shows the results of these studies,
including two cohort studies which allowed for oral contraceptive use (associated with
both smoking and inflammatory bowel disease, Vessey et al. 1986). Current smokers
have about half the risk of ulcerative colitis compared to never-smokers and more than
twice the risk of Crohn’s disease, though the risk is higher in women than in men
(Table 34.4). It is estimated that about one-third of all cases of Crohn’s disease could be
attributed to smoking (Logan 1990). In ex-smokers, whilst the risk for Crohn’s disease
is lower than that in current smokers (former vs. never; relative risk 1.5, 95% CI
1.1–1.9 and current vs. never; relative risk 2.4, 95% CI 2.0–2.9), the association with
ulcerative colitis is unclear; there seems to be an increased risk. The pooled result in the
eight case–control studies is 1.9 (95% CI 1.6–2.3) and it is similarly raised, though not
so greatly, in the cohort study by Vessey et al. 1986 (relative risk 1.25). If similar results
are found in further cohort studies it would indicate that the timing of smoking plays
some part in the development of ulcerative colitis.

The biological mechanism for inflammatory bowel disease and its association with
smoking are not yet fully understood, and it is still unclear why current smoking would
have opposite effects on these two disorders, that is, it seems to promote Crohn’s
disease but protect against ulcerative colitis. Nicotine (in the form of patches or chewing
gum) has been proposed as a possible treatment for ulcerative colitis though its effec-
tiveness remains to be confirmed. Reviews of smoking and inflammatory bowel disease
can be found in Ashley (1997), Logan (1990), and Rubin and Hanauer (2000).
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Table 34.3 Studies that reported results on Crohn’s disease and smoking*

Study Country Total number of subjects Gender Relative risk in current smokers 
with Crohn’s disease compared to never-smokers (95% CI)

Case–control

Logan et al. 1984, 1986 UK 131 Men and women 4.2 (2.5–6.8)

Tobin et al. 1987 UK 127 Men and women 3.2 (1.9–5.5)

Franceschi et al. 1987 Italy 109 Men and women 2.9 (1.8–4.9)

Lindberg et al. 1988 Sweden 144 Men and women 2.2 (1.4–3.3)

Benoni and Nilsson 1987 Sweden 155 Men and women 2.0 (1.3–3.1)

Calkins et al. 1984 USA 132 Men and women 2.1 (1.2–3.5)

Sandler and Holland 1988 USA 298 Men and women 1.9 (1.3–2.8)

Combined – 1096 Men and women 2.4 (2.0–2.9)

Cohort

Vessey et al. 1986 UK 18/17 032 Women 3.0 (1.0–9.0)#

Logan et al. 1986, 1989 UK 42/>20 000 Women 1.75 (0.93–3.3)#

*Adapted from Logan (1990).
#Current smokers compared to never and ex-smokers (relative risk adjusted for age, social class, and oral contraceptive use).

3
5
_
C
h
a
p
3
4
.
q
x
d
  6

/
2
3
/
0
4
  1

:
2
1
 A
M
  P

a
g
e
 5
9
6



Table 34.4 Studies that reported results on ulcerative colitis and smoking*

Study Country Total number of subjects Gender Relative risk in current smokers
with ulcerative colitis compared to never-smokers (95% CI)

Case–control

Logan et al. 1984, 1986 UK 175 Men and women 0.23 (0.14–0.38)

Tobin et al. 1987 UK 131 Men and women 0.18 (0.10–0.33)

Franceschi et al. 1987 Italy 124 Men and women 0.61 (0.35–1.00)

Lindberg et al. 1988 Sweden 258 Men and women 0.64 (0.45–0.90)

Benoni & Nilsson 1987 Sweden 173 Men and women 0.33 (0.21–0.53)

Calkins et al. 1984 USA 85 Men and women 0.62 (0.29–1.30)

Boyko et al. 1987 USA 212 Men and women 0.64 (0.41–1.00)

Sandler and Holland 1988 USA 170 Men and women 0.80 (0.46–1.40)

Combined – 1328 Men and women 0.47 (0.39–0.56)

Cohort

Vessey et al. 1986 UK 31/17 032 Women 0.65 (0.25–1.70)#

Logan et al. 1986, 1989 UK 78/>20 000 Women 0.68 (0.41–1.1)#

*Adapted from Logan (1990).
#Current smokers compared to never and ex-smokers (relative risk adjusted for age, social class, and oral contraceptive use).



Gallbladder (gallstone) disease
The evidence for smoking as a cause has been less consistent compared to inflamma-
tory bowel disease, partly because there is only a modest increase in risk (about a 30%
increase in risk in smokers compared to non-smokers). Whilst cohort studies seem to
consistently show an increased risk (Table 34.5), other studies, namely surveys and case–
control studies, suggest no association or even a decreased risk. Given the consistency
between the cohort studies and that they all allowed for several known or potential con-
founding factors (for example, alcohol intake and body mass index), smoking does seem
to be a risk factor. The subject is reviewed by Ashley 1997 and Logan and Skelly 2000.

Skin

Psoriasis
The prevalence of psoriasis is generally high (about 1 in 50). It is associated with sev-
eral risk factors, both genetic and environmental, including those that are also strongly
associated with smoking (for example, alcohol and stress). For many years there has
been speculation over whether smoking is a cause, and few studies have been designed
to address the issue directly. Most of the epidemiological studies have had a case–
control design (see Naldi 1998 for a summary of several studies) and few have allowed
for confounding factors. Findings from such studies and a large cohort study suggest
that there is a two- to three-fold (100–200%) increase in risk in women (Table 34.6)
and a 30–40% increase in risk in men. There is also a dose–response relationship. In
the study by Naldi et al. (1999), it was concluded that smoking was a more important
risk factor for psoriasis in women than alcohol, but the opposite may be true in men.
This observation is consistent with the well-known anti-oestrogenic effects of smok-
ing. However, there is some evidence that once acquired, those who quit smoking do
not seem to benefit much (Naldi et al. 1999), the risk in ex-smokers was still increased.

It is possible that stress plays a part in the observed association. Stress could result in
the onset of psoriasis, after which the subject takes up smoking; smoking would there-
fore not be a risk factor. This has, to some extent, been allowed for by basing the results
of studies on smoking habits before the onset of disease (Poikolainen et al. 1994; Naldi
et al. 1999); both report an increased risk in smokers.

It is estimated that perhaps one in five cases of psoriasis could be due to smoking.
Recent reviews of this topic can be found in Naldi (1998) and Higgins (2000).

Neurological system

Parkinson’s disease
Smoking and its possible protective effect on Parkinson’s disease was reported as
far back as 1959 (Dorn et al. 1959), and there have since been numerous studies that have
consistently shown smokers to have a lower risk of developing or having this disorder
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Table 34.5 Cohort studies that reported results on gallbladder (gallstone) disease and smoking*

Study Country Number Total number of subjects Gender Relative risk in current smokers 
of subjects with gallstone disease compared to never-smokers (95% CI)#

Layde et al. 1982 UK 17 000 227 Women 1.63 (p-value <0.004)2

Kato et al. 1992 USA (Hawaii) 7831 471 Men 1.6 (1.2–2.0)1

Stampfer et al. 1992 USA 903 00 2122 Women 1.3 (1.0–1.7)1

Murray et al. 1994 UK 23 000 1087 Women 1.19 (1.06–1.34)2

Misciagna et al. 1996 Italy 2472 104 Men and Women 2.15 (1.3–3.5)1

Sahi et al. 1998 USA 16 785 685 Men 1.52 (1.03–2.24)1

Leitzmann et al. 1999 USA 42 882 1016 Men 1.40 (1.14–1.72)1

*Partly adapted from Logan and Skelly (2000); some information taken from the individual publications.

#Adjusted for: (1) age, alcohol, body mass index, and other factors; (2) age, body mass index, oral contraceptive use, and other factors.
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Table 34.6 Studies that reported results on psoriasis and smoking

Study Country Total number of Gender Cigarette Relative risk in current smokers 
subjects with psoriasis consumption compared to never-smokers (95% CI)

Case–control

Naldi et al. 1999 Italy 219 Men 1–15 cigs/day 1.3 (0.7–2.0)*
>15 1.4 (0.9–2.2)*

185 Women 1–15 cigs/day 1.7 (1.0–2.7)*
>15 3.9 (1.9–7.9)*

Poikolainen et al. 19941 Finland 55 Women ≥20 cigs/day 3.3 (1.4–7.9)#

Cohort

Vessey et al. 20002 UK 92/17 032 Women ≥15 cigs/day 1.9 (1.0–3.6)+

1Based on smoking habits before onset of psoriasis.
2Based on first hospital referral for psoriasis.

*Adjusted for age and alcohol.
#Alcohol and smoking had independent effects.
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than non-smokers; they have about half the risk. Morens et al. (1995) reviewed
35 studies (cohort and case–control) and all showed a decreased risk. Table 34.7 shows
the results from the cohort studies some of which, for example Hirayama (1985),
Doll et al. (1994), and Hernan et al. (2001), reported that risk decreased with increasing
number of cigarettes smoked. Gorell et al. (1999) also showed a clear relationship in
ex-smokers, in which those who gave up relatively recently (1–20 years) had a much
lower risk compared to never-smokers than those who had given up for a longer time
(>20 years); relative risk 0.4 versus 0.9. Several mechanisms have been proposed to
explain the association; nicotine stimulates an increase in dopamine, the anti-oxidant
effect of carbon monoxide in cigarette smoke is protective and smoking offers some
protection against neuronal damage. There have been several reviews including
Marmot (1990), Morens et al. (1995), and Fratiglioni and Wang (2000).

Alzheimer’s disease
Because Alzheimer’s disease accounts for most cases of dementia in the elderly, there
was interest in the early studies that, like Parkinson’s disease, suggested a decreased risk
in smokers. In an early meta-analysis (Lee 1994), the estimated risk in ever smokers
was almost half that in never smokers (relative risk 0.64, 95% CI 0.54–0.76). However,
unlike Parkinson’s disease, the evidence was not so consistent between studies. Many
were relatively small case–control studies that relied on information from surrogates
and suffered from several limitations (see Doll et al. 2000 for a discussion). A recent
comprehensive meta-analysis of both case–control and cohort studies showed conflict-
ing results according to study type (Almeida et al. 2002). In 21 case–control studies
(based on a total of 1143 affected subjects) the pooled relative risk was 0.74 (95% CI
0.66–0.84). The pooled estimate from eight cohort studies (1156 affected individuals)
was 1.10 (95% CI 0.94–1.29); the results from these studies are shown in Table 34.8.
Smoking does not seem to be protective against this disorder; previous results showing
a benefit are likely to be artefactual. On the contrary, there is evidence that it in fact
increases risk (Doll et al. 2000; Almeida et al. 2002), though this is yet to be established.

Eyes
Studies have suggested that smoking may be a risk factor for several diseases of the eye,
some of which can lead to irreversible blindness. However, the evidence for many has
not been strong, for example glaucoma and diabetic retinopathy. It is likely that smok-
ing has some direct effects on the lens and retina because of its well-known thrombotic
and atherosclerotic effects. Reviews of this subject can be found in Solberg et al.
(1998), Cheng et al. (2000), and Evans (2001).

Cataracts
Cataracts are a major cause of blindness and visual impairment in developed countries
and their removal is the most common reason for eye surgery. Table 34.9 shows the
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Table 34.7 Cohort studies that reported results on Parkinson’s disease and smoking*

Study Country Number Total number of subjects Gender Relative risk in current smokers 
of subjects with Parkinson’s disease compared to never-smokers (95% CI)

Kahn 1959 USA ~250 000 40 Men 0.23 (not reported)

Hammond 1966 USA ~1 million 123 Men and women 0.76 (age 45–64) and 0.80 (age 65–79)

Hiryama 1985 Japan – – Men and women 0.57

Doll et al. 1994 UK 34 439 152 Men 0.75 (not reported)

Morens 1966 USA (Hawaii) 8006 92 Men 0.40 (0.26–0.61)

Hernan et al. 2001 USA 51 529 92 Men 0.3 (0.1–0.8)
121 700 102 Women 0.4 (0.2–0.7)

*Adapted from Fratiglioni and Wang (2000), except Hernan (2001) (from which the results were obtained directly).



Table 34.8 Cohort studies that reported results on Alzheimer’s disease and smoking*

Study Country Number Total number of subjects Gender Relative risk in current smokers 
of subjects with Alzheimer’s disease compared to never-smokers (95% CI)

Doll et al. 2000 UK 24 133 370 Men 0.99 (0.78–1.25)

Hebert et al. 1992 USA 513 76 Men and women 0.7 (0.3–1.4)

Hirayama et al. 1992 Japan 265 118 120 Men and women 1.61 (1.01–2.56)

Katzman et al. 1989 USA 434 32 Men and women 0.27 (0.11–0.61)

Launer et al. 1999 Europe# 16 334 277 Men and women 1.74 (1.21–2.50)

Merchant et al. 1999 USA 2128 142 Men and women 1.02 (0.60–1.50)

Ott et al. 1998 Netherlands 6870 105 Men and women 1.70 (0.60–1.50)

Wang et al. 1999 Sweden 343 34 Men and women 1.1 (0.5–2.4)

*Adapted from Almeida et al. 2002.
#Denmark, France, Netherlands, and UK.
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Table 34.9 Cohort studies that reported results on cataracts and smoking

Study Country Number Total number of Gender Cigarette Relative risk* in current smokers 
of subjects subjects with cataracts consumption compared to never-smokers (95% CI)

Klein et al. 1993 USA 2164 261, diagnosis Men 1.09 (1.05–1.14)
2762 547, diagnosis Women 1.09 (1.04–1.16)

Christen et al. 2000 USA 20 907 1118, diagnosis Men 1.49 (1.30–1.72)
662, extraction 1.52 (1.26–1.85)

Hankinson et al. 1992 USA 50 828 480, extraction Women 1–14 cigs/day 0.71 (0.46–1.11)
15–24 1.33 (0.99–1.79)
25–34 1.40 (0.93–2.10)
≥35 1.58 (0.96–2.60)

Weintraub et al. 2002 USA 77 749 1900, extraction Men and women 1–14 cigs/day 1.12 (0.75–1.68)
≥15 1.53 (1.39–1.69)

Hiller et al. 1997 USA 660 381, diagnosis Men and women 1–19 cigs/day 1.65 (0.82–3.34)
≥20 2.84 (1.46–5.51)

Some of the women in Hankinson et al. (1992) are included in Weintraub et al. (2002).

*All adjusted for at least age.

Table 34.10 Cohort studies that reported results on age-related maculopathy and smoking

Study Country Number Total number of subjects with Gender Cigarette Relative risk in current smokers 
of subjects age-related maculopathy consumption compared to never-smokers (95% CI)

Christen et al. 1996 USA 21 157 268 Men 1–20 cigs/day 1.18 (0.57–2.42)
≥20 2.57 (1.70–3.90)

Seddon et al. 1996 USA 31 843 215 Women 1.9 (1.3–2.6)

Klein et al. 1998 USA 632 81 Men 1.69 (0.96–2.98)
1200 112 Women 0.80 (0.48–1.33)
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results from cohort studies. There is about a 50% increase in risk in current smokers
compared to never-smokers, with some studies showing clear dose–response relation-
ships. In ex-smokers, however, it is unclear whether there is a marked reduction in risk
(Hankinson et al. 1992; Christen et al. 2000).

Age-related maculopathy
Like cataracts, this disorder is an important cause of blindness and visual impairment;
once acquired there is no cure. There are several case–control and cohort studies and
they show that smokers are more likely to have or develop age-related maculopathy
(Evans 2001). Table 34.10 shows the results from cohort studies; there is about a two-
fold increase in risk in smokers compared to never-smokers.

Bones

Hip fracture
Hip fracture is an important disorder in the elderly, in particular in post-menopausal
women. Many studies have reported on the association between smoking and bone
mineral density and smoking and the risk of hip fracture. A meta-analysis of 29 cross-
sectional studies based on a total of 2156 smokers and 9705 non-smokers (Law and
Hackshaw 1997) showed that there was practically no difference in bone density
between smokers and non-smokers before the menopause, but post-menopause the
extent of bone loss was greater than in non-smokers and this increased with age. For
every increase in age by 10 years, bone density loss was 2% greater in smokers, so that
by age 80 there is a 6% difference between smokers and non-smokers. This is consis-
tent with the evidence that the risk of hip fracture in post-menopausal women also
increases with age; these studies are shown in Fig. 34.1 (taken from Law and Hackshaw
1997). At age 60, the excess risk in smokers is 17% rising to 108% at age 90. The limited
data in men suggest a similar effect. It is estimated that one in eight hip fractures is
attributable to smoking. Several biological mechanisms have been proposed including
a direct effect of smoking on bone and that smokers have a reduction in calcium. The
studies also suggest that in smokers who quit, further bone loss is prevented. Certainly,
those who stop at the time of menopause may avoid much of the excess risk associated
with smoking.

Reproduction and pregnancy
Despite many attempts to encourage women to quit smoking before conception and
during pregnancy, there is still a relatively high prevalence of smokers (about 15–20%).
Smoking is an established cause of several disorders associated with fertility and com-
plications in pregnancy (UK Department of Health 1988; US Surgeon General 1989),
some of which shall be presented here.
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SMOKING AND OTHER DISORDERS606

Infertility
About 25% of women of reproductive age experience some degree of infertility. It is
defined in several ways, but it is generally accepted to be when conception has not
occurred after 12 consecutive months of unprotected intercourse. Women who smoke
are less likely to conceive or take longer to conceive. A meta-analysis of eight cohort
studies (based on 20 059 women) showed that women who smoked were 42% (95% CI
27–58%) more likely to be infertile than non-smokers (Augood et al. 1998). It is likely
that such a relationship exists because the risk also increases with increasing cigarette
consumption and in several studies the risks were still raised after allowing for several
potential confounding factors (such as alcohol and coffee intake and oral contracep-
tion use). The subject is reviewed by Augood et al. (1998) and Baird (1992), both of
which describe the evidence and the limitations to determining causality.

Miscarriage
It is well established that women who smoke are more likely to have a miscarriage,
and that the association is causal. A meta-analysis of seven cohort studies (based on
86 633 pregnancies) yields a 24% increase in risk (95% CI 19–30%) in smokers com-
pared to non-smokers; all of the individual studies yielded statistically significant
results. It is estimated that 3–7.5% of miscarriages can be attributable to smoking

Relative risk of hip fracture
(smokers relative to
nonsmokers)

Age (years)
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Fig. 34.1 The relative risk of having a hip fracture in smokers compared to non-smokers in
19 studies of post-menopausal women according to age (cohort studies are indicated by solid
circles and case–control studies by open circles). Taken from Law and Hackshaw (1997).
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(DiFranza and Lew 1995). The results from case–control studies were similar. There is
also a dose–response relationship (the higher the cigarette consumption the higher the
risk of miscarriage) and the association remains after allowing for the effects of maternal
age, previous miscarriage, alcohol consumption, education, and ethnicity.

Low birthweight
Smoking is also an established cause of low birthweight, a major factor associated with
infant morbidity and mortality. Babies from mothers who smoke weigh, on average,
150–250 g less than those from non-smoking mothers (UK Department of Health
1988). From a meta-analysis of 22 studies (based on 347 553 pregnancies), women who
smoke were 82% more likely (95% CI 67–97%) to give birth to a baby that weighs
<2500 g compared to non-smokers (DiFranza and Lew 1995); all but one study
reported statistically significant results. The results from case–control studies were
similar. It was also estimated that 11–21% of babies with low birthweight is attributa-
ble to smoking. The association is certainly causal because randomized trials of
smoking cessation during pregnancy have shown that birthweight is increased when
the mother quits (UK Department of Health 1988).

Limb reduction defects
Because toxins in tobacco smoke can cross the placenta, there is likely to be a terato-
genic effect on the fetus during development. Several studies have suggested a link
between smoking in women during pregnancy and limb reduction defects in their
babies, in which part or all of one or more limbs fail to develop. However, most studies
are based on a relatively small number of affected cases and the results are not statisti-
cally significant. The results of some of the larger studies are shown in Table 34.11,
three of which report dose–response relationships (Czeizel et al. 1994; Wasserman
et al. 1996; Kallen 1997). Whilst there does seem to be an association, there needs to be
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Table 34.11 Studies that reported results on limb reduction defects and smoking

Study Country Total number of babies Relative risk in current
with limb reduction defects smokers compared to 

never-smokers (95% CI)*

Case–control

Aro et al. 1984 Finland 329 1.7 (1.0–2.8)1

Czeizel et al. 1994 Hungary 537 1.68 (1.26–2.24)2

Wasserman et al. 1996 USA 175 1.19 (0.82–1.74)3

Cohort

Kallen 1997 Sweden 610 (out of ~1.1 million births) 1.26 (1.06–1.50)4

*Adjusted for: (1) alcohol, maternal age; (2) education, birth order; (4) year of birth, maternal age, parity; (3) Crude
estimate (the estimate adjusted for race, parity, and alcohol was reported to be similar but not published).
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large well-conducted studies, with adequate allowance for possible confounding factors
such as alcohol before a causal link can be firmly established.

Hormonal system

Diabetes
Studies have shown that smokers are more likely to develop type II (non-insulin
dependent) diabetes mellitus than never-smokers. Table 34.12 shows the results from
some cohort studies; they indicate that men who smoke more than 20 or 25 cigarettes
per day have about a two-fold increase in risk while women in this smoking category
have about a 50% increase. The risks remain high after adjustment for other factors
that are associated with both smoking and diabetes, such as body mass index (an indi-
cator of obesity) and alcohol intake. The risk also increases with increasing cigarette
consumption. These studies show that the risk is reduced in ex-smokers, indicating the
importance of quitting, especially considering that diabetes is itself a risk factor for
cardiovascular disease, renal disease, and retinopathy. It has been shown that smoking
can promote insulin resistance and that smokers tend to have higher glucose concen-
trations, both of which can contribute to development of the disorder. Reviews of this
subject can be found in Dierkx et al. (1996) and Haire-Joshu et al. (1999).

Oral cavity
There is now much evidence showing that smoking is associated with various oral dis-
orders. As well as the common side effects of halitosis and teeth discolouration, there
are more serious consequences such as periodontal disease, caries, and acute ulcerative
gingivitis (for a review, see Allard et al. 1999; Winn 2001).

Periodontitis
Periodontitis is a common chronic disorder amongst adults and there have been many
studies that have reported on the association with smoking. Although the biological
mechanism for the effect of smoking on periodontal disease is uncertain the epidemio-
logical data is clear. The studies, cross-sectional and cohort, have looked at the risk of
having a diagnosis of periodontitis or measuring markers of it (such markers are used
in diagnosis). Table 34.13 shows some of the studies in which relative risks were
reported. Smokers have about a four-fold increase in risk (Tomar and Asma 2000). It
has been postulated that smokers only have a poorer oral hygiene (which itself is a
cause of periodontitis) and so the observed associations are due to confounding factors.
However, several studies have adjusted for this factor, as well as other confounding
factors (such as income), and there is still an effect of smoking. Smoking is also asso-
ciated with more severe disease and it can delay the healing process. Reviews can
be found in Qandil et al. (1997) and Salvi et al. (1997).
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Table 34.12 Cohort studies that reported results on type II (non-insulin dependent) diabetes and smoking*

Study Country Number Total number of subjects Gender Cigarette Relative risk in current smokers 
of subjects with type II diabetes consumption compared to never-smokers (95% CI)*

Rimm et al. 1995 USA 41 810 509 Men 15–24 cigs/day 2.38 (1.57–3.59)
≥25 1.94 (1.25–3.03)

Feskens and Kromhout 1989 Netherlands 841 58 Men 3.3 (1.4–7.9)

Kawakami et al. 1997 Japan 2312 41 Men 1–15 cigs/day 1.13 (0.30–4.26)
16–25 3.27 (1.18–9.09)
≥26 3.21 (1.05–9.83)

Rimm et al. 1993 USA 114 247 233 Women 1–14 cigs/day 0.95 (0.76–1.20)
15–24 1.19 (0.99–1.43)
≥25 1.42 (1.18–1.72)

Manson et al. 2000 USA 21 068 770 Men 1–20 cigs/day 1.5 (1.0–2.2)
≥20 1.7 (1.3–2.3)

*All studies except for Feskens and Kromhout (1989) allowed for several confounding factors such as alcohol intake, body mass index, and family history of diabetes or
cardiovascular disease. Feskens and Kromhout (1989) reported that smoking was an independent risk factor from other factors.

3
5
_
C
h
a
p
3
4
.
q
x
d
  6

/
2
3
/
0
4
  1

:
2
1
 A
M
  P

a
g
e
 6
0
9



Table 34.13 Studies that reported results on periodontitis and smoking

Study Country Number Total number of subjects Gender Cigarette Relative risk in current 
of subjects with periodontitis consumption smokers compared to 

or marker of it never smokers (95% CI)

Periodontitis

Haber et al. 1993 USA 95 32 Men and women 8.6 (2.7–27.8)5

Tomar and Asma 2000 USA 13 652 1256 Men and women 3.94 (3.20–4.93) 1

Ismail et al. 1990 USA 165 22 Men and women 6.26 (2.42–16.20)

Marker of periodontitis

Grossi et al. 19952 USA 1361 194 Men and women 0.1–5.2 pack years 1.48 (1.02–2.14)
5.3–15 3.25 (2.33–4.54)
16–30 5.79 (4.08–8.27)
>30 7.28 (5.09–10.31)

Beck et al. 19903 USA 381 – Men and women 2.8 (1.71–4.70)6

Men and women 6.7 (3.17–14.02)7

Mullaly 19964 Ireland 100 – Men and women 4.6 (2–10.6)

1Adjusted for age, sex, ethnic origin, income, education.
2Severe alveolar bone loss.
3Attachment loss and pocket depth.
4Molar furcation.
5Adjusted for age.
6Afro-caribbeans aged ≥65 years
7Caucasions aged ≥65 years
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Caries and tooth loss
Because periodontitis is a cause of tooth loss, a few studies, have assessed the effect of
smoking on tooth loss, primarily in the elderly, those who are edentulous. Although
the evidence is not as strong as with periodontitis there is a suggestion of an effect
(Table 34.14). Amongst the elderly, smokers are about twice as likely to have no teeth left
than non-smokers.

Table 34.15 shows the results from one study that looked at differences between smok-
ers and non-smokers with regards to indicators of caries. There are clear associations that
smokers tend to have more missing teeth and more decayed, missing, or filled surfaces.

Conclusion
The literature on smoking and the disorders briefly described in this section is extensive.
Many disorders have long been regarded as partly caused by smoking. Whilst most stud-
ies have provided evidence for an association, establishing causality has required careful
consideration, and in some cases still does. Many studies showed dose–response relation-
ships (risk of the disorder increased with increasing cigarette consumption) and that
ex-smokers had a lower risk than current smokers. Allowing for factors that may artifi-
cially produce a relationship with smoking and risk has also been addressed, particularly
in the more recent and large studies. This has been important when there are established
confounding factors, such as alcohol, which is associated with both smoking and several
disorders (for example, psoriasis and gallstones). Study design has also been of impor-
tance. Cohort studies of disease incidence can overcome many of the limitations of
cross-sectional or case–control studies. A good example is Alzheimer’s disease, which
had been thought by some to be less common in smokers. After careful analysis of
the published studies it is clear now that at best there is no association; in fact it may
increase the risk. Biological plausibility can, in many instances, only be postulated due
to the multi- factorial nature of the disorders. This is unsurprising given the number of
toxins and chemicals in tobacco smoke and the many biological pathways associated
with disease.

Table 34.16 provides approximate estimates of the effect of smoking on the popula-
tion assuming that all the disorders listed are caused in part by smoking (as mentioned
before, this is yet to be established for some such as Alzheimer’s disease, but the
estimates are presented for interest). For disorders, such as Crohn’s disease in women
and periodontitis, as much as half of all diagnosed cases may be due to smoking. For
others, though this proportion is relatively low, smoking can account for several
hundred or several thousand extra cases amongst smokers (for example, hip fracture
and miscarriage).

In summary, smoking is a risk factor for many disorders other than cancer, respira-
tory, and cardiovascular disease. It is associated with significant morbidity in society
much of which can be avoided.
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Table 34.14 Studies that reported on tooth loss and smoking

Study Country Number Number of subjects Gender Cigarette Relative risk in current smokers 
(first author) of subjects with tooth loss consumption compared to never-smokers (95% CI)

Holm 1994 Sweden 149 – Men 1–15 cigs/day 2.07 (1.2–3.5)1

≥15 3.18 (1.9–5.5)1

124 Women 1–15 cigs/day 0.95 (0.5–1.7)1

≥15 1.7 (0.7–4.1)1

Locker 1992 Canada 907 1372 Men and women3 1–9 cigs/day 1.95 (1.2–3.3)
≥20 2.57 (1.5–4.3)

Jette et al. 1993 USA 1156 ~4332 Men4 1.68 (1.16–2.44)
Women4 1.70 (1.12–2.57)

1Lost at least one tooth during past 10 years.
2Number that are edentulous.
3 ≥50 years of age.
4 ≥70 years of age.

Table 34.15 The effect of smoking on tooth health in 808 adults (adapted from Axelsson et al. 1998)

Age (years) Number of subjects Difference between smokers and non-smokers in relation to:

Mean number of Mean number of Mean number of Mean number of 
missing teeth decayed surfaces missing surfaces filled surfaces

35–49 127 +0.6 +0.6 +2.8 +6.9*

50–64 369 +1.5* +0.1 +6.8* +0.7

65–74 190 +3.5* +0.3 +16.0* –10.4*

75+ 122 +5.8* +0.07 +26.2* –11.6*

*Statistically significant (p-value ≤0.05).
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Table 34.16 Summary of disorders in which smoking is associated with an increased risk

Disorder Gender Approximate relative risk in Percentage of all affected individuals The number of affected
(age if not all ages) current smokers compared to that may be attributable to individuals that may be

never-smokers smoking (%)* attributable to smoking
amongst 100 000 smokers#

Gastro-intestinal

Peptic ulcer Women 2 20 440
Men 2 20 800

Crohn’s disease Men 2 20 80
Women 4.5 47 190

Gallbladder disease Men and women 1.3 7 100

Skin

Psoriasis Men 1.4 9 730
Women 2.5 27 2180

Neurological

Alzheimer’s disease + Men and women (≥65) 1.1 2 120

Eyes

Cataract extraction Women (≥45) 1.5 11 70
Men (≥45) 1.5 11 135

Age-related Women (≥50) 2 20 55
maculopathy Men (≥40) 2 20 85
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Table 34.16 (continued) Summary of disorders in which smoking is associated with an increased risk

Disorder Gender Approximate relative risk in Percentage of all affected individuals The number of affected 
(age if not all ages) current smokers compared to that may be attributable to individuals that may be 

never-smokers smoking (%)* attributable to smoking
amongst 100 000 smokers#

Bones

Hip fracture Women (55–64) 1.2 5 10
Women (≥85) 2.1 22 2420

Fertility and pregnancy

Infertility Women 1.4 10 9500

Miscarriage Women 1.25 6 4700

Low birthweight Women 1.8 17 3330
(<2500 g)

Limb reduction defect Women 1.5 11 30

Hormonal

Type II Men (≥40) 2 20 240
diabetes mellitus Women (30–55) 1.2 5 35

Teeth

Periodontitis Men and women 4 43 17 140

*The population attributable proportion. It assumes that 25% of the population are current smokers. The actual percentage will be less if not all the increased risk observed in
smokers is due to smoking.

#The absolute excess risk between smokers and non-smokers. Based on the incidence of the disorder (per 100,000 per year), except psoriasis and periodontitis (based on the
prevalence) and miscarriage, limb reduction defects and birthweight (based on 100,000 births).

+Included for interest; although there is a suggestion of an association there may not be one at all.
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Chapter 35

Genes, nicotine addiction, smoking
behaviour, and cancer

Michael Murphy, Elaine C. Johnstone, 
and Robert Walton

One of the most frustrating mistakes to be made is to be right for the wrong reasons.
RA Fisher made many seminal contributions to statistical genetics. His instincts did
not entirely mislead him in relation to smoking and (lung) cancer risk but have proba-
bly contributed to stunting the growth of behavioural genetic research. The resurgent
interest in the relationship between genetic influences, smoking behaviour, and cancer
has required both the laying of Fisher’s ghost (that some of the same genes determine
both smoking behaviour and cancer risk) and depended on the recognition of the
addictive principle, nicotine, lying at the heart of much tobacco use (Swan 1999a, 1999b).
The story has unfolded since the 1950s, in fits and starts at first but more smoothly
recently. This chapter reviews the advances that have taken place in understanding the
genetic contribution to individual variation in nicotine addiction and smoking behav-
iour, and, more briefly the contribution of genotype to risk of cancer, conditional upon
being a smoker, since this topic is also considered in the cancer-specific chapters.

A variety of evidence, from animal models and observational and experimental
studies in humans, has contributed to our reaching our present point of understanding.
We are poised to be able to improve control of tobacco usage, not only through society
wide actions but also through direct approaches which exploit differences in individual
susceptibility to nicotine addiction and cancer risk.

Evidence for genetic contribution
Understanding the genetic contribution to a condition really requires three kinds of
advance. The first is that there needs to be evidence that the condition or trait has com-
ponents that appear to cluster within genetically related individuals, or more explicit
vertical evidence of inheritability of the trait. The second (almost universally observed)
is that there is interindividual variation to be explained. The third, and perhaps
hardest, is to define the genes, and proteins for which they code, that mediate these
influences, and the biological processes underlying the occurrence of the disease or trait.

The tobacco plant is beautiful but deadly (Doll and Peto 1976; Peto et al. 2000);
recognizing that nicotine is the active principle which maintains (oral or smoked)
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dependence on tobacco for many people has helped to focus attention on this third area.
Other chapters in the book deal with the neuropharmacology and structural biology of
the nervous system pathways (mainly in the central nervous system) which underlie
dependence. These provide the clues, to which we return later, in this third area of
investigating exactly how genotype influences smoking behaviour. The first and second
areas—heritability and individual variation—we consider first.

Even now, despite profound declines in the numbers of people who smoke, smoking
remains a commonly observed behaviour, and is in that sense taken for granted as
a feature of every day life. In the UK, however, the number of ex-smokers approxi-
mately equals the numbers who report themselves as current smokers (somewhat more
than 107 in each case) (RCP 2000). What distinguishes them? It has been suggested that
the average level of nicotine dependence increases amongst those who remain smokers,
as others quit and this may plausibly define the size of the problem which remains
in helping smokers give up (although it should be remembered that most of the 107

ex-smokers did so without the aid of any drugs). Certainly, even amongst those who do
manage to quit, there is a range of variation in the success rate of their quit attempts.

In a recent follow-up survey of 850 participants in a randomized placebo-controlled
trial of the nicotine patch conducted in general practices in the early 1990s, ‘The
PATCH study’, the range of attempts to quit reported in those who remained smokers
in 1999 was substantial (Yudkin et al. 2003, 2004 In Press) (Johnstone et al. In Press).
In eight years more than a third had made no serious attempts, about a third had made
1 or 2 attempts and the remainder had made between 3 and 30. Similarly amongst
smokers participating in a different general practice trial of health checks conducted in
the late 1980s (‘OXCHECK’) for any given level of reported smoking, there was a con-
siderable range of variation in the blood cotinine (and by implication nicotine levels)
measured. We know that smokers adjust the way they smoke to obtain the level of nicotine
that suits them best (interindividual compensation) and it seems that different indi-
viduals, have a wide range of set points to which they adjust their individual intakes.

Figure 35.1 shows cotinine levels measured by gas chromatography, obtained for
a random sample of 173 smokers in the OXCHECK study, according to the amount they
reported smoking (McKinney et al. 2000). There is obviously digit preference in the
reporting, which may blur the distinction between smokers, but their biochemistry
reveals how much variation there is in the total intake and/or metabolism of nicotine.
Difficulty quitting and nicotine intake are probably the clearest measures of interindivid-
ual variation. Smoking initiation provides less discriminatory power. Conditional upon
exposure to tobacco, most who become smokers do so in adolescence (in the UK 80% by
18, 90% by 19 years of age). There may be differences in susceptibility, conditional upon
exposure, but this has so far been the subject of little investigation (in man) (Overstreet
1995; Overstreet et al. 1995; Perkins 1995; Pomerleau 1995; Rosecrans 1995).

There is similarly little doubt about the general size of contribution genotype makes
to the behaviour. Animal models (particularly rat and mouse, the latter having 80%
overlap with the human genome) have not only helped us to understand the anatomy,
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pharmacology, and biology of the actions of nicotine which underlie human use of the
drug, but also help to demonstrate the amount of genetic variation that exists in the
way nicotine achieves its effects. The work of Collins and Marks in particular has
demonstrated that inbred strains of animals (who therefore became increasingly
homozygotic and invariant for, albeit anonymous, alleles) differ markedly between
strains (in the relevant but unknown genes) contributing to:

*nicotine sensitivity

*nicotine receptor density

*tolerance development

*cross tolerance

*nicotine self administration

Even more telling is the evidence from human studies (mostly of twins, but some
singleton adoption studies) which estimate the likely size of the contributions of
genotype and environment, defined in the broadest sense, to determining smoking
behaviour (Sullivan and Kendler 1999; Hall et al. 2002). Many of the twin panels
whose results contribute to these estimates were established to answer the questions
posed originally by Fisher’s hypothesis that the same genes may determine not only
that a smoker does so but their risk of disease also. The evidence from these studies
unequivocally supported the alternative idea that smoking delivers toxic and
carcinogenic products that determine disease risk directly. They have however
also provided reliable evidence about the balance of contributions to smoking
behaviour.

MICHAEL MURPHY ET AL.
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Fig. 35.1 Plasma cotinines measured in those reporting particular levels of cigarette
consumption per days
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The Table 35.1 combines data from the Nordic Twin Studies of concordance of can-
cer risk (Lichtenstein et al. 2000) and from pooled analyses of the large number of twin
studies which have examined smoking (Li et al. 2003). The estimates of heritability
from about 20 studies each for smoking behaviours (initiation and tobacco use) are
both about 50%, with quite a narrow confidence interval, also implying that environ-
mental (non-genetic) factors contribute about the same amount to the variation in the
behaviour observed in pairs of identical and non-identical twins. When examined
individually, the studies which contribute to this meta analysis are quite consistent
for both smoking phenotypes, for men and women, and despite the panels being
assembled from twins in a number of different countries, and time periods in which
population smoking prevalence varied (Sullivan and Kendler 1999). From the same
table we can see that the heritability estimates for cancer risk from twin studies with
the same design flaws and strengths are lower in general, even for those cancers such as
breast and colorectal where genetic variation is known to contribute significantly to
the risk of the disease (even though the environmental component may be greater) and
for which a broader range of genotypic contribution almost certainly remains to be
discovered. This comparison gives us no clue about the type of genetic contribution to
smoking behaviour and cancer risk but suggests that it is substantial.

The twin study results point out another important aspect of the genetic epidemiol-
ogy of smoking behaviour, namely that the behaviour has several distinct components,
to which different amounts and types of genetic contribution may be made, and that
smoking is best seen as a career or process. The figure indicates the component stages
of the process, as we conventionally understand it, and genetic studies of the process
need to distinguish between the different phenotypes that are examined, the definitions

Table 35.1 Heritability estimates and 95% confidence intervals (CI) of
smoking behaviours and common cancers obtained from twin studies

Condition Heritability Genes

Smoking initiation 47% (41–53%)
Smoking (tobacco use) 53% (44–63%)

Bladder 31% (0–45%)
Stomach 28% (0–51%)
Pancreas 36% (0–53%)
Lung 26% (0–49%)
Cervix 0 (0–42%)
Uterus 0 (0–35%)
Ovary 22% (0–41%)
Leukaemia 21% (0–54%)

Prostate 42% (29–50%)
Colorectum 35% (10–48%) FAP/HNPCC
Breast (women) 27% (0–54%) BRCAI/2

Cancers from Lichenstein et al. 2000 (3 Nordic cohorts).

Smoking from Li et al. 2003 (19–20 Twin studies).
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of those phenotypes and the nature of the control/contrast phenotypes to which the
smoking phenotype is compared. Overlaps in genotypic contribution because of mis-
classification of the phenotypes might provide an important source of bias and confusion

Smoking Career
Tobacco Exposure

↓
Experimentation

↓
Initiation

↓
Progression

↓
Quitting (Relapse)

↓
Abstinence

The model of genetic variation contributing to such a complex behaviour as smoking,
even when isolated into the component parts of the process for study, must necessarily
itself be complex. The genetic variants involved may be completely different at different
parts of the process, i.e. depending upon how smoking behaviour is defined. Or they
may overlap (substantially) and their effects may be more or less important at different
stages, e.g. in relation to initiation, determining how much a smoker smokes, the diffi-
culty they have in giving up, and separately the way in which they respond to the drugs
which are known to aid smokers to give up. Moreover the genetic contribution might be
more or less direct. Thus there is evidence that genotypic variation is related to varia-
tions in the extent to which measured personality traits are exhibited. There is separate
evidence that some personality traits are associated with smoking behaviour, more
specifically with smoking initiation rather than other elements of the process (Munafò
et al. 2001). Similarly there is considerable evidence that genotypic variation affects
mood, and there are separate associations between mood states and smoking behaviour.
In particular the relation between smoking, quitting, and depression appears to be sub-
stantial. Alternatively there may be direct effects of genotypic variation on nicotine
neuropharmacology and metabolism, affecting why smokers smoke because of effects
on the biochemical mechanisms affecting reward, withdrawal, and dependence (Breslau
1995; Gilbert and Gilbert 1995; Heath et al. 1995; Leonard 1999).

The neurochemistry and pharmacology of these latter processes is dealt with else-
where and will not be reprised here, except to say that as the neurobiology of
addiction to drugs of abuse generally and to nicotine specifically unfolds in animal
models and human studies, an extensive set of proposed candidate genes is emerging
(Crabbe 2002; Picciotto and Corrigall 2002; Watkins et al. 2000). The biological sub-
strates of personality and mood are even less well understood, but nonetheless quite
well studied. A recent systematic review (Munafò et al. 2003) identified 79 published
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Fig. 35.2 Hypothetical population distributions of additive genotypic relative risk. For each gene
locus: RR homozygous wildtype = 1; heterozygous variant = 1.22; homozygous variant = 1.5.

studies conducted in 18 countries between 1995 and 2002 of candidate gene variation
and measured personality attributes. Many of the genetic variants in neurochemical
pathways hypothesized to be involved for personality associations are separately objects
of direct interest in nicotine addiction, e.g. serotonergic, dopaminergic, noradrenergic,
and GABAergic pathways. Again there is separate overlap with the neurochemical
pathways thought to be involved in susceptibility to mood disorder and generation of
mood state. The twin studies which have demonstrated strong evidence for heritable
components of smoking behaviour also suggest some overlaps in the genetic contribu-
tion to smoking, personality, and mood, though classical twin studies cannot help to
pinpoint the particular contribution of individual genes (Sullivan and Kendler 1999).

The evidence suggests therefore that in examining the genetic contribution to smok-
ing behaviour we are looking for the cumulative effect of multiple genes exhibiting
relatively common allelic variations, which each confer only small variations in risk or
liability to the particular aspect of smoking behaviour. They may be differentially
important in different populations, they may exert their effect through a wide range
of mechanisms, they may contribute to different parts of the smoking process, and
the same overall level of risk or liability may arise from many different combinations
(i.e. heterogeneity of genotypic contributions) (Rutter and Plomin 1997).

Figure 35.2 illustrates some of the implications of different hypothetical models of
the population distribution of additive genotypic relative risk under different assump-
tions of the number of genetic loci at which a small increase in risk is conferred by
possession of particular allelic variants, and the prevalence of these alleles in the
population. Integrating the notions of heritability and attributable risk is not yet easily
possible, but would serve communication about genotypic contribution to smoking
behaviour risk well if it were. As the figure shows the effects of the fixed small increases in
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risk associated with possession of increasing numbers of alleles at increasing numbers
of loci and their increases in prevalence both mean that an increasing proportion of
the population starts to be at an important level of liability, e.g. to acquisition of nico-
tine dependence, but comparatively few are at very low or very high risk, which might
be a reasonable, but entirely hypothetical, description of the population’s liability. If so
it would suggest the numbers of genes to be interested in are numbered in the tens if
not hundreds when assessing genetic contribution.

Thus all of the usual difficulties of investigating a complex genetic trait to define the
quantitative trait loci (QTL) which contribute to the phenotype are evident in the
study of smoking behaviour. Nevertheless the strength of the evidence that genes are
important, the potential rewards from identifying even some of the factors which con-
tribute to variation in smoking behaviour, the grip exerted by tobacco use, and the
ways in which it might be lessened, are potent incentives to regard the problem of
understanding the genetics of smoking behaviour as a potentially tractable one

Identifying genes contributing to smoking behaviour
The usual approaches to identify the potential genes of interest in smoking—familial
clustering, pedigree-based linkage studies, affected relative (usually sibling) pair studies,
and candidate gene association studies have all contributed though most effort has been
concentrated on the latter. Results from only four genome scan studies have so far been
published (in some shape or form), dealing with different smoking phenotypes. A fifth
(the largest to date and conducted amongst female non-identical twin pairs) has recently
been conducted but is, as yet, unpublished (Munafò et al. personal communication).

Duggirala et al. (1999) looked at the phenotype ‘cigarettes per day’ and found some
evidence of linkage on chromosomes 4, 5,15, and 17. Bergen et al. (1999) contrasted
‘ever/never smokers’ and found evidence for linkage to 6, 9, and 14. Straub et al. (1999)
studied ‘nicotine dependence’ and incriminated regions on chromosomes 2, 10, 16, and
17. Wang et al. (1997) reported weak evidence for linkage of ‘smoking behaviour’ to genes
on chromosomes 1, 9, 10, 13, 14, and 20. Unpublished findings (Munafò et al. personal
communication) suggest no strong evidence of linkage for ‘ever/never’ smokers (i.e. initia-
tion) or for ‘ex-/current’ smokers (i.e. cessation), but quite good evidence of linkage to
chromosomes 7 and 8 for, ‘age at initiation’ and to 7, 8, and also 18 for ‘cigarettes/day’.

There is not obviously a lot of consistency between these findings, and in none of the
individual studies was the strength of the evidence for linkage absolutely compelling for
any of the regions identified, though some of the measures of association were certainly
sufficiently strong to be hypothesis generating. Some further progress might be made by
meta-analytic pooling of the datasets to maximize the power to detect linkage, but the
variation in definition of the phenotypes considered may argue against the value of this.

Table 35.2 shows the human chromosomal map location of the genes control-
ling expression of the major components of the dopaminergic, serotonergic, and
noradrenergic pathways, the nicotinic acetyl cholinergic receptor subunits and the
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enzymes thought to be involved in nicotine metabolism. Biological reasoning suggests
some of these genes might be important for smoking behaviour. They are distributed
widely across the genome, and though it is possible to identify some map locations
which broadly correspond to the areas of linkage interest, finer detail mapping in
larger samples, with very well-defined phenotypes may be necessary to provide signifi-
cant clues to the genetic contribution to smoking behaviour, using this approach.

Far more attention has been paid to candidate gene association studies. A systematic
review of such studies in relation to a variety of smoking behaviour phenotypes has
revealed at least 20 relevant studies published to end 2002 (Munafò et al. in press).

Table 35.2 Gene map

Chromosome no. Gene Map location

1 nAChRβ2 1q21.3
5HTID 1p34.3–36.3
5HT6 1p35–36

2 AHH(CYP1A1) 2q31-2pter
5HT2B 2q36.3–37.1
5HT5B 2q11–13
ADRα2B 2

3 DRD3 3q13.3
5HT1F 3q11

4 DRD5 4p16.1
ADRα2C 4p16.1

5 DAT1 5p15.3
DRD1 5q35.1
5HT1A 5q11.2–13
5HT4 5q31–33
ADRB2 5q32–34
ADRα1A 5
ADRα1B 5q31.1 (long arm)

6 5HT1B 6q13
5HT1E 6q14–15

7 5HT5A 7q36

8 nAChRα2 8p21
nAChRβ3 8p11.2
nAChRα6 8p22

9 DBH 9q34.1

10 5HT7 10q21–24
ADRβ1 10q24–26
ADRα2A 10q24–26

11 TH 11p15.5
TPH 11p15.3–p14
DRD2 11q21–q22
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Most of the allelic variants studied were at the loci shown in the gene map above,
because the same biological reasoning about the process of addiction generally and
smoking behaviour particularly, led to the specification of these pathways as important.
However, many of the genes studied have been looked at by only a few investigators, the
phenotypes again vary considerably or are not well defined, individual sample size and
characteristics are imperfect, and the models of genetic action are poorly specified. All
of these factors hamper pooling and interpretation (Walton et al. 2001).

Two examples from our own work may illustrate the difficulties of deciding whether
particular genes are important candidates or not.

Candidate genes—false start?
Catechol O Methyl Tranferese (COMT) is a plausible candidate gene for involvement
in smoking behaviour. It catalyses the inactivation of amine neurotransmitters such as
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Table 35.2 (continued) Gene map

Chromosome no. Gene Map location

DRD4 11q23
5HT3A 11
5HT3B 11

12

13 5HT2A 13q14–q21

14

15 nAChRβ,α3,α5 15q24
nAChR α7 15q13–q14

16 NET1 16q12.2

17 5HTT 17q11.2
PNMT 17q21q22

18

19 CYP2A6 19q13.2
CYP2β6 19q13.2

20 nAChRα4 20q13.2–q13.3
ADRαD 20

21

22 CYP2D6 22q13.1
COMT 22p11.2

X MAOa,MAO6 Xp11.3
5HT2C Xq24

Y
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dopamine and noradrenaline within the synapse, terminating their action. It is polymor-
phic, the variants are common and functional, increasing the extraneuronal enzyme
activity, and have been linked to substance abuse. Amongst the OXCHECK sample of
smokers, who attended a health check in the early 1990s (mentioned earlier in the chap-
ter), there was no effect observed in two separate studies. Allele presence did not appear
to influence the number of self-reported cigarettes/day or heavy smoking amongst a ran-
dom sample of 226 smokers (McKinney et al. 2000) nor was it associated with smoking
status (current, ex-, never smokers) when three age–sex matched groups of 270 subjects
were compared to one another (David et al. 2002). Should further studies be done?

Candidate genes—false promise?
Dopamine β Hydroxylase (DBH) converts dopamine to noradrenaline, exhibits com-
mon silent polymorphisms which are tightly linked to variants which probably reduce
enzyme activity and has been linked to substance abuse. In the same first OXCHECK
sample of 226 smokers referred to for COMT, allele presence was associated with a sig-
nificantly reduced number of self-reported cigarettes per day (especially in women)
(McKinney et al. 2000). When we tried to replicate this finding in all the remaining
1275 smokers for whom we had data in the OXCHECK cohort, allele presence was only
associated with slightly reduced consumption in men and women (Johnstone et al.
2002). However it may be associated with response to NRT particularly in women
(see later) so perhaps there is a case for further studies (Johnstone et al. 2004, In Press;
Yudkin et al. In Press).

Systematic review—hope?
The clearest results from all the studies combined and examined in the systematic
review suggest a relationship between possession of the Dopamine D2 receptor
Taq1A1 allele and polymorphisms in the Dopaminergic Transporter (DAT1), but the
summary estimates of genotypic risk associated with allelic possession are always less
than 2 whatever the hypothesized mode of gene action examined (for which there is
currently little good evidence to choose between, e.g. dominant, codominant, recessive
etc.) (Walton et al. 2001). They reinforce the prevailing notion that the genetic variants
that will be identified may be common (possessed by one person in three, say) but
uniformly of small effect. The results provide a ‘scoping’ study, which allied to advance
in neurobiological understanding should define the principal target of interest (Munafò
et al. In Press).

The levels and types of evidence that these (and many other) genetic variants con-
tribute to overall genetic liability with respect to smoking behaviour are various. There
is ‘analogy’ in the sense that debate still rages about whether the DRD2 Taq1A1 allele is
related to alcohol use and abuse. Possession of the same allele has also now been linked
to associated or surrogate measures of the smoking behaviour phenotype in (at least) 3
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pre-clinical studies. Gilbert et al. demonstrated that smokers carrying at least one copy
of the allele exhibited greater EEG slowing over one month after quitting smoking than
non-carriers (SRNT Savannah abstract 2002). The same authors also demonstrated that
smokers possessing at least one copy of the allele benefited less from negative affect
(mood) reducing effects of nicotine than non-carriers, when undergoing tests of
attention/distractibility (SRNT Savannah abstract 2002). Finally David et al. (In Press)
demonstrated that smokers possessing at least one copy of the allele benefit less from the
action of bupropion on smoking withdrawal symptoms than non-carriers.

Another type of evidence for involvement of the DRD2 gene in smoking behaviour
(and from the point of view of cancer prevention perhaps at present the most important
study results to obtain) is whether and how genetic variation underpins some of the vari-
ation in difficulty smokers have in quitting. As yet there is little direct evidence on this;
two studies only have investigated drug–genotype interaction in helping smokers to quit
with respect to the DRD2 Taq1A1 allele (amongst others). One cautionary note in these
drug-effectiveness studies is that, in hypothesizing candidate genes for interaction to
explain the variation in effectiveness observed, one might expect most effect to be seen
with genes that directly contributed to the pharmacological mechanism of action of the
drug rather than in the more general neural systems involved in smoking behaviour, but
we remain uncertain about how the drugs work to exert their effect on smokers ‘ability to
quit’. Hence the DRD2 Taq1A1 allele may not be the genetic variant of primary interest,
though the general evidence to date suggests it needs to be examined.

The PATCH studies (Yudkin et al. 2003; Johnstone et al. 2004, In Press; Yudkin et al.
In Press)  enrolled 1685 heavy smokers in 19 general practices in Oxfordshire, England
in 1991–2, to a randomized placebo-controlled trial of the nicotine patch and demon-
strated a significant effect on quitting rates to one year. In 1999–2000, 1532 of the 1612
smokers still available were contacted, and 840 returned detailed questionnaires and
755 gave DNA. Exactly half of this sample (378 vs. 377) had originally used active patch
and placebo. Cessation rates on NRT were higher amongst those smokers possessing
the DRD2 Taq1A1 allele and lower amongst those possessing the allele who used
placebo, resulting in significantly increased effectiveness odds of quitting for active
drug use amongst those possessing the DRD2 Taq1A1 allele. Amongst those who pos-
sessed not only the variant DRD2 allele, but also possessed the variant DBH allele, the
odds were greater still, suggesting that both genetic variants might play a part in smoking
behaviour, particularly quitting. It is of interest that possession of both alleles appears
to be a common phenomenon (30% in smokers).

In the only other reported study of drug–gene interaction for smoking cessation, so
far, Lerman et al. (2002, 2003) examined the effect of bupropion in a placebo-
controlled trial of 555 USA smokers of 10 cigarettes or more/day, genotypic analysis
being restricted to 426 European Caucasians. There was no clear main effect of the
DRD2 Taq1A1 allele (or DAT1) on prolonged abstinence to the end of the treatment
phase, and bupropion’s effects were comparable in groups defined by DRD2 or
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DAT genotype. However there was some evidence of effect in those who possessed
allelic variants of the cytochrome enzyme CYP2B6 (which may play a part in metaboliz-
ing nicotine and is responsible for metabolizing bupropion to other active compounds).

The subject of genetic contribution to smoking behaviour is clearly still in its
infancy, and the promises and pitfalls of unravelling the contribution are similar to
those involved in the hunt for many other ‘disease’ genes. However the subject is finally
on the agenda in the search for how to reduce the toll tobacco takes.

Some possible implications of improving our understanding of the genetic contribu-
tion to smoking behaviour might be speculated on:

◆ How will the tobacco industry react if genetic susceptibility is demonstrated? Will it
try to argue that responsibility for nicotine addiction lies with the individual
because of their genetic make-up?

◆ How will the pharmaceutical industry, who make the effective smoking cessation
aids respond to the notion that not all smokers should be considered part of the
market for their drug if another might suit them better?

◆ How will professionals respond to the notion of individualizing therapy, based on
treatments preferred for smokers with a particular genotype?

◆ How will smokers react to the notion that their wish to smoke stems partly from
their genetic make up, having become tobacco dependent in the first place?

Investigations in these areas will be needed.
We now turn to a brief overview of the state of understanding of how a smoker’s

genotype may alter their risk of developing cancer. More detailed consideration of
genotype and specific cancer risk amongst active smokers is provided in the cancer
specific chapters elsewhere in this book.

Smoking-related cancer
Cigarette smoking has an aetiological link with several types of cancer, predominantly
solid tumours of the lung, larynx, pharynx, oesophagus, bladder, kidney, and pancreas
but also including myeloid leukemia. Although a large number of cancer deaths are
caused by smoking (in 1999, 22% of all cancer deaths were of lung cancer), only a pro-
portion of smokers ultimately develop lung cancer (Mattson et al. 1987). The precise
reasons for this remain unclear, but the discrepancy most likely results from the combi-
nation of variation in carcinogen exposure and genetic susceptibility. (Zang and
Wynder) The Table 35.1 earlier in the chapter indicates that lung, and the other smok-
ing-related cancers, have heritability estimates that, whilst not as great as for some
other cancers, are nonetheless substantial. Current studies focus on genetic susceptibil-
ities to lung cancer in particular, and how they modify the effects of tobacco smoke
carcinogens. Studies on bladder cancer have also been performed but other cancers are
less well studied in this area.
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Steps to carcinogenesis

Exposure to smoke
The harmful consequences of smoking are well known. The smoking of tobacco is an
efficient method of delivering nicotine to the brain where it elicits rewarding effects.
However tobacco smoke also carries more than 50 carcinogens direct to the lungs,
including polycyclic aromatic hydrocarbons (PAHs) such as benzo[a]pyrene and sev-
eral nitrosamine-based compounds that are specific to tobacco. Actual doses of
nicotine, carcinogens, and toxins will vary, depending on an individual’s intensity and
method of smoking and also on the smoking device. Genetic predisposition to nicotine
addiction (discussed previously) will also contribute to risk via modulation of both
amount smoked and ability to stop smoking.

Activation of procarcinogens
Tobacco carcinogens are metabolized by complex enzyme systems and involve both
activation and detoxification. Phase 1 enzymes such as those from the cytochrome P450
family are primarily responsible for the activation (via oxidation) of procarcinogens.
Many genes encoding CYP enzymes are polymorphic and this inherited variation will
influence the activity of specific CYP isozymes, resulting in individual differences in
exposure to activated carcinogens. CYP1A1 (on chromosome 2, see gene map earlier in
chapter) is the principal enzyme that metabolizes PAHs and possessing polymor-
phic variant alleles seems to confer elevated risk of lung cancer, in certain ethnic
populations (Vineis et al. 1999).

Adduct formation
Smoking-related DNA adducts (long-lasting aggregates of tobacco carcinogens and
genetic material) have been detected by a variety of analytical methods in respiratory
tract, bladder, cervix. DNA adducts are found at higher levels in tissues of smokers
compared to non-smokers (Perera et al. 1987). Biomarker data provide convincing
evidence that carcinogen uptake, activation, and binding to cellular macromolecules
(including DNA) are higher in smokers than non-smokers (Randerath and Randerath
1993).

Failure of DNA repair
DNA repair plays a crucial role in maintenance of genome stability by removing these
kinds of lesions, thus diminished DNA repair capacity may increase susceptibility to
smoking-related cancers. Reduced DNA repair has been shown in lymphocytes from
lung cancer patients in vitro compared to age-matched controls (Wei et al. 2000),
although poor repair is thought to be independent of smoking status. Whilst DNA
repair is undertaken, cell cycle checkpoints will arrest the growth of the cell,
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and if the damage is too severe to repair, apoptosis occurs. A key-player in deciding the
cell’s fate is p53, and mutation of this gene is a common event in tumour cells. Thus
variation in p53 activity (and that of other proteins involved in these checkpoints) will
also have an important role in the long-term effects of adduct formation on the cell.
If not repaired, such damage can result in gene mutations and instability, which may
in turn result in malignant transformation.

Individual variation
Many studies have shown a relationship between tobacco smoke exposure, carcinogen-
DNA adduct formation, DNA repair capacity, and cancer risk. An individual’s
susceptibility is a complex interplay of (a) exposure to tobacco smoke and (b) response
to exposure, and inherited variation in key (and possibly overlapping) genes in both
cases will modulate both smoking behaviour (exposure) and detoxification and repair
(response). The hypothesis under test is that a smoker with low capacity to detoxify
carcinogens (or who has enhanced activation), and/or low capacity to repair damaged
DNA will be at higher risk of tobacco-related cancers.

Detoxification
There are a large number of studies examining metabolic susceptibility genes, and the
most conspicuous aspect is the lack of a consistent role for this group of enzymes as
cancer risk factors. This is perhaps not surprising given the low penetrance of these
genes, and their indirect involvement in the complex process of cellular malignant
transformation.

The Phase II enzyme superfamily of glutathione S-transferases (GSTs) plays
an important role in the detoxification of smoke-derived carcinogen metabolites and
people who have variant alleles of GSTM1 in particular appear to have increased
susceptibility to lung cancer after exposure to tobacco smoke (Vineis et al. 1999).
The N-acetyl transferases (NAT1 and NAT2) are responsible for inactivation of various
aromatic amines and several allelic variants of both genes have been detected some
of which contribute to reduced enzyme function. Several studies have found a sig-
nificant association between NAT2 slow acetylation and bladder cancer after smok-
ing or occupational exposure. As a susceptibility locus for lung cancer the risk
associated with NAT2 variants is inconsistent (Vineis et al. 1999). A recent large
study suggested the NAT2 slow acetylator phenotype as a risk factor for lung cancer
only in heavy smokers (80 pack-years) (Zhou et al. 2002). The sulfotransferases, which
catalyse the sulfation of numerous carcinogenic and mutagenic compounds, have
recently also been implicated as risk factors for lung cancer. The variant allele
of SULT1A1 (SULT1A1*2), which encodes for low activity, is more commonly found
in lung cancer cases, compared to age, sex, and smoking-status matched controls
(Wang et al. 2002). Furthermore, this modest increase in risk was significantly higher
in current smokers.
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DNA repair
As previously alluded to, variation between individuals in DNA repair capacity may be
a risk factor for cancer. There are several processes (and associated genes) involved in
DNA repair including detection of DNA damage (TP53), nucleotide excision repair
(XPD and XPF) and double-strand/recombination repair (XRCC1 and XRCC3). A
recent paper by Wu et al. (2002) extensively examined three polymorphisms in p53
and found each variant, along with variant haplotypes, to be associated with an
increased risk of lung cancer. Functional effects of variant alleles were tested in vitro,
and lymphoblastoid cell lines with all wild type alleles had significantly higher apop-
totic indices and DNA repair capacity, than those with at least one variant, suggesting
the effect of the polymorphisms may be to inhibit p53 function. Despite their low pen-
etrance, these variant alleles are quite prevalent in the population (albeit ethnicity
dependent), leading to a high population attributable risk.

Several polymorphisms in DNA repair enzymes have been examined, XRCC1 and
XPD being the most frequently studied. XRCC1 variant alleles have reduced base exci-
sion repair capacity and are associated with increased population-dependent risks of
bladder cancer (Stern et al. 2001) and breast cancer (Duell et al. 2001), but conflicting
results for lung cancer (Park et al. 2002). A number of fairly prevalent (~30%) poly-
morphisms in XPD have been described and until recently their influence on function
was unclear. The functional effect of variation within this gene has now been associ-
ated with increased levels of aromatic adduct, and also with increased lung cancer risk.

Other targets
Other targets to consider include enzymes involved in tumour invasion and metastasis,
such as collagenases. Variation in the matrix metalloproteinase-1 gene (MMP-1) pro-
moter region partially regulates gene expression and appears to increase risk of lung
cancer; this risk was also further elevated in smokers (Zhu et al. 2001). The association
was also less evident in former smokers and more evident in heavy smokers.

Summary
In conclusion conditional upon becoming a regular smoker, which may itself be geneti-
cally influenced, there are several key areas which may impact on the genetic susceptibility
of an individual. The complex multistage process that leads a smoker to develop cancer
will no doubt involve multiple (low penetrant) gene effects both dictating exposure and
the host response. Gene–environment interactions are of particular interest, i.e. for a
given environmental exposure (smoking) does the risk of cancer differ with respect to
polymorphic variation? We have examined here only those genes thought to contribute
to risk, not the myriad of genes involved in cellular changes prior to progression to malig-
nancy. Using a candidate gene approach, the importance of haplotypes will also become
more evident particularly when relating variation with protein function or expression.
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Chapter 36

Tobacco and alcohol interaction

Albert B. Lowenfels and Patrick Maisonneuve

Introduction
Throughout the world, tobacco and alcohol abuse are responsible for an appreciable
proportion of avoidable deaths. Alcohol has been used in all cultures throughout
recorded history, but tobacco only became widely available after the discovery of the
New World. At first, tobacco use was restricted to the wealthy class, but by the begin-
ning of the seventeenth century, combined exposure to alcohol and tobacco was
common in all classes (Figure 36.1). Both agents are addictive, although nicotine, the
major addictive compound contained in tobacco, is probably more so than alcohol.
Both agents are widely used: nearly 80% of Americans over age 12 have consumed
alcohol at some time, which is similar to the percentage of persons who report ever
using tobacco. However, less than one-third of adults are current smokers—much
smaller than the proportion of current alcohol users.

Tobacco use creates an enormous health burden because of its well-known association
with numerous diseases, but increased consumption of alcohol is also known to have
deleterious health effects and there are several diseases where exposure to both sub-
stances can be harmful. Table 36.1 lists background information and societal covariates
for these two substances. Since both substances are so widely used and since tobacco
users often consume alcohol, some of the adverse health effects of tobacco may be caused
by drinking. Furthermore, there is a real possibility that combined exposure to these
two substances may be more harmful than a single exposure to only one of these agents.

Combined use of tobacco and alcohol

Epidemiology
We can estimate the frequency of the combined use of tobacco and alcohol at the
population level from survey data. For the United States, the 1997 National Household
Survey on Drug Abuse (1997) provides age-specific estimates of exposure to these
agents. Overall, as shown in Table 36.2, smoking is much more common in alcohol
consumers than in teetotalers: this difference is striking in the younger age groups.
With respect to the combined use of alcohol and tobacco, approximately 20% of
responders to the survey report exposure to both substances during the month prior to
the survey.
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Fig. 36.1 By the early 17th century exposure to both alcohol and tobacco was common. Jonas
Suyerdof, Three peasants in an interior. With permission, from the print collection, Mirian and
Ira D. Wallach Division of Art, Prints and Photographs, The New York Public Library, Astor,
Lenox and Tilden Foundations.

The major effect of alcohol when viewed at the population level relates to increased
morbidity and mortality from injuries—usually affecting younger age groups. Alcohol
also contributes to a somewhat lesser extent to degenerative diseases and to cancer. The
major effect of tobacco is to increase the risk of cardiovascular disease as well as many
types of cancer.

Biologic aspects
Experimental and human data are beginning to clarify the damaging effect resulting
from combined exposure to these two substances. In animal experiments, tissue-
specific DNA alterations have been discovered after combined exposure to alcohol
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Table 36.1 Comparison of alcohol and tobacco use

Variable Tobacco Alcohol

History of early use Brought back to Europe from Mentioned in Old 
the Americas by Columbus. Testament
Widespread use by 1700s.

Minimum legal age (USA) 18 or 19, depending on locality 21 

Estimated deaths per year in 
USA (Miller and Gold 1998) 400 000 100 000

Taxable substance? Yes Yes

Current use by persons
≥18 yrs in 1999 (USA)

Males 26% 70%

Females 22% 56%

Estimated % with addiction High proportion 5–10%

Recommended ‘safe’ level No ‘safe’ level Recommended upper limit:
for consumption Males ≤ 2 units per day

Females ≤ 1 unit per day

Known carcinogens present? Yes No

Impact on fetus Lowers birth weight Causes fetal alcohol
syndrome

Cost/yr 60 Billion (1994) 148 Billion (1998)

Number web sites (Google)1 Smoking 5 630 000 Drinking 4 490 000

Tobacco 3 540 000 Alcoholism 625 000

Number medline retrivals1 Smoking 83 291 Drinking 58 163

Tobacco 32 514 Alcoholism 48 226

1 February 2002.

Table 36.2 Association between use of tobacco and alcohol during past month in 24 505
persons responding to National USA Household Survey on drug abuse, 1997

Age group N % Smokers % Smokers in % Smokers in % Smokers and
non-drinkers drinkers drinkers

12–17 7844 19% 9.5% 57% 11%

18–25 6239 36% 19% 50% 28%

26–34 4387 34% 25% 40% 24%

35+ 6035 29% 24% 33% 17%

Total 24 505 28% 20% 36% 19%

Data from Table 8.7, Ref #1. Drinking refers to any consumption of alcohol in past month.
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and cigarette smoke. Target organs included the esophagus, the lung, and the
heart. At each organ site, the damage induced by combined exposure to alcohol and
cigarette smoke was greater than the DNA damage induced by smoke or alcohol
alone (Izzotti et al. 1998). In human studies, both alcohol consumption and tobacco
are associated with p53 mutations in non-small cell lung cancer, compatible
with the possibility that alcohol enhances mutagenicity induced by tobacco smoke
(Ahrendt et al. 2000).

Alcohol is not considered to be a carcinogen, but more likely acts as a co-carcinogen
or a tumor promoter to increase the toxic effects of tobacco-specific carcinogens such
as N-nitrosoamines (Hecht 1999). Another mechanism of action of alcohol metabo-
lism possibly leading to cancer relates to the formation of acetaldehyde and to highly
reactive free radicals. Acetaldehyde has greater cellular toxicity than alcohol and could
induce DNA damage or interfere with DNA repair mechanisms (Homann et al. 2000)

For some organs, such as the mouth or the esophagus, alcohol could increase the per-
meability of mucous membranes to tobacco-specific carcinogens (Du et al. 2000). Finally,
heavy consumption of alcohol can be associated with nutritional deficiencies such as
vitamin A and selenium, which could enhance tumor development (Seitz et al. 1998).

Genetic factors
There is abundant evidence reminding us that at all levels of consumption smoking
patterns correlate with alcohol consumption. This association is especially true for
higher consumption categories (Gulliver et al. 1995). A natural question pertains to the
reason for this association: Is there a genetic component? If so, how strong is the asso-
ciation, and what gene(s) might be implicated?

Swan and associates in a multivariate analysis of Caucasian male twins identified
a genetic factor that explained the link between smoking, alcohol, and coffee use
(Swan et al. 1996). In a group of adolescent twins, Han et al. (1999) estimated the
heritable factor for tobacco and alcohol to be, respectively, 59 and 60% in males,
and 11 and 10% in females. The data could be explained by a common underlying
substance abuse factor. Koopmans and colleagues (1997) in a study of 1266 young
adult Dutch twins noted that alcohol and tobacco use was associated due to the same
genetic risk factors.

Since about 1990, evidence has been accumulating implicating a dopamine receptor
gene (DRD2) as a major factor in addictive disorders, including alcohol addiction and
smoking (Noble 1998; Noble 2000a, b). The prevalence of the A1 allele of the D2

dopamine receptor (DRD2) gene appears to be increased in both alcoholics, and
smokers. DRD2 may act as a reward or ‘pleasure’ gene; exposure to alcohol, tobacco, or
other addictive drugs, in conjunction with alterations in the DRD2 gene, might result
in an increase in brain dopamine levels, leading to enhanced feelings of reward and
satisfaction. These genetic defects could be important because they are potentially
associated with early age of onset of smoking or alcoholism (Comings et al. 1996; Kono
et al. 1997; Spitz et al. 1998).
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Although gene therapy has rarely been successful in humans, Thanos and co-workers
report that delivering the DRD2 gene into the brain of rats trained to self-administer
alcohol, markedly reduces their intake of alcohol (Thanos et al. 2001). This type of
study strengthens the link between the DRD2 gene and sensitivity to alcohol.

Medical consequences

Malignant disease

Cancer of the upper aero-digestive tract (UAT)

UAT tumors provide strong evidence that tobacco and alcohol interact to yield an
excess risk of cancer in these sites. One mechanism might be that mucosal damage
induced by alcohol, acts synergistically with carcinogens contained in tobacco smoke
to induce cancer. Beverages containing higher concentrations of alcohol are more
likely to induce epithelial damage than low content beverages. This could explain why
some studies have found that fortified wines and spirits yield higher risks of cancer
than weaker beverages (Jaber et al. 1999).

Using the World Health Association mortality database, Macfarland and co-workers
(1996) assessed current trends in male mortality from UAT tumors, relating country-
specific frequency to past national alcohol consumption and tobacco exposure.
Previous alcohol consumption was a strong predictor of deaths from UAT cancer and
the increased death rate from these cancers in the 90s could be explained by increased
alcohol consumption during the 60s and 70s.

Oro-pharyngeal cancer

The oral cavity is exposed to high concentrations of both alcohol and tobacco, explaining
why these two risk factors are important etiologic factors for oral cancer (Schlecht
et al. 1999). Predictably, both agents also are associated with pre-malignant lesions in
this area (Gupta, 1984; Macigo et al. 1996; Jaber et al. 1999; Hashibe et al. 2000).

Since oropharyngeal cancers are aggressive lesions with a poor long-term survival,
successful efforts to prevent these tumors depends upon recognition of pre-malignant
lesions such as leukoplakia and erythroplasia. Both these lesions are known to be
associated with alcohol and tobacco, including the increasingly common use of smoke-
less tobacco. Effective counseling for managing pre-malignant oropharyngeal cancers
must include information about the contributory role of alcohol.

Larynx

Alcohol and tobacco are predictors of risk for laryngeal cancer, but there are site-
specific differences in the impact of these two substances. Alcohol is more strongly
related to supraglottic laryngeal tumors than to glottic tumors, whereas smoking
is related to both types (Brugere et al. 1986). The probable reason is that both parts of
the larynx will be exposed to tobacco smoke, but that the glottis is unlikely to be
exposed to ingested alcohol.

ALBERT B. LOWENFELS AND PATRICK MAISONNEUVE
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Esophageal cancer

Esophageal cancer is an excellent example of a tumor caused by exposure to tobacco
and alcohol (Figure 36.2). Pioneering work by Tuyns and co-workers (Tuyns 1970;
Tuyns et al. 1977) carried out over several years have emphasized the importance of
both alcohol and tobacco as etiologic agents for this aggressive cancer. Much of this
research was carried out in the northwest of France, where the incidence of esophageal
cancer is exceptionally high. Case–control studies revealed that both alcohol and
tobacco are major risk factors and a greater than addictive effect was noted following
exposure to both agents. It was shown from an early study in France (Tuyns 1982) that
smoking in light consumers of alcohol carries less of a risk than smoking in heavy
drinkers. In the subgroup of persons that are heavily exposed to both agents, the risk of
esophageal cancer is nearly 40–50 times greater than in lightly exposed populations
(Figure 36.3). These data imply that control of both smoking and drinking will be
required to reduce the burden of esophageal cancer.

Fig. 36.2 Squamous cell cancer of the esophagus is one of the best examples of a tumor
related to exposure to both alcohol and tobacco.
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Most patients with esophageal cancer have been exposed to both tobacco
and alcohol, so it is difficult to estimate the independent impact of each single risk
factor. But in his study 743 esophageal cancers from the Calvados region of
Normandy, France, Tuyns found 19 non-drinkers and 75 non-smokers (Tuyns
1983). The relative risk of esophageal cancer in non-drinking smokers was approx-
imately 5, compared to a relative risk of 11 in non-smoking heavy alcohol consumers.
It appears that both agents can act independently and that their relative effect will
to some extent depend upon the level of population exposure. One report suggests
that for tobacco, a moderate intake over a long time period poses a higher risk than
a high intake over a short period. For alcohol, high intake over a shorter period is
more likely to induce esophageal cancer than a low intake over a longer period.
(Launoy et al. 1997).
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Fig. 36.3 The effects of combined exposure to alcohol and tobacco on the risk of esophageal
cancer. (From Tuyns 1982.)
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Stomach cancer

Several studies have examined smoking and alcohol consumption as risk factors for
gastric cancer (Kabat et al. 1993; D’Avanzo et al. 1994; Hansson et al. 1994; Vaughan
et al. 1995; Ji et al. 1996; de Stefani et al. 1998; Chow et al. 1999, 40; Zaridze et al. 2000;
Wu et al. 2001) (Table 36.3). Nearly all show that although smoking increases the risk
of gastric cancer; alcohol, in contrast, unless consumed in large quantities, does not.

Table 36.3 Case–control studies of association between alcohol and stomach cancer

Author, Year Study location Study size Results 

Wu et al. USA, California Population-based. 277 Alcohol use not associated 
(2001) gastric cardia, 443 distal with an increased cancer 

stomach, 1356 controls risk.

Zaridze et al. Moscow, Russia 448 cases, 610 Alcohol, particularly vodka
(2000) hospital controls increased risk of gastric 

cancer, especially for
gastric cardia.

Ye (1999) Sweden Population-based. 514 No association with 
cases, 1164 controls alcoholic beverages

Chow et al. Warsaw, Population-based. 464 No relation between 
(1999) Poland cancers, 480 controls alcohol consumption and 

risk of gastric cancer

De Stefani Montevideo, 331 cases, 622 Alcohol associated with 
et al. Uruguay hospitalized controls about a twofold increased
(1998) risk of gastric cancer

Ji (1996) China Population-based case Alcohol a risk factor only 
control study. 1124 for distal stomach cancer 
cases, 1451 controls. and only in heavy drinkers.

Vaughan Washington Population based. Alcohol a significant risk 
et al. State Includes esophageal factor for both types
(1995) squamous-cell cancer 

and adenocarcinoma 
of gastric cardia.

D’Avanzo Northern Italy 746 stomach cancer No convincing evidence for
et al. patients, 2053 hospital alcohol as a risk factor, 
(1994) controls except possible in very 

heavy drinkers.

Hansson et al. Central Sweden Population-based study. Alcohol not associated 
(1994) 338 cases, 679 controls. with gastric cancer

Kabat USA Hospital-based study Moderate-heavy alcohol 
et al. of 194 patients with consumption (≥ 4 drinks 
(1993) adenocarcinoma of the per day caused a 2.3 

distal esophagus or increased risk compared to 
cardia, 4544 controls. non-drinkers.
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Heavy drinking is known to cause gastritis of the stomach, a possible explanation why
heavy drinking raises the risk of gastric cancer.

Non-malignant disease

Cardiovascular system

Consumption of alcohol and tobacco has important implications for the heart and for
the entire vascular system. There is strong evidence that high levels of exposure to
either of these agents damages the heart, leading to both increased morbidity and
mortality. The main impact of tobacco relates to the increased risk of atherosclerosis,
causing narrowing of coronary arteries and, eventually to myocardial infarction. Large
amounts of alcohol are cardiotoxic, causing cardiomyopathy, and in some heavy
drinkers, fatal cardiac arrhythmias.

The interaction of these agents has been studied in healthy volunteers. Ethanol and
nicotine increased heart rate, and also increased the product of heart rate times blood
pressure. The combination of exposure to both drugs could contribute to serious
arrhythmias and sudden death, especially in persons with pre-existing coronary heart
disease (Benowitz et al. 1986).

In patients with pre-existing heart disease, both alcohol and tobacco are independent
risk factors for disease progression. Evangelista and co-workers (Evangelista et al.
2000) conducted a longitudinal study of 753 patients previously hospitalized with
heart disease. In a multivariate analysis current smoking (odds ratio 1.8, 95% confi-
dence interval 1.2–2.8) and current drinking (odds ratio 5.8, 95% confidence interval
3.8–9.1) were independent predictors of readmission for heart disease.

The deleterious effects of tobacco on the heart are dose-related, with no demonstrable
‘safe’ level of exposure to tobacco. But for alcohol, there are several longitudinal studies
suggesting that persons consuming low levels of alcohol—generally about 1 or perhaps
two drinks per day, have a lower risk of cardiac disease than abstainers or than persons
consuming larger quantities of alcohol do (Fuchs et al. 1995; Thun et al. 1997). The
overall impact on large populations is questionable and if there is a benefit from light
drinking, it is likely to affect males more than females, and older persons rather than
younger persons.

Pancreatitis

The pancreas, unlike the mouth, the larynx, the esophagus or the stomach, does not
come into direct contact with ingested alcohol. Alcohol reaches the pancreas via the
blood stream, where it stimulates pancreatic secretion, either directly or via activation
of the secretin mechanism. Moderate consumption of alcohol does not usually cause
pancreatic injury, but heavy drinking is a major cause of both acute and chronic
pancreatitis.

There is evidence from many sources that the combination of heavy drinking and
smoking is especially injurious to the pancreas. Individuals who drink heavily tend to
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be heavy smokers, so it can be difficult to separate the effects of these two agents on the
pancreas. However, several studies have now reported that smoking in addition to
alcohol is a separate risk factor for pancreatitis. (Lowenfels et al. 1987; Talamini et al.
1996; Hartwig et al. 2000; Lin et al. 2000). Chronic pancreatitis is an example of a
digestive tract disorder where exposure to both addictive substances leads to the onset
of a debilitating, painful disease.

Dupuytren’s contracture

Dupuytren’s contracture (William Dupuytren, French surgeon 1777–1835), has long
been known to be associated with moderate to heavy alcohol consumption. The lesion,
which occurs in the palmar or plantar fascia, is characterized by the development of
strong fibrous bands, which restrict digital mobility. Recent studies have demonstrated
that smoking, in addition to alcohol, is a risk factor for this disease. One case-control
study based on 222 operated patients, revealed that smoking nearly tripled the risk of
developing this Dupuytren’s contracture: adjusted odd ratio 2.8, 95% CI = 1.5–5.2.)
Alcohol was an additional risk factor, resulting a twofold increased risk (Burge et al.
1997). In another study, the findings were nearly identical (An et al. 1988). The mecha-
nism might be related to microvascular occlusion with subsequent development of
fibrosis, leading to disabling contractures.

Other conditions

Trauma

The combination of drinking and smoking can cause serious injury—particularly
burns. A frequent scenario is as follows: after two or three drinks, a person smokes
a final cigarette in bed, falls asleep with the cigarette still burning, wakes up only after
sustaining a major burn. Both smoking and drinking are modifiable risk factors that
can significantly reduce the frequency of domestic fires (Warda et al. 1999).

Pregnancy

Despite the well-known adverse effects of smoking and drinking during pregnancy,
many women continue to smoke and drink even though they are pregnant. Estimated
exposure figures, based on actual interviews, are 34% for tobacco and 25% for alcohol
(Jones-Webb et al. 1999).

The main effect of smoking exposure and moderate alcohol intake seems to be
a reduction in fetal birth weight (Olsen et al. 1983), whereas heavy alcohol exposure
causes fetal alcohol syndrome, characterized by distinct facial abnormalities, hyperirri-
tability, and persistent cognitive impairment (Streissguth et al. 1994). Both smoking
and drinking may interact with specific genetic alterations to cause cleft lip and/or cleft
palate (Romitti et al. 1999). Clearly, both smoking and drinking have adverse effects on
the fetus; efforts at intervention should be included as an integral part of pre-conception
planning (Barrison and Wright 1984).
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Treatment issues and co-dependence
Effective smoking cessation programs will be necessary to reduce the global burden of
tobacco-related disease. Does alcohol play a role in determining the success of smoking
intervention programs? The evidence strongly suggests that drinking reduces the
already low success rate in smoking intervention programs. This is especially so for
heavy drinkers, and less so for light or moderate drinkers. Binge drinking, loosely
defined as consuming at least five or more drinks on one or more occasions in the pre-
vious month, reduces the probability of success by as much as 50% (Murray et al. 1995;
Dawson 2000). The reason might be that binge drinkers are more likely to have a
genetic defect leading to a more serious addiction problem to both alcohol and tobacco
than moderate drinkers (see above).

Prevention of alcohol and tobacco-related diseases is even more important than
treatment, especially in adolescents and young adults. There is solid evidence that the
use of both substances begins at an early age, implying that efforts to promote a
healthy lifestyle must begin early in life (Burke et al. 1988).

Summary
Both tobacco and alcohol contribute greatly to the global burden of disease. In the
United States, an estimated 20% of the population has had recent exposure to both
drugs, but at high levels of consumption of either substance, dual exposure is common,
perhaps because of genetic susceptibility to addictive agents. At the biologic level, alcohol,
although not a carcinogen, could enhance carcinogenicity of substances such as
N-nitrosoamines contained within tobacco smoke, implying that exposure to both drugs
will have a greater deleterious effect than exposure to either single agent. Malignancies
of the mouth, throat, larynx, and esophagus where there is direct exposure to tobacco
smoke and to alcohol are known to be related to exposure to both agents.

Of the several non-malignant diseases associated with dual exposure to these two
substances, cardiac disease is clearly the most important: both heavy drinking and
heavy smoking increase the risk of heart disease.

Smoking and alcohol consumption adversely effect pregnancy; regrettably, even
though the deleterious impact of these substances on the fetus is well documented,
exposure rates are still high.

Effective smoking cessation programs will be required to reduce the frequency of
smoking-related disease. Unfortunately, smoking cessation programs are less effective
in heavy drinkers; effective treatment of these individuals will require specially
designed intensive therapeutic protocols.
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Chapter 37

Global tobacco control policy

Nigel Gray

Introduction
Tobacco control policy has evolved over time and will continue to do so. To every
action by the tobacco industry there has been a reaction by public health authorities
and vice versa. As a result there has been a continuing struggle between those commit-
ted to market expansion (the industry) and those committed to market shrinkage
(public health authorities). As a result the market is shrinking in most developed coun-
tries while it expands in many, but not all, developing countries. Between 1997 and
1999 world tobacco leaf sales went from 7 975 360 tonnes to 6 341 430 tonnes (United
States Department of Agriculture 2001), while world cigarette production went from
5 614 830 million pieces in 1996 to 5 573 464 million pieces in 2000 (United States
Department of Agriculture 2001). If public health is winning, it is winning very slowly.
Fifty years of obstruction and obfuscation has maintained industry profits and has
seen a steady increase in global mortality (Peto 1994). To be effective, tobacco control
policy must be comprehensive and global.

Making tobacco policy is not the same as implementing it and the time lag between
the two processes is often decades. Tobacco use is, and will remain, one of the most dif-
ficult health issues facing society in the twenty-first century. It is worth reflecting on
the history of the major infectious diseases and the disappearance from developed
countries within a decade or less of smallpox, measles, diphtheria, tetanus, whooping
cough, rubella, and scarlet fever. These diseases were conquered by the discovery, and
use, of penicillin and vaccines that both worked and were used. Some of these diseases
persist in developing countries for reasons related to social organisation and money
but NOT to organized opposition, which explains the slow progress against the
tobacco epidemic. The single reason for the dominance of the tobacco problem is that
someone is selling it, whereas no one is selling diphtheria or tuberculosis. This fact
is unique to tobacco which has been, until very recently, the subject of a 50-year
campaign of denial. There was never a serious suggestion that asbestos did not cause
asbestosis or that drunken driving was merely a pleasurable habit.

That the environment has changed is due to the effects of litigation, mainly
within the United States, which has led to the arrival in the public domain of over
33 million documents which revealed what the tobacco industry knew and when
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it knew it. The outcome of this process has been, at least in the case of Philip
Morris (newly named Altria), a policy reversal which led to the admission set out in
the following paragraph, which is a quote from their web site (Philip Morris
USA 2002).

‘Cigarette Smoking and Disease in Smokers: We agree with the overwhelming medical and
scientific consensus that cigarette smoking causes lung cancer, heart disease, emphysema, and
other serious diseases in smokers. Smokers are far more likely to develop serious diseases, like
lung cancer, than non-smokers. There is no ‘safe’ cigarette. These are and have been the
messages of public health authorities worldwide. Smokers and potential smokers should rely on
these messages in making all smoking-related decisions.

Choose from the following for more detailed information from public health authorities on
cigarette smoking and disease in smokers:’

This volte-face, accompanied as it is by a worldwide decline in the credibility of the
industry, means that policy makers are working in a completely different environment
and that the task of proving the seriousness of the situation is less complicated, is more
related to its magnitude, can focus on what needs to be done and is much less of a
debate. It does not mean that suggestions to governments go unopposed, or that the
objective of market expansion has been abandoned by the industry.

This chapter will deal primarily with the cigarette, which is the most widely used and
best-studied product. It should be noted that the remarkable mix of tobacco products
that are smoked and chewed often in bizarre mixtures, pose singular difficulties, as
they are usually regional, based on cottage industries and frequently not subject to tax,
counting or inclusion in national statistics.

Key policy issues include prevention of initiation; management of addiction; regulation
of the cigarette, the way it is sold, its nicotine content and its emissions; protection of
non-smokers from secondhand smoke; public education and control of labelling
and trademarks; disincentives to purchase (tax) and restrictions on sales to minors.
Many of these topics are covered in detail in the relevant chapters. This chapter will
summarize what is, in effect, modern comprehensive policy.

Prevention of initiation
Tobacco smoking is a learned habit. Initiation of smoking is a psycho-social phenome-
non discussed in detail by Hill and Pierce (Chapter 18). Maintenance is sustained by
the development of addiction (Chapters 6, 7, 8, 9).

Prevention of initiation requires removal of all the positive stimuli to take up smoking
and the provision of effective education which warns teenagers of the dangers of
smoking without triggering a desire to experiment. This is not easy to do.

Removal of all forms of tobacco promotion is also not easy to do. Many countries
have passed effective legislation to prohibit all forms of advertising down to and
including point of sale advertising. This was achieved by straightforward legislation in
Norway and Finland but in Australia (which is a federation) separate legislation
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(sometimes at state level, sometimes federal) was required for health warnings; broadcast
media; billboards; print media; and point of sale. Sponsorship of sport was eliminated
indirectly by prohibition of advertising of brand names, which also covered ‘brand
stretching’ (or sale of other products using the brand name, and often trade mark) of
the cigarette. Ultimately overall Federal legislation brought all these individual pieces
together over two decades after the first law was passed for health warnings.

Not all countries have the power to totally abolish tobacco promotion. Both the
United States and the European Union probably lack the powers to do so. No country
can prohibit transnational advertising such as accompanies the formula one grand
prix, both car and motor cycle, although individual countries can prohibit exhibition
of brand names but then face the possibility that such events will be moved elsewhere.
International sports advertising is ubiquitous and uses sports of wide interest such as
car and motorcycle racing, cricket, golf, and soccer.

Voluntary codes for advertising restriction have not been successful. However, if
global advertising is to cease it can probably only be achieved by negotiation with the
international tobacco industry under the sort of litigation-induced duress that brought
about negotiations for a settlement in the United States in 1997 (Gray 1997). Such
negotiations are only conceivable within a framework which envisages acceptance by
both sides that the global tobacco market should shrink. Negotiation with the interna-
tional television industry is another conceivable option but similarly difficult, though
not impossible, to achieve.

The relationship between promotion and chemistry
While the contribution of advertising to initiation is undoubted, it is now evident
(Wayne and Connolly 2002) that changes to cigarette design, particularly during
the eighties, led to the cigarettes intended for the ‘young adult smoker’ (YAS) and the
‘first usual brand young adult smoker’ (FUBYAS) being made significantly ‘smoother’
with characteristics of less ‘harshness’, greater ‘mildness’ and ‘lightness’, among other
features. Camel, in particular, developed an advertising campaign using Joe Camel, the
‘smooth character’ in parallel with significant design changes that sent the cigarette’s
chemistry in the direction desired by YAS and FUBYAS. Thus the cigarette became
easier to smoke and easier to learn to smoke, and, as it had higher yields of nicotine, it
may have become more addictive. Between 1987 and 1993, Camel’s market share
among 18-year-olds grew from 2.5% to 14%.

Competitive marketing
The market for cigarettes, and other forms of tobacco, is intensely competitive. While
this persists abolition of promotion will remain extremely difficult. As a matter of policy,
consideration needs to be given to replacing the open marketplace with a centralized,
government-controlled wholesale purchaser for cigarettes, similar to the systems
which operate in many countries for the purpose of purchasing pharmaceutical drugs.

NIGEL GRAY
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Such a body would then be in a position to specify what products it is willing to place
on the retail market.

The role of packet labelling
The branded and trade-marked cigarette packet is a potent advertisement (Wakefield
et al. 2000), whether featured on a billboard or as observable in almost any streetscape
where a smoker, or a teenager, offers a friend a cigarette from a well-known packet. The
packet is also a potent opportunity to give information ranging from the explicit,
research-based health warnings in Australia to the graphic and similarly explicit warn-
ings in Canada. In the longer term a generic packet with suitable warnings is the only
possible policy objective. This means abolition of trade marks, an objective that will
not be easily attained.

Labelling with ‘tar’ and nicotine yields has been shown to be misleading in that the
Federal Trade Commission (FTC) method of measurement does not represent
the dose of smoke actually taken in by the smoker, and compensatory smoking is
a frequent occurrence (Benowitz 2001; Jarvis et al. 2001; Kozlowski et al. 2001). For
this reason alone use of these terms on the packet should be prohibited.

A second reason for abolishing these terms is the credible body of evidence suggest-
ing that switching to low-yield cigarettes has been seen by smokers as a viable
alternative to quitting (Weinstein 2001). Further they have been used as justification
for the use of terms such as ‘Light’ and ‘Mild’ (Pollay and Dewhirst 2002) which have,
rightly, been prohibited by the European parliament (Council of the European Union
2000) (the legislation is under legal challenge at the time of writing).

The management of addiction—smoking cessation
This topic is covered by Kunze in Chapter 43. There can be no doubt that modern
techniques of counselling, associated with Nicotine Replacement Therapy (NRT) can
substantially increase quit rates. The current position is unsatisfactory in most coun-
tries in that NRT is more expensive and less available than the cigarette. A further
problem is posed by the failure of the health professions to use available knowledge
and therapy in a widespread way (Boyle et al. 2000).

This situation is regrettable and represents a seriously missed opportunity as
cessation offers the most immediate return for health expenditure in terms of mortality
reduction.

Harm reduction
The concept of harm reduction is a logical approach to tobacco use. While abstinence
from smoking is clearly the optimal approach, there is little excuse for the current
legislative failure, worldwide, to regulate what goes into the cigarette and what comes
out of it.

GLOBAL TOBACCO CONTROL POLICY662
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The first attempt to reduce the harmfulness of the cigarette was the policy of reduc-
ing tar and nicotine yields. This was logical at the time (the late sixties) and should
have been more successful than it was. Tar and nicotine reduction was subverted by the
changes in design of the modern cigarette described by Hoffmann (Hoffmann et al.
2001). These changes involved increases in nitrates and consequently, tobacco-specific
nitrosamines (TSNAs) which have been associated with increases in the relative and
absolute risk of adenocarcinoma of the lung. Together with other design changes
(Kozlowski et al. 2001) which contributed to compensatory smoking the modern,
low-yield cigarette, has not proven substantially less dangerous than its predecessor of
30–50 years (Thun and Burns 2001).

The fact that the low-yield program was not successful is no reason not to persist
with attempts to regulate the content of cigarette smoke. Two areas of regulation
attract interest. Control of smoke levels of carcinogens and toxins, and control of the
driver to inhalation, nicotine.

Control of carcinogens and toxins
The policy objective is to reduce as far as practical the levels of known carcinogens
and toxins in smoke. Such control is best focussed on smoke content rather than the
constituents of the cigarette although certain substances, such as nitrosamines, may be
best controlled at source—the nitrate levels in tobacco and the curing process.

Hoffmann has listed 15 major toxins and 69 carcinogens known to be in cigarette
smoke (Hoffmann and Hoffmann 2001). Clearly these substances are the prime candi-
dates for reduction. A system has been proposed, based on analysis of cigarettes
actually on the market now, whereby the median of the market levels would become,
over time, the maximum permitted (Gray and Boyle 2002), with the process repeated
over time. Such a regulatory system is practical now as brands already on the market
meet these criteria. There can be no justification for the continued marketing of
cigarettes that are unnecessarily dangerous. If this form of regulation were to limit the
number of brands available substantially, no harm would be done, cigarettes could still
be sold profitably, and the harmfulness of cigarettes should be reduced. This in no way
suggests that the cigarette would be ‘safe’ but it should certainly be less dangerous. Such
an approach has been taken, successfully, to motor car exhausts.

Control of nicotine
Nicotine yields are currently measured by the FTC system, or something analogous.
This system does not represent actual smoking patterns. A comparison of actual smok-
ing patterns with the FTC method (Hoffmann and Hoffmann 2001) showed that
smokers actually inhale between approximately one and a half to two and a half times
as much nicotine, carbon monoxide, benz(a)pyrene and 4-(methylnitrosamine)-1-
(3-pyridyl)-1-butanone (NNK) than would be inhaled if the cigarette was smoked
according to the FTC parameters.
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Clearly, if nicotine dose is to be regulated, a better measuring system is needed. For
regulatory purposes a simple measure of the amount of nicotine in the cigarette
tobacco should suffice. However, if the smoker is to be informed of the dose he or she
is getting, something much more complex would be needed.

Until now the dose given to the smoker has been determined by the cigarette
manufacturer. The result is the carefully engineered (Kozlowski et al. 2001) modern
cigarette which is smoked in a compensatory way. The degree of compensation occur-
ring with this cigarette has not been meaningfully compared with the degree of
compensatory inhalation that occurred three and more decades ago. It is probably
greater. Clearly compensatory smoking delivers greater amounts of carcinogens and
toxins to the lung and one object of regulation should be to reduce this.

The intricacies of nicotine policy are discussed elsewhere and require consideration
of nicotine in cigarettes and nicotine available in other forms. It is enough to canvass
here the possible options for the cigarette. The first policy requirement is that nicotine
becomes the object of regulation. The options then become:

◆ Increase the amount of nicotine. Providing a ‘satisfying’ amount of nicotine (which
may mean an increase) has the advantage that it could be presumed to reduce com-
pensation and therefore carcinogen/toxin dose (Russell 1976). The disadvantage is
that it does nothing to reduce (and may enhance) dependence on the cigarette as a
source of nicotine. Regulatory authorities are unlikely to be comfortable with this
approach after several decades of struggle to reduce the dose.

◆ Allow the status quo. This has the disadvantage of leaving decision making to the
tobacco industry, leaves today’s level of compensatory smoking, and does nothing
to reduce the addictiveness of the cigarette.

◆ Reduce the amount of nicotine. First proposed in 1994 (Benowitz and Henningfield
1994) this has the potential to reduce the addictiveness of the cigarette and the dis-
advantage that compensatory smoking might increase. It could only be done in
parallel with a determined attempt to provide more widely available and efficacious
NRT which might, used separately or together with cigarettes, replace the cigarette
as the prime delivery system for nicotine. Clearly a major requirement would be
a concerted comprehensive public education campaign. This option has possibili-
ties in the long term but remains in the realm of the theoretical until nicotine levels
in cigarettes are more universally captured by regulatory systems. The possibility of
‘more efficacious’ NRT being, or becoming, addictive, also needs to be faced.

Real control of dose and compensation
The above discussion of carcinogens/toxins and nicotine is aimed at reducing the
amounts of the substances available per unit dose of smoke and need to be based on
some form of standard measuring technique. The FTC system, or the various modifi-
cations of it, allows comparison across brands for regulation of carcinogens and toxins
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per litre of smoke. Reduction of the amount by weight of nicotine only means that the
smoker must take more smoke to achieve the same physiological dose. Kozlowski
(Kozlowski and O’Connor 2002) quotes a Philip Morris study which demonstrated
that smoke intake may be remarkably large in the case of a smoker seeking more
nicotine. He records an individual smoke intake of 1397 mls from a single cigarette
(Carlton) for which the mean smoke volume seen was 713 mls and the machine
(FTC) volume was 315 ml. Thus smokers are capable of taking fourfold increases
in smoke dose from a low-yield cigarette. This is related to the amount of filter
ventilation in the cigarette. Clearly regulation of cigarettes needs to take account of
this and consideration needs to be given to prohibiting filter ventilation, which would
lead to a less ‘elastic’ cigarette (one with which compensation is more difficult).
Not only is it desirable that cigarettes deliver a more uniform dose of nicotine, this
dose should be known to the consumer, which it cannot be in a cigarette designed to
facilitate compensation.

Secondhand smoke—the role of the smoke-free environment
The issue of exposure to secondhand smoke has more public health significance than is
indicated by its direct effects on health. Since early publications indicating that such
exposure was associated with increased disease risk (Colley et al. 1974; Harlap
and Davies 1974; Hirayama 1981; Trichopoulos et al. 1981; Chilmonczyk et al. 1993)
the non-smoking public has been a significant force in supporting reduction of such
exposures. To a considerable degree, smokers have been compliant with attempts
to restrict smoking opportunities and have even been shown to favour smoke-free
workplaces (Hocking et al. 1991) and public places.

The policy of reduction of exposure to secondhand smoke has several important
effects. The most important is that it contributes to reduction in smoking and in
smoking rates (Chapman et al. 1999). The second is that it can be expected to reduce
disease in those susceptible, particularly to asthma. The third is reduction in lost work-
time (Borland et al. 1997). An important factor in the establishment of the smoke-free
environment has been successful litigation by employees suffering compensable
diseases induced by secondhand smoke (Chapman 2001; Stewart and Semmler 2002).
In Australia in 1997, 28% of smokers did not smoke at home (Borland et al. 1999).
The insurance industry is an important ally in this area, as courtcases involving the
tobacco industry have been extremely expensive and settling out of court can be
cheaper. Further, after successful litigation, insurance of workplaces where employees
are exposed to smoke becomes more expensive and may even be unobtainable.

Taxation policy
This issue is covered in detail in Chapter 42. Tax policy is an important part of
overall policy as it can be a strong disincentive to initiation as well as to the amount
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smokers smoke and to quitting (Manley et al. 1993). Taxes should be high to be as large
a deterrent as possible, and may be responsible for a significant proportion of total
government tax revenues. For example they provided, in 1994–95, 4.34% of total tax in
Argentina, 3.38% in Australia, 2.79% in China and 2.43% in India (Sunley et al. 2000).
Earmarking of a proportion of tax for health purposes is sensible and may be popular.
Increasing tax to a point where it equals three quarters to two-thirds of the price of
cigarettes is regarded as achievable and appropriate (Chaloupka et al. 2000).

Public education
There is a clear relationship between levels of consumer information and tobacco use,
so the process of public education is an important element of comprehensive policy.
In its simplest form, the provision of a health warning on the packet, provides a basis
for further and more specific education campaigns. All available means should be
used, including mass media (Friend and Levy 2002; Wakefield and Chaloupka 2000),
and the best programs are based on relevant research in the population in question.
Major educational interventions such as technical reports have important if short lived
effects (Kenkel and Chen 2000).

Availability
Sales to children, aged 16–18 are prohibited in many countries. Such prohibition is
sensible but is rarely policed. Attempts are underway in the United States to remedy
this. Until these attempts are shown to fail the policy remains important and should be
seriously considered by developing countries.

What works
What works is all of the above, together, as part of a comprehensive, planned, regularly
re-inforced and expensive exercise based on research within the society in which it is
delivered, and constantly re-evaluated.
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Chapter 38

Lessons in tobacco control
advocacy leadership

Michael Pertschuk

There are, of course, volumes of lessons in policy advocacy. Indeed, there are available
through GOBALink and other tobacco control web-sites sound strategic and tactical
guides on every conceivable advocacy challenge. Here, then, in these few pages, let
us look at a few of the central strategic issues in building, sustaining, and winning a
national or regional tobacco control policy campaign.

Fight
Perhaps the most important lesson so many of us have learned—painfully—over the
nearly half-century of the tobacco wars is simply that tobacco control, unlike most
public health struggles, is a war with a opposing enemy, the tobacco industry. This
very fact has disabled or neutralized our most common public health strategies: the
dissemination of scientific consensus; public health education; the presentation of
science-based policy initiatives to the responsible public officials.

Indeed, we have had science, truth, and public health firmly on our side. But none of
these suffices in the face of the economic and political power of the tobacco lobby—
and its willingness to corrupt science, lie, and avoid even the most elemental
responsibility for the human misery and avoidable death it causes.

So we have had to learn to fight, not only fiercely, but skillfully. We have had to learn
the lobbyist’s trade—and to understand that lobbying in the public interest cannot
only be justified, but noble. We have learned to approach the mass media—not fearfully
or timidly—but as perhaps our most important resource in the public exposure of the
industry’s corrupt practices and the public shaming of public officials who have
shunned their fundamental responsibilities for the public health.

An outside–inside strategy
We have also learned that an effective political fight requires many different leadership
roles. None have proved to be more essential, or effective, than the strategic comple-
mentarity of ‘outside sparkplugs’ and ‘inside’ advocates.
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Outside sparkplugs. Sparkplugs are agitators: unabashed tellers of truth to power. They
operate outside of conventional, political (or other) establishments, free of the ties that
bind ‘inside’ players, and capable of holding our governments and other established
organizations up to their own rhetoric of mission and commitment. Sparkplugs can
kick-start a movement, coalition, or organization, and keep energy flowing through it.
A community may be concerned, even outraged, but it may not be moved to action
without a fiery goad. In their more exalted incarnations, sparkplugs echo the Old
Testament prophets—lone, difficult, impossible—voices, churning up our collective
conscience, annoying us into action.

As Stanton A. Glantz and Edith D. Balbach demonstrate persuasively in their impor-
tant book, Tobacco War; Inside the California Battles (University of California Press,
Berkeley 2000), ‘Tobacco control advocates need to seek ways to keep the public
informed and involved on the tobacco issue. If advocates instead retreat to playing only
the inside political game, they will probably fail. They must be willing to withstand and
embrace the controversy that the tobacco industry and its allies will generate.’

But the key to this counsel is the word, ‘only’. To gain significant public policy
successes, even the most potent outside advocacy must be coupled with effective
‘inside’ advocacy. By ‘inside,’ we are actually referring to two distinct categories of
advocate:

1. Those who actually serve inside the corridors of power—political leaders, senior
bureaucrats, and, in surprisingly many cases, the junior staff persons close to, and
trusted by them, and

2. Those in the non-government sector who have earned the respect and trust of key
government decision makers.

Inside advocates. Inside Advocates are wise in the ways of the political process, they are
skilled negotiators, and positioned to influence key policy makers. Whether they
occupy seats of power or have established an open door to those who do, they intuit
the approaches and arguments that resonate with policy makers, and press them in
ways that are not easily dismissed.

There is a needed caution to be added: while outside and inside advocates ideally
play complementary roles, they can also play dysfunctional roles.

The Outside Sparkplug can get intoxicated on protest; let the passion of righteous
outrage flash angrily at colleagues seen to be insufficiently militant; let the adrenaline
of battle replace the pursuit of concrete policy goals and objectives; demand too much;
come away with nothing. The Outside Sparkplug can come to disdain even sound,
strategic compromise.

The inside advocate walks a very fine line—the line between the faithful representation
of those he or she speaks for and the seizing of opportunities that don’t allow for broad
participation and full deliberation. The inside advocate can be seduced by the game
of negotiation and the lure of the deal; cherish agreement for its own sake; develop
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entangling relationships with negotiators on the other side; accept too little; come away
with next to nothing.

A tobacco control leadership ‘taxonomy’
Fighters, both inside and outside, are essential to achieving policy objectives, but they
cannot do this alone. Effectively to challenge and overcome the resistance of the
tobacco lobby, a national tobacco control movement usually needs to fill several
distinct, complementary, leadership roles. We have come to call such a diverse cabinet
of leaders a ‘tobacco control movement taxonomy’—a taxonomy that incorporates:
Visionaries, Strategists, Statespersons, Experts, Strategic Communicators, and
Movement Builders—as well as ‘Inside’ Advocates, and ‘Outside Sparkplugs’.

Leaders who make up such complementary Leadership roles each bring to tobacco
control a special skill set. Visionaries raise our view of the possible. Statespersons
elevate the cause in the minds of both the public and decision-makers. Strategists chart
our road maps to victory. Communicators deploy the rhetoric to inflame and direct
public passion toward the movement’s objectives. Inside Advocates understand how to
turn power structures and established rules and procedures to advantage. Movement
Builders are generators of optimism and good will, with the ability to infect others
with dedication to the common good. The happy confluence of each of these leader-
ship roles is the hallmark of a successful movement.

Visionaries. Tobacco control advocacy campaigns take flight through visionaries.
Visionaries lift the horizons of others, setting goals that have never before been imag-
ined or seen as realistic. Visionaries challenge the conventional view of the possible,
aim high, take risks, and rethink priorities. Vision often comes from outsiders
unencumbered by habitual thinking. It has been tobacco control visionaries who have
seen the need to abandon traditional public health education for lobbying—policy
advocacy—as the central strategic path to tobacco control.

Strategists. Strategists sort out that part of the vision that is realistically attainable, and
develop a road map to get there. Strategists anticipate obstacles, including those laid by
unruly coalition members, and provide guidance to insure that the movement remains
headed in the right direction.

Statespersons. Statespersons raise the tobacco control flag for decision-makers and the
larger public. They are the ‘larger than life’ public figures, scientific, medical, political
who embody authority and public trust. Statespersons radiate credibility for the
movement far beyond its core supporters.

Experts. There is a latter day tendency to disdain credentialed expertise as ‘elitist’,
but the tobacco control movement has been built on a solid foundation of science—
economic as well as bio-medical science—whose banner is held aloft by authoritative
experts. With Experts as part of the tobacco control leadership team, ensuring that all
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new discoveries and public policy positions are grounded it facts and well reasoned, it
becomes much easier to convince the public that the tobacco industry is wrong when
they call us ‘unthinking zealots’.

Strategic communicators. Strategic Communicators are public teachers, masters of the
‘sound bite’ as the concentrated encapsulation of potent messages. They translate com-
plex scientific data, complex public policy, and basic concepts of truth and justice into
accurate, powerful metaphorical messages, the significance of which can be instantly
grasped by the broad public.

Movement builders (community organizers plus). The quiet heroes of any successful
tobacco control movement, Movement Builders reach out to draw in new allies; they
recruit new leaders and make them feel welcome, valued, and heeded. They do the
same for longtime movement members as well. They know that a movement is weakest
when it shuns diversity and seeks only a narrow, homogeneous base. Builders bridge
generations, link local with national, even international advocacy, create space for the
knowledge gained through experience to be passed on, and initiate new approaches to
participation so that diverse voices are heard and their demands heeded.

Builders also heal. They circumvent organizational turf hurdles, they convene and
facilitate, seek to explore differences through civil discourse and debate, and eschew
rancorous division.

Again, a caution: While the combination of the leadership roles delineated in the
taxonomy may be essential to the success of most national tobacco control campaigns,
they are not automatically complementary—as we have seen with the vulnerabilities of
outside and inside advocates: Visionaries can lose touch with reality and clash with
Strategists; Statespersons can become blinded by ego. Communicators can degenerate
into propagandists, manipulators of science and the truth, giving Experts a bad
reputation. These leadership conflicts, if not acknowledged and addressed, can arrest
tobacco control momentum, transforming a potentially dynamic and complementary
leadership taxonomy into a nightmare taxonomy of dysfunctional conflict, sending a
national movement on a downward spiral of distrust, frustration, and anger.

We have learned, together, that internal balance and self-knowledge are needed in
all of our leaders to assure that their very strengths don’t morph into undermining
weaknesses. And we learn that each leader needs to strive to balance advocacy and
detachment. Sociologist John Lifton encapsulates these essential qualities as such:
‘Sufficient detachment to bring to bear one’s intellectual discipline on the subject, and
sufficient moral passion to motivate and humanize the work’.

Flexibility
Fight has proved a sound rule. It has served well in many tobacco control battles
in many countries. But no rule, however sound, is without exception; and the most
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successful country advocates deeply understand the social and political cultures in
which they must operate.

Among the most important advocacy leadership lessons we have learned is that what
is absolutely the right strategy at one stage of tobacco control development in one
place on the Globe, may be absolutely wrong for another country at a different stage.

When Witold Zatonski almost single-handedly launched his campaign to persuade
the Polish government to enact a national advertising ban, the international experts
told him there were two immutable rules he must follow: (1) Make the corruption of
the transnational tobacco companies the central theme of your advocacy, and (2) Accept
no compromises—if your parliament is not willing to enact a total ban on advertising,
oppose their bill.

But Zatonski took the pulse of his country’s new-found freedom from Soviet domi-
nance and politely rejected this advice. Instead of attacking the tobacco companies, he
chose not to make industry the central theme, but to embrace the affirmative theme of
public health as a transcendent democratic value. And when, in 1995, the parliament
was prepared to enact only modest tobacco control measures—far short of a total
ad ban—he judged that such a bill would not foreclose stronger legislation later, but
would open the door for future strengthening.

And six years later, December 5, 2002, Zatonski sent out this message on GLOBALink:

It gives me great pleasure to impart to you perhaps one of the most important news for good
health of Poles. Last night I looked over Polish newspapers and magazines. I did not find any
tobacco ad. A year before (on 5th of December) tobacco ads disappeared off billboards through-
out Poland, and yesterday tobacco ads disappeared off all written mass media in our country.

Poland has become one more country free of tobacco advertising. Besides, tobacco
companies are now banned from sponsoring sports, cultural, educational, health, and
socio-political activities and events. (This included a ban on political contributions from
tobacco companies).

Then, He graciously added:

I should like to thank all our friends all over the world, who made our success possible.

Thank you, thank you, and thank you.

Similarly, in South Africa, after the end of racial Apartheid, Health Minister Zuma
[full name] was faced with an initial tobacco control bill with little more than a series
of modest label warnings. Again, the international experts cautioned that such labels
were worse the useless.

But she and other South African advocates decided otherwise. She believed that the
passage of legislation itself and the creation of the warning labels would generate
opportunities for broad media attention to the hazards of tobacco use—and the need
for banning cigarette advertising. She was right. She reported that even illiterate smokers
noted that something had changed on the package label and demanded to know what
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the change was about. Public awareness and support grew, and South Africa enacted an
advertising ban three [years] later.

Opportunism
In policy advocacy, opportunism is not a character-flaw—but a virtue—and even
apparent disaster may be turned into opportunity.

For example, in the Geneva negotiations on WHOs proposed Framework
Convention on Tobacco Control, the US delegation’s opposition to a ban on advertis-
ing in the pending WHO FCTC has been a true outrage. But surging international
resentment at the US heavy handed bullying provoked developing regions to react by
taking a strong stand in support of ad bans, including the Indian government, which
had previously shown little interest in pursuing such a ban internally.

In India, tobacco control advocates seized upon this opportunity to press the govern-
ment to introduce comprehensive national legislation, including a total ban on tobacco
product advertising and broad smoke-free policies in public places.

But opportunism needs to function within an existing strategic framework—with-
out which, opportunism can easily lead advocates astray from their priority objectives.

In the US from the turn of the century, state tobacco control coalitions, with technical
assistance and funding from national tobacco control organizations, had building the
capacity to launch campaigns for massive tobacco excise tax increases.

For three years, little progress was made. Conservative governors, campaigning
against all tax increases, vowed never to raise the taxes—including tobacco taxes. Then
came an economic recession, and the governors suddenly faced terrifying budget deficits.

The coalitions and the national organizations were ready:

◆ Their research teams deployed state of the art soft-ware to calculate state-specific
tax revenue benefits from large excise tax increases.

◆ They conducted carefully public opinion polls in key states finely attuned to each
state’s political environment. The polls didn’t stop at demonstrating popular support
for tax hikes, they were designed to show—and DID show that cigarettes tax hikes
were very good politics—particularly popular among the very ‘swing’ voters that all
elected officials covet.

◆ To convey this message, the coalitions held press conferences, issued editorial board
memoranda, developed state-specific news releases—featuring localized sound
bites from prominent state leaders.

For three years, Nebraska’s staunchly conservative Governor, when asked about the
possibility of Cigarette excise tax increases, had growled, ‘NO way; NO how!’ After
meeting with the pollster hired by the tobacco control advocates, he proposed a 50 cent
a pack cigarette excise tax increase.

◆ 15 other governors—including several rabid anti-tax crusaders—proposed similar
massive tobacco tax increases.
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Thus, when the opportunity arose, they were ready and prepared to seize it.
This is testament to strategic planning; putting the critical resources in place; keeping
focused—and then, seizing the opportunity.

Realistic hope
Eric Fromm, the great social psychologist, wrote about ‘hope’ as ‘a decisive element in
any effort to bring about social change’.

But such hope, he added, is neither passive waiting … nor the disguise of phrase
making and adventurism, of disregard for reality, and of forcing what cannot be
forced’.

True hope, wrote Fromm, ‘is like the crouched tiger, which will jump only when the
moment for jumping has come’.

That is, perhaps, the most profound lesson for tobacco control leaders in any
country!
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Chapter 39

A brief history of legislation to
control the tobacco epidemic

Ruth Roemer

The protection and promotion of the health and welfare of its citizens is
considered to be one of the most important functions of the modern
state (Rosen 1958).

In no sense is this more true than with respect to the role of governments in combating
the world-wide tobacco epidemic.

This chapter seeks to trace the evolution of tobacco legislation in the second half of
the twentieth century, from 1950 to 2002. Our object is to analyse the progress made, the
deficits still existing, and the challenges facing the countries of the world in the future.

The world has suffered many epidemics from the plagues in the time of Justinian in
543 and in the Middle Ages, from smallpox, malaria, and many infectious diseases, to
the contemporary HIV/AIDS epidemic, but the tobacco epidemic is the first one in
which the cause is not bacterial or viral but corporate—a multinational industry bent
on profits from selling its lethal product.

The history of modern tobacco control legislation can be divided into five periods:
(1) early legislation during the period 1890–1960; (2) legislation enacted in the 1960s
and early 1970s in response to the proven connection between smoking and disease
and regulating specific, categorical aspects of tobacco promotion and use; (3) the first
comprehensive laws in the 1970s; (4) the decade of the 1980s when additional coun-
tries enacted legislation, both categorical and comprehensive; and (5) beginning in the
1990s the wide enactment of comprehensive legislation or greatly strengthened laws
dealing with multiple aspects of tobacco production, marketing, and use.

Early research and reports
The modern story of laws to control the promotion and use of tobacco began with the
science base for legislation. In 1938, Raymond Pearl documented dramatically the
association between tobacco use and shortened duration of life, but his work failed to
activate the health authorities (Pearl 1938). In 1950, the research of Wynder and
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Graham in the United States (Wynder and Graham 1950) and that of Doll and Hill in
the United Kingdom (Doll and Hill 1950) provided irrefutable epidemiological evi-
dence on the grave health hazards of tobacco.

Following this ground-breaking research, two landmark reports linked smoking to
lung cancer and launched the anti-smoking campaign in earnest. In 1962, the first
report of the Royal College of Physicians of London (1962) established the association
of smoking with serious morbidity and mortality. In 1964, Doll and Hill published
their studies showing lower mortality among British physicians who had stopped
smoking (Doll and Hill 1964). And in 1964, the Advisory Committee to the United
States Surgeon General established a clear link between cigarette smoking and lung
cancer and other disabling or fatal diseases and pronounced cigarette smoking ‘a health
hazard of sufficient importance to warrant appropriate remedial action’ (U.S. Public
Health Service 1964).

In 1970, the World Health Organization began its long and courageous campaign to
translate the scientific evidence on the health risks of tobacco into programs and
policies to protect the people of the world against this scourge. In May 1970, the World
Health Assembly passed the first of many resolutions on tobacco (WHA 23.32).
Reading this resolution after 32 years of experience with tobacco control legislation, we
find this early policy remarkably prescient. It called for making the health conse-
quences of smoking the subject of World Health Day, urged countries to limit smoking,
recommended convening an expert group to propose further actions, emphasized
education of young people not to begin smoking, and suggested that the Food and
Agriculture Organization study crop substitution in tobacco-producing countries. The
many resolutions of the World Health Assembly that followed noted the indisputable
scientific findings on the harmful effects of tobacco use, condemned the aggressive
promotion of tobacco in developed and developing countries, and proposed new and
strengthened strategies to protect smokers and non-smokers.

Early legislation, 1890–1960
Early legislation concerned mainly prohibiting cigarette sales to minors, as in Norway
(1899), Japan (1900), Canada (1908), New Zealand (1927), and Scotland (1908 and
1937) (Roemer 1993).

Another type of early legislation consisted of bans on smoking in places of entertain-
ment, apparently designed to prevent fires. Examples of such legislation existed in
Alexandria, Egypt (1908), Sao Paulo, Brazil (1950), and the State of New Delhi, India
(1953) (Roemer 1993).

Legislation of the 1960s and early 1970s
Despite the wide dissemination of the findings of the 1962 report of the Royal College
of Physicians of London and the 1964 report of the US Surgeon General’s Advisory

A BRIEF HISTORY OF LEGISLATION TO CONTROL THE TOBACCO EPIDEMIC678

40_Chap39.qxd  6/23/04  1:23 AM  Page 678



Committee, mentioned above, little tobacco control legislation was enacted in the
1960s. There were two notable exceptions: (1) In 1962, Italy became the first country in
western Europe to prohibit the advertising of tobacco—a measure dictated not so
much by health considerations as by the need to protect the Italian State monopoly in
tobacco (Roemer 1993). (2) In 1965, the United States Congress passed the Federal
Cigarette Labeling and Advertising Act, which banned tobacco advertising on radio
and television and required health warnings on cigarette packages. The act was subse-
quently amended in 1969 to include warning notices on little cigars and smokeless
tobacco. This legislation was impelled by the effective strategy of a young lawyer, John
Banzhaf, who petitioned the Federal Communications Commission to allow equal
time for antismoking ads under the ‘fairness doctrine,’ which allowed free time on the
broadcast media for opposing views on controversial issues. With powerful antismok-
ing ads authored by the American Cancer Society and a subsequent decline in cigarette
sales, the tobacco industry preferred a legislative ban to continued antismoking ads on
the electronic media, and it wanted to avoid different health warnings required by the
states (Warner 1979). Congress voted to ban tobacco advertising on television and
radio and to require a national health warning.

Comprehensive laws of the 1970s
In the 1970s, a wealth of legislation was enacted in various countries restricting
advertising on radio and television, requiring health warnings on cigarette packages
and advertising, banning smoking in hospitals, indoor supermarkets, and other public
places, and in workplaces. Countries that enacted legislation dealing with multiple
aspects of tobacco control rather than single-issue, categorical laws are Singapore
(1970), Norway (1973), Finland (1976), and France (1976) (Roemer 1993). All
these laws were designed to make one measure potentiate another and to express
more forcefully than single-issue laws the political will of the government to control
the tobacco epidemic.

A prototype for a comprehensive law was the law of Finland, enacted in 1976.
Concern about the death rate of adult males in Finland led to a finding that tobacco
was the culprit. The Finnish Parliament consequently banned all advertising of
tobacco, prohibited smoking in public places, and allocated a part of tobacco tax rev-
enue to antismoking activities. But tobacco prices were raised only slightly so that
tobacco became a cheap luxury. In 1985, the Advisory Committee on Health Education
of Finland issued a landmark report, announcing that

Every tobacco price decision is also a health policy decision: a decision as to the
amount of tobacco-related illness and premature deaths in the future. In making such a
decision, the needs of the State Budget, developments in the profitability of the tobacco
industry, and inflation control objectives have all traditionally come before public
health objectives, despite the fact that purely economic viewpoints also speak for a reduction
in smoking.
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The Finnish Committee concluded that unless the real price of cigarettes is raised
and unless the price is raised repeatedly and keeps pace with inflation, there will
be no decline in smoking (Finland, Advisory Committee on Health Education
1985).

Contributing to the movement for stronger legislation was the support of interna-
tional bodies that had joined WHO in calling for restrictions on promotion of tobacco.
In 1972, the Nordic Council of Ministers had recommended to its members—
Denmark, Finland, Iceland, Norway, and Sweden—that cigarette advertising be
banned and public information campaigns on the dangers of tobacco be launched,
with special attention to preventing smoking by young people (Nordic Council of
Ministers 1972). In 1973, the Council of Europe recommended that advertising of
tobacco and alcohol in newspapers, on television and radio, and in theatres be banned
(Council of Europe 1973). The movement for regional action continued. In 1986, the
Council of the European Communities, in adopting a program of action against can-
cer, called for development of measures to limit and reduce the use of tobacco as a first
priority (Council of the European Communities 1986). Following up on this resolu-
tion, in 1989 the Council of Ministers of Health of the Member States of the European
Community urged Member States to ban smoking in public places and public trans-
port (Council of the European Communities 1989). A historic but failed advance
occurred in July 1988 when the European Parliament voted to ban all tobacco advertis-
ing and sponsorship in the 15 countries of the European Union, effective 2006, but on
5 October 2000 the Court of Justice of the European Community annulled this direc-
tive (Federal Republic of Germany vs. European Parliament and Council of the European
Union 2000).

The greatest breakthrough in achieving the international cooperation that
WHO had long sought was the decision of major specialized agencies of the
United Nations—principally the Food and Agriculture Organization and the
World Bank—to throw their influence behind programs of tobacco control. In 1979,
the Food and Agriculture Organization, which in the past had actively promoted
tobacco production, adopted a policy of encouraging tobacco cultivation only ‘in such
cases where overriding economic considerations so warrant’ (Cunningham 1996).
In 1991, the World Bank adopted a clear policy against support of tobacco produc-
tion and in favor of tobacco control. Its policy consists of the following five
measures:

1. The Bank’s activities in the health sector discourage the use of tobacco products.

2. The Bank does not lend directly for, invest in, or guarantee investment or loans for
tobacco production, processing, or marketing. In a few countries heavily dependent
on tobacco as a source of income, the Bank aims to help these countries diversify
away from tobacco.

3. The bank does not generally lend indirectly to tobacco production activities.
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4. Tobacco and its related processing machinery and equipment cannot be included
among imports financed under loans.

5. Tobacco and tobacco-related imports may be exempt from borrowers’ agree-
ments with the Bank to liberalize trade and reduce tariffs (Jha and Chaloupka
2000, p. 345).

Legislation of the 1980s
In the 1980s, the movement for strengthened tobacco control legislation spread
and accelerated. It was greatly encouraged by increasingly urgent resolutions
of WHO, calling for legislative action and cooperation with specialized agencies
of the United Nations (WHA 24.48), urging Member States to identify the health
problems associated with smoking in their countries and strengthen health education
on smoking (WHA 29.44), and requesting the Director General to intensify
WHO’s action to control tobacco smoking (WHA 31.56). In 1983, a report of a WHO
Expert Committee strongly backed legislation as essential to effective tobacco control.
It states:

It may be tempting to try introducing smoking control programmes without a legislative
component, in the hope that relatively inoffensive activity of this nature will placate those
concerned with public health, while generating no real opposition from cigarette manufacturers.
This approach, however, is not likely to succeed. A genuine broadly defined education
programme aimed at reducing smoking must be complemented by legislation and restrictive
measures (WHO Expert Committee 1983).

In 1986, WHO took a bold step and adopted a resolution (WHA 39.14) calling for
comprehensive tobacco control legislation. It defined such legislation as containing the
following nine elements:

1. protection from involuntary exposure to tobacco smoke in enclosed public places,
restaurants, transport, and places of work and entertainment

2. protection of children and young people from becoming addicted

3. ensuring that a good example is set in all health-related premises and by all health
personnel

4. measures towards progressive elimination of socioeconomic, behavioral, and other
incentives that maintain and promote the use of tobacco

5. prominent health warnings, including the statement that tobacco is addictive, on
all types of tobacco products

6. establishment of programs of education and public information on tobacco-
related diseases, and effectiveness of national smoking control programs

7. monitoring trends in smoking and other forms of tobacco use, tobacco-related
diseases, and effectiveness of national smoking control action
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8. promotion of viable economic alternatives to tobacco production, trade, and
taxation

9. establishment of a national focal point to stimulate, support, and coordinate all
tobacco control activities (World Health Organization 1997).

In the wake of these initiatives by WHO and actions by other international and
regional agencies, more Member States of WHO acted in the decade of the 1980s to
adopt legislation restricting advertising, requiring health warnings, curbing smoking in
public places and workplaces, and increasing public education on the risks of tobacco.

Moreover, instead of categorical laws limited to one or another aspect of tobacco
control, an increasing number of countries continued to adopt comprehensive laws
dealing with various aspects of tobacco control, notably Iceland (1984), Ireland (1986),
and Canada (1988) (Roemer 1993). By the end of the 1980s or early in the 1990s,
Australia, New Zealand, France, Sweden, and Thailand had enacted comprehensive
legislation (World Health Organization 1997). Here we give accounts of the experi-
ences of four countries—Canada, Thailand, Poland, and South Africa—in achieving
comprehensive tobacco control legislation.1

The experience of Canada2

The experience of Canada in achieving effective, comprehensive tobacco control
legislation is particularly significant because it shows the necessity for continued and
persistent political will in the face of strong industry opposition. As early as 1969,
a committee of the Canadian House of Commons called for comprehensive tobacco
control measures—a complete ban on advertising, strong health warnings, setting
maximum levels of tar and nicotine contents. But legislation was not passed until 1988.
The tobacco companies immediately challenged the legislation in the courts, contend-
ing that the advertising ban was an unconstitutional restriction of freedom of
expression protected by the Canadian Charter of Rights and Freedoms. The Quebec
trial court invalidated the legislation on the grounds urged by the industry. On appeal,
the Quebec Court of Appeal reversed the lower court’s decision and upheld the legislation.
In September 1995, however, the Supreme Court of Canada, by a vote of 5 to 4, struck
down the ban on advertising, indicating that it would uphold a partial ban on lifestyle
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Development Research Centre, 1996.
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advertising and advertising related to minors. It also invalidated unattributed health
warnings and the ban on tobacco trademarks on non-tobacco goods.

The response of the government of Canada was prompt and strong. Three months
later, in 1995, the Minister of Health issued a report outlining the legislative directions
that the federal government proposed to take (Marleau 1995).

In the years between 1989 when the Tobacco Products Control Act, C-51, took effect
and 1995, when the Canadian Supreme Court struck down major portions of the Act,
many actions occurred to strengthen tobacco control, including stronger rotating
warnings, a ban on smoking in the federal public service, a requirement for smoke-free
flights on Canadian carriers, local ordinances restricting smoking in public places and
workplaces, and substantial tax increases (an increase of US $4 a carton in 1987 and US
$6 a carton in 1991).

The tax increases were followed by smuggling of Canadian cigarettes into the United
States and back into Canada through a reservation of Native Americans that straddled
both countries, among other means. Thus, the Canadian tax was not paid, and the
cigarettes sold for US $2.50 per pack instead of US $4.50 per pack. Despite efforts by
health groups to urge an export tax to control smuggling, the federal and five provin-
cial governments elected to reduce tobacco taxes—an action that led to an increase in
smoking among young people (Cunningham 1996).

On April 25, 1997, the Canadian Parliament adopted a new tobacco control law—
Bill C-71, an Act to Regulate the Manufacture, Sale, Labeling, and Promotion of Tobacco
Products. The Act gives sweeping powers to the government to regulate the contents of
tobacco products, bans sales to persons under 18, requires posting of signs by retailers
that the sale or giving of tobacco products to persons under 18 is illegal, prohibits sale of
cigarettes in packages other than packages of 20, prohibits sales from vending machines,
mandates health warnings and authorizes package inserts about the health hazards of
tobacco, prohibits tobacco advertising except for product information and brand pref-
erence advertising that is not lifestyle, misleading, or appealing to persons under 18,
prohibits the distribution and promotion of tobacco products if any brand elements
appear on a non-tobacco product associated with youth or lifestyle, and restricts spon-
sorship until October 2003 when all sponsorship advertising is prohibited.

In 2000, Canada strengthened its tobacco control legislation further. It requires one
of 16 strong, large, picture-based rotated warnings on the top 50 per cent of the front
and back of cigarette packages. Inside the package one of the 16 rotated warnings is
required either on an insert or on the ‘slide’ of ‘slide and shell’ packages. Nine of the
16 messages provide advice on quitting, and seven provide detailed health information.

In 2002, Canada pioneered another innovation. It launched an attack on deceptive
descriptors of tobacco products. Exposing the deception in promotion of ‘light’ and
‘mild’ cigarettes, the Ministerial Council on Tobacco Control recommended to the
Canadian Minister of Health that a complete ban be placed on these misleading
descriptors and others that may also be misleading. This ban should be promulgated
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through new regulations, the Council urged, as the quickest and most effective route to
protect the health of Canadians (Ministerial Advisory Council of Canada 2002).

The Canadian tobacco-control legislation, obtained against strong opposition from
the tobacco industry, is a model for other countries. Persistent political will on the part
of the government led to success. Health Canada, the national department of health,
received support from other departments of the federal government—Labour,
Treasury, Transport, Justice, and Finance. Non-governmental agencies and the media
provided important help. A critical component was research on the prevalence of
smoking, taxation, costs of tobacco use, and other matters—research essential to
inform Parliamentarians and the people. Above all, the ability, imagination, and
commitment of the leadership of the tobacco-control movement in Canada led to its
successful, comprehensive legislation.

The experience of Thailand3

The assault of the transnational tobacco companies on Thailand in the 1990s set in
motion a series of events that led to Thailand’s enactment in 1992 of two laws: the
Tobacco Products Control Act and the Nonsmokers’ Health Protection Act (Chitanondh
2000). When Thailand was charged with violation of international agreements by its
attempt to exclude foreign tobacco companies (and their advertising) from the country, a
panel of the General Agreement on Tariffs and Trade (predecessor of the World Trade
Organization) ruled that Thailand was in violation but, under a clause allowing protec-
tion of the health of the people, Thailand could restrict the sale and promotion of tobacco
on condition that the restrictions applied to all tobacco, both domestic and imported.

Following this decision, the Minister of Public Health appointed a committee to
draft legislation, using the model of the Tobacco Control Act of Norway. Throughout
this process and as the legislation went before the Parliament, the tobacco companies
criticized and opposed the legislation on the grounds that it duplicated existing laws, it
interfered in business operations, it opened the way to abuse of power, and it failed to
give an opportunity to the business affected by the legislation to express its opinion.
During a meeting of the Standing Committee on Health and the Environment, the
manager of Philip Morris of Thailand, in violation of Parliamentary rules, entered
a closed door meeting of the committee considering the legislation (Chitanondh 2000).

Under the leadership of Dr Hatai Chitanondh, Deputy Permanent Secretary of the
Ministry of Health, both bills passed the Parliament. The Tobacco Products Control
Act (the supply side law) prohibits the sale of tobacco products to persons under 18, the
sale of tobacco products in vending machines, use of tobacco products for entry to games
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or shows, and distribution of free samples. Most importantly, the legislation prohibits
advertising and sponsorship and sale of tobacco products without required labels and
health warnings. It requires one of ten warnings with white background and black letters.

The Nonsmokers’ Health Protection Act (the demand side law) bans smoking in a
wide range of public places designated by the Minister of Public Health. Strict enforce-
ment has followed enactment of the laws.

The tobacco-control program of Thailand has resulted in a decline in smoking preva-
lence for men from 63.2% of the population in 1981 to 42.2% in 1999; for women from
5.4% in 1981 to 2.6% in 1999, and for both sexes from 35.2% in 1981 to 22.4% of the
population in 1999.

The experience of Poland4

In response to the frighteningly increasing morbidity and mortality from tobacco-related
diseases, Polish tobacco control advocates, encouraged by international contacts with the
International Union against Cancer (UICC) and WHO and with help from Finnish and
UK health experts, undertook systematic studies of the tobacco and cancer epidemics in
the Polish population. These studies estimated that 58% of all malignant tumors in mid-
dle-aged men were due to cigarette smoking, and 42% of cardiovascular deaths and 71%
of respiratory deaths among middle-aged men were due to smoking (Peto et al. 1994).

Once the legislation was drafted, a conference entitled ‘A Tobacco-Free Europe,’ was
held at Kazimierz, Poland in 1990. There a framework for cooperation on tobacco con-
trol between central and eastern Europe was developed, and education and training for
public health workers on tobacco control was planned for the region.

The legislation was introduced in the upper chamber of the Parliament, the Senate, to
which a considerable number of physicians had been elected. Supporters of the bill
emphasized the health arguments and stressed the catastrophic state of adult health in
Poland. Despite strong opposition from the tobacco industry and delays in action caused
by the industry’s contention that ‘a parliamentary act, which is, after all, a piece of paper’
cannot improve the health of the nation, the legislation passed by an overwhelming
majority in November 1995.

After the law was passed, investigations were undertaken of the effect of tobacco
price policies on prevalence of smoking. As a result, in 1999 and 2000, the tobacco tax
was increased by 30% and again in 2001 by 20%. Not until 1999 did tobacco control
activities succeed in convincing Parliament to amend the law to provide for a total ban
on tobacco advertising and to allocate 5% of tobacco excise taxes to the national
tobacco program.
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The Polish law protects the right of non-smokers to live in a smoke-free environment,
creates legal and economic conditions to encourage reduction in tobacco use, informs
the public about the adverse effects of smoking and the levels of harmful substances in
tobacco by messages on tobacco packages and advertisements (in magazines for adults),
provides for decreasing the maximum levels of harmful substances in tobacco prod-
ucts, provides treatment of tobacco-dependent persons free of charge in public health
facilities, prohibits smoking in health and educational institutions and other public
places, prohibits sales to minors, including sales through vending machines and in
packages of fewer than 20 cigarettes, prohibits production and marketing of smokeless
tobacco, prohibits advertising and promotion of tobacco products on television and
radio, in cinemas, newspapers, magazines for children and teenagers, in educational
and cultural institutions, and in sports facilities, and requires on each package of
cigarettes two different warnings on health effects and on levels of tar and nicotine
contents, with the messages covering 30% of each side of the cigarette pack.

Although the Polish law has been in force for only a few years, its effects are already
apparent. Smokers in Poland have been reduced from 14 million at the end of the
1970s to 10 million in 2000, from 62% of adult men to 40%, and from 30% of adult
women to 20%. The upward trend in mortality from lung cancer in the 1980s has been
reversed, and by the end of the 1990s mortality had decreased by about 20% compared
to the peak level. By comparison, Professor Zatonski points out, in Hungary, where
trends in lung cancer had been the same as in Poland but effective tobacco-control
activity has not occurred, incidence of lung cancer is still increasing (Zatonski 2001).
Similarly, Poland has experienced a significant reduction in the burden of cardiovascular
disease, part of which is attributed to reduced cigarette consumption.

Poland’s success in enacting effective, comprehensive tobacco control legislation was
due to several key elements in its campaign: extensive epidemiological investigation of
smoking patterns in Poland; competent, dynamic persistent leadership, which gener-
ated and sustained political will to combat the serious premature adult morbidity and
mortality from tobacco-related diseases; and adopting the strategy of first achieving
what was possible and then amending the legislation to strengthen it.

The experience of South Africa5

South Africa’s experience with tobacco control demonstrates the feasibility of obtaining
effective legislation in stages, provided the necessary political will exists.

South Africa both grows and manufactures tobacco. Under apartheid the country’s
powerful tobacco sector had enormous production and profits. Smoking rates soared
in the period between 1967 and 1991. Although the Health Ministry recognized the
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threat to the people’s health, other priorities took precedence over tobacco control.
In the dying days of apartheid, the policy on tobacco began to change. In 1993 the
government of South Africa passed its first tobacco Products Control Act, a modest,
limited law that provided only for control of smoking in enclosed public areas, labeling
of tobacco packages and advertisements with health warnings and tar and nicotine
contents, and prohibition of sales to children under 16.

In 1994, with the election of a new democratic government, the Minister of Health,
Dr Nkosazana Zuma, strengthened the legislation and issued regulations mandating
strong, prominent, rotating health warnings on tobacco packages and advertisements.
Included on the cigarette packages are the benefits of stopping and a telephone number
for advice on quitting.

Most importantly, the Ministry of Finance increased tobacco taxes specifically to pro-
tect the health of the people. Between 1994 and 1999, real tobacco excise taxes rose 149%,
which increased real cigarette prices by 81%. The government’s tobacco tax revenues
doubled, while consumption decreased by 21%.

In March 1999 the South African Parliament enacted strengthened legislation—the
Tobacco Control Amendment Act, effective April 1, 2001. This legislation prohibits all
tobacco advertising, sponsorship, and promotion. Strong enforcement has resulted in
regulations banning smoking in all enclosed places, including workplaces, in specifying
the maximum amounts of nicotine, tar, and other ingredients in tobacco, in banning
free distribution by the tobacco companies of tobacco products and awards or prizes to
induce the purchase of tobacco, and in requiring supervision of vending machines to
prevent children under 16 from obtaining cigarettes.

In achieving these wide-ranging controls in its 1999 legislation, the government had
to overcome the strong opposition of the tobacco industry, which contended that it
was not consulted, jobs would be lost, and ‘freedom’ was being attacked. Attempting to
delay Parliamentary action, the industry sought a high court injunction asking that the
Ministry of Health make available all information it used in preparing the bill and
requesting time to study the information. The injunction was denied, and the denial
was upheld on appeal. The industry also formed alliances with other businesses and labor
unions that opposed the bill and claimed to be independent of the tobacco companies.
The industry employed highly credentialed local and international ‘experts’ to testify to
the Parliamentary Health Committee to attack the constitutionality of the legislation
and the science involved, contending that the legislation would not be effective.

But the majority of the people supported the legislation. In commenting on the
South Africa experience, Dr Yussuf Saloojee, Director of the National Council Against
Smoking of South Africa, ascribed South Africa’s success to the bold leadership of the
Health Minister and of President Nelson Mandela and to the following factors:

◆ production of sound epidemiological and economic data

◆ effective advocacy by non-governmental organizations in support of the legislation
to Parliamentarians and to the public and the media
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◆ cooperation of the ministries of finance, agriculture, and sports with the health
ministry

◆ international developments, such as the decision of the British government and the
European Union to ban tobacco advertising and promotion, thus making South
Africa’s action part of a global trend (Saloojee 2001).

Judicial action
No account of tobacco-control legislation would be complete without recognition of
the role of litigation as a tool to obtain the objectives of legislation and to seek damages
for the vast illness and death inflicted by tobacco (Daynard 1993). In 1984, a brilliant
young lawyer, Professor Richard A. Daynard of Northeastern University Law School in
Boston, launched the Tobacco Products Liability Project (TPLP). Describing Daynard’s
development of the TPLP, the historian, Richard Kluger, explains the strategy of litiga-
tion as having arisen from Daynard’s drafting of the first worksite smoking control
statute in the town of Newton, Massachusetts. Kluger writes:

Foreseeing an endless campaign to put across such measures in the state’s 350 other such
municipalities, Daynard sought a more telling way to combat the health problem. Given the
tobacco industry’s record of fierce resistance to legislative action against it, he honed a strategy
relying on the judicial branch of government, which seemed less susceptible to the companies’
infiltration (Kluger 1996, p. 559).

The mission of the Tobacco Products Liability Project was to force the media and the
public to recognize the magnitude of the danger of tobacco ‘by focusing on the suffer-
ing of particular individuals, thereby helping to counterbalance the $52 billion spent
annually… which promoted this catastrophic epidemic’ (Kluger 1996, p. 559).

As Daynard explained in 1993, these suits allege that the products are unreasonably
dangerous in that their risks exceed any possible benefits, that the tobacco companies
have failed to give full warnings, that they have lied about the dangers, and that they
have failed to pursue safer product designs (Daynard 1993). Later, he would add that
the tobacco companies denied the addictiveness of tobacco and targeted young people
as their market.

At the time that Daynard launched the TPLP, no plaintiff had ever recovered dam-
ages from a tobacco company for the morbidity and mortality caused by tobacco. In
the 18 years since then, many suits have been won or settled, and litigation has been
pursued in many countries, including Canada, Finland, Australia, the United Kingdom,
and others.

When Daynard established the TPLP, no one could have anticipated the powerful
effect this movement would have. Initially, product liability suits were brought in the
United States on behalf of individual plaintiffs. Then class action suits were filed. For
example, Broin v. Philip Morris was a class action suit on behalf of 60 000 flight attendants
who were sick from exposure to dense environmental tobacco smoke in airplane cabins.
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The case was settled by an agreement with the defendant tobacco companies allowing
all class members to proceed with their individual claims and providing payment of
$300 million by the tobacco companies to establish the Broin medical research founda-
tion which, in part, will help with early detection and cure of diseases associated with
cigarette smoke suffered by flight attendants (Tobacco on Trial 1997).

But when the Attorney General of Mississippi filed the first lawsuit on behalf of
a state against the tobacco companies to recover the costs incurred by the state for treat-
ing patients with tobacco-related diseases, the floodgates opened. Four state lawsuits
were eventually settled. The Mississippi case was settled out of court on July 3, 1997,
with tobacco companies agreeing to pay $3.3 billion over 25 years. Florida settled next
on August 25, 1997 for $11.3 billion. Texas settled on January 16, 1998 for $15.3 billion.
In Minnesota, the Attorney General refused to settle until all the evidence was on the
record, so that millions of industry documents would be disclosed. The Minnesota case
was settled on May 8, 1998 for $6.1 billion, with a requirement that the industry main-
tain depositories of 30 million documents and release an index to millions of previously
released documents (Bloch et al. 1998). These documents reveal the duplicity of the
industry, its targeting of children, its corrupt science, its deliberate enhancement of the
nicotine contents of tobacco, its denial of the addictiveness of tobacco, and its conceal-
ment from the public of what it knew about the dangers to health caused by tobacco
(Glantz et al. 1996). This evidence, together with depositories of industry documents in
San Francisco, California and Guilford, England reveal the extent of the fraud and con-
cealment by the industry, now available for use in other litigation (Rabin 2001).

A stormy period ensued in which a global settlement agreement was negotiated in
1997. It required approval by Congress because it would have affected the authority of
the Food and Drug Administration to regulate tobacco and would have barred private
litigation against the companies. No legislation passed because the industry insisted on
immunity from further liability; and when this was unlikely, it withdrew its support for
the global settlement (Bloch et al. 1998).

In November 1998 the suits of the remaining 46 states were settled in a Master
Settlement in which the tobacco companies agreed to pay $206 billion over 25 years
(the global settlement called for payment of $516 billion over 25 years), with each state
receiving an average of $200 million annually (Daynard et al. 2001).

In addition, the Master Settlement commits the states to reduce underage tobacco
use, prohibits gifts, credits, and coupons based on proof of purchase without docu-
mentation that the purchaser is adult, restricts free samples of cigarettes to adult only
facilities, limits advertising by prohibiting cartoons and requiring removal of bill-
boards, transit advertising, and other outdoor advertising, and bans four types of
sponsorship (concerts, events of which the intended audience is a significant percent-
age of youth, events with paid youth participants, and certain athletic events).
Moreover, the Master Settlement requires the industry to dissolve the Council
for Tobacco Research—USA and the Tobacco Institute, although manufacturers may
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create new trade associations. Most importantly, the industry is required to fund a
foundation to provide tobacco-control programs and undertake other activities to
reduce tobacco use. The foundation is the American Legacy Foundation.

Although these provisions may seem at first blush to restrict some of the most
egregious marketing and promotion policies of the industry, analysts are critical of
the limitations and loopholes in the Settlement (Daynard et al. 2001). For example, no
requirement is imposed on the states to spend their share of the settlement on preven-
tion of smoking. In fact, the General Accounting Office, the investigative arm of
Congress, found that only 7% of the settlement money was being used for new or
expanded tobacco control programs, and many of the states were using all the funds
for non-health related purposes (Janofsy 2001). The definitions of ‘underage’ and ‘adult’
are uncertain. No ban is imposed on self-service displays or sales through vending
machines. The restriction on lobbying is limited to only certain issues.

Despite the weaknesses of the Master Settlement, the litigation of the State Attorneys
General was important in shining a spotlight on the fraudulent, pernicious actions of
the industry. The media’s reporting of the litigation was a powerful public health lesson.
The Master Settlement and the settlements of the four states led the tobacco companies
to provide some compensation for the vast harm they had caused. Finally, the Master
Settlement brought about some small changes in industry practices that advocates had
long sought through legislation. As Daynard and his colleagues stated, ‘tobacco litiga-
tion remains an important public health tool’ (Daynard et al. 2001, p. 1970).

Legislation of the 1990s and beyond
In addition to litigation, other forces have contributed to the accelerated development
of strong, comprehensive legislation. Most important has been the work of nongovern-
mental organizations in planning, supporting, and assisting the passage of legislation.
The value of their work cannot be overestimated. They have provided insights from
their research and experience. They have trained advocates and provided funding, and
reached into communities to take public opinion polls on tobacco control, to rally
support for legislation, and to assist in the implementation of legislation.

A wealth of research and reports has emerged from investigations worldwide. These
reports have provided new insights and information that have become the scientific
basis for legislative advocacy and programs of tobacco control. Dissemination of these
findings has empowered countries at the national and subnational levels of govern-
ment to seek and enact strong tobacco-control legislation. For example, in 1993 the
report of the U.S. Environmental Protection Agency provided conclusive evidence of
the danger of secondhand smoke. Tobacco was found to be a risk not only to smokers
but to non-smokers, including spouses and children. The EPA concluded that

ETS is a Group A human carcinogen, the EPA classification ‘used only when there is sufficient
evidence from epidemiologic studies to support a causal association between exposure to the
agents and cancer’ (US Environmental Protection Agency 1993, p. 170).
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Another study by Harvard researchers found that secondhand smoke is not only a risk
for cancer but it doubles the risk of heart disease (Grady 1977). These definitive studies
have provided the most powerful evidence for the enactment of legislation banning
smoking in public places and workplaces (Bayer and Colgrove 2002).

Much of this research has been presented at the eleven world conferences on tobacco
or health that have mobilized and energized thousands of tobacco-control advocates
from developed and developing countries. The papers presented at these conferences
have served to inform and inspire activities all over the world. The resolutions adopted
at these conferences have opened the way for new initiatives in the struggle to change
the social culture from acceptance of tobacco to the goal of a smoke-free world.

The most important force impelling legislation has been the leadership of tobacco-
control advocates. Some are governmental officials who see the benefits in human and
economic terms of controlling the epidemic. Some are expert consultants who come
for a time from other countries to share their knowledge and expertise, such as Judith
Mackay of the Asian Consultancy on Tobacco or Health who has assisted many Asian
countries and Dr Kjell Bjartveit of Norway, who provided expert testimony on the
Canadian legislation. Key leaders are the in-country advocates, working day in and day
out, who have become experts on the substantive issues in tobacco control and on the
process of transforming their knowledge into effective legislation.

Challenges ahead
The success stories recounted in the experiences of Canada, Thailand, Poland, and South
Africa are by no means universal. In many countries, the legislation to control the tobacco
epidemic remains limited, weak, or not enforced. Even in a sphere in which legislation is
common, such as restrictions on smoking in public places, the legislation is not commen-
surate with the enormous risk of cancer and heart disease from second-hand smoke.
The statutes often list only a limited number of public places where smoking is banned
or do not cover workplaces, where workers spend much more time than in a public
building, or may not be enforced. The challenge is to make the policy fit the science.

Enforcement is a serious problem with various types of tobacco-control legislation.
For example, in low-income countries, where children are selling individual cigarettes on
the street, it is so difficult to enforce a ban on sales to minors that some tobacco-control
experts in these countries advise deferring legislation on sales to minors until other laws,
such as tax increases, have been enacted and implemented. The challenge is to put the
same political will behind enforcement as is used in the process of enacting legislation.

Many countries face the need to strengthen legislation enacted before all the
evidence was available on the magnitude of the danger from the industry’s ruthless pro-
motion of its product, before the addictiveness of tobacco was widely known, before
effective strategies for combating the epidemic had been developed. For example, many
countries still use the weak, hackneyed warning, ‘tobacco is dangerous to your health’
and have failed thus far to follow the examples of Canada, Sweden, Norway, Ireland,
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Brazil, and other countries in requiring powerful, rotating, large, vivid warnings with
pictures.

Another challenge is to equip tobacco-control advocates to combat the opposition of
the tobacco companies to restrictive legislation. For example, one resort of the industry
in the United States has been to seek limited laws at a state level preempting strong
local ordinances, especially with respect to clean indoor air restrictions (Jacobson and
Zapawa 2001, pp. 221–3). Thus, the less comprehensive state law prevents more strin-
gent local restrictions.

The ultimate, basic challenge is to change the social culture in every country of the
world to one that rejects tobacco as an addictive, lethal drug and that welcomes
a tobacco-free society as the social norm.

Fortunately, WHO has taken a giant step towards this goal by its adoption of its first
international convention. In May 2003, the World Health Assembly adopted by con-
sensus the WHO Framework Convention on Tobacco Control (WHA.49.17). The
FCTC is a binding treaty that commits its signatories in general terms to comprehensive
tobacco control. It will be associated with or followed by protocols on specific topics
that countries will adopt as they are ready for policy and action on that particular
phase of tobacco control. The aspects of tobacco control covered by the treaty include
the following.

◆ Prices. Harmonization of taxes on tobacco products at the international level in
order to avoid excessive price differences among neighboring countries.

◆ Smuggling. Regulation of international transport of cigarettes to prevent a third of
annual global exports becoming contraband, as at present.

◆ Tax-free tobacco products. Ending duty-free tobacco, which makes cigarettes
available cheaply.

◆ Advertising and sponsorship. A worldwide ban on all tobacco advertising will
prevent tobacco advertising in imported magazines and during broadcasting of
national and international events.

◆ The Internet. End advertising on and trade in tobacco on the internet, which will
affect all countries worldwide.

◆ Test methods. Base test procedures for the contents of tobacco products on interna-
tionally accepted methods. Require public disclosure of the toxic contents in
tobacco and regulate the contents and emissions of tobacco.

◆ Package design and labeling. Agree on package design at the international level to
improve trade relations and promote public health.

◆ Agriculture. Cease subsidies for tobacco production, which distort markets and
encourage consumption in low-income countries through dumping of cheap tobacco.

◆ Information sharing. Agree on standardized approaches to information to facilitate
global monitoring of the tobacco epidemic and evaluation of policies to control it
(Joossens 1999, p. 11).
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At the end of 2003, 83 countries have signed and five countries have ratified the
WHO Framework Convention on Tobacco Control (ratification by 40 countries is
required for the treaty to take effect). The support of country after country for the
Framework Convention and its protocols will encourage other countries to enact or
strengthen their tobacco control legislation and thus be part of the global movement
for a tobacco free world.
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Chapter 40

Roles of tobacco litigation in
societal change

Richard A. Daynard

Litigation plays at least six different roles in tobacco control. First, the most common
and least dramatic role is ordinary enforcement of tobacco-control laws. Laws
frequently ban sales to minors, smoking in public places, and certain types of advertising.
The governments that impose these laws have the burden of enforcing them, which
may involve litigation against violators. Second, too frequently governments enforce
tobacco-control laws sporadically or not at all, creating the opportunity for NGOs
either to bring law enforcement actions directly, or to sue their governments
to force them to do their job, depending on whether courts will permit NGOs to
take such actions. Third, tobacco companies increasingly use litigation to thwart
effective tobacco control legislation and programs, typically arguing that constitutional
provisions or other controlling law preempts such measures. Fourth, lawsuits
and administrative proceedings have been brought by smoke-sensitive individuals
against employers and places of public accommodation, seeking protection from sec-
ondhand smoke or compensation for illnesses caused or exacerbated by exposure to
secondhand smoke. Fifth, many lawsuits have been brought by individuals, groups or
classes of individuals, and third-party health care payers against the tobacco compa-
nies, seeking compensation for tobacco-caused illness, death, and/or out-of-pocket
economic costs. Sixth, governments occasionally attempt to enforce general laws
(e.g. against racketeering) against tobacco companies, alleging that deceptive and ille-
gal practices by the industry have harmed the general public. Unlike ordinary law
enforcement, these cases seek court orders requiring fundamental changes in the way
these companies do business.

Each of these roles has implications for social change. Each will be discussed in
turn, with the most attention devoted to the cases against the tobacco industry. We
will then look at the role that legislation can play in encouraging or discourag-
ing tobacco litigation. We will conclude with a brief discussion of how tobacco
control would have been different in the twentieth century in the absence of litigation,
and how litigation may affect the course and success of tobacco control in the twenty-
first century.
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Law enforcement
While many tobacco-control objectives can be achieved through legislation, legislation
is effective only to the extent that it is enforced. This is a major issue because many leg-
islative initiatives seek to change customary social behavior such as selling to minors
and smoking in public places, while the tobacco industry has strong motivation and
little compunction about evading legislative restrictions such as advertising bans and
counter-smuggling measures on its own behavior. Both public education and active
enforcement are often necessary if these laws are not to be ‘dead letters’.

Enforcement can be accomplished through administrative measures (e.g. license
suspensions or revocations) or through criminal or quasi-criminal (e.g. traffic summons-
type procedures, civil fines) processes. Most enforcement activity does not involve exten-
sive litigation, because the facts are usually easy for the authorities to establish, and the
level of sanctions typically low enough that it is not worthwhile for the wrongdoer to fight
the charges in court. The principal exceptions are where the defendant, often supported
by the tobacco industry, refuses to comply in order to force a legal challenge to the validity
of the tobacco- control legislation (discussed below in Section ‘Industry counter-attacks’),
or in smuggling and tax-avoidance cases where the penalties sought may be very large.

Litigation by NGOs to compel enforcement
Many tobacco-control laws and regulations are rarely if ever formally enforced.
Occasionally this is a good sign, as with laws restricting smoking in public places in the
United States that are informally but effectively enforced through social pressure.
However, where public support has not been mobilized behind the policy underlying
the law, the failure of public authorities to enforce the law results in its being flouted by
anyone who has incentive to do so. This characterized, for example, the status of sales-
to-minors bans in the United States until the 1990s, restrictions on smoking in Parisian
restaurants and San Francisco bars around the year 2000, and bans on advertising in
many countries since their adoption.

In the United States the doctrine of ‘prosecutorial discretion’ prevents private parties
from forcing government action, but state consumer protection laws frequently allow
parties to act as ‘private attorneys general’ in the public interest to require product
manufacturers or sellers to obey the law. In Massachusetts, for example, a 1987 lawsuit
brought by the Group Against Smoking Pollution of Massachusetts against Store 24,
a local convenience store chain, alleging that they had sold cigarettes repeatedly to
teenagers in violation of state law, resulted in Store 24 agreeing to demand positive
identification from young people before selling them cigarettes as well as monitoring
their own stores for compliance with the new policy. This was the first time that such
a ‘carding’ requirement was imposed anywhere in the United States, and set a model for
subsequent regulations. A similar approach was used in Bangladesh and in Mali, where
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NGOs obtained sanctions against tobacco firms that were engaged in illegal promotion
and advertising (Rendezvous with Mahamane Cisse 2000).

Some legal systems do permit NGOs to bring ‘public interest’ actions to require the
government to enforce the law, including relevant constitutional provisions. The 1999
pioneering case in the Indian state of Kerala produced a judicial order applying the
constitutional right to health protection by requiring the police to enforce a ban on
smoking in public places. This was followed by a similar ruling by the Indian Supreme
Court in November 2001, which led to action by governmental bodies throughout
India banning smoking in public places (Murli et al. 2001). Another case in Uganda
produced a settlement with the government to the same effect (The Environmental
Action Network, Ltd. et al. 2000).

Industry counter-attacks
While the tobacco industry became increasingly litigious in the course of the 1990s, it
threatened more litigation than it brought. It would typically send its lawyers to meetings
of local legislative bodies that were considering strong tobacco-control measures. They
would ‘inform’ the lawmakers that the measures they were considering were beyond their
jurisdiction; were unconstitutional; and/or were ‘preempted’ by higher state or federal
law that were expressly or implicitly inconsistent with the proposed regulations, or else
that simply ‘occupied the regulatory field,’ leaving no room for local regulation.
Sometimes the lawmakers would back down and pass ineffective measures instead.
Often, they would go ahead with the strong measures, and the threatened lawsuits did not
materialize. Occasionally the industry (typically acting through local stores, restaurants,
or bars, whose legal bills they would cover) would actually file suit to restrain the enforce-
ment of the measures: these cases came out both ways, typically depending on nuances of
the local and state laws involved, as well as the disposition of the deciding judge.

The industry did score some high-level judicial victories that set back important
tobacco control initiatives. In 1995 the Canadian Supreme Court invalidated Canada’s
cigarette advertising restrictions as a free-speech violation, reasoning that the govern-
ment had not shown these restrictions to be necessary or effective as a public health
measure (MacDonald 1995). The government later adopted even more sweeping
restrictions on the industry’s marketing behavior: a trial in Montreal in 2002 and sub-
sequent appeals will test whether the evidence the government has gathered in support
of its new law will assuage the Court’s concerns. Similarly, a 2000 decision by the
European Court of Justice invalidated a European Union (EU) advertising ban on the
ground that it was not adopted through the appropriate EU processes. As with Canada,
the European Commission has tried again, and the validity of their renewed efforts will
again be tested through litigation brought by the industry.

In the United States, two major Supreme Court decisions based on legal challenges
from the tobacco industry may have produced more lasting damage. In a 2000 decision,
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the Court invalidated FDA jurisdiction over tobacco products, reasoning that had
Congress intended the agency to have such jurisdiction, it would have said so explicitly.
While in principle this simply leaves it to Congress to establish FDA jurisdiction, as
a practical political matter Congress has never taken affirmative action to effectively
regulate the tobacco industry, and is not likely to do so in the foreseeable future. As
a result, there is no central regulatory authority in the U.S. over cigarette design, pack-
aging, or marketing. The second decision, in 2001, cut off state efforts to fill the void in
marketing regulation. Massachusetts had attempted to prohibit outdoor tobacco
advertising within 1000 feet of schools and playgrounds. Several cities had adopted
similar regulations, which had been upheld by lower courts in the face of tobacco
industry challenges. The Supreme Court ruled, however, that the state restrictions were
preempted by federal law, and were in any event unconstitutionally violative of the free
speech rights of tobacco marketers. Unlike the similar 1995 Canadian Supreme Court
decision, it is not clear if any possible evidentiary showing by states could lead the U.S.
Supreme Court to relent and permit effective advertising restrictions (Daynard in press).

The tobacco industry also uses litigation and the threat of litigation to harass and
discourage tobacco control researchers and activists. The authors of 1991 articles
exposing ‘Joe Camel’s’ appeal to young children were required to hand their drafts and
research materials over to the tobacco companies as ‘discovery’ in cases not involving
the authors in which these articles were cited, or under state ‘freedom of information’
acts. Similar orders were issued to authors of landmark studies of the synergy between
asbestos and tobacco exposure, and of the adverse effects of secondhand smoke
exposure (Sweda and Daynard 1996). The industry has also used the freedom of infor-
mation acts to harass state and local tobacco control programs, requiring them to
produce voluminous materials for copying by industry lawyers (Aguinaga and Glantz
1995). Defamation actions were filed against advocates and NGOs in several countries
including the Netherlands, Sweden, and Switzerland. These actions usually resulted in
vindication for the tobacco control supporters, but not until their energies were
absorbed for many months in defending the cases, and they had been subjected to ‘a
good scare.’

Secondhand smoke cases
Two types of cases exert pressure to change social norms in the direction of protecting
nonsmokers from exposure to secondhand smoke. Some cases, such as those brought
under laws protecting disabled individuals, seek judicial orders requiring particular
employers or proprietors of places of public accommodation either to ban smoking
outright, or at least to ensure that nonsmokers can avoid exposure to secondhand
smoke. Other judicial or administrative proceedings, such as workers’ compensation
cases, achieve change indirectly by attaching a high price tag to neglecting to protect
employees from secondhand smoke exposure.
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In a 1980s case, a nonsmoking social worker, supported by an NGO, sued the
Commonwealth of Massachusetts to require it to provide her with a safe, i.e. smoke-free
working environment. A court ruled preliminarily that the common law right to
a safe workplace would support injunctive relief: the state settled the case by provid-
ing nonsmoking workplaces to all its employees. Actions brought under the
Americans with Disability Act, the Rehabilitation Act, and various state and federal
regulations imposing similar obligations upon governmental bodies and regulated
industries, have established that workers and patrons of public accommodations
whose medical conditions require smoke-free environments are entitled to them, and
have ordered employers and proprietors to change their rules accordingly. Other
American decisions have conditioned custody orders in divorce cases upon the custo-
dial spouse not smoking, and not permitting smoking, in places where the child is
present (Edward 2001).

Cases seeking financial compensation from employers, whether for illness or disabil-
ity caused by exposure to secondhand smoke or for lost wages as a result of needing to
leave a smoky workplace (or both), are more numerous and widespread. Successful
cases have been brought in Sweden, Britain, and Australia, as well as the U.S. Even
a prior history of smoking has not disqualified claimants, so long as the secondhand
smoke exposure was a substantial contributing cause of their illness or disability. In
this area a few successful cases can have a broad-scale social impact. A 2001 Australian
jury award of Aus$466 000 to a bartender who contracted throat cancer, combined
with a handful of earlier less generous awards, led to a movement throughout Australia
to ban smoking in restaurants, bars, and casinos. In Britain a few modest awards led
the government to rethink occupational safety rules and mandate protections for non-
smokers (Daynard et al. 2000). In the U.S. the fear of such awards has resulted in
insurers, legal counsel for employers, and groups representing building owners and
managers urging their insureds, clients, and members to eliminate indoor smoking.

A number of cases have required disability insurers and pension plans to cover
employees who were forced to leave the workplace because smoke-related medical
conditions. Others have required employers to pay back wages to employees who were
fired for complaining about smoky working conditions or for refusing to work in these
conditions. These have added to the impression among employers and their insurers
and counsel that prudence requires a smoke-free workplace.

Lawsuits against tobacco companies seeking money damages
The power of the tobacco industry to block most forms of effective tobacco control
legislation in the United States led advocates to seek other venues in which the industry
could be held accountable and pressured to change its behavior. Money damage law-
suits at first seemed an odd strategic choice, since the connection with societal change
was not obvious. Nonetheless, the Tobacco Products Liability Project began advocating
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for such lawsuits as a tobacco control strategy in 1984, and gradually persuaded the
public health community of its merits (Daynard 1988).

Tobacco products liability suits offer at least six potential social benefits. First,
since smoking causes over $100 billion in health care and lost income costs (and
untold billions more in suffering by the victims and their families) each year in the
U.S. alone, shifting any substantial fraction of this burden to the manufacturers
through successful lawsuits would force them to raise prices dramatically. Since the
demand for cigarettes is somewhat price-elastic, especially among children and
teenagers, increased prices would result in reduced consumption, especially among
youth. This is precisely what has happened as a result of the settlements in 1997 and
1998 of lawsuits against the industry brought by state attorneys general seeking reim-
bursement of state-borne tobacco-caused health-care expenditures. Consumption
among 12ths grade students in the United States since 1996 has declined by more than
one third (Fountain 2001).

Second, the publicity from these lawsuits would dramatize for the public the fact that
smoking injures and kills real people, not just statistics. This has been enhanced by the
industry’s public relations response to these cases—that anyone so heedless as to
smoke cigarettes after the Surgeon General warned of the dangers has only himself or
herself to blame for whatever grave illness ensues. This response has until recently been
quite effective for the industry in discouraging adverse jury verdicts, but it severely
undercuts their marketing campaign to confuse and distract smokers and potential
smokers from thinking about the deadly consequences of using their products.

Third, fear of such lawsuits, and especially of large punitive damage awards, might
motivate tobacco executives to change the way they do business. Indeed, the threat of
punitive damages is now very real, with a $145 billion punitive damage verdict in
a class action in Florida, and a $3 billion verdict (later reduced to $100 million) in an
individual California case. Concern about product liability awards is frequently cited
by manufacturers of other products as reasons for including graphic warnings, altering
product designs, or even withholding particularly dangerous products from the
market. In the case of cigarette manufacturers, such concern might lead them to stop
denying that smoking causes addiction, disease, and death, or stop targeting their mar-
keting efforts at young people, or perfect and implement cigarette designs that would
be somewhat less deadly. Although tobacco liability suits began in 1954, it was not until
such cases started winning in 1996 that the industry’s behavior began to change. The
‘voluntary’ changes to date have been modest and mostly cosmetic, but movement is
finally perceptible. The companies no longer deny the connections between smoking
and various diseases, and actually admit the connection on their websites; but they do
nothing else to publicize these connections, and continue to vigorously deny the rela-
tionships between secondhand smoke exposure and disease. They have refocused their
marketing target from children and teenagers to college-age young adults. They have
also actively embarked on research and development of less toxic cigarettes.
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Fourth, the ‘discovery’ process, which permits parties in lawsuits to demand copies of
relevant internal documents from opposing parties and even nonparties, has unearthed
millions of pages of industry documents, many of which are quite incriminating.
In particular, they demonstrate that the companies knew since the 1950s that smoking
caused cancer and other diseases, yet continued to pretend the contrary, actively sup-
pressing or refuting reports that they believed to be true (Glantz et al. 1996). Since
these documents became available in the mid-1990s largely as a result of aggressive dis-
covery by the lawyers for the State of Minnesota’s case against the industry (as well as
the heroic, if illegal, removal and dissemination of documents by a tobacco company
paralegal named Merrell Williams), they have been instrumental in persuading juries
to focus on the misdeeds of the industry rather than the weakness-of-will of the smok-
ers. Equally important, their wide availability on the Internet and in public depositories
and publication in numerous media stories has helped make the industry a political
pariah, making antitobacco legislation possible in many states. Nor has the effect been
limited to the United States: major document-based studies of industry misbehavior in
Britain, the Middle East, and with respect to the World Health Organization, among
others, has increased the determination and effectiveness of tobacco control advocates
throughout the world (Zeltner et al. 2000).

Fifth, the money from verdicts and settlements can be used to reimburse individuals
and third-party health-care payers for injuries and expenses caused by the tobacco
industry and its products. Some money from the states’ settlements of their Medicaid
reimbursement cases is being devoted to tobacco-control activities. Although this rep-
resents only a small percentage of the approximately $10 billion per year that the states
are receiving from the industry, it has nonetheless greatly increased the total amounts
that the states are spending for tobacco control. An additional $1.5 billion resulting
from the 1998 ‘Master Settlement Agreement’ between 46 states and the industry has
gone to the American Legacy Foundation which funds tobacco-control activities on
the national level.

Sixth, the fact that, at least in the United States, cigarettes annually produce far more
financial harm than revenue creates the ongoing possibility that a flood of individual
cases or class actions will bankrupt the industry. While the consequences of bank-
ruptcy are somewhat unpredictable, it is likely that a bankruptcy court would not
permit the companies to continue selling cigarettes as part of a reorganization plan if
the new cigarettes were likely to create as much liability as the ones that sent the com-
panies into bankruptcy. This would create an important opening for public health
organizations, which could advise the court of changes in cigarette design and market-
ing necessary to reduce the potential for future liability (Mark and Daynard 2002).

While the most cases continue to be brought by individuals, since 1994 both class
actions and third-party reimbursement cases have also been filed. Class actions permit
a large number of similarly situated individuals to be represented by a few named plain-
tiffs: any legal judgment on the common issues rendered in the case applies equally to
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the named and unnamed class members. The only tobacco class action settled in the
twentieth century was on behalf of a nationwide class of flight attendants who had
been exposed on the job to secondhand smoke. The settlement provided $300 million
for a foundation to fund medical research on smoke-related illnesses, and eased the
legal burden for flight attendants to seek individual damages (Master Settlement
Agreement 1988). Another case, on behalf of Florida smokers who contracted tobacco-
caused diseases, produced three landmark jury verdicts: the first found that smoking
caused 20 diseases, and held the industry liable on a number of grounds, including
conspiracy to defraud their customers and to fraudulently conceal health information
(Engle and Reynolds Tobacco Co. 1999); the second awarded an average of $4 million
in compensatory damages to each of three named smokers; the third awarded the class
$145 billion in punitive damages. As of 2002, the appeals process was just beginning,
and the process for awarding compensatory damages to the hundreds of thousands of
unnamed class members was still in the future. While the tobacco industry had suc-
cessfully discouraged most lawyers from bringing cases in the past by its scorched earth
litigation tactics, these two class actions brought by the same husband-and-wife team
(Stanley and Susan Rosenblatt) demonstrated that the industry could be defeated by
talented, determined, but only modestly funded attorneys.

Other class actions have been brought seeking funds for monitoring the medical con-
dition of smokers and former smokers, and seeking refunds of money spent by smokers
who were induced to smoke ‘low tar’ cigarettes on the fraudulent representation that
they were safer. One medical monitoring case was tried unsuccessfully, and another
will be tried in 2002. Five ‘low tar’ consumer fraud cases have thus far been judicially
certified for class action status in three states, with similar cases pending elsewhere.

Third party reimbursement cases are predicated on the fact that the tobacco industry
knows that most smoking-induced medical costs are not paid by the smokers them-
selves. Since the companies know that they cause financial injury to third parties
(states, health insurers, etc.), they should be liable for the costs that flow from the
design of their products and their deceptive conduct. Litigation pioneered by
Mississippi and Minnesota, and later brought by most other U.S. states as well, resulted
in mostly-favorable judicial decisions and the resulting multi-billion dollar settlements
already mentioned. Unfortunately, American courts have almost uniformly rejected all
subsequent cases brought on the same theory, ruling that the third party’s financial
injuries were too ‘indirect’, and distinguishing the opposite decisions in the state cases
on unconvincing (but nonetheless authoritative) grounds. Thus, private health insur-
ers, union health and welfare funds, foreign governments, and even the U.S. federal
government, have all had their reimbursement claims rejected.

The tobacco industry has not always been content to take its chances in court. In the
United States the industry has been a prime—but usually hidden—sponsor of ‘tort
reform’ efforts, which seek enactment of state or federal laws changing the legal princi-
ples applied by the court so as to make lawsuits against the industry more difficult or
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even impossible. Such a statute prevented tobacco litigation in California for 10 years,
until it was repealed in 1998. The industry also supports procedural changes with simi-
lar effects, such as: (1) laws providing only a modicum of regulation, while ‘preempting’
claims that could otherwise be brought against the industry; (2) proposed federal
legislation that would remove class actions against them from state courts, where they
have sometimes been successful, to federal courts where they are quickly dismissed;
(3) proposed state legislation to prevent public airing of documents obtained in discovery;
(4) proposed bans on the use of class actions or punitive damages in litigation against
the industry; and (5) state or federal laws limiting attorneys fees in tobacco litigation so
as to discourage competent practitioners from taking these cases.

On the other hand, laws facilitating the state lawsuits against the industry were
passed in Florida, Massachusetts, and Maryland in the mid-1990s. The proposed
Framework Convention on Tobacco Control may also have provisions on liability and
compensation that would make lawsuits against the industry viable in most countries.

Enforcement of laws prohibiting deceptive conduct
Tobacco companies, like all other legal entities, are subject to general restrictions
against obtaining money dishonestly. In the state context these generally include laws
outlawing ‘unfair or deceptive acts or practices in commerce.’ State attorneys general,
and often private litigants as well, may bring lawsuits to enjoin tobacco companies
from continuing to engage in such behavior. Indeed, the state lawsuits, though they
principally sought money damages for Medicaid reimbursement, almost all sought
injunctive relief under these state consumer protection acts. In response to these
claims, the resulting settlements, including the November 1998 Master Settlement
Agreement, contained several provisions restricting various tobacco industry market-
ing techniques. These included bans on outdoor advertising and the distribution of
merchandise that advertised tobacco products, as well as limitations on sponsorship of
concerts and other public events (Daynard et al. 2001). Similarly, the class actions
addressing ‘low tar’ cigarettes seek, in addition to refunds, injunctions against the com-
panies’ continuing the deceptive practice of labeling cigarettes ‘low tar’ when they are
no less dangerous than ‘regular’ cigarettes.

Federal law has an even more powerful instrument against businesses like the
tobacco companies whose success depends on deceiving their customers. The
Racketeer-Influenced and Corrupt Organizations Act (RICO) allows the United States
Department of Justice to seek judicial orders fundamentally changing the way the
industry does business, as well as disgorgement of all ‘ill-gotten gains.’ Expert reports
filed in 2001 in a case brought by the Department of Justice against the tobacco indus-
try indicate that such ill-gotten gains amount to more than $200 billion, and by some
calculations almost $1 trillion. Private RICO actions are also available to compensate
for economic losses but not illness or death.
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Furthermore the discovery, mostly through documents uncovered in the Minnesota
litigation, of the industry’s deep involvement in smuggling cigarettes to many coun-
tries was, at century’s end, leading to an exploration by lawyers working for European,
Canadian, and Latin American governments of possible avenues of judicial redress for
the billions of dollars of lost tax revenues.

Conclusion
The twentieth century ended with most types of tobacco litigation on the upswing.
Some already had a major impact on tobacco control. The Canadian and American
Supreme Court decisions invalidating tobacco advertising restrictions and FDA juris-
diction over tobacco products halted important tobacco-control efforts that had been
well underway. On the other hand, the state lawsuits against the industry made public
millions of pages of internal industry documents, many quite damning, thereby feed-
ing tobacco-control efforts around the globe. The settlements of these cases led to
dramatic price increases, greatly reducing youth consumption; some of the settlement
payments supported aggressive new state and national tobacco-control campaigns; and
the agreed-upon advertising and marketing restrictions at least put a crimp on the
industry’s preferred techniques for maintaining and expanding their markets.

Litigation in the twenty-first century is likely to spread world-wide, raising con-
sciousness of the dangers of tobacco use and of exposure to tobacco smoke, and of the
nefarious role played by cigarette manufacturers, even in countries where tobacco use
and marketing is currently uncontroversial. Litigation will be increasingly used by
NGOs to force governments and tobacco companies to take existing laws seriously, and
to obtain judicial orders making public places smoke-free. NGOs and health depart-
ments will become increasing adept at drafting laws that can withstand industry legal
attacks, and defending them when these attacks arrive. Countries other than the
United States will begin holding tobacco companies responsible for the health care
costs attributable to their products and conduct. As a result, prices will increase, con-
sumption will decline, and some of the damages paid will fund tobacco-control
programs. Some tobacco companies will probably find their way into bankruptcy
court, giving public health authorities and NGOs new opportunities to shape how
tobacco products get manufactured and marketed. Finally, more vigorous efforts can
be expected to require tobacco manufacturers and their executives to avoid illegal con-
duct, and a wide range of legal sanctions, civil and criminal, can be anticipated.
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Chapter 41

Impact of smoke-free bans and
restrictions

Ron Borland and Claire Davey

Introduction
This chapter reviews the progress that is being made in protecting people from expo-
sure to tobacco smoke in their environments, and on the impact that these changes are
having on tobacco use. In doing so we attempt to explain the reasons for apparent dif-
ferences in progress in different countries, and make some predictions as to future
trends.

Environmental tobacco smoke (ETS) is also known as passive smoking, involuntary
smoking, or secondhand smoke. The terminology used varies, but all are intended to
refer to pretty much the same thing, although subtle distinctions can usefully be made.
It is easier to use ETS when referring to what is actually in the environment; passive
smoking (or involuntary smoking) when referring to exposures of individuals; and
secondhand smoke to what the smoker produces. Thus ‘the secondhand smoke pro-
duced by smokers increases the level of environmental tobacco smoke which results in
higher levels of passive smoking by those in that area’. In this context we use the term
secondhand smoke to refer to both the smoke exhaled by smokers and the smoke com-
ing directly from the cigarette into the environment. We also describe the smoke as
coming from cigarettes but note that smoke from other forms of burnt tobacco is likely
to be equivalently toxic, but as it is much less common in almost all countries, it is easier
to simply refer to cigarettes.

Tobacco use has not always resulted in problems with passive smoking. Historically,
in Victorian England after the introduction of tobacco from the Americas, smoking
was initially an activity of the rich and they engaged in it in special smoking rooms to
protect women and children from the odours. These niceties gradually disappeared
until for much of the twentieth century smokers in most places came to assume a right
to smoke virtually wherever and whenever they choose. Non-smokers put up with the
smells which most found mildly unpleasant because to do otherwise would seem
impolite.

Modern moves to reduce passive smoking have come in the light of strong evidence
about the harmfulness of these exposures to health.
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Health effects of ETS
Information about the damaging effects of ETS began to appear in the 1970s for children
(e.g. Colley 1974) and for adults in the early 1980s (Hirayama 1981). In the mid-1980s
a number of governmental reports and reviews, of which the US Surgeon-General’s
report was the most influential (U.S. Department of Health and Human Services 1986)
had confirmed findings of the harmful effects of ETS for non-smokers. Subsequent
reviews have confirmed and extended these conclusions (e.g. United States
Environment Protection Agency 1992; California Environment Protection Agency
1997; Tobacco Free Initiative 1999).

The more serious adult conditions linked to passive smoking include chronic respi-
ratory symptoms, lung cancer, cardiovascular disease (CHD), and disorders of the nose
and sinus (Benninger 1999; Wiebel 1997). Infants, children, and those with chronic
conditions such as respiratory disorders are more susceptible to harm from ETS expo-
sure than adults (Davis 1998). Adverse effects of passive smoking on children, include
a causal role in respiratory diseases such as bronchitis, pneumonia, asthma (as well as
triggering bouts), and reduced lung function, plus increases in middle ear infections
and SIDS. ETS has also been causally linked to lower birth weight. There is also evidence
of harmed neural development in utero (Samet 1999).

Immediate reactions to ETS include sore eyes, itching, sneezing, coughs, and wheezing.
The financial cost of treating coughs, phlegm, and wheeze in children exposed to ETS
is estimated to be 14% higher in homes with one smoker and 25% higher in homes
with two smokers compared to children not exposed to ETS (Peters et al. 1998).

Voluminous evidence now attest to the adverse health effects of ETS on non-smokers,
with both long term and immediate health effects constituting a clear threat to public
health. Further, it is likely that passive smoking adds to the risks of active smoking in
smokers. However, the nature of the dose–response relationship is less well documented.
Studies showing adverse effects of ETS exposure have used crude exposure measures,
such as spouse smoking and rarely have there been more than two categories of expo-
sure (e.g. for children’s exposure: neither, one, or both parents smoking). Extrapolating
from the active smoking literature where dose–response effects are clearly present and
detectable at low exposures, plus the reality that ETS exposures are almost always lower
than active smoking exposures, it is reasonable to assume that there is no safe level of
exposure. For many conditions, chronic exposure seems to be critical; however, there are
conditions, which can be triggered or exacerbated by acute exposure such as asthma
attacks and problems for those with major respiratory problems like cystic fibrosis. That
said, from what we know the bulk of the serious harm comes from prolonged (chronic)
exposure, so this should be the focus of public policy and public education.

The magnitude of the adverse health consequences caused by passive smoking while
comparable to other environmental toxins are small compared with those associated with
active smoking. The strong societal responses to reduce passive smoking summarized
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in this chapter, is evidence that society is prepared to take stronger measures against
risks imposed on others than risks taken on by the individual. This is so even in the
case with smoking, even though the risk of active smoking is not purely voluntary,
given the dependence–forming nature of tobacco use. One major aim of this chapter is
to explore the impact of progress in controlling ETS on active smoking, as it is possible
that such effects may contribute at least as much to population health as the reduction
in disease caused by passive smoking. The other major aim is to describe the scope and
the consequences of smoking restrictions and issues surrounding their implementation.
In doing this we have tried to paint a representative picture of what is known rather
than attempt a comprehensive review of all published literature.

Determinants of exposure to ETS
Passive smoking only occurs because there is active smoking. Potentially the most
effective way of eliminating passive smoking would be to eliminate active smoking.
While this is not practical, any programme of measures to reduce passive smoking
should consider the potential impact on active smoking, and wherever possible use the
measures to help reduce smoking overall.

People can be exposed to ETS anywhere that smoking occurs. Most adults spend
about 90% of their time at work or home, thus most at risk of exposure to ETS are
those who live or work with smokers. Homes are likely to be even more important for
children. However, consideration of ETS should not be restricted to work and home,
because some people spend considerable periods in other places, most notably recre-
ational venues. If those places are smoky it can contribute significantly to overall
exposures for people who spend extended time in them.

Exposure to ETS is a function of the amount of active smoking, how much time the
person spends in the enclosed space, the size of the space, and the degree of ventilation.
Proximity to the smoker(s) varies in importance for different components, being
greater for exposure to the particulate than to those toxins in the gaseous phase.
However, for most practical purposes it is reasonable to assume fairly even diffusion of
smoke into any particular room.

While there continues to be active smoking, protecting non-smokers from passive
smoking involves changing when and where smokers smoke. This involves encouraging
the appropriate evolution of smoker behaviour in the context of non-smokers. This
should include voluntarily not smoking around non-smokers, or in enclosed areas they
frequent, and compliance with rules about when and where smoking is allowed.

Smokers in making a decision not to smoke in a particular situation are doing so
in the context of a choice about alternative options about them smoking. The smoker
may choose to forego completely or delay a cigarette that they would have liked
to smoke or they may seek an alternative acceptable place to smoke it. Over time
they may adopt some combination of the two. They may also choose to smoke,
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and/or forget the existence of the rule and smoke without any volitional intent of
violating a ban. The potential benefits to non-smokers are a function of the extent to
which smokers desist from smoking in situations where exposures of others are likely,
and the effect on the smokers themselves will vary as a function of how it affects their
total consumption.

The evidence is overwhelming that bans on smoking when complied with result in
reduction in ETS exposures for those who spend time in those places. Research shows
that the number of smokers in a household or hours exposed to ETS at work is signifi-
cantly associated with metabolic nicotine (serum cotinine) (Davis 1998). Similarly,
research shows that bans on workplace smoking can result in less reported ETS as well
as lower continine levels in non-smokers (Heloma et al. 2001; Hopkins et al. 2001), and
bans in homes can reduce exposures of children (Biener and Nyman 1999). Indeed,
bans on smoking in bars in California have been shown to lead to improved respira-
tory health of bartenders (Eisner et al. 1998). The impact of smoking bans on ETS
might be most dramatically shown in the skies. Measures of respirable particles before
and after smoking bans were introduced on intercontinental flights reduced dramatically
from a mean of 66 to 3 µg/m3 (Wieslander et al. 2000).

Rates of exposure in different environments will vary both as a function of
the prevalence of smoking and the nature and compliance with any restrictions.
Estimates will also vary as a function of the measurement tool. This all means that in
the absence of comparable measures for a broad range of countries, preferably with
time trends, it is not particularly useful to report on the small number of published
point estimates.

Home is where most people spend most of their time, but some of this time is spent
sleeping. While smokers are sleeping they are not adding to ETS. However, where ven-
tilation is poor, exposure can accumulate considerably during sleep due to smoke
lingering. Where there are no regular smokers living in the home or the amount smok-
ing in the home is low actual exposures may be less than in other venues.

Work is the other major source of potential high exposures if smoking is allowed and
smoking prevalence among the workforce is significant. In industrialized countries
over three quarter of workers work primarily in indoor settings (Chapman et al. 1999;
MMWR 2000), and while percentages are likely to be lower in more agrarian societies,
workplace exposure remains a potential hazard for those who work in enclosed spaces.

Exposure to ETS can also occur in other public places such as public transport, hos-
pitals, cinemas and theatres, and shopping centres, indeed anywhere where smoking
occurs. Apart from the issue of exposure to staff, exposures to patrons of recreational
venues, is of some concern. The concern is primarily for those who are very susceptible
to acute exposure, and for those who frequent such venues regularly. For others,
the intermittent exposures are likely to be more nuisance value than significant risks
to health. Regardless of the magnitude of the risks, it is both prudent and desirable to
create contexts where the possibility of passive smoking is minimized.
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What drives the introduction of, and compliance with, bans?
Under what conditions will there be action to reduce passive smoking? The answer to
this question can best be answered by attempting to understand the diversity of
responses to the problem both within and between jurisdictions. First of all, a neces-
sary condition for action is awareness of the evidence of harm at levels that warrant
action. The awareness could be at the level of the informed public or the general pub-
lic, and may or may not include institutional acceptance of the risk. There is no doubt
that authoritative government sponsored reviews can play a major role. For example,
the Australian NHMRC (1987) led to immediate government administrative action to
control smoking in government offices, but not to legislative moves to restrict smoking
in other workplaces.

The likelihood of government action (where it has jurisdiction) will be a function of
the nature of the proposed action and of the views of key stakeholders. In particular, it
will be more difficult to enact rules where there is an expectation that it will compel
behaviour change than where the rules are more symbolic.

Cultural expectations surrounding laws or policies appears to be a major factor influ-
encing compliance. In some countries rules are put in place to announce a new
aspiration or goal of policy makers. Any public education and/or moves to enforce com-
pliance follows formal implementation. A major role for activists is to encourage
compliance. By contrast other countries only impose laws when they believe that there is
public support for high compliance, and in these cases public education precedes imple-
mentation and there are strong expectations about high compliance at the point of
implementation and typically enforcement mechanisms to ensure this happens. French
tobacco-control expert Gerard Dubois has observed that countries influenced by anglo-
saxon legal traditions tend to follow the latter path, while much of the rest of the world,
most notably those influenced by southern European traditions, favour the former. Thus
in a country like France, a law restricting smoking in enclosed places was passed with
a minimum of fuss because there was no real expectation that it would be enforced
(at least in the short term), while in countries like the US, new laws are often strongly
opposed by vested interests, because the expectation is that they will be enforced.

Compliance with smoke-free legislation and bans can likewise vary substantially
between countries. In countries such as North America, Australasia, and northern
Europe, changes to smoking regulations that have used a combination of legislation and
efforts to modify public attitudes have generally decreased exposure to environment
tobacco smoke. However, the existence of legislation in some countries has not had the
same impact and this may reflect the variety of cultural and sociological factors alluded
to above (Serra et al. 2000). Serra et al. concluded that the most effective interventions
for preventing smoking in public places were those where the institutions concerned
developed, resourced and supported comprehensive programmes to achieve compli-
ance with their policy decisions to ban smoking.
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Likelihood of legislative action is also likely to be determined by the views of stake-
holders, of which the key ones are general community views, those of commercial
interests, special interest groups, bureaucrats, and lastly of decision-makers themselves.
Strong opposition at any level can be enough to prevent action, while strong support at
least one level is probably necessary to stimulate action. The tobacco industry and its
allies have a long record of vigorously opposing actions to increase restrictions on
smoking, especially where they believe they will be enforced.

In countries, or eras when bans on smoking are not mandated by government the
main factors driving increased restriction on smoking imposed by employers seems to
be a mix of awareness of the risks (with associated concern for staff health), threat of
litigation, and pressure from staff. Experience in Australia suggests that government
instrumentalities were prepared to act for their own employees purely on the basis of
authoritative knowledge, but that a mix of fear of litigation and staff demands was
required to get action in most other places. For example, the landmark Australia legal
case where a judge for the first time declared the evidence in the harms of passive
smoking overwhelming (the Morling decision: (Everingham and Woodward 1991)) led
to a significant upsurge in interest in smoking bans, as did publicity for out-of-court
settlements (Palin and Young 1994). In the early days of restrictions, non-smokers,
while supportive of bans on the whole, were not typically strong advocates. While they
did not like the exposure, they were used to it and seemed reluctant to demand protec-
tion. As more and more places become smoke-free and non-smokers got to enjoy the
benefits, and they saw that the restrictions on smokers were not unreasonable, they
have become more militant. Now unions representing workers in areas where smoking
is still prevalent are taking a leading role in advocating bans.

It is useful to consider the process from the perspective of diffusion of innovation
theory (Rogers 1995). This model describes several stages of uptake of new product or
ideas, which we will simplify to three: an early innovation stage where uptake is slow,
an intermediate period where uptake is rapid, then a third slow period where some of
those resistant to change (laggards) are gradually won over. The early innovation
period is characterized by people who either have an unusual need for the innovation
and/or a high level of interest in trying new things. Rogers divides them into two sub-
groups; the innovators, the first 2.5% to change, and the early adopters (the next
13.5%). In the social arena, they are people who are prepared to act in the face of nor-
mative pressures to preserve the status quo. This is a period when effective restrictions
on smoking are few and most smokers see no need to change their behaviour, and few
are prepared to make changes on their own initiative. Non-smokers, used to the smoke,
for the most part continue to tolerate it. Restrictions may be seen as an-in-principle
good idea, but one that may not prove practical in some situations. There is likely to be
concern over whether smokers will comply, indeed over whether they will be able to
comply or should be expected to comply. Those attempting to implement bans or
ensure compliance will often be faced with strong resistance.
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Once a critical level of adoption has occurred (around one-sixth of all units accord-
ing to the theory), the period of rapid introduction occurs. This tends to sweep up all
those with only modest potential gains and no major perceived costs of changing. This
is accompanied by a change in norms which seem to be critical for getting non-smokers
to begin to collectively work toward and/or actively support action to introduce bans.
Previously in the innovation phase, it was left to activists. During this period not
smoking becomes normative. Opposition to change declines and/or becomes centred
in areas where there are perceived to be disadvantages.

The third period is about convincing laggards. These are typically jurisdictions,
organizations, or individuals who perceive relative disadvantage from smoke-free
places. Jurisdictions least likely to act are those with strong tobacco industries, those
where the harms associated with passive smoking are dwarfed by other health
concerns, and those where smoking rates are high among key decision-makers.
For organizations or businesses, most of those are in the hospitality section, where the
concerns are typically about reduced custom, and associated adverse economic costs.
For individuals, moves to smoke-free homes will be least likely where there are
only smokers in the home; those who live in accommodation (e.g. apartments)
where it is structurally difficult to always smoke outside; and those who have responsi-
bilities that might keep them from going outside to smoke. Unfortunately, this last
group includes parents who smoke, and who need to supervise children (Ashley and
Ferrence 1998).

To move the laggards either involves demonstrating to them that their fears are
groundless (where they are) or changing the pattern of incentives such that they are
either compensated for losses or stand to lose even more if they fail to introduce poli-
cies (for organizations) or comply with expectations (for individuals). Fortunately, all
the evidence reviewed in the following sections show that most of the fears about the
costs of implementing smoking bans are exaggerated.

Diffusion of innovation is not a passive process. It occurs as a result of understand-
ing of potential benefits and positive experiences with the change being communicated
to those who have not yet changed. Apart from awareness of the harms and associated
desire to protect non-smokers, other factors that are important for driving action are
threat of litigation, and the social acceptability of imposing restrictions, including
demands from exposed individuals for action. Threat of litigation is made more salient
by precedents, and is made more certain where the act of allowing smoking is specifi-
cally prohibited rather than relying on generic legislation and/or on the need for
individuals to sue after they have experienced some disease associated with passive
smoking. Social acceptability in something that builds up in the light of successful
implementation of bans and the experience of the benefits by non-smokers and even,
in many cases, smokers.

In summary, for change to occur key individuals and/or organizations need to accept
that ETS is harmful enough to warrant action, to believe that institutional change is
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a reasonable part of the solution, believe that the change is practical (it can be done)
and that it will be acceptable (enough) to affected parties. In addition, it helps if the
individual or organization believes that they have an obligation to act either out of fear
of personal injury litigation (for domestic restrictions) or to protect vulnerable loved
ones. As innovation progresses, these move from being desirable outcomes through to
becoming general expectations as to what is acceptable.

Change does not all occur at once. In some of the countries that have been at the
forefront of actions to control passive smoking (e.g. USA, Canada, Australia), the
moves to smoke-free places have been first in workplaces, then in private homes, and
last of all in hospitality venues, especially bars. Somewhere along the way, bans are
often imposed in public transport and in crowded places like cinemas and public halls,
and even in crowded outdoor sporting stadiums. In most places, bans in these places
have been enacted with a minimum of fuss. In other countries (e.g. Singapore) where
action is reputedly strong, less information has appeared in the international literature,
and so to the pattern by which change was, and is occurring. In the following sections
we review knowledge on implementation and compliance with bans in the workplace;
then in other public places, especially hospitality venues; and finally consider the home
as the issues there are quite different to those in public places. Consideration of the
effects on smoking prevalence and consumption are considered separately. In review-
ing this material, it needs to be realized that the bulk of the empirical work comes from
three countries: the USA, Canada, and Australia, all who have been innovators in ETS
control and all have low and declining smoking prevalence by world standard (Corrao
et al. 2000). The reader is encouraged to exercise caution in extrapolating from this
research to their own country’s situation, especially where the social conditions are
quite different. We have tried to be sensitive to these issues, but the lack of good data
and our lack of understanding of the diversity of world cultures means that we cannot
be certain that we have taken all important issues into consideration.

The introduction of smoke-free environments

Smoke-free workplaces
In principle, as for other contexts, workplaces can be smoke-free because they have no
smokers, or because smokers all voluntarily do not smoke there, or because smokers
comply with rules not to smoke. In most countries initial moves to smoke-free work-
places has come from employers, followed by legislation mandating such practices,
at least legislation where there is strong expectations of compliance. In these cases
legislation has followed, largely as a way of forcing laggards to act.

Following the early authoritative reviews on the harmfulness of passive smoking,
employers in some places began to voluntarily implement restrictions in workplaces.
In some places voluntary introduction of bans was quite rapid. For example, reported
prevalence of such bans in parts of Australia in the late 1980s was under 20%, but this
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rose to around 65% by the middle of the 1990s (Borland et al. 1997a). Such self report
measures tend to at least partly take into account compliance, with many workers not
reporting total bans where they are mandated but not complied with. In 1999, a
national US study found 69% of all indoor workers reported smoke-free policies at
work (Shopland et al. 2001). The type and level of coverage has varied overtime within
and between countries. In the United States, Shopland et al. found that there was about
a 35% absolute difference between the State with the highest (84%) and lowest (49%)
levels of coverage suggesting that states in the USA are in or at the end of the main
uptake phase for workplace protection.

Studies that have used the existence of legislative requirements provide a somewhat
difficult picture. A review of smoking restrictions in different countries found that the
majority of countries (with data about ETS ordinance) had laws restricting smoking in
some form, but this may not reflect the amount of ETS exposure experience by work-
ers (Brownson et al. 2002). The most common form of restriction was national
legislation prohibiting smoking in the workplace, which included designated smoking
areas. This policy applied to half of nearly 100 countries for which there was data avail-
able, but notable countries without such bans include the USA and Australia which are
among the few countries with any published data on population-wide levels of smoke-
free workplaces. Anecdotal reports from at least some countries with legislative bans
suggests that compliance varies greatly, probably related to the cultural difference in
when legislative approaches are implemented and societal traditions of compliance.
We suspect that many of these countries have lower levels of actual protection than for
some of the countries without legislative bans, but with strong social movements
encouraging local action. Indeed Chapman (1998) gathered together brief commen-
taries from 11 countries that demonstrate this for a limited range of countries at least.
A couple of examples will suffice. Poland introduced smoke-free legislation in 1996;
however, in reality it was virtually impossible to spend a day in Poland without being
exposed to tobacco smoke in the year or so afterwards (at least). Few public places are
smoke-free with corridors of hospitals and parliament full of smoke and enforcement
dependent on whether the boss smokes or not (Chapman 1998). Italy has laws that
restrict smoking but were not commonly applied. For example, a survey of three hos-
pitals in 1996 found that 87% of employees were exposed to ETS inside the hospital
especially in cooking areas, information desks, and corridors (Zanetti et al. 1998).
Within countries, there is a relationship between strength of laws and worker exposure
in the expected direction (Pederson et al. 1996; Shopland et al. 2001). Legislation
clearly has an important role to play; whether it is about motivating laggards or about
providing the conditions to stimulate action in the first place.

Research indicates that compliance with smoking bans and restrictions in the work-
place can be very high (Borland et al. 1990a; Wakefield et al. 1996). However, compliance
is not guaranteed. It should not be assumed that regulatory action is self-enforcing
even in countries where there is public acceptance of the need to comply (Brownson
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et al. 2002). A high level of compliance with workplace smoking bans is related to the
consultative process used with employees. The literature indicates that use of a consul-
tative process that involves employees is related to employee acceptance of bans and to
high compliance with them. For example, a survey of clerical workers comparing
methods of implementing workplace smoking bans found acceptance was enhanced by
providing thorough information about why the bans were required before they were
imposed and doing this in a social sensitivity manner which acknowledged the incon-
venience and difficulties for smokers. The survey also found that smokers showed the
most incremental gain in accepting bans after exposure to comprehensive information
presented in a highly sensitive manner and that all employees valued the fairness
associated with the process (Greenberg 1994). Kemp et al. (1993), in an Australian
study of pockets of non-compliance with a total indoor workplace ban, found that
non-compliance was largely due to poor management practice, not to any characteris-
tics of the smokers. Management support may be more important than the specific
approach used to implement smoking restrictions and bans. However, regardless of
how bans are implemented, a subgroup of smokers may require additional help in the
form of quit programmes or assistance with cravings to help them adjust to bans.

Overall, studies have consistently shown support for workplace bans and that the
level of support improves after implementation especially where compliance is high
(Borland et al. 1990a; Hocking et al. 1991; Daughton et al. 1992; Brownson et al. 2002).
There is also data from Japan that supports strong acceptance and high compliance
with bans (Mizoue et al. 1999).

Research indicates that even though heavy smokers may find it harder to comply
with bans than lighter smokers (Daughton et al. 1992), a substantial number of smok-
ers approve and accept bans in a context of almost universal compliance (Owen et al.
1991; Stave and Jackson 1991; Daughton et al. 1992; Emont et al. 1995). This finding is
consistent with the notion that many smokers are ambivalent about their smoking and
that they adjust attitudes in line with behaviours, even when the behaviour change is
not voluntary (Borland et al. 1990a).

The nature of the restrictions affect their effectiveness in ways that are entirely
predictable. Research indicates that smoking bans are more effective than partial
smoking restrictions in reducing ETS (Hopkins et al. 2001). Compliance is higher for
total bans (Sorensen et al. 1991; Wakefield et al. 1996) and satisfaction with smoking
regulations appear highest when employees report the least amount of exposure to
environmental tobacco smoke (Sorensen et al. 1991). This has also been found in
Germany (Brenner et al. 1997). The next most effective restriction is ventilated smok-
ing lounges, but is more costly and can elevate lung cancer risk in smokers. The least
effective restriction in reducing ETS being designated smoking area without ventila-
tion (Brownson et al. 2002). Japanese research (Mizoue et al. 1999) supports the
finding that complete bans are complied with better suggesting considerable generality
of this phenomenon. There is a tendency to support the level of restriction to which
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you are subject, but this does not hold for some levels of partial ban (Borland et al.
1992) suggesting that such things as smoking rooms can be problematic.

Research from industrial countries indicates that workers are more likely to be pro-
tected from ETS if they are employed in firms with 50 or more people, have a higher
level of education, are female, and worked indoors. Those workers more likely to
be exposed to ETS included blue-collar workers, self employed, service occupations
(e.g. bar workers), and lower skill occupations which tend to have higher prevalence of
smokers than higher skilled groups (Borland et al. 1997a; Brownson et al. 2002). Larger
companies are more likely to have organized occupational health and safety policies
and are less likely to have policy affected by one influential person (e.g. the boss).

All of the evidence points to the net effect of workplace bans being positive. The
health and well-being of non-smokers (at least) is improved. In addition, the work-
place is made more attractive without the unpleasant smells of tobacco smoke, and
cleaning costs are reduced. The only potential downside is possible loss of productivity
among smokers. One of the most notable features of workplace smoking bans is the
phenomenon of smokers leaving their workplace to have a cigarette (Borland et al.
1997b). This exiled smoking seems to persist and serves social as well as dependence-
serving functions. While some exiled smoking occurs in work breaks, some smok-
ers take extra breaks, which can place extra demands on their co-workers and/or
reduce their productivity. One effect of exiled smoking is that it results in lots of work-
ers smoking on city streets. This can create nuisance value to non-smokers exposed
to the smoke, and by being so public may contribute to perception that smoking pre-
valence is higher than it actually is, a known risk factor for uptake among adoles-
cents (U.S. Department of Health and Human Services 1994). It is also not clear to
what extent it affects productivity of those smokers who take breaks during work
time. However, some organizations have taken action to minimize such adverse effects
by either banning such practices or having workers clock-off and make up the time
spent.

Smoking bans in other public places
In this section we consider movement toward implementation of bans in other public
places, with a special emphasis on hospitality venues.

Partly because most public venues are also workplaces and partly to protect patrons,
there is strong movement towards increased bans or smoking in public places. These
range from shops to enclosed arcades, residential business such as hospitals and hotels,
public transport, and indoor or enclosed sporting facilities. Public places such as trans-
port, hospitals, cinemas, and theatres have commonly become smoke-free in many
countries (Melihan-Cheinin and Hirsch 1997). There is very little published about
bans in these areas. In some cases the implementation of bans in such places occurs in
concert with legislation to ban smoking in workplaces (as most are also workplaces),
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but in some cases they are subject to special regulations that may come into place
before rules mandating all workplaces be smoke-free, or in the case of hospitality ven-
ues (in particular), might be specifically exempted from generic workplace legislation.
One interesting extension of bans is to crowded outdoor spectator areas at sporting
venues. Bans are increasingly been implemented and acceptance and compliance can
be high (Pikora et al. 1999). There seems to be little doubt that in most places bans
can be readily complied with, and come to be appreciated by smokers as well as non-
smokers in the same way as for workplaces in general. The few more contentious issues
are discussed below.

An interesting area of research regarding smoking restrictions in public places was
initiated by Bonfill et al. (1997) in Spain. They simulated violations of public area laws
and observed bystander interventions. They found that only in a small percentage of
cases did violations lead to any action to discourage the smoking. A replication in
Australia (Salmon and Rissel 1999) found similar low levels of intervention, but also
noted some disapproving looks. Poland et al. (1999) explored public reactions to viola-
tions and found reluctance to directly confront violators. Options ranged from ‘Grin
and bear it’, though moving away, an appeal to a third party (i.e. someone in authority),
to overt signs of displeasure. In no case is direct confrontation likely to be easy. In areas
where smoking in public is still normative, a request not to smoke may be seen as
inappropriate, while in areas where it is normative, violators may be more likely to be
anti-social and thus likely to respond to warnings in an aggressive manner. In our view
this work shows that it is not appropriate to rely on the bystander to enforce laws. If
there is a problem with compliance, public education coupled with enforcement by
trained staff should be considered. That said, where norms are appropriate, compliance
is likely to be close to complete.

Residential facilities where bans could have marked impact on residents’ capacity to
smoke have a range of unique issues. For example, prisoners are restricted in where
they can go, and hospital patients and nursing home residents are sometimes incapaci-
tated and unable to readily move to areas where smoking may be permitted. There is
not much systematic research on these settings. However, it is notable that an observa-
tional study of smoking areas at a hospital found that only 10% of users were patients
(Nagle et al. 1996), suggesting that in some cases concern for clients is exaggerated.

One area that has been studied is psychiatric patients, who along with drug and alco-
hol services often have very high smoking rates. Restrictions in residential facilities for
these conditions are less than for other types of hospital patients (Longo et al. 1998).
Even though studies of implementation of bans show little adverse effect, and most
of that transitory (Velasco et al. 1996) it is not clear to what extent these patients had
access to places where they could smoke or were forced to not smoke. Related to this,
Rigotti et al. (2000) found high levels of reported cravings among in-patient residents
of a general hospital, with one quarter reporting smoking, although only a minority of
these admitting to smoking where it was banned. Where in-patients cannot readily go
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to smoking areas alternatives will be needed for those smokers who cannot readily or
will not take advantage of the situation to attempt to quit. There is a need to explore the
utility of nicotine replacement therapy as a substitute for cigarettes in these contexts,
not just as a cessation aid.

The main area where there appears to be strong resistance to the implementation of
smoke-free policies is in hospitality venues, particularly those that also serve alcohol,
but also extending to restaurants of all kinds and gaming venues. Of these restaurants
and bars have been most studied. It seems to be the case that implementing smoking
bans in bars is the area that arouses the most apposition. Arguments against bans are
based on presumed preferences of users of such venues. Proprietors fear loss of patron-
age from smoking clients with no clear expectations of increased patronage from
non-smokers. All of the evidence to date indicates that proprietors fears are misplaced.
Indeed for the hospitality sector overall the net effect seem to be beneficial. A recent
systematic review of the economic impact of bans on the hospitality industry showed
that virtually all the evidence of adverse effect came from studies with weak designs
and/or reliance or opinion measures (Scollo et al. 2003). Studies with strong designs
and actual expenditure measures found either no impact or a small positive impact of
bans. It was notable that all studies showing adverse effects used weaker designs and
were also funded by the tobacco industry or sources close to them. It is now certain
that there are no overall adverse economic consequences of bans on smoking in hospi-
tality venues. A minority of individual business may be adversely affected if they are
unable to adapt, but overall there are potential economic benefits as well as the social
and health benefits of maintaining clear air. For the most part, proprietors have noth-
ing to fear. It seems that much of the concern has been whipped up by the tobacco
industry who may have more to fear as such bans may affect tobacco use (see later).

Bans in restaurants when implemented are complied with and accepted without
need for coercive measures at least in some jurisdictions (Hyland et al. 1999; Chapman
et al. 2001). Furthermore, complete bans do not lead to infrastructure costs associated
with implementation of separately ventilated smoking rooms. Less is known about
bans in bars, but in the limited number of places where they have been implemented
both compliance and acceptance seem to be high (August and Brooks 2000). For all
that is known, the only area where there appears to be any need for significant com-
pensatory efforts is in residential facilities, and here opportunities to go outside and
use of NRT are likely to be adequate solutions in most cases.

Smoke-free homes
Smoking in homes can be done by residents and/or visitors. Clearly there are different
challenges involved in implementing bans when residents smoke than when it is only
a matter of discouraging visitors. Further, the issue of having a ban only really emerges
when there is a possibility of somebody smoking. As a consequence surveys of the
prevalence of smoking bans in non-smoking households may underestimate the true
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prevalence of smoke-free homes because some of the homes without bans may never
the less have no smoking. Even given this, surveys consistently find that prevalence of
bans in non-smoker households is higher than when there are smokers living there.

Like for institutions, mere awareness of the harm has not been sufficient to motivate
mass action in most places. For example, in Victoria, Australia, acceptances of the
harmfulness of passive smoking was high by the mid-1980s and has risen little more
since then, yet the main movement to voluntarily restrict smoking in homes did not
occur until the mid-1990s (Borland et al. 1999). The growing awareness of the harm of
ETS and the benefits of clean air has shifted public attitudes on smoking from one of it
being just a personal behaviour to a key social concern.

At present not smoking in the home and around their children appears to have only
become normative in some countries. The expectation is or was that smokers could
smoke when and where they wanted to. In this context attempting to enforce a smok-
ing ban on others was likely to have been seen as unnecessary and thus unreasonable.
Further, from the perspective of smokers, even if they personally believed in the need
not to smoke around others, to act on such a belief would have been seen as unusual by
others. As the social climate changes, the environment becomes one where the expecta-
tion is that smokers will not smoke in their homes, or especially in those of others,
and it now requires a radical stance to smoke. The patterns of change in expected
behaviours have meant that it is now easy to institute bans in societies which have
moved to restrictions being normative, but it is likely to be much harder where this is
not yet the case.

The vast majority of people (including many smokers) find ETS unpleasant, both
the direct experience and the residual smell (e.g. on clothes). ETS can lead to irritation
of the eyes, throat, and, in susceptible individuals, acute respiratory problems (e.g.
asthma attacks). Smoking in the home causes significant mess, from dropped ash and
smoke settling on surfaces. This increases cleaning needs and contributes to the stale
odour of rooms that have been smoked in. Drawing smokers’ attention to these effects
can help them to see immediate benefits of their decisions not to smoke and will pro-
vide benefits that might not have, of themselves, justified restricting when and where
smoking occurs.

Engaging in ETS control behaviours at home can sometimes be inconvenient for the
smoker. Smoking outside in inclement conditions can be unpleasant, as can having to
interrupt valued activities to go outside. In addition, having to move away from chil-
dren or other non-smokers to find somewhere to smoke can be difficult at times.
Under almost all circumstances it is not desirable to have doors opened as it is likely to
result in at least some of the smoke being blown back into the house. If the smoker is
responsible for supervision of, for example, children, it is impossible to smoke outside
if the children cannot be seen or cannot be supervised from outside (no acceptable line
of sight), or where the children actively seek close contact. This analysis explains why
the task of ETS exposure reduction seems to be harder for smoking parents, especially
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for single parents where there is reduced opportunity to go ‘off duty’ (Ashley and
Ferrence 1998).

For a smoker who lives alone or with non-smokers and has few smoker friends who
visit, ETS control is largely a personal choice. For most other smokers the task is more
of a collective one. In all houses where it is consequential, there is more than one per-
son involved within the household. Even if the household agrees to eliminate smoking
inside there is the problem faced in dealing with friends who visit and the need for
smokers to maintain behavioural consistency if it is going to be feasible to expect
friends not to smoke when they visit. Take the case of a smoker who reluctantly agrees
to have his household smoke-free, but then goes and smokes at a friend’s place whom
subsequently visits and goes to light up. What does the person do? Asking the person
not to smoke violates the principle of reciprocity, yet allowing it violates an agreement
with his/her family. This highlights the fact that a ban on smoking in one’s home can
change the nature of a person’s relationships with all affected people (e.g. smokers who
visit). In social context where smoking around others is not implicitly accepted as an
issue, negotiating such a change in relationships with a range others is likely to be diffi-
cult as there may be no shared reason to justify the act. However, as the social context
changes to where most smokers expect not to smoke around others, the opposite
would be the case, and it would be difficult to smoke in others homes, as it would be
likely to threaten relationships.

Research or strategies to increase home-based smoking restrictions demonstrates
that focused ‘clinical’ interventions find it difficult to gain much change in home-
smoking unless they are quite intense, and even here effects are modest (Borland et al.
1999; Hovell et al. 2000). For example, Hovell et al. (2000) used seven counselling
sessions to find a modest effect. By contrast, in communities that are aware of the risks
and where there has been mass public education to encourage smoke-free homes, there
can be rapid increases in the rates of smoke-free homes (Borland et al. 1999). If we are
to action high levels of smoke-free homes, the best strategy would seem to be changing
community norms about what is acceptable. To do this requires innovators, who will
often be parents of children at high risk (e.g. asthmatics). In our view, clinical style
interventions have a limited role in protecting children from ETS. A case can be made
for developing better clinical interventions to help parents of high risk children move
ahead of social trends. A further possible role for intense interventions may be among
those who have special problems in enacting home restrictions; for example, single
parents in high rise apartments, but even here environmental change may be more
important than any form of skills training.

In cases where not smoking in the home is not practical, there is a need to explore
which exposure reduction strategies are likely to be most effective. Wakefield et al. (2000a)
have shown that lesser restrictions lead to lower cotinine levels than no restrictions,
even though levels are greater than for total bans. Wakefield et al. found that smoking
in rooms the child rarely frequents was associated with lower exposures, but it is not
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clear if this is a benefit of where the smoking occurs or related to lower levels of smoking.
More research is needed to find ways to help smokers for whom the implementation of
smoke-free homes is structurally difficult.

Effects of restrictions on smoking

Although the primary objective of smoking bans and restriction in work-sites and
public places is to reduce exposure to environmental tobacco smoke particularly of
non-smokers, bans have other effects, mainly on smokers, and it is these effects to
which we now turn. In theory there could be effects on tobacco use on non-smokers
and ex-smokers as well as on smokers. Restrictions on smoking could effect the rate of
uptake among non-smokers. Among ex-smokers it may affect likelihood of resuming
tobacco use and among current smokers it may lead to reduction in a number of ciga-
rettes smoked and puffing characteristics of cigarettes smoked, which together affect
total intake; and perhaps effect rates of complete cessation.

The extent of change in consumption and thus potential exposure following intro-
duction of rules will to some extent vary as a function of choices the smoker makes, as
well as other contingencies. This all means that estimates of effect size of studies of the
imposition of bans on smoking represent average effects rather than some underlying
‘true’ effect. Understanding differences in effect sizes is a legitimate and important area
for research.

Effects on daily cigarette consumption
When people cannot smoke for prolonged periods in their workplace, on public trans-
port, and other public locations some may be stimulated to attempt to quit, or smoke
less. However, smokers may compensate for restrictions by smoking more in other
places and times when they can smoke (Chapman et al. 1999). The change in daily cig-
arette consumption due to bans or other restrictions is a function of the total number
of cigarettes not smoked that otherwise would have been in the situation subject to the
ban, minus any extra cigarettes smoked at other times to compensate.

There is consistent evidence that smoke-free workplaces decrease cigarette consumption.
(Eriksen and Gottlieb 1998; Chapman et al. 1999; Hopkins et al. 2001). This evidence
comes from community surveys of workers, retrospective surveys, prospective cross-
sectional work-site studies, and prospective cohort studies (Chapman et al. 1999).
This decline in consumption has been found in a variety of workplaces (Eriksen and
Gottlieb 1998), including in Germany (Brenner and Fleischle 1994) and Japan (Mizoue
et al. 2000).

The precise effect on consumption varies with studies showing a decrease ranging
up to about 5 cigarettes per day, compared to those workplaces with no restrictions.
A number of reviews (using different definitions of methodological robustness) have
estimated that the decline in consumption resulting from smoking bans to be 1.2 ciga-
rettes (Hopkins et al. 2001), 3.5 cigarettes (Chapman et al. 1999), and 3.4 cigarettes
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(Eriksen and Gottlieb 1998). The main difference between the Hopkins et al. finding
and that of the other two was that the Hopkins review relied on quasi randomized tri-
als whereas the other two included before–after comparison studies. In our view, this is
a situation where the use of comparison groups is not the strongest method for esti-
mating the size of consumption changes. This is because the introduction of restrictions
on smoking is a social phenomenon, and the organizations introducing bans are likely
to differ in important and relevant ways to those not (yet) introducing them. For
example, several of the comparison studies used hospitals as the workplace where bans
were implemented. These are not typical environments. Many staff refrained from
smoking around patients before bans were implemented and other refrained from
smoking while on duty (smoking is unhealthy and health care workers should set a
good example). To the extent this happened, bans on smoking would be likely to have a
smaller effect on overall consumption. Further, prior to the moves to restrict smoking,
estimates of tobacco consumption were very stable, and the effects of bans so big (in
some cases) that there is no other plausible alternative explanation for the observed
drop in consumption. Indeed, unpublished work from our group is tracking a small
group of smokers close to the introduction of a total workplace bans. This found a
drop in consumption. This decrease occurred from the workday before the bans were
introduced to the first day of the bans. This effect is very similar to the observed effect
on the larger population studied before and some months after the bans (Borland et al.
1990b). We believe that the average estimate of between 3 and 4 cigarettes per day is the
most valid.

That said, there is no magic amount that one should expect when bans are implemented.
Indeed a small number of studies have found no effects of bans on consumption, while
others have found large effects (Eriksen and Gottlieb 1998). Understanding what influ-
ence the magnitude of effects is of considerable interest. Variance in effect on
consumption may be due to the type of smoking restriction, the amount of consump-
tion before the restrictions, the ability to access places where smoking is allowed,
number and length of legitimate work breaks, degree of compliance, and implementation
issues.

Evidence indicates that more restrictive workplace policies have a greater impact on
consumption (Farrelly et al. 1999; Mizoue et al. 2000). Farrelly et al. (1999), in a large
study concluded that partial restrictions (allowing smoking areas) cut the level of
reduction by about half.

A characteristic of the decline in cigarette consumption has been that heavy smokers
report the largest reductions (Borland et al. 1990b; Borland and Owen 1995; Owen and
Borland 1997; Hopkins et al. 2001). However, this might vary as a function of ease of
cutting down. Borland and Owen (1995) found that heavy smokers who no longer felt
the need to smoke cut down a lot, but those heavy smokers with a strong need to
smoke were less likely to change as they were prepared to put in the effort to find places
where smoking was allowed (Borland and Owen 1995).
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More controversial, there is weak evidence that declines in consumption dissipate
over time (Owen and Borland 1997; Levy et al. 2001). For example, the Owen and
Borland (1997) study which found a decline, was of a group who initially changed
more than average. However, another study (Borland et al. 1991) found no declines in
other workplaces with smaller initial declines 18 months after bans were implemented.
Declines in reduction in consumption should not be assumed, but if they occur they
are likely to relate to changing opportunities for compensatory smoking.

Compensatory smoking will effect overall consumption effects. Some studies report
that smoking bans have not increased compensatory smoking (e.g. Olive and Ballard
1996) whilst others indicate considerable compensation (e.g. Parry et al. 2000). The
degree of compensatory smoking is likely to be affected by the ease with which smok-
ers can find acceptable places to smoke. Leaving work to smoke can be common.
A survey of workers in Victoria, Australia found that half of smokers reporting leaving
work to smoke, with one-fourth leaving work more than three times a day (Borland
et al. 1997b). If these opportunities are curtailed, consumption reduction should
increase, but if new opportunities to smoke emerge, consumption might increase.

Most of the research has looked at reported cigarette consumption rather than meas-
ures of tobacco intake. Gomel et al. (1993) in a small study found that workers reduced
their overall and daily consumption of cigarettes after a total ban was imposed.
However, biological measures indicated that contrary to the self-report, consumption
reverted to baseline levels after an initial decrease. It is possible that some smokers
come to compensate by getting more from each cigarette they smoke. Chapman et al.
(1997) observed that workers puffed longer on cigarettes than other people who were
on city streets. Reductions in consumption of number of cigarettes should not be
assumed to translate into comparable reductions in exposure to tobacco-related toxins.

Regardless of the effects on smokers, reductions in consumption can have adverse
effect on tobacco companies. Approximately, 22.3% of the 2.7 billion decrease in ciga-
rettes consumed in Australia between 1988 and 1995 has been attributed to smoke-free
workplaces as has 12.7% of the 76.5 billion decrease in the USA over a similar time
(Chapman et al. 1999). This is almost certainly the main reason tobacco companies
spend so much effort trying to discourage restrictions.

Even if some of the reductions in consumption do not result in reduced exposure,
there is some evidence that reduced consumption can make quitting easier (Pierce
et al. 1998) and it reduces the amount they spend on cigarettes. It seems safe to con-
clude that these are clear benefits to smokers as a result of the effects of bans in leading
to many of them smoking less.

Little is known about the effects of consumption on bans outside the workplace. It is
likely that they will add to consumption declines. The limiting factor for dependent
smokers is likely to be the amount they need to satisfy their addiction. As it becomes
more difficult for smoker to smoke, it is possible that more will break their addictions
and either quit altogether or become non-addicted users. Indeed, in California, a place
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that has moved as far as anywhere to becoming smoke-free, there has been an increase
in the prevalence of non-daily smoking, even as daily smoking has declined (Pierce
et al. 1998).

Effects on cessation
The evidence on the impact of bans on smoking cessation is less clear. Chapman et al.
(1999) concluded no clear evidence of any effect, but Hopkins et al. (2001) relying on
studies with comparison groups concluded that there is an effect for cessation but
acknowledge studies that have looked at smoking prevalence have been equivocal.
Biener and Nyman (1999) found evidence of increased cessation associated with bans
over a three-year period, but only where the evidence suggested the bans were effec-
tively enforced. There is some evidence that the onset of bans is associated with an
increase in quitting, with the event being used by some smokers as a good time to quit
(Chapman et al. 1999). The frequency of this and whether such actions increase overall
quitting or merely change its timing is unclear. Further, in the period when workplace
bans were becoming most prevalent in Australia, the USA, and some other countries,
was a period where there was little or no change in population smoking prevalence
(Hill et al. 1995; MMWR 1999).

Related to the possible effects on quitting, bans should reduce relapse in ex-smokers
by providing an increased range of safe places. However, there is no clear empirical
evidence to show that this is a real benefit to those trying to stay stopped, but that
is because of a lack of studies rather than a failure to find effects.

Based on all of this work, we tentatively conclude that while these may be small pos-
itive effects of bans on cessation, they are unlikely to be of a magnitude to make
a major contribution to reducing population smoking prevalence. However, as restric-
tions become more prevalent in homes and in recreational venues, it seems likely that
effects on cessation are likely to increase in magnitude.

Possible effect on smoking uptake
One of the most intriguing possible effects of smoke-free places impact is on uptake of
regular tobacco use. Theories around possible effects vary by the type of restriction.
The example bans set and what they say about social norms should have a positive
effect, as should the reduction in opportunities to smoke. The only possible adverse
effect relates to exiled smoking. As restrictions on smoking often result in smokers
going out into outdoor public areas to smoke, their smoking becomes more noticeable
by bystanders. There is no evidence that this activity entices non-smokers in the
workplace to smoke (Clarke et al. 1997), but it may affect the bystanders if it effects
their perceptions of the prevalence of smoking (U.S. Department of Health and
Human Services 1994). On the other hand, if those smokers are perceived negatively
(e.g. as slightly desperate), it might act to discourage smoking, by making it seem less
attractive.
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Smoke-free workplaces for non-smokers may reduce internal pressure to uptake
by not having smoking as part of the workplace. This effect may also influence
experimental smokers, making them more likely to quit. Bans should create a barrier
that might slow down progress from social smoking, which typically occurs later in
the day from being transformed into the levels of addictive smoking typified by smok-
ing soon after waking. Bans in recreational venues and other public places are likely
to have their effect by removing situations which used to be strongly linked to smoking
(e.g. dance venues) into places where smoking is no longer normative. Home
bans effects are likely to be largely through the messages they provide about parental
attitudes.

The limited research available to date is supportive of a positive contribution of all
kinds of smoke-free places on inhibiting uptake of regular smoking, but in no case
is the evidence definitive, because it is largely based on cross-sectional data, or on
professed intentions.

The evidence for effects in the home is strongest, with three studies finding effects
(Farkas et al. 2000; Proescholdbell et al. 2000; Wakefield et al. 2000b). It is of note that
two of these found the strongest effects in homes with no adult smokers, suggesting the
importance of smoke-free homes for conveying parental attitudes. Where one or more
parents smoke, there are likely to be a range of other ways by which their attitudes to
smoking are conveyed.

The workplace studies (Farkas et al. 2000; Wakefield et al. 2000b) are also consistent
with hypothesized effects, with one (Wakefield et al. 2000) finding an effect only on the
transition from experimental to regular smoking.

There is also potential for benefits of bans in recreational venues with Philpot et al.
(1999) reporting that many young social smokers who frequent pubs and nightclubs
saying that smoking bans in those venues would lead them to quit altogether. As such
venues are ones where social smokers are more likely to smoke (Trotter et al. 2002),
such effects are plausible, but yet to be demonstrated.

We conclude that smoke-free places have potential to discourage uptake of smoking,
including reducing the transition from experimental to regular smoking. There is no
evidence of any negative effects. Nothing is known of the size of any effects or of the
factors that might effect their size except for the plausible finding that poorly enforced
policies, are likely to have lesser or no positive effects.

Predictions for the future
There seems to be little doubt that the world is moving to a situation where the respon-
sibility to protect non-smokers from passive smoking will take priority over whatever
needs smokers have to smoke. In some jurisdictions we are getting very close to this in
2004, but for much of the world there is still an enormous amount of work to do.
Unfortunately, lack of data means that we do not have any precise estimate as to what
is required, except in a small number of places that are probably among the most
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advanced. Although in countries like the USA where the most is known there is consid-
erable variation in the current situation (Shopland et al. 2001).

The strategy to progress will need to include both public education, legislative meas-
ures, and compliance systems. The order in which the first two are introduced will vary
by jurisdiction, and if the public education component is adequate, there is unlikely
to be a major need for large scale compliance measures as the rules are likely to be
self-enforcing. At least, that has been the experience where appropriate mixes of education
and rules have been introduced.

But what will the future look like? Enclosed public places and workplaces will be all
smoke-free. Some facilities will have separately ventilated smoking rooms, especially
where suitable outdoor smoking venues are not available. These rooms will need to
be places where people do not need to work for extended periods (they will need to be
cleaned), and they should not have alcohol served or available given the interactive
health harms between tobacco and alcohol (IPCS (International Programme on
Clinical Safety) 1999). The alternative to smoking areas is to force addicts into areas
where they can ‘sneak’ a smoke. Some of these areas may create other risks, such as of
fire and/or risks to the physical security of the smokers. We do not think that such
smoking rooms will be needed at most workplaces, they clearly will not, but there will
be a need for some in crowded business areas and such places as airports where people
sometimes need to spend extended periods.

For private environments, the move towards smoke-free rooms are likely to depend
more on public education and changing social norms than on legislation. As smoking
is restricted in public places, pressure to implement restrictions in homes (and cars) is
likely to build. Not smoking in homes will become normative, but in a small number of
cases smoking will persist, most notably in multi-floor dwelling without balconies.
At least in richer countries, it is likely that building regulations will be modified to
ensure at least some exposure reduction mechanisms are available for these situations,
but in poorer countries, such solutions may be too costly.

Tobacco smoking will retreat to being a private activity engaged in alone or among
consenting adults. This social marginalization of smoking is likely to encourage cessation
and reduce uptake, contributing to other efforts that will help to create what is effectively
a smoke-free world for most of its inhabitants. The overwhelming majority of non-
smokers will be able to live their lives free of harmful and annoying exposure to ETS.
The movement to control ETS is one of the great successes of public health already in
some countries, and we expect it to become the case in the rest of the world quite quickly.
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Chapter 42

Effective interventions to reduce
smoking

Prabhat Jha, Hana Ross, Marlo A. Corrao and
Frank J. Chaloupka

Introduction
Cigarette smoking and other tobacco use currently accounts for one of every ten adult
deaths world wide. Given current trends, about 500 million people alive today will die
prematurely as a result of tobacco use, with one billion deaths from tobacco expected
during this century (WHO 1997; Peto and Lopez 2001). Future tobacco mortality
depends largely on current smoking patterns. The increase in tobacco deaths is the
result of both increases in the susceptible population size and increases in age-specific
disease rates. Low-income countries will pay the biggest toll in this respect, accounting
for 87 per cent of the increase in tobacco-attributable deaths between 1990 and 2020
(Murray and Lopez 1997). Even though reducing smoking initiation will reduce the
burden associated with smoking in the long run, the most immediate reduction in
tobacco related mortality would be achieved by encouraging cessation among current
smokers (Peto and Lopez 2001; Donald et al. 2002).

Given the public health consequences of smoking, governments have a strong
incentive for intervening to reduce tobacco use. However, many governments have
resisted taking strong action because of concerns that effective interventions would
have harmful economic consequences. Recent efforts by the World Bank, in partnership
with the World Health Organization (WHO), have addressed these concerns. A team of
over 40 economists, epidemiologists, and other tobacco control experts examined the
state of knowledge about tobacco use and tobacco control strategies. A summary of this
work was published in 1999 (Jha and Chaloupka 1999), and the background papers
contributing to this work were published in 2000 (Jha and Chaloupka 2000a, b).

This chapter reviews and updates the findings from these global analyses. It begins
with an overview of trends in global tobacco use and its consequences, followed by
a review of the evidence for the effectiveness of tobacco control policies and their
impact on smoking initiation and cessation. A description of the types and compre-
hensiveness of policies currently in place and a discussion of some of the factors
correlated with the strength and comprehensiveness of these policies follows. Finally,
the constraints against implementing tobacco control policies and global efforts to
overcome these constraints are discussed.
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Table 42.1 Estimated smoking prevalence (by gender) and number of smokers, 15 years of
age and over, by World Bank region, 1995

World Bank region Smoking prevalence Total smokers

Males Females Overall (millions) (% of all
(%) (%) (%) smokers)

East Asia and Pacific 62 5 34 429 38

Europe and Central Asia 53 16 34 122 11

Latin America and Caribbean 39 22 31 98 9

Middle East and North Africa 38 7 23 37 3

South Asia (cigarettes) 20 1 11 84 7

South Asia (bidis) 20 3 12 94 8

Sub-Saharan Africa 28 8 18 56 5

Low and middle income 49 8 29 919 82

High income 37 21 29 202 18

World 47 11 29 1121 100

Note: Country economics are divided according to 1999 GNI per capita, calculated using the World Bank Atlas
method. The groups are: low income, $755 or less; lower middle income, $756–$2995; upper middle income,
$2996–$9265; and high income, $9266 or more (http://www.worldbank.org/data/databytopic/class.htm#
Definitions_of_groups).

Source: Jha et al. 2002.

Tobacco use and its consequences
Our estimates indicate that over 1.1 billion people smoke worldwide, with about 82 per
cent of the world’s smokers residing in low- and middle-income countries (Table 42.1).
Smoking prevalence is highest in the European/Central Asia region and in the East
Asia/Pacific region where over one-third of the population smokes. As Table 42.1
indicates, smoking prevalence is significantly higher among men in low- and middle-
income countries, with the difference between smoking prevalence among men and
women being smaller in high-income countries (Jha et al. 2002).

The release of information linking smoking to poor health reversed the upward
trend in smoking prevalence in most high-income countries. On the other hand,
smoking continues to increase in many low- and middle-income countries, in part due
to increasing income and trade liberalization (Taylor et al. 2000).

The impact of smoking on health has been extensively documented elsewhere (Peto
et al. 1994; Gajalakshmi et al. 2000). Data from both high-income and low- and mid-
dle-income countries suggest that about half of all long-term regular smokers are killed
by their addiction. Half of these deaths occur during productive middle age (35–69 years
old) (Peto et al. 1994). Currently, about half of all tobacco-related deaths occur in high-
income countries, while the others occur in low- and middle-income countries. Recent
major studies from China (Liu et al. 1998; Niu et al. 1998), and emerging studies from
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India (Gupta and Mehta 2000; Gajalakshmi et al. 2003), indicate that the overall risks of
smoking are about as great as in high-income countries such as the United States and
the United Kingdom (about one in two risk of death with persistent smoking). However,
the pattern of smoking-related diseases in these nations is substantially different. A
recent study in Chennai, India (Gajalakshmi et al. 2003) suggested that smoking
accounted for about half of the tuberculosis deaths. Smoking caused 12 per cent of male
tuberculosis deaths in China, but—in contrast to Western high-income countries, it
caused few deaths from ischemic heart disease (Liu et al. 1998). Given the recent trends
in smoking and the lags between smoking and disease onset, approximately 70 per cent
of the 10 million tobacco-attributable deaths expected in 2030 will take place in low-
and middle-income countries.

Smoking is more common among poor men than among rich men in nearly all
countries. In developed countries, smoking accounts for approximately half of the
mortality gap between rich and poor males (Bobak et al. 2000). For women, who have
generally been smoking in large numbers for a shorter period, the relationship between
smoking, smoking-attributable mortality, and socioeconomic status is more variable.

Interventions to reduce smoking
Tobacco use generates social costs that provide the rationale for government interven-
tion in the tobacco market. Poor understanding of the addictive nature of tobacco
products, particularly at the time of smoking initiation, coupled with insufficient
information about the health consequences of smoking gives additional reason for
government involvement (Warner et al. 1995; Jha et al. 2000c), particularly in low- and
middle-income countries where general awareness of the health risks is even lower
(Kenkel and Chen 2000).

In addition to preventing tobacco consumption among children, comprehensive
approaches focusing on smoking cessation are critical to near-term improvements in
public health. As illustrated by Fig. 42.1, a mix of tobacco control policies that is
effective only in reducing smoking initiation would have little impact on smoking-
attributable deaths during the first half of the twenty-first century. The vast majority of
tobacco-attributed deaths over the next 50 years will occur among current smokers
(Peto and Lopez 2001). Studies in western populations have documented the
enormous benefits of quitting smoking, particularly before the onset of major diseases
(Donald et al. 2002). Thus, cessation among today’s smokers is key to progress in
tobacco control over the next few decades (Fig. 42.1).

Interventions in the tobacco market can be classified as demand side or supply side
interventions.

Demand side interventions
The effect of demand side interventions has been mostly examined in high-income
countries. Recent studies from low- and middle-income countries provide additional
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information on the possible impact of these interventions in different economic
circumstances (Abedian et al. 1998).

Tobacco taxation

Historically levied to generate revenues, tobacco taxes have recently become an impor-
tant tool to reduce smoking.

There are significant differences across countries in the level of tobacco taxes.
As illustrated in Fig. 42.2, taxes tend to be absolutely higher and to account for a
greater share of price in high-income countries. In low- and middle-income countries,
taxes are generally much lower, accounting for less than half of the price of cigarettes.

Numerous studies from high-income countries demonstrate that increases in
tobacco taxes lead to significant reductions in cigarette smoking and other tobacco use.
This occurs as the combination of increased smoking cessation, reduced relapse, slower
progression towards nicotine addiction, and decreased consumption among continu-
ing tobacco users. The impact of price on consumption is measured by the price
elasticity of demand, where the elasticity is defined as the percentage change in the
quantity consumed resulting from a one-per cent increase in price.

Cigarette price elasticity estimates from high-income countries range from −0.3
to −0.5, indicating that a 10 per cent increase in cigarette prices will reduce overall
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cigarette smoking by 3–5 per cent (Chaloupka and Warner 2000; Chaloupka et al.
2000; USDHHS 2000). The theory of addiction accounting for slower response
among addicted smokers suggests that long-run price elasticities are approximately
twice as high as those in the short-run, with the long-run estimates centered on −0.8
(Becker et al. 1994). In addition, research confirmed an inverse relationship between
price elasticity and age, with estimates for youth price elasticity of demand up to three
times those obtained for adults (Harris and Chan 1999; Gruber 2000; Ross and
Chaloupka 2001). Several recent studies indicate that cigarette price increases are
particularly effective in reducing youth smoking uptake, preventing moving from
experimentation into regular, addictive smoking (Douglas 1998; Emery et al. 2001;
Ross et al. 2001; Tauras et al. 2001).

Several studies have explored differences in the price sensitivity of cigarette demand
by income, education, and/or socioeconomic status (Chaloupka and Warner 2000;
Chaloupka et al. 2000; USDHHS 2000). They demonstrated that less-educated persons
(Chaloupka 1991), lower-income individuals (CDC 1994), and people with lower
socioeconomic status (Townsend et al. 1994) reduce their tobacco consumption more
in response to price increases than people who are more educated, have higher-income
levels, and have higher socioeconomic status.

Higher price responsiveness among lower-income groups is supported by research in
low- and middle-income countries (Chaloupka et al. 2000). In general, estimates of
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price elasticity for low- and middle-income countries are about double those estimated
for high-income countries, implying that significant increases in tobacco taxes in these
countries would be very effective in reducing tobacco use.

In summary, the empirical evidence indicates that increases in tobacco taxes reduce
tobacco use by preventing initiation (and subsequent addiction), increasing the likeli-
hood of cessation among current users, reducing relapse among former users, and
reducing consumption among continuing users. Thus, higher tobacco taxes will lead
to substantial improvements in public health and to lower social costs attributable to
smoking.

Restrictions on smoking

Increased awareness of the health consequences of passive smoking exposure, particu-
larly among children, has led many governments as well as private entities to adopt
restrictions on smoking. While the rationale for these restrictions is to reduce non-
smokers’ exposure to environmental tobacco smoke, the policies also reduce smokers’
opportunities to smoke. In Western populations, comprehensive restrictions on smok-
ing lead to 5–15 per cent reductions in population smoking rates (Evans et al. 1999;
Emont et al. 1992; Ohsfeldt et al. 1998; Hopkins et al. 2001; Levy and Friend 2003) and
to the changes in social norms regarding smoking behavior, especially among youth
(Woolery et al. 2000). Smoking bans in workplaces generally reduce quantity smoked
by 5–25 per cent, and prevalence rates up to 20 per cent (Fichtenberg and Glantz 2002;
Levy and Friend 2002). The no-smoking policies seem to be most effective when strong
social norms against smoking help to make smoking restrictions self-enforcing
(Jacobson and Wasserman 1997).

Health information and counter advertising

The first reports linking smoking to lung cancer released in the US and the UK in the
1960s, followed by publicity about the health consequences of smoking led to signifi-
cant reductions in cigarette smoking, with initial declines between 4 and 9 per cent,
and longer-term cumulative declines of 15–30 per cent (Townsend 1993; Kenkel and
Chen 2000). Similar declines accompanied information dissemination on tobacco
harm in low- and middle-income countries several years later (Kenkel and Chen 2000).
Even after the initial information shock, mass media antismoking campaigns still have
potential to reduce smoking prevalence by 4–12 per cent if sufficiently funded and
combined with other tobacco control policies, and school- or community-based pro-
gramme (Hopkins et al. 2001; Farrelly et al. 2002; Friend and Levy 2002). The
continuing discovery of new evidence about the harmful effects of tobacco use and
inadequate understanding of these risks among members of the public (Weinstein
1998), particularly in the lowest, income countries implies, however, that there is still
much to be done in terms of health education.

EFFECTIVE INTERVENTIONS TO REDUCE SMOKING738
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Bans on advertising and promotion

Econometric studies exploring the relationship between cigarette advertising and
cigarette demand have produced mixed findings, with the majority of them concluding
that advertising has, at most, a small positive impact on demand (Townsend 1993;
Chaloupka et al. 2000). However, critics of these studies note that econometric methods,
which estimate the impact of a marginal change in advertising expenditures on smoking,
are ill suited for studying the impact of total advertising (Townsend 1993; Chaloupka
et al. 2000; FTC 2001). All cigarette producers operate at a highly saturated level of adver-
tising exposure where the effect of a small change in advertising expenditures is almost
untraceable. Approaches employing qualitative methods to evaluate the impact of
cigarette advertising do support the hypothesis that increased exposure leads to higher
cigarette demand (UK Department of Health 1992; USDHHS 1994).

Studying the impact of advertising and promotion bans on cigarette smoking
provides more direct evidence on the impact of advertising (Chaloupka and Warner
2000; Saffer 2000). For example, a recent study predicted that a comprehensive set of
tobacco advertising bans in high-income countries could reduce tobacco consumption
by over 6 per cent, adjusted for price effects (Saffer and Chaloupka 2000). The study
also concludes that partial bans have little impact on smoking behavior, given that the
tobacco industry can shift its resources from the banned media to those that are not
banned.

Smoking initiation and cessation interventions

Preventions of smoking initiation is important for long-term reduction in tobacco
consumption. However, smoking cessation is the key to reversing the current unfavorable
trend in smoking-related mortality over the next few decades.

Several studies using data from the US and the UK have concluded that it is possible to
slow down smoking uptake and to motivate individuals to quit smoking using demand
side interventions. There is some evidence that higher cigarette prices reduce smoking
initiation. One study predicts that a 10 per cent rise in cigarette prices reduces the prob-
ability of smoking initiation from 3 per cent to 10 per cent depending on how initiation
is defined (Tauras et al. 2001). Higher tobacco taxes were linked both to more quit
attempts and quit success. It is estimated that a 5 per cent increase in tax can lead to a
reduction in smoking of approximately 6–9.5 months (Forster and Jones 1999), and
that a 10 per cent increase in cigarette prices increases the percentage of successful ces-
sation by 8.5 per cent and quit attempts by 2.8 per cent in one year (Levy and Romano
2002). Two economic analyses of US young adults data confirmed a positive and
significant impact of higher cigarette prices on the probability of first-time cessation
as well as on subsequent cessation for those individuals who were unable to remain
smoke-free after at least one prior cessation attempt (Tauras 1999; Tauras and
Chaloupka 1999). According to these studies, a 10 per cent increase in cigarette price
increases the probability of smoking cessation success by 3.4 per cent.
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Besides price, limits on smoking at home and at school that are relatively strong and
are enforced can slow down smoking uptake (Pierce and Gilpin 2001). Restriction on
smoking at workplaces and at home can also increase cessation attempts and lower rates
of relapse among smokers who attempt to quit (Wakefield et al. 2000; Levy and Romano
2002). Smoking restrictions are often a reflection of antismoking social norms that make
smoking behavior less attractive, thus reducing the motivation for smoking initiation
and increasing the probability of smoking cessation (Nyborg and Rege 2000).

Tobacco advertising and marketing is linked to higher rate of smoking experimenta-
tion (Pierce et al. 1998). In addition, comprehensive antismoking media campaigns
(Pierce and Gilpin 2001; Levy and Romano 2002) and long-term community-wide
programs (Korhonena et al. 1999; Farrelly et al. 2002) lead to more quit attempts and
higher smoking abstinence rates.

Along with population-based cigarette demand interventions, there are individual-
level efforts relying on behavioral treatments of smoking cessation. They range from
self-help manuals and on-line quit guides to clinical interventions (USDHHS 2000).
Recently, pharmacological treatments, including nicotine replacement therapies
(NRTs) and antidepressants such as bupropion, have become widely available in high-
income countries (Novotny et al. 2000; USDHHS 2000). There is mixed evidence on
the impact of behavioral therapies on successful smoking cessation (Novotny et al.
2000; USDHHS 2000). Nevertheless, pharmacological treatment is linked to greater
likelihood of quitting, with success rates two times those when this aid is not employed
(Raw et al. 1999; Novotny et al. 2000; USDHHS 2000). The demand for NRT and other
pharmacological therapies is related to economic factors, including their price (Tauras
and Chaloupka 2001). Policies that decrease the cost of NRT and increase its availability
would likely lead to substantial increases in the use of these products. The evidence
from the US suggests that full coverage of a tobacco-dependence treatment benefit
and/or their sale over-the-counter (OTC) are effective and relatively low-cost strategies
for significantly increasing quit rates and quit attempts among adult smokers (Keeler
et al. 2002). The net impact of NRT in low- or middle-income countries has been less
well studied.

Table 42. 2 summarizes the current knowledge about the efficacy of various public
health measures with respect to smoking initiation and smoking cessation.

Even though the recent attention to smoking uptake and cessation begins to fill in
the knowledge gap, there are still many aspects of this complex behavioral change that
need to be investigated in order to design more effective public policies encouraging
smoking cessation and preventing smoking initiation.

Effectiveness of demand side interventions
Research has demonstrated that demand side interventions are highly effective in
reducing the demand for tobacco products and that their widespread adoption would
generate substantial reductions in the public health toll from tobacco.

EFFECTIVE INTERVENTIONS TO REDUCE SMOKING740
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Table 42.3 summarizes findings from a recently updated simulation model that
estimates the global impact of alternative policies aimed at reducing the demand for
tobacco (Ranson et al. 2001). The assumptions underlying this simulation model are
deliberately conservative. Nevertheless, the results indicate that substantial savings in
human lives would result from the various policy changes. A 10 per cent price increase,
for example, would reduce expected smoking-attributable deaths among current
smokers globally by an estimated 5–16 million. Similarly, lives can be saved by
increased use of NRT and by introducing a comprehensive set of nonprice measures.
This analysis concludes that these interventions are highly cost-effective, particularly
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Table 42.2 The effect of public health measures with respect to smoking initiation and cessation

Intervention Initiation Cessation

Price/tax increases Evidence of negative effects Evidence supports positive effect on
Higher effect on initiation no. of attempts and on the success

of regular smoking then on 10% increase in price: 11–13%
experimentation (social sources) shorter smoking duration; or

10% increase in price: 3–9.5% 3.4% higher probability of cessation
lower probability of 5% increase in tax: 6–9.5 months
smoking initiation shorter smoking duration

Antismoking Some evidence of negative Positive effect of health information on
media campaigns effects of aggressive and well- no. of attempts and on the success

funded campaigns; more Positive effect of comprehensive
effective when complemented campaigns on no.of
with school- or community- attempts and on the success
based programs Existence of cessation program

improves success
Positive effect of community

level Interventions

Tobacco advertising Positive effect on female initiation Total ban has positive effect
and marketing Positive effect on susceptibility (6% reduced consumption)

to smoking and experimentation Partial ban not effective
Total ban reduces initiation

Youth access Weak evidence of negative No evidence of an effect, perhaps
restrictions effect on uptake progress, due to weak enforcement

initiation and experimentation

Smoking Negative effect of school and Positive effect (particularly work and
restrictions household restrictions if household restrictions)

enforced and relatively strong Clean indoor air laws improve
Mixed results for public places probability of successful quitting

restrictions

NRT No evidence Positive effect on the efficacy of
quit attempts

Positive effect on no. of attempts

Source: Authors.
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for low- and middle-income countries, when compared to other public health
interventions.

Supply side interventions
In contrast to the effectiveness of demand side interventions, interventions reducing
the supply of tobacco were not found very effective in curbing the epidemic (WHO
1997). For example, limiting youth access to tobacco was not yet clearly linked to less
tobacco use (USDHHS 2000; Woolery et al. 2000). The effective implementation and
enforcement of these policies also requires infrastructure and resources that are
difficult to secure. Crop substitution and diversification programs usually do not
reduce tobacco supply (Jacobs et al. 2000). While trade liberalization has contributed
to increases in tobacco use, particularly in low- and middle-income countries, restric-
tions on trade in tobacco that violate international trade agreements may result in
retaliatory measures harming the whole economy (Taylor et al. 2000).

The key intervention on the supply side is the control of cigarette smuggling,
currently estimated to amount for 6–8 per cent of global consumption (Merriman
et al. 2000). While differences in taxes and prices across countries suggest a motive
for smuggling, a recent analysis showed that corruption within countries is a
stronger predictor of smuggling than price (Merriman et al. 2000). Effective anti-
smuggling supply side measures are not very well studied, but are likely to include
prominent tax stamps and warning labels in local languages, better methods
for tracking cigarettes through the distribution chain, aggressive enforcement of

EFFECTIVE INTERVENTIONS TO REDUCE SMOKING742

Table 42.3 Potential impact of a price increase of 10%, increased NRT use, and a package of
nonprice measures

Region Smoking- Change in number of deaths (millions)
attributable 10% price NRT with Nonprice
deaths increase effectiveness interventions with
(millions) of effectiveness of

Low High 0.5% 2.5% 2% 10%
elasticity* elasticity*

Low-income 303 −4.6 −13.7 −1.1 −5.3 −4.2 −21.2
and middle- −(1.5%) −(4.5%) −(0.3%) −(1.7%) −(1.4%) −(7.0%)
income

High-income 67 −0.5 −2.0 −0.2 −1.2 −0.9 −4.7
−(0.7%) −(3.0%) −(0.3%) −(1.7%) −(1.4%) −(7.0%)

World 370 −5.1 −15.7 −1.3 −6.5 −5.2 −25.9
−(1.4%) −(4.2%) −(0.3%) −(1.7%) −(1.4%) −(7.0%)

*Low elasticity is −0.2 for high-income regions and −0.4 for low-income and middle-income regions. High elasticity
is −0.8 for high-income regions and −1.2 for low-income and middle-income regions.

Source: Ranson et al. 2001.
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antismuggling law, and stronger penalties for those caught violating these laws
(Joossens et al. 2000).

Comprehensive programs to reduce tobacco use
Comprehensive programs to reduce tobacco use are based on an assumption that there
is a synergy among various antismoking policies improving their individual effective-
ness. In general, these programs have one or more of four key components: national
and community interventions, counter marketing campaigns, policy and regulation,
and surveillance and evaluation (USDHHS 2000). Recent evidence from the US and
UK clearly indicate that these comprehensive efforts have been successful in reducing
tobacco use and in improving public health (Townsend 1998; USDHHS 2000;
Wakefield and Chaloupka 2000; Farrelly et al. 2001).

Coverage of effective tobacco control policies

While there is substantial evidence concerning the effectiveness of numerous policy
interventions to reduce tobacco use, their implementation is uneven and limited.
An analysis of legislative data abstracted from the Tobacco Control Country Profiles
database (Corrao et al. 2000) indicates that the higher-income countries have more
antismoking laws in place than the low- and middle-income countries. Evidence
points to a positive relationship between the comprehensiveness of tobacco control
policies and income level, but there are also wide differences among countries within
an income group (Chaloupka et al. 2001). These differences were found not to be
linked to the relative employment in tobacco agriculture, but may be affected by
tobacco industry lobbying power, and other factors such as rule of law and government
effectiveness. The country’s overall commitment to tobacco controls is also reflected in
active enforcement of tobacco control provisions (Chaloupka et al. 2001).

Political resistance to tobacco control usually comes from worries about the loss of
budget income from tobacco tax. Often, governments do not realize that if tobacco
disappears from the economy, there is no net tax loss, because other products can
replace tobacco as a tax base. Providing evidence that tobacco control programs, includ-
ing research, could be self-financing when funded by tobacco excise taxes, can diminish
the opposition. Another political tool used to gain the political and civil society support
for tobacco control is to earmark tobacco tax. Earmarking could secure funds for services
that would not have existed otherwise.

The Framework Convention on Tobacco Control (FCTC) could help to overcome
some of the concerns about tobacco control policies. The FCTC aims to be an inter-
national treaty that would commit 191 member states of the WHO to adopting strong,
effective tobacco control policies (Taylor and Bettcher 2000). The FCTC could be most
effective in addressing issues associated with tobacco industry globalization such as
restricting tobacco advertising and promotion, controlling the smuggling of tobacco
products, improving the sharing of information internationally, and more.
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Conclusions
Tobacco use is a huge and growing cause of death worldwide. If the current consump-
tion patterns continue, it will kill about 1 billion people in the twenty-first century.
There is strong evidence that tobacco tax increases, the dissemination of information
about the health risks from smoking, restrictions on smoking in public places and
workplaces, comprehensive bans on advertising and promotion, and increased access
to cessation therapies are effective in reducing tobacco use. Despite this evidence, these
policies have been unevenly applied, partly due to political constraints and lack of
awareness about the effectiveness and cost-effectiveness of these interventions. Tobacco
control advocates and those conducting research in this area will play an important role
in dealing with this global public health problem.
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Chapter 43

Treatment of tobacco dependence

Michael Kunze and E. Groman

Introduction
This chapter will review the state of the art of treatment of tobacco dependence, based
on recent international recommendations and will also point out to some additional
findings, especially those generated by the Nicotine Institute Vienna, the first
specialized institution in Austria, founded 1998 to reduce the burden of tobacco-
related diseases (Groman et al. 1999b).

On the basis of the 1980 UICC Guidelines for Smoking Control (Gray and Daube
1980), we started our work on developing guidelines on diagnosis and treatment of
tobacco dependence back in 1984 (Kunze and Wood 1984).

The US Surgeon General Report of 1990 came up with major conclusions, which
were the basis for further research on how to improve treatment of tobacco depend-
ence (US Department of Health and Human Services 1990).

The big problem for the implementation of treatment is the relation between candi-
date patients, who need treatment, and the availability of services, which can provide
treatment. For the Austrian situation we made the assumption, that at least 130 000
people would need specialized treatment services (Groman et al. 2000a).

Research into the genetics of smoking has increased our understanding of nicotine
dependence, and is likely to illuminate the mechanisms by which cigarette smoking
adversely effects the health of smokers. Given recent advances in molecular biology,
including the completion of the draft sequence of the human genome, interest has now
turned to identifying gene markers that predict a heightened risk of using tobacco and
developing nicotine dependence (Hall et al. 2002).

Tobacco dependence and its epidemiology
The cumulative findings of more that 2500 scientific papers led to the conclusion that
cigarettes and other forms of tobacco are addictive, that nicotine is the drug in tobacco
that causes addiction and that the pharmacological and behavioural processes that
determine tobacco addiction are similar to those underlying other drugs such as
heroine or cocaine (US Department of Health and Human Services 1988). Nicotine is
psychoactive, euphoric, and reinforcing, produces tolerance, results in physiological
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dependence and has useful effects (weight control, mood control, relief of tobacco
withdrawal symptoms).

Tobacco dependence is associated with heavy consumption, tolerance, regulation
of intake, and withdrawal. Most smokers experience withdrawal symptoms such as
dysphoria/depressed mood, insomnia, irritability/frustration/anger, anxiety, difficulty of
concentration, restlessness, decreased heart rate, and increased appetite (Hughes 1991).

Tobacco dependence occurs often and is the most important barrier to cessation.
It shows interesting epidemiological features, some of them are outlined below.

One of the first studies in this respect was undertaken by Lagure et al. in France.
Over 1000 people took part in a telephone survey using the Fagerström Tolerance
Questionnaire (FTQ) (Lagrue et al. 1989). Approximately one-third of those who were
smokers (34% of the total sample) had an FTQ score of 3 or less (low dependence), 47%
had a score of between 4 and 6, and 19% had a score of 7 or more (severe dependence).

A smaller study (n = 201) was conducted by Hale and co-workers (1993) in the US,
using the criteria for drug dependence from the Diagnostic and Statistical Manual of
Mental Health III (DSM-III) (American Psychiatry Association 1987). Using these
criteria, they found that 24% of their sample were severely dependent (7–9 criteria), 26%
were moderately dependent (5–6 criteria), 30% were mildly dependent (3–4 criteria),
and 18% were not dependent (0–2 criteria).

Another study has been performed using the six-question Fagerström Test for
Tobacco dependence (FTND) in a representative population sample in Austria.

The sample consisted of 6000 randomly selected Austrians (aged 14 years or over)
who were interviewed face-to-face. 42% of men and 27% of women reported to be
smokers (Kunze 1993). Using a five-level categorization of the epidemiology of tobacco
dependence in Austria based on the FTND score, it was found that the majority of
smokers (all age groups and both sexes), 34%, had what was designated ‘low’ depend-
ence (FTND score 3–4), 30% had very low dependence (FTND score 0–2), and the
remaining 36% were divided between the medium, high, and very high dependence
groups (Schoberberger 1993).

There are interesting transcultural differences in degrees of tobacco dependence.
In societies where rates of smoking are low, it is feasible to suppose that the remaining
smokers are more highly dependent. The FTND should enable the epidemiological
aspects of tobacco dependence in different populations to be investigated in more
detail, with a view to assisting in the determination of the most effective treatment for
tobacco dependence in smoking cessation.

The lower the smoking prevalence in a country is, the higher the dependence level
of remaining smokers is; this is a result of selective quitting, because less dependent
smokers are probably stopping to a larger extent than more dependent smokers. In the
United States, a country with a low smoking prevalence, the smokers show a high
tobacco dependence. In other countries (Austria and Poland) the smoking prevalence
is high, but the averaged tobacco dependence is low (Fagerström et al. 1996).
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Nocturnal sleep-disturbing nicotine craving
Working with heavy dependent patients we have noticed a sleep disturbance, which is
a further symptom of extreme tobacco dependence. We call this symptom ‘nocturnal
sleep-disturbing nicotine craving’ (NSDNC). NSDNC is characterized by craving for
cigarettes during the individual sleep times. The smoker awakes (one or several times
per week) during his regular sleep time, and has to smoke a cigarette before he/she
continues sleeping. This symptom can be explained by the decreasing nicotine levels
during sleeping, which results in nicotine craving. However, NSDNC should be care-
fully separated from other sleep disturbances, or sleep disturbing events (nocturia,
medication side effects), when nicotine craving is not the main reason for awakening
(Rieder et al. 2001).

State of the art
To review the state of the art of treatment of tobacco dependence three important
documents are reviewed: M. Raw, P. Anderson, A. Batra, G. Dubois, P. Harrington,
A. Hirsch, J. Le Houezec, A. McNeill, D. Milner, M. Pötschke-Langer, W. Zatonski: WHO
Europe evidence-based recommendations on the treatment of tobacco dependence.
Tobacco Control 2002; 11:44–46; Michael C. Fiore: Consensus Statement: A clinical
practice guideline for treating tobacco use and dependence. JAMA, June 28, 2000,
Vol. 283, 3244–3254; National Institute for Clinical Excellence: Guidance on the use of
nicotine replacement therapy (NRT) and bupropion for smoking cessation. Technology
Appraisal Guidance, No. 39, March 2002.

The WHO Europe Recommendations (Raw et al. 2002) have been written as an
initiative of the World Health Organization European Partnership Project to Reduce
Tobacco Dependence.

These recommendations so far have been endorsed by many professional organiza-
tions dealing with the tobacco problem.

For brief intervention this document provides the following guidelines.

◆ As part of their normal clinical work doctors should include  the following essential
features:

◆ ask about, and record smoking status, keep record up to date;

◆ advise smokers of the benefit of stopping in a personalized and appropriate
manner (this may include linking the advice to their clinical condition)

◆ Assess motivation to stop.
◆ Assist smokers in their stop attempt if possible; this might include the offer

of support, recommendation to use NRT or bupropion, and accurate infor-
mation and advice about them, referral to a specialist cessation service if
necessary.

◆ Arrange follow up if possible.
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If help can be offered a few key points can be covered in a few minutes:

◆ set a stop day and stop completely on that day;

◆ review past experience and learn from it (what helped? what hindered?);

◆ make a personalized action plan;

◆ identify likely problems and plan how to cope with them;

◆ ask family and friends for support.

For smoking cessation specialists  the WHO Europe Recommendations conclude:
The health care system should offer treatment as back up to brief opportunistic

interventions for those smokers who need more intensive support. This support can be
offered individually or in groups, and should include coping skills training and social
support. A well-tested group format includes around five sessions of about one hour
over about one month with follow up. Intensive support should include the offer of
or encouragement to use NRT or bupropion (as appropriate) and clear advice and
instruction on how to use them.

With regard to pharmacotherapies it is stated:
At the moment the principal aids in this category are NRT and bupropion. There are

currently six NRT products: patch, gum, nasal spray, inhalator, tablet, lozenge.
In addition the WHO Europe Recommendations offer guidelines for specific groups:
Treatment research has tended to focus on health professionals such as doctors

(especially in primary care), nurses, midwives, pharmacists, and smoking cessation
specialists. However, advising and supporting smokers in stopping is an activity for the
whole health care system and should, eventually, be integrated into as many settings
as possible throughout the system. This includes hospital and community settings.
In many countries, however, there is still a high smoking prevalence among health pro-
fessionals, so in addition to the education and training recommended below, health
professionals should be targeted for help in stopping smoking.

Hospital staff should ask about patients’ smoking status before or on admission, and
offer brief advice and assistance to those interested in stopping. Patients should be
advised of the hospital’s smoke free status before admission. Hospital patients who
need it should also be offered NRT or bupropion.

Healthcare premises and their immediate surroundings should be smoke free.
Pregnant smokers should receive clear and accurate information on the risks of smok-
ing to the fetus, and be advised to stop smoking. They should be offered specialist
support to stop.

Cessation interventions shown to be effective with adults should be considered for
use with young people, with the content modified as necessary.

The WHO recommendations for health care purchasers and systems include among
other the following statements:

Purchasing treatment for tobacco dependence represents an extremely cost effective
way of reducing ill health and prolonging life. Health care purchasers should purchase
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tobacco dependence treatments, choosing a blend of options relevant to local circum-
stances but emphasizing those interventions which have the strongest evidence base.

Because tobacco dependence treatment is so cost effective, it should be provided by
public and private health care systems. Access to both behavioural and pharmaceutical
treatments should be as wide as possible with due regard to local regulatory frame-
works and other circumstances. It is important to increase the availability or treatment
to low income smokers, including at a reduced cost or free of charge.

Health professionals should be trained to advise and help smokers stop smoking,
and health care purchasers should ensure the provision of adequate training budgets
and training programmes. Education and training for the different types of interven-
tions should be provided not only at the postgraduate and clinical level, but should
start at undergraduate and basic level, in medical and nursing schools and other relevant
training institutions.

Telephone helplines can be effective and are very popular with smokers. Although
more research is needed on their effectiveness, they seem likely to provide a valuable
service to smokers and should be made available where possible.

A second important review is the US consensus statement: A Clinical Practice
Guideline for Treating Tobacco Use and Dependence (Fiore 2000).

The panel, which compiled the consensus statement included 18 scientists, clini-
cians, consumsers, and methodologists selected by the US Agency for Healthcare
Research and Quality. A consortium of seven governmental and non-profit organiza-
tions sponsored the update.

Approximately 6000 english-language, peer-reviewed articles and abstracts,
published between 1975 and 1999, were reviewed for data that addressed assessment
and treatment of tobacco dependence. This literature serviced as the basis for more
than 50 meta-analysis.

Major conclusions and recommendations include:

◆ Tobacco dependence is a chronic condition that warrants repeated treatment until
long-term or permanent abstinence is achieved.

◆ Effective treatments for tobacco dependence exist and all tobacco users should be
offered those treatments.

◆ Clinicians and health care delivery systems must institutionalize the consistent
identification, documentation, and treatment of every tobacco user at every visit.

◆ Brief tobacco dependence treatment is effective, and every tobacco user should be
offered at least brief treatment.

◆ There is a strong dose–response relationship between the intensity of tobacco
dependence counselling and its effectiveness.

◆ Three types of counselling were found to be especially effective—practical coun-
selling, social suppport as part of treatment, and social support arranged outside of
treatment.
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◆ Five first-line pharmacotherapies for tobacco dependence—sustained-release
bupropion hydrochloride, nicotine gum, nicotine inhaler, nicotine nasal spray,
and nicotine patch—are effective, and at least one of these medications should be
prescribed in the absence of contraindications.

◆ Tobacco dependence treatments are cost-effective relative to other medical and
disease prevention interventions; as such, all health insurance plans should include
as a reimbursed benefit the counselling and pharmacotherapeutic treatments
identified as effective in the updated guideline.

In 2002 the UK National Institute for Clinical Excellence issued the report: Guidance
on the use of nicotine replacement therapy (NRT) and bupropion for smoking cessa-
tion (National Institute for Clinical Excellence 2002).

This report reviews in great detail the pharmaceutical treatment of tobacco depend-
ence as of today. Among many others the following are seen to be very important:

◆ Nicotine replacement therapy (NRT) and bupropion are recommended for smok-
ers who have expressed a desire to quit smoking.

◆ There is currently insufficient evidence to conclude that one form of NRT is more
effective than another.

◆ In trials, a combination of two different NRTs was in general more effective than
a single NRT.

◆ Both bupropion and NRT are considered to be among the most cost effective of all
health care interventions.

◆ The likelihood that a smoker will be successful in quitting depends on several fac-
tors: the smoker’s motivation; the extent of the smoker’s tobacco dependence; the
intensity and quality of the support offered; and the use of pharmacological aids.

◆ NRT in general is associated with few adverse events. Users of bupropion, however,
will sometimes suffer adverse events, occasionally serious, and which are now well
known.

Advice to stop smoking—the possible role of the internet
In recent years the internet has come up as a convenient and comprehensive means of
information on how to stop smoking. A number of products to quit smoking is
offered. We have examined smoking cessation products distributed via the internet and
evaluated them from a scientific point of view (Eckl-Dorna and Groman 1999).

The study was conducted by using the search string ‘stop + smoking’ in two of
the most popular internet search engines, yahoo (www.yahoo.com) and lycos
(www.lycos.com). Sites offering only advice were excluded. Only sites that offered
products to stop smoking were chosen. These products were then evaluated, by screen-
ing for published papers in peer-reviewed journals. In one case we tested a product
measuring resulting carbon monoxide levels.
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Fifteen different products were identified most on sites not updated since 1997. Eight
out of the 14 products could be ordered by internet, six are described in detail in the
internet, but could only be obtained in the pharmacy. Two-third of the products, how-
ever, do not have any scientific background: Two products were filters (1+2) to reduce
the nicotine supply. Other products were a CD ROM (3) with relaxing products and a
pocket-safe for cigarettes. The main ingredients in five products were herbal extracts
(5–9), that have no proven effect on nicotine addiction. Consumption of herbal cigarettes
resulted in high carbon monoxide values (Groman et al. 1999a).

Just five products were based on a scientific findings (published in peer reviewed
journals). These were the nicotine replacement products: patch, gum, inhaler, nasal
spray, and bupropion (Groman et al. 2000b).

The results show that most of the products lack a scientific background. Adverse
health effects after consumption of herbal cigarettes, which are sold for smoking cessa-
tion cannot be excluded. This example shows the necessity of continuous assessment
and observation of the market, and the need for scientific studies on smoking cessation
products. An international body to examine the sites would be useful (Eckl-Dorna and
Groman 1999).

Reduced smoking
As far as the management of smoking behaviour is concerned, complete abstinence
remains the best option. Nevertheless one has to take into account that many tobacco
consumers want to reduce their consumption, either as a first step towards abstinence
or as a strategy of its own to reduce their health risk (Jiménez-Ruiz et al. 1998). At this
time 37% of the Austrian smokers want to reduce and only 18% want to stop smoking.

The concept of reduced or controlled smoking will become more important in
future. Reduced smoking means smoking fewer cigarettes on individual level. Nicotine
replacement is the best medication to reduce smoking. Most smokers need the nicotine
and not the tar or carbon monoxide or any other toxic substances contained in ciga-
rettes (Jiménez-Ruiz et al. 1998).

Reduced smoking in combination with nicotine replacement therapy may be indi-
cated for those who are failing in cessation attempts, who would like to give up smoking
but are not able to quit. The second group which wants to reduce cigarette consump-
tion may be smokers who do not want to quit but only reduce (Kunze et al. 1998). The
new experience of smoking fewer cigarettes without withdrawal symptoms may also
lead to a higher quitting rate.

With respect to the practical management of reduced smoking, baseline smoking
parameters must by ascertained, preferably using exhaled CO or plasma COHb levels.
Measuring CO in the expired air is a very simple way to assess the actual smoking
behaviour of a tobacco consumer and provides also a measurement which usually is
very impressive for the patient/client. Alternatively, plasma nicotine and/or cotinine
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(the major metablite of nicotine, with a much longer half-life) levels could also be used
but these more complicated methods cannot distinguish between nicotine taken from
tobacco smoking or nicotine replacement.

Smokers should be fully informed about reduced smoking, and the end goals—
complete cessation for those wishing to quit and a significant reduction in the number
of cigarettes/day for those not yet ready or motivated to quit—should be discussed.
A common goal for both groups could be a 50% reduction in the number of cigarettes/
day within a few weeks of commencement. Smokers need time to adjust to their nico-
tine replacement medications and it is important that full information is provided on
the use of the various preparations available. It is preferable to allow smokers to try
different nicotine preparations and select the one they feel to be most helpful on an
individual basis. Although none of the existing nicotine replacement medications is
more effective than the others, the utility of different preparations may vary across
smokers. In addition, long-term compliance is likely to be better if individuals feel
comfortable with their chosen preparation (Kunze 1997).

With other drug dependences harm reduction has been controversial and it is possi-
ble that reduced smoking also will be subject to similar debate within the public health
community and the society at large.

Another caveat for reduced smoking is the possible impact on attitudes of people
considering quitting tobacco consumption and who might prefer reduced smoking to
complete abstinence. Whether there is such a sub-sample of smokers and how big it is,
further research will have to address. Further careful monitoring of smoking patterns
will show whether this development is to be observed or not (Kunze 1997).

Tobacco dependence and lung cancer
Nicotine is addictive, but not a carcinogen. Nicotine is the substance which main-
tains tobacco consumption. It is necessary to deal with the issue of tobacco depend-
ence when dealing with preventive medicine in general and preventive oncology in
particular.

Lung cancer is a tumour very suitable for preventive programmes. Lung cancer risk is
very much related to tar exposure. There is a clear dose–response relationship between
tar exposure and lung cancer risk. If people highly addicted to nicotine are also experi-
encing a comparatively high tar exposure, then self-help alone is most probably not
sufficient to provide preventive oncology.

Those people who can stop on their own or by minimal intervention are most prob-
ably not the ones who suffer from the highest tar exposure and are therefore not in the
highest risk group for contracting lung cancer. This is especially the case if other risk
factors than tar exposure are present. Clustering of risk factors (including occupational
exposure, poor nutritional status, tar exposure, and nicotine addiction), has to be taken
into account.
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In summary, tobacco dependence among lung cancer patients is much higher than
in the general population. Highly dependent smokers are in a high risk group for con-
tracting lung cancer and other smoking related diseases, and therefore need specific
intervention techniques for treating tobacco dependence.

The clinical evidence of a beneficial effect of chemoprevention in lung cancer is still
limited. Chemopreventive trials have failed or produced unexpected and disappointing
results. It seems therefore that long-term application of Alternative Nicotine Delivery
Systems (ANDS)(NRT) provides a possibility of ‘chemoprevention’ of lung cancer and
other tobacco-related diseases.

As the highly dependent tobacco consumers experience the highest lung cancer risk
and are least likely to stop smoking, alternative strategies (such as ANDS/NRT) are
essential because this concentrates on the high risk group which might contract lung
cancer in the next years (Kunze et al. 1998).

The future of nicotine replacement products
The following statements are based on various perspectives, most of them already
established.

◆ NR products have been shown as well in scientific studies as in real life to be effec-
tive, safe, and very well accepted compounds to help people stop smoking.

◆ Using them not only for cessation purposes but also for harm reduction/reduced
smoking or controlled smoking purposes will attract the attention of many tobacco
consumers.

◆ Based on our experiences we want to change the message to the public from ‘You
must stop smoking’ to ‘We want to inform you’.

◆ This new message and other new  techniques like craving management need a lot of
communication efforts and additional scientific studies; this does not mean promo-
tion of these objectives is not yet feasible but additional scientific research is needed.

◆ It will be one of the most important tasks to reach out for those tobacco consumers
who have had experience with NR products but who did not achieve abstinence.

◆ New messages in this respect are the one about underdosing, the message ‘it can be
done if you use enough of NRT, and if you use some of the new NRT-products’.

◆ Among the new messages for smokers and doctors the underdosing problems have
to be addressed and identified as one of the major reasons for not having success.

◆ It might be necessary to be as open as possible and stress the fact: one cannot neces-
sarily ‘cure’ tobacco dependence but it is possible to control it.

◆ Today even extreme forms of tobacco dependence can be treated; this message
should be the basis for a new self confidence  among treatment providers and a new
trust into NR products  among the consumers.
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◆ One could even question whether the endless discussion as to what procedure or
product might be better replaced by simply adding: ‘if you take care of consumers/
patients intensively, if you use enough of NRT, especially in combination, then you
can be successful.

◆ Success may need to be redefined: abstinence, harm reduction, craving management.

◆ This leads to the issue of high-dose NR treatment using much higher dosage than
before based on the unique safety patterns of NR products.

◆ It will be necessary to both study and to advocate high-dose nicotine replacement
much more than before.

◆ Encouraging long-term treatment is another important strategy and for
example, might be the only measure to help some of the most exposed tobacco
consumers.

◆ It will be necessary to focus on combination of various NR products (therefore
a ‘family of different products is necessary’ and construction of NR and non-NR if
feasible and useful.

◆ The ‘let them choose’ approach is essential (people should choose from the wide
range of products).

◆ New information techniques and settings need to be introduced, e.g. group approaches
(60′ introduction into the use of NR products) have been demonstrated to be useful
and very cost effective. Modern communication techniques to establish long-term
collaboration will be used much more than before (e.g. call centers, internet-based
methods).

◆ It has been shown that reimbursement of diagnostic and treatment services will
improve the use and success of NR products and smoking cessation in general.

◆ NR products  may have (at some time) a role in new areas, weight control and
recreational use being only two examples.

To maximize patients compliance it is necessary to give them the possibility to
choose between the NRT products. This ‘let them choose approach’ is focusing on the
specific preferences and needs of the individual patient (Kunze et al. 1998).

A very frequent problem in use of ANDS is that of under-dosing. Many clients are
concerned about toxicity of nicotine or are afraid of getting dependent. Most patients
under-dose rather than over-dose (Kunze 2000). Smokers have to be told that NRT
products deliver a low dose of nicotine over a long period of time and that a resulting
dependence is unlikely (Balfour and Fagerström 1996; Hurt et al. 1997).

From a public health point of view, OTC (over the counter, without prescription)
status for ANDS is essential because easy access to smoking control devices will lead
to more quit attempts. The broader availability and promotion of effective treatment
for tobacco dependence will increase the number of smokers availing themselves
of the medications. Since the US Food and Drug Administration approved nicotine
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medications for OTC sale in 1996, the use of nicotine medications has increased by
152% compared with prior prescription use (Shiffman et al. 1997).

In many countries NRT products are now available OTC. One of the reasons for
this is that using ANDS is safe and dependence is very unlikely. The consequences of
the OTC status is the facilitation of access and encouraging smokers to use ANDS.
The number of quit attempts is also increasing (Kunze et al. 1998).

Some countries also see NRT products being delivered by means of general sales.
Experiences with this kind of distribution need to be monitored and evaluated at
a later stage.

Conclusions
Useful smoking cessation treatments are available. However, they need to be made
more available and to be used more aggressively. Higher dosing needs to be considered,
especially for patients for whom abstinence is not the likely outcome. Reduced smok-
ing is better than heavy smoking. Cessation services need to be institutionalized more
widely and the health professions, in particular, must set examples.
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Chapter 44

Regulation of the cigarette:
Controlling cigarette emissions

Nigel Gray

Remarkably, the cigarette has escaped orthodox regulation of content and emissions in
all countries, although there are some regulations capping such measures as ‘tar’, nico-
tine, and carbon monoxide. These have been measured by the Federal Trade
Commission (FTC) method (United States Public Health Service 1996) or slight vari-
ants thereof. In a few countries additives must be notified, but are not controlled. The
reasons for this strange arrangement in a world where consumer products as simple as
the humble sausage are routinely regulated, are difficult to define. Certainly the
tobacco industry influence has been opposed to detailed regulation until very recently,
but this is not the only reason. Regulators have, understandably, been reluctant to enter
the field until as recently as 1996 (Kessler et al. 1996). This is not surprising as the
products are immensely complex and vary greatly between and within brands and
countries (Fischer et al. 1990; Gray et al. 2000; Gray and Boyle 2002). The technical
challenges of regulating such a product are substantial not only because of the com-
plexity of smoke chemistry, but also because no regulator wishes to take responsibility
for ‘approving’ a product which is dangerous, thereby removing at least some of the
responsibility for its dangers from the shoulders of the manufacturers.

This latter point remains a serious concern for regulators but the reason that the
time for regulation has come is that 50 years of leaving cigarette design, unconstrained
except for tar, nicotine, and carbon monoxide, to the tobacco industry, has not deliv-
ered a product with acceptably reduced risk (Thun and Burns 2001). That regulation is
timely is agreed, for example, by Philip Morris (now named Altria), whose web site
states the following (Philip Morris USA 2002).

‘Philip Morris U.S.A. strongly supports the passage of legislation that would estab-
lish a tough but reasonable framework giving the U.S. Food and Drug Administration
(FDA) the authority to regulate cigarettes. We believe FDA regulation would provide
greater consistency in tobacco policy, more predictability for our business and an effec-
tive way to address issues that are of concern to our company and society.’

Issues set out in the website include: Youth smoking prevention; Ingredient and
constituent testing and disclosure; text of health warnings on cigarette packages and
in advertisements; consistent use of brand descriptors such as ‘light’ and ‘ultra light’;
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good manufacturing practices for cigarettes; and standards for defining, and for the
responsible marketing of any, reduced-risk cigarettes.

The public health reasons for regulation would include most of these issues but are
somewhat different. They include the need to provide the consumer with the mini-
mum risk cigarette, one that is correctly labelled and provides a dose of nicotine that is
as consistent as possible and carries the lowest possible dose of carcinogens and toxins
in its wake.

This chapter will not deal with alternative drug delivery devices in which tobacco is
heated but not burnt on the grounds that they should automatically be regulated in the
same way as any other drug delivery devices. They are also considered elsewhere in the
book (Chapter 9).

While there has been discussion of the concept of regulation and the need for powers
to do this (Kessler et al. 1996) there has been little discussion of ways in which regula-
tion might be applied to smoke constituents. It is therefore a fruitful field on which to
ponder points of principle.

The case for harm reduction
Over time, and rightly, the focus of tobacco control has been the achievement of
abstinence. This focus should not be diminished in any way by regulatory attempts to
reduce the health risks of the product.

Nevertheless it is absurd to allow the continued marketing of cigarettes which are
unnecessarily dangerous and this chapter will argue that the cigarette of today is far
more dangerous than it need be. This is not to suggest that a ‘safe’ cigarette is even
a remote possibility. Even if the measures proposed here are adopted it will remain
a major cause of premature mortality, but it is suggested that condoning the continued
marketing of a cigarette which is evidently more carcinogenic and toxic than it need be
would be negligence in a public health sense. Everything that can be done to reduce
tobacco’s death toll should be done.

The modern cigarette continues to be a serious problem (Thun and Burns 2001;
Wayne and Connolly 2002; Kozlowski and O’Connor 2002) because it remains
extremely dangerous (Thun and Burns 2001), is smoother, easier to smoke and
easier to learn to smoke (Wayne and Connolly 2002), and designed to facilitate
compensation (Kozlowski and O’Connor 2002). It delivers more nitrosamines than
it used to (Hoffmann and Hoffmann 2001) and these vary both between brands
and within global brands (Gray et al. 2000). The smoke of a selected group of brands
in the United States shows differences in delivery between 26 selected US brands of
sevenfold for benz(a)pyrene, eightfold for lead, tenfold for arsenic, and fourfold for
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) (Gray and Boyle 2002).

The program of tar and nicotine reduction did not produce the mortality benefits
that were hoped for. Tar was indeed reduced and this did reduce benz(a)pyrene levels
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as these correlate quite well with tar (Hoffmann and Hoffmann 2001). Much of this
potential benefit was lost because of compensation, although the relative decline in the
risk of squamous cell carcinoma (Cox and Yesner 1979; Rimington 1981; Johnson
1988; el-Torky et al. 1990; Stellman et al. 1997a, b), and some of the decline in risk seen
in earlier studies (Bross and Gibson 1968; Wynder et al. 1970; Hammond et al. 1976;
Hawthorne and Fry 1978; Wynder and Stellman 1979; Rimington 1981; Lubin 1984;
Stellman 1986; Stellman and Garfinkel 1989) and among men under 50 in the United
Kingdom (Peto et al. 2000) may well be attributed to this factor. Conversely the
increased relative risk of adenocarcinoma is presumably an outcome of changes in
cigarette composition with nitrosamines a likely factor in this.

The campaign for reduction in tar (and nicotine) yields has been used by the
tobacco industry as way of reassuring smokers who are contemplating quitting
(Kozlowski and Pillitteri; Shiffman et al. (a); Shiffman et al. (b)). ‘Light’ cigarettes are,
in fact, not light, as compensatory smoking is facilitated by the designs to an extent
that inhalation of carcinogens and toxins may be as great with these brands as with
regular cigarettes (Djordjevic et al. 1995). It is therefore not surprising that ‘harm
reduction’ as represented by attempts to make the cigarette constituents less harmful
has been the object of scepticism. Harm reduction by use of nicotine replacement 
therapy (NRT) as an aid to reducing smoking in those who cannot quit is dealt with
elsewhere (Chapter 43).

General principles
In principle, a consumer product should be as safe as possible and in the case of a drug
should deliver as precise a dose as possible. Contaminants (in this case carcinogens and
toxins) should be minimal with upper limits set. Additives should also be demonstra-
bly safe. The cigarette is unique in that it cannot be made safe. However, the dose of
drug (nicotine) delivered could certainly be made more precise and upper limits could
certainly be set for the contaminants which are much lower than presently seen on the
market. New measurement systems are certainly needed.

Some fundamental questions arise here.

◆ Should limits for carcinogens and toxins be set as low as possible? Can it possibly be
justified to add, or allow, higher levels of, carcinogens for ‘flavour’ or other purposes?

◆ The real purpose of the cigarette is to deliver nicotine. It is proven as the fastest (and
most addictive) nicotine delivery system yet known (Gourlay and Benowitz 1997).
Should the dose per cigarette be standardized as far as is practical?

◆ Should the nicotine dose be ‘satisfying’ without the need for deep and frequent
inhalation which brings with it a larger dose of contaminants?

◆ If a ‘satisfying’ dose is to be delivered, how should this be measured for regulatory
purposes.
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◆ How should the dose be measured (and communicated) for consumer purposes?

◆ Additives are routinely added to make the smoke less ‘harsh’ and to reduce the irri-
tating effect of nicotine on the throat, and for many other purposes. Should such
additives be allowed without testing for toxicity in both burnt and unburnt form?

◆ Cigarette designs frequently facilitate compensatory smoking, which means that the
smoker inhales more deeply and frequently in order to attain the desired dose of
nicotine. Abolition of such items as ventilated filters would make compensation
more difficult. Is there any reason NOT to do this?

◆ Should standards be set for filters?

◆ Should standards be set for papers?

A regulatory approach

The contaminants
Mainstream smoke contains approximately 4800 (Hoffmann and Hoffmann 2001)
constituents, among which Hoffmann has listed 48 ‘major’ constituents of the vapour
phase of cigarette smoke; 51 major constituents of the particulate phase, 13 major
toxins, and 69 carcinogens. In 1999 the US tobacco industry performed a ‘benchmark
study’ for the Massachusetts Department of Public Health in which 43 smoke
constituents were tested (Borgerding et al. 2000), these being the ones most widely
considered of major consequence.

Since it is normally the task of regulators to set limits for specific compounds (such
as chemicals in car exhaust gases) rather than tell manufacturers how to make their
product, the same approach to smoke constituents seems reasonable. In this context it
would be logical to set limits for, say, certain tobacco specific nitrosamines (TSNAs) in
smoke rather than to control the precursors in the leaf and curing processes.

Further, any regulatory approach has to be feasible and there is merit in looking at
the market as it stands to see what is possible. This is not to say that the regulatory
process need be unduly slow simply because its introduction would change the market
substantially. If criteria were set for one to two years time which allowed only twenty
brands to remain on the market, the public could still have their nicotine needs met
and the industry could still sell cigarettes and make money. Such a concept would
perhaps be perceived as draconian by the manufacturers and generous by the public
health community. Nevertheless, in dealing with carcinogens and serious toxins, there
is no reason why cigarette manufacturers should be allowed to choose particular
blends or add substances to their product in order to produce ‘flavour’ or any other
effect without demonstrating (relative) safety of these blends and substances in their
burnt form, as would be required with any other product.

There is not much data in the public arena concerning smoke emissions of known
brands. However, there is evidence of serious variation in nitrosamines between and
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within three major global brands (Gray et al. 2000) varying from threefold within
Camel to ninefold within Marlboro for a single nitrosamine, 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK). Further, an analysis of the Massachusetts
benchmark study (Gray and Boyle 2002) revealed variations between 26 selected US
brands of sevenfold for benz(a)pyrene, eightfold for lead, tenfold for arsenic and four-
fold for NNK. Such a degree of variation may be perceived as inevitable in a market of
900 or so brands, but is unacceptable in any sense for public health.

The obvious regulatory response must be to reduce all the selected list of carcinogens
and toxins as far as possible. If the median of the market as revealed by those 26 brands
(considering 34 substances) were set as the upper limit, then only one brand out of the
26 would survive the regulatory blow unscathed (Gray and Boyle 2002). If one brand
can be manufactured to meet these criteria, more can clearly be made so if required.
This approach would discommode the tobacco industry greatly in the short term but
could be regarded as generous by the public health establishment. The key point is that
it is possible, is reasonable and should be accepted.

The system of measurement needed for this proposal is relatively simple and could
be the existing FTC method or a variant such as that used in parallel with FTC in the
Massachusetts benchmark study or (and better) the two-stage test proposed by
Kozlowski (Kozlowski and O’Connor 2000), but the ultimate measure would be the
amount per litre of smoke of each compound. The principle espoused could deal with
all the accepted major toxins and carcinogens but would be unsatisfactory for nicotine.

Nicotine
Nicotine is the driving force for inhalation and for the degree of compensatory smok-
ing that occurs. At this time the measurement and labelling of the cigarette does not
provide any reasonable index of the dose that the individual smoker (and smoking
habit) (Djordjevic et al. 1995; Jarvis et al. 2001) obtains.

Two separate questions arise here. The first is how to reduce the ‘elasticity’ of the
cigarette in order to deliver a relatively standard dose. The second is what should
the standard dose range be. A corollary is what measurement system should be used.

Towards a standard dose
The first issue is to find a way of measuring and defining the nicotine dose in such a way
that it provides a reasonable approximation of the amount of nicotine likely to finish up
in the bloodstream of the smoker. This is only conceivable if the cigarette design is made
substantially less elastic, i.e. more difficult to smoke in a compensatory way. A measure
of the amount of nicotine present in the rod of the cigarette could serve but only with
this proviso. Abolition of ventilated filters (Kozlowski and O’Connor 2002) would be
a major step towards this, together with some standization of filters and papers.

In terms of amount, the dose should probably be something close to the amount the
smoker currently seeks, and gets. A study by Jarvis (Jarvis et al. 2001) throws some light
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on this. This study reveals two important things. One that the average amount of sali-
vary cotinine (a satisfactory surrogate for nicotine) achieved is fairly similar regardless
of FTC yield. The second is that there is great diversity in the amount of nicotine taken,
many smokers actually ‘undersmoking’ as well as many ‘oversmoking’. Since a major
object of regulation is to reduce contaminant intake the starting range for nicotine
dose should be something that provides saliva levels of cotinine between the low and
the high levels currently seen, so that compensation is not increased. Clearly this
requires research on humans with various doses delivered by unventilated cigarettes.
Consideration would also need to be given to (possibly higher) doses that reduced
compensation under experimental conditions.

Other restrictions on cigarette chemistry would bear on the nicotine dose but might
arise from limitations that might be placed on additives for other reasons.

Communicating the dose
If regulation can reduce the range of the dose available by compensatory smoking
so that it varies much less, then a suitable measure would be the total amount in the
cigarette rod—which has an analogy to the current labelling of alcohol.

Additives
The modern cigarette may include up to about 600 additives, which are nominated to
certain health departments but for which safety testing is not yet required in burnt
form. The European Union has legislated for disclosure and the provision of toxicology
of additives in burnt and unburnt form and the effect of this legislation on the compo-
sition of the cigarette has yet to be seen. However, the future of the cigarette must
certainly include a move towards simplicity as an orthodox approach to such a con-
sumer product would usually require detailed testing of each chemical added to the
basic raw material, in this case in burnt form. This approach could properly be taken to
all additives, which should be broadly defined so that all additives, starting with fertil-
izer and ending with the paper, should meet the criterion that they do not add to the
harmfulness of the product.

Future nicotine policy
The question of reducing, over time, the amount of nicotine in the cigarette with the
intention of making it less addictive has been raised (Benowitz and Henningfield 1994)
and needs consideration. This is discussed under ‘Global Tobacco Policy’—Chapter 37.

Conclusions
It is past time for the cigarette to be regulated. The object should be to provide the
consumer with the minimum risk cigarette, one that is correctly labelled, provides
a dose of nicotine that is as consistent as possible and carries the lowest possible dose
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of carcinogens and toxins in its wake. Regulation by existing authorities responsible for
pharmaceutical regulation would seem sensible. The probable effect would be a con-
siderable simplification of the cigarette, with much smaller amounts, and smaller
variation in the amounts, of carcinogens and toxins in the inhaled smoke. Another
effect might be a significant diminution in the number of brands on the market.
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tobacco smoke composition and 580–1

chrysene dihydrodiols 102
chutta 196, 254

reverse smoking 196, 254, 257
stomach cancer risk 439

cigarette-making machines 4, 18
cigarettes vi

additives see additives
advertising see advertising
American blended 69–70, 182
availability see availability, cigarettes
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sub-Saharan Africa 273

medium-yield see medium-yield cigarettes
new types xi, 77–9, 99

INDEX 777

46_Idx.qxd  6/23/04  1:25 AM  Page 777



cigarettes (Continued)
nicotine content 168, 171, 183–93

mainstream smoke 186–92
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public health impact 377, 378
sub-site specific risks 375–6
survival 377
susceptibility factors 375
tobacco smoking and 368–9
see also oral cancer

laryngeal papillomatosis 368
lead 61
leadership, tobacco control advocacy see under

tobacco control
legislation, tobacco control 660–1, 677–94

1890–1960 678
1960s to early 1970s 678–9
1970s comprehensive 679–81
1980s 681–2
1990s and later 690–1
in Canada 682–4, 697
early research and reports 677–8
enforcement 691, 696
future challenges 691–3
in India 262–3
judicial action 688–90
litigation by NGOs to compel enforcement 696–7
in Poland 238, 685–6
in Russia 232
smoke-free see smoke-free bans and restrictions
in South Africa 271, 673–4, 686–8
in sub-Saharan Africa 271
in Thailand 684–5

Lesotho 268
leukaemia, childhood 300
leukoplakia, oral 647
levulinic acid 136
Lickint, Franz 289
licorice 174
life expectancy, reduced 249, 494, 497
lifestyle change, in Africa 267
light cigarettes

advertising 41–4, 45, 46
failure to reduce harm vii–viii, 663, 766–7
lung cancer risk and 497
prohibition of term 662, 683–4
see also low-yield cigarettes

limb reduction defects 607–8, 614
lime, slaked 254, 255
limonene 57, 176
linkage studies 629
linoleic acid 57
linolenic acid 57
lip cancer 4–5, 399
Lithuania, female smoking rates 330–1
litigation

against deceptive conduct 703–4

by employees 665, 698–9
implications for societal change 695–705
in India 262
by NGOs to compel enforcement 696–7
secondhand smoke cases 665, 698–9
threat driving smoking restrictions 713
against tobacco companies 688–90, 699–703
by tobacco industry 697–8

liver cancer 8
L&M© 40
lobbying, political 669
locomotor stimulant effects, nicotine 153–5
low birth weight 299, 607, 614
low tar cigarettes see low-yield cigarettes
low-yield cigarettes 183, 186

class action lawsuits 702
compensatory smoking 62, 171, 186
COPD and 587–8
failure to reduce harm vii–viii, 663, 766–7
lung cancer risk and 495, 497
nicotine content of tobacco 183–6
oral cancer risk 412
smoke yields 183, 190–2
switching to 662

Lucky Strike© 37, 38–9, 45, 316, 341
lung

chronic damage see chronic obstructive
pulmonary disease

early responses to cigarette smoking 581
growth and development 302, 582–3
mechanisms of injury in COPD 584
tobacco smoke constituents and 580–1

lung adenocarcinoma 496, 497
cigarette tobacco composition and 72
mechanisms of induction 80–1

lung adenomas, smoke-exposed animals 54
lung cancer 485–502

adenocarcinoma see lung adenocarcinoma
age of initiation of smoking and 30, 31
animal studies 54, 80
benefits of stopping smoking 14, 30–2, 492–3
evidence for smoking as cause vi–vii, 488–93

1950s watershed 6–7, 22–3, 489
acceptance 7–8, 23–5, 27–8
coherence of association 492–3
consistency of association 491
counterarguments vii, 24, 27, 490–1
early observations/studies 6, 19, 488–9
experimental studies 493
reasons for delayed acceptance 17
specificity of association 492
strength of association 491–2
temporal relationship of association 492
see also epidemiological studies, great

genetic susceptibility 626, 634, 636, 637
global burden 486
mechanisms of induction 80–1, 93–4
mortality 11, 13

attributable to smoking 486
eastern Europe/Poland 239, 243, 244, 245, 249
effects of tobacco control 686
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lung cancer (Continued)
trends before 1950s 19–20
trends since 1950s 28–32

p53 and K-ras mutations 113–14
passive smoking and 289, 304–5, 493–4
prevention 758–9
public health failures, 1960s onwards 494–7
rates 10–11, 19–20, 486

eastern Europe/Poland 235, 236
sub-Saharan Africa 270

risk factors 487
tobacco smoke carcinogens and 95–7
women see under women

lung function
adults exposed to secondhand smoke 307
children exposed to secondhand smoke 302
smokers and nonsmokers 581–4

luteinizing hormone (LH) 512–13
Lutheran Brotherhood Cohort Study 360, 448

machine-smoking procedures 62, 187
cigars 194
vs ‘realistic’ smoking conditions 62–4, 65,

190–2
yield measurements 62, 186–90

Mackay, Judith 691
macrophages, alveolar 584
maculopathy, age-related 604, 605, 613
Madagascar 273
mainpuri tobacco 254
mainstream smoke (MS) 291

machine-smoking measurements of yields
186–90

major toxic components 58
particulate phase, major constituents 56–8
realistic measurements of yields 190–2
vapor phase, major constituents 55–6

Malawi 269, 273
tobacco growing 271, 274–5

Malaysia 343, 344
maleic hydrazide 58
male partner, cervical neoplasia and 468–469
Mali 269, 271
marital status, smoking prevalence and 229
marketing

competitive 661–2
targeted to women 340–5
see also advertising

Marlboro© 46, 47, 769
masheri 255
Massachusetts Benchmark Study Report

191, 768
Massachusetts machine-smoking protocol 191,

192, 193
mass media

prevention of smoking uptake 322
utilization against tobacco industry 669

Master Settlement Agreement (MSA) 47–8,
689–90, 701

matches, safety 18

maté drinking 368, 375
maternal smoking, effects on child health

299–304, 336
matrix metalloproteinase-1 (MMP-1) gene

promoter variants 637
Mauritius 271
mawa 254, 257
mecamylamine 131, 153, 154, 155
medium-yield cigarettes 183, 185

smoke yields in ‘realistic’ conditions 191
menopausal status

endometrial cancer risk and 530, 531, 541
see also postmenopausal women; premenopausal

women
menopause, age at, in smokers 335, 537, 539

breast cancer and 505
endometrial cancer and 537
ovarian cancer and 512

menstrual disorders 335
menthol 77, 136, 175
Merit© 43
mesolimbic dopamine system 156
metanicotine 168
methane 55
methanol 56, 58
methylamine 56
N-methylanabasine 168
N-methylanatabine 168
3-methylbutanoic acid 70
5-methylchrysene (5-MeC) 59, 96

DNA adducts 106, 107
methyleugenol 61
methyl formate 55
methylglycerol 175
7-methylguanine 80, 112
methyllycaconitine 155–6
methyl nitrite 70
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol 

see NNAL
4-(methylnitrosamino)-1-(3-pyridyl)-2-butanone

see NNK
N-methylpyrrolidine 56
microsatellite instability, colorectal cancer 454
middle age, tobacco-related deaths 281–2
middle-ear disease, in children 302–4
mild cigarettes

advertising 44–5
prohibition of term 662, 683–4

military personnel see armed forces
miners, underground 487
Minnesota, lawsuit against tobacco companies

689, 702
miscarriage 606–7, 614
misdirection of attention marketing 44–5
mishri 255
Mississippi, lawsuit against tobacco companies

689, 702
Mogul empire 253, 254
MONICA Project 563
monoamine oxidase, inhibition 136, 172
mood states 627–8

INDEX786

46_Idx.qxd  6/23/04  1:25 AM  Page 786



Morris, Philip 207
see also Philip Morris

mortality, tobacco-related 8–10, 29–30
benefits of stopping smoking 14
central and eastern Europe 260
China 13, 224–5, 282–3
India 260
method of estimating 11–12
sub-Saharan Africa 270
trends 12–13
UK 12–13, 208, 284–5
women 282, 334–5
worldwide projections viii, 281–6

mouse models 53, 54
mouth cancer see oral cancer
movement builders 671, 672
MRFIT study 360, 560
MS Special Filter 344
mucinous ovarian tumours 514–15, 516–17
mutations 93, 112–13
myocardial infarction (MI) 550

evidence of causal association 5, 7, 23
in India 260
strength and dose–response relationships 557, 559
survival after 570

N-acetyltransferases (NAT1 and NAT2) 636
Namibia 268
naphthalene 57
2-naphthylamine 60, 75, 96, 98
nasopharyngeal cancer 399
National Cancer Institute vii
National Health and Medical Research Council

(NHMRC), Australian 566, 711
National Heart Foundation of Australia 566
National Institute for Clinical Excellence (NICE)

753, 756
National Research Council, US, child health and

passive smoking 289, 290
NDMA see N-nitrosodimethylamine
neophytadienes 57
Netherlands 6, 486
neuroadaptive responses, nicotine 154–5
neurological disorders 598–601, 613
neuropsychological development, childhood

299, 300
neutrophils 584
never-smokers

committed–susceptible continuum 317–18
eastern Europe/Poland 247
lung cancer rates 243
Russia 229, 230, 231

newborn infants, urinary NNAL and its
glucuronides 104, 106

new nicotine delivery products see potential
reduced-exposure products

New Zealand 4
nickel 61, 97
Nicotiana rustica 69, 181
Nicotiana tabacum 69, 181

nicotine 181
absorption 72, 133–4

factors influencing 4, 170–2
abuse liability 131–3
addiction see under addiction
biomarkers of uptake 99
carcinogens derived from 182
central nervous system actions 131
cervical mucus 469
cigarette smoke 56, 58
cigarettes with lower see light cigarettes
conditioned place preference (CPP) 156–7
content

bidis 195–6
cigarettes 168, 171, 183–93, 244
cigars 195
kreteks 196
novel PREPs 197, 198
regulatory control 664, 770
tobacco plant 181–2
tobacco products 182–200
tobacco types 181

dependence see under dependence
discriminative stimulus effects 131–2, 152–3,

155–6
dose

across tobacco products 135–6, 181–204
regulatory control 664–5, 767–8, 769–70
standardization 769–70

dose-related effects 133–5
environmental levels 292, 293–4, 295, 296
‘free-base’ (unionized) 72, 171–2
intake, individual variation 624, 625
irritating effects on upper airway 176
metabolism

cross population variation 134–5
genetics 130–1, 135, 627
individual variation 624, 625

peripheral actions 131
pharmacology 130–1, 169–72, 627
protonation (ionization state) 133–4

pH of tobacco smoke and 72, 171–2
reinforcement see reinforcing effects of nicotine
self-administration see self-administration,

nicotine
speed of delivery

addiction potential and 4, 133–4
pH of cigarette smoke and 72, 171–2
role in reinforcement 134, 151

structure 96, 168
subjective effects 152
tobacco-delivered 135–6
tolerance 132, 139, 154
toxicology 136–7
ulcerative colitis and 595
vs other addictive drugs 137–9
withdrawal 129–30, 132–3, 151
yield of bidis 195
yield of cigarettes 171

determinants 170–2
international comparison 188–9
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nicotine (Continued)
machine smoking measurements 62, 186–90
packet labelling 662
‘realistic’ measurements 62–4, 65, 190–2
reduced see low-yield cigarettes
regulatory control 663–4
roll-your-own (RYO) cigarettes 193
trends over time 62, 64, 75, 81–2

yield of cigars 194–5
nicotine delivery devices 168

new types xi, 77–9, 99
nicotine delivery systems, alternative (ANDS) 759,

760–1
Nicotine Institute Vienna 751
nicotine N-oxide 168
nicotine replacement therapy (NRT) 140,

662, 740
genetic variants affecting success 633
over the counter (OTC) availability 760–1
plus reduced smoking 757–8
recommendations 754, 756, 759–61
variation in success rates 624

nicotinic acetylcholine receptors (nAChRs) 131,
169–70

agonists 170
antagonists 131–2, 170
β2 subunit-containing 156, 160
in vitro assay systems 170
mediating behavioural effects 155–6, 159–60
smoke-mediated irritation 174
upper airway mucosa 176
up-regulation in smokers 170

nicotinic pyridine alkaloids 56, 168–9
nicotyrine 168
Nigeria 268, 269, 272, 273, 275
Nine-state study see Hammond Horn study
nitrate (NO3-)

cigarette tobacco 183, 184, 185
reconstituted tobacco 73–4
tobacco types 70–3

nitric oxide (NO) 70–1, 98
DNA adducts 109, 111

nitrobenzene 61
nitrogen 55
nitrogen oxides (NOx)

cigarette smoke 55, 58, 75
cigar smoke 194
tobacco types and 70–1

nitromethane 61
2-nitropropane 61

DNA adducts 109, 111
N-nitrosamines 173

carcinogenicity 95, 97, 98
cigarette smoke 59–60, 71–2
DNA adducts 106–11
tobacco-specific see tobacco-specific 

N-nitrosamines
volatile (VNAs) 66, 71

N-nitrosodiethylamine 59, 96
carcinogenicity 95, 97

N-nitrosodimethylamine (NDMA) 59

DNA adducts 106, 107
trends over time 75

N′-nitrosonornicotine see NNN
N-nitrosopiperidine 60, 96, 97
N-nitrosopyrrolidine (NPYR) 60, 96, 107, 111
NNAL (4-(methylnitrosamino)-1-(3-pyridyl)-

1-butanol) 96
carcinogenicity 98, 182
urinary 102–6, 304

NNAL glucuronides (NNAL-Gluc), urinary
102–6

NNK (4-(methylnitrosamino)-1-(3-pyridyl)-
2-butanone) 173

bidi tobacco 196
carcinogenicity 95, 97, 98, 182
chutta tobacco 196
cigarette smoke 60, 71, 188–9, 190

machine smoking vs smokers 64, 65
reconstituted tobacco 74
trends over time 75, 81–2

cigarette tobacco 183, 184, 185, 186
cigar smoke 194, 195
DNA adducts 106, 107, 112
mechanisms of carcinogenicity 80–1
novel PREPs 197, 198, 199–200
oral carcinogenesis 426–7
pancreatic metabolism 482
structure 96

NNN (N′-nitrosonornicotine)
bidi tobacco 196
carcinogenicity 97, 182
chutta tobacco 196
cigarette smoke 60, 188–9, 190

trends over time 75
cigarette tobacco 183, 184, 185, 186
cigar smoke 195
DNA adduct 107, 112
novel PREPs 197, 198, 199–200
oral carcinogenesis 426–7
structure 96, 168

nociceptive nerves, smoke-mediated 
irritation 174

nocturnal sleep-disturbing nicotine craving
(NSDNC) 753

nongovernmental organizations (NGOs) 690
litigation by 696–7, 704
targeting women 346, 347–8

Nonsmokers’ Health Protection Act 1992
(Thailand) 684, 685

Nordic Council of Ministers 680
Nordic Twin Studies 626
nornicotine 168

cigarette smoke 56
reinforcing effects 159

nornicotyrine 168
Norway 486
Now© 41–2
NPYR (N-nitrosopyrrolidine) 60, 96, 107, 111
NRT see nicotine replacement therapy
nurses, smoking rates 229
Nurses’ Health Study 26–7, 449, 480, 560, 563

INDEX788

46_Idx.qxd  6/23/04  1:25 AM  Page 788



nursing home residents 718
nutritional deficiencies 646

obesity, endometrial cancer risk and 533, 541
occupation

laryngeal cancer and 368
lung cancer and 487
smoking prevalence and 219, 229

odour, smoke see aroma, smoke
oesophageal cancer (OC) 383–97

adenocarcinoma (ACO) 383, 391–4
squamous cell carcinoma (SCCO) 383–91

alcohol/tobacco interaction 384–91, 394,
648–9

attributable risks 390–1
cigar and pipe smoking and 384
cigarette type and 384
smoking and drinking cessation and 390, 391
smoking in non-drinkers and 390

tobacco carcinogens inducing 97
oestrogens (oestradiol and oestrone)

antagonistic effects of smoking 503, 513, 540
blood levels in smokers 533–6
exogenous therapy, endometrial cancer and 523,

531, 532
ovarian cancer and 512–13
urinary levels in smokers 537, 538, 540

Office on Smoking and Health 322
older people see elderly
oleic acid 57
Omni™ 44, 47
opportunism, tobacco control advocacy 674–5
oral cancer 399–432

alcohol and tobacco interaction 97, 423–4, 647
attributable risk 425–6
biological plausibility 426–7
cigarette smoking and 400–18

hospital-based case–control studies 400–15
population-based case–control studies 407–9,

415–17
prospective follow-up studies 410, 418

descriptive epidemiology 400
genetic factors 424–5
historical aspects 4, 38
pipe and cigar smoking and 418–20
smokeless tobacco and 420–3
tobacco carcinogens and 97
women see under women
see also laryngeal cancer

oral cavity
nicotine absorption 72, 134
smoking-related disorders 608–11

oral contraceptives, ovarian cancer risk and 511,
512, 513, 515

Organization for Economic Collaboration and
Development (OECD) countries, tobacco-
related mortality 12

oro-pharyngeal cancer, alcohol and tobacco
interaction 647

osteoporosis 503, 540, 605

otitis media, in children 302–4
outside–inside strategy, tobacco control advocacy

669–71
outside sparkplugs 670
ovarian atresia 512
ovarian cancer 511–21

carcinogenic mechanisms 511–14
epidemiology 511
mucinous 514–15, 516–17
smoking-related risk 514–17

histologic subtype differences 514–16
ovulation

impairment by smoking 512
incessant, ovarian carcinogenesis 511–12

OXCHECK study 624, 632
oxidants 98

DNA adducts 109, 111
6′-oxoanabasine 168
8-oxodeoxyguanosine 112, 113
oxygen 55

p53 tumour suppressor gene mutations 636
alcohol and tobacco interaction and 646
breast cancer 505
colorectal cancer and 454
laryngeal cancer 376
mechanisms of induction 113–14
oral cancer 427

p53 tumour suppressor gene polymorphisms 637
paan (betel quid) 254, 335, 423
packets, cigarette

design 692
health warnings see health warnings
labelling 662

pack-years of smoking
colorectal adenomas and 446
endometrial cancer and 527, 528–9
oral cancer and 411–12, 413, 417
stomach cancer and 434, 435

PAH see polycyclic aromatic hydrocarbons
palatability, cigarette smoke 173–4
palmitic acid 57
pancreatic cancer 479–84

case–control studies 480
cigar, pipe and chewing tobacco and 481
gene–environment interaction 481
histological and experimental studies 482
prospective studies 479–80
tobacco smoke carcinogens and 98

pancreatitis
alcohol and tobacco interaction 651–2
hereditary 481

pan masala 254, 259
paper, cigarette

additives 175–6
porosity 68, 81

parents
effects of smoking on child health 299–304
role in smoking initiation 319–20
smoke-free homes 720–2
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parity
endometrial cancer and 541
ovarian cancer and 511, 515

Parkinson’s disease 169, 598–601, 602
Parliament© 40
particles, smoke 173

indoor environments 292
lung deposition 491, 580
major constituents 56–8

passive smoking 287–313
in active smoking studies 298, 560, 561
breast cancer and 504, 505–7
cardiovascular disease and see under

cardiovascular disease
in China 222–3
determinants 709–10
health effects 287–313, 690–1, 708–9

adults 304–7
children 290, 297–304, 708
counterarguments 298
women 336

laryngeal cancer and 373–4
litigation cases 665, 698–9
lung cancer and 289, 304–5, 493–4
measures to reduce see smoke-free bans and

restrictions
in Poland 248
terminology 707
urinary biomarkers 104, 105–6
see also environmental tobacco smoke;

secondhand smoke
PATCH study 624, 633
paternal smoking, effects on child health 299–300,

301, 336
pattiwala tobacco 255
peer group pressures 318–19
pentolinium 131
Pepples, Ernest 39
peptic ulcer 593–5, 613
perinatal health effects, passive smoking 299–300
periodontitis 608, 610, 614
peripheral arterial disease (PAD) 550, 560

biological plausibility 565
Bradford Hill criteria 556
consistency of association 560
passive smoking and 567
reversibility 563–4, 569–70
strength and dose–response relationships 558
temporal sequence of association 563

peripheral vascular disease 5
peroxynitrite 110, 111, 113
personality traits 627–8
persuasion

central route 47
peripheral route 47

Perth, Western Australia 551
Perth Community Stroke Study (PCSS) 562
pesticides 54–5
pH

cigarette smoke 72, 134, 171–2
cigar smoke 72, 134

cigar tobacco 195
pharmacological therapies 140, 740

recommendations 754, 756
see also nicotine replacement therapy

pharmacology
behavioural 149–65
cigarette 167–72
nicotine see under nicotine

pharyngeal cancer 399
see also oral cancer

phenanthrene 57, 96
urinary metabolites 99–100

phenol
cigarette smoke 57, 58, 75
smoke from filter cigarettes 66

Philip Morris (now Altria)
attitude to cigarette regulation 765–6
cigarette advertising 40, 45, 46, 47–8
in India 255
new type of cigarette (EHC) 79
policy reversal 660
targeting of women 341

phlegm, in children 301, 303
physicians see doctors
Physician’s Health Study 448
picolines 56
pipe smoking

cardiovascular disease and 569
in China 219
colorectal cancer risk 454
COPD and 586–7
health impact 4–5, 18
history 3
in India 253–4
laryngeal cancer risk 373
mortality 9–10
oesophageal cancer risk 384
oral cancer risk 418–20
pancreatic cancer risk 481
stomach cancer risk 439

Players Gold Leaf 343
pneumonia, childhood 300, 301
Poland 235–52

lung cancer mortality 243, 244, 245
passive smoking exposure 248
smoke-free bans 238, 715
smoking cessation 247–8
surveys of smoking 239, 240
tobacco control 237–8, 673, 685–6
tobacco-related mortality 494
tobacco use 238–49

after democratic reform 249
children and youth 245–6
indicators 239–43
medical doctors 248
never-smokers 247
products involved 243–4
sources of information 238
vs other central and eastern European

countries 248–9
women 246–7
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Polish Central Statistical Office (GUS) 239, 242–3
polonium-210 61, 97
polyanethol 176
polycyclic aromatic hydrocarbons (PAH)

carcinogenicity 95, 97
cigarette smoke 57, 59
DNA adducts 106, 111–12
mechanisms of carcinogenicity 80
oral carcinogenesis and 426
p53 and K-ras mutations and 114
tobacco type and 72–3
urinary metabolites 99–102

postmenopausal women
blood hormone levels 513–14, 533–6
endometrial cancer risk 530, 531, 540, 541
hip fractures 605, 606, 614

potential reduced-exposure products (PREPs) xi,
77–9, 99, 196–200

smoke yields 197, 198
pregnancy

adverse effects of nicotine 136–7, 301–2
adverse effects of smoking 299–300, 335,

605–8, 614
advice on smoking cessation 754
alcohol and tobacco interaction 652
nicotine metabolism 135
passive smoking 223, 248, 299
smoking prevalence 212

premenopausal women
blood hormone levels 514, 533, 534–5
endometrial cancer risk 530, 531

Premier device 77–8, 173, 175
PREPs see potential reduced-exposure products
prevention of tobacco uptake x, 660–1

accessibility of cigarettes and 323
cigarette price increases 322–3, 739
in India 261–2
interventions 739–40

effectiveness 741–2
mass media campaigns 322
public health approaches 322–4
in schools 323–4
worldwide predictions of benefits viii–ix, 284

price elasticity of demand 322–3, 736–8
gender specificity 337–9

prices, tobacco 274–5, 692
Finnish report (1985) 679–80
impact of successful lawsuits 700
prevention of smoking uptake 322–3, 739
see also taxation, tobacco

primary intracerebral haemorrhage (PICH) 562
primary prevention of tobacco use see prevention

of tobacco uptake
Prince Albert (tobacco blend) 37
prisoners 718
procarcinogens 635
product liability lawsuits 688–9, 699–703
Profile of Mood States (POMS) 152
progesterone, in ovarian cancer aetiology 513–14
promotion see advertising
propionic acid 55

propylene glycol (PG) 76
propylene oxide 61, 76
prostate cancer 355–66, 486

case–control studies 356, 357–9, 360–3
possible mediating factors 356
prospective cohort studies 356–60, 361–2

protein adducts 98
pseudooxynicotine 168
psoriasis 598, 600, 613
psychiatric patients 718
psychoactivity, nicotine 138
public education see education, public
public health

approaches to reduce smoking uptake 322–4
burden due to tobacco see burden due to tobacco
disaster of 20th century v–vi

public places
environmental tobacco smoke exposure

296–7, 710
smoking bans 289, 665, 717–19

compliance 711
effect on smoking uptake 726
future predictions 727
in India 262
public reactions to violations 718
in sub-Saharan Africa 271

see also workplaces
pulmonary embolism (PE) 568
pyrene 96

cigarette smoke 57
urinary metabolites 100, 101

pyridine 56, 58
pyridine alkaloids, nicotinic 56, 168–9
pyrrole 56
pyrrolidine 56

quantitative measures of smoking
endometrial cancer and 524–7
see also duration of smoking; pack-years of

smoking; smoking intensity
quantitative trait loci (QTL) 629
quinolines 57, 59
quinones 57
quitting smoking see smoking cessation

rabbits, inner ear 53
racial/ethnic differences

female smoking rates 332
nicotine metabolism 130–1, 134–5
oral cancer 400, 416, 426
pancreatic cancer 479
smoking prevalence 210

Racketeer-Influenced and Corrupt Organizations
Act (RICO) 703

radon gas 487
rat models 53, 54
reassurance marketing 38–44
receptivity, tobacco advertising 321
reconstituted tobacco (RT) 73–5, 81
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rectal cancer 453
see also colorectal cancer

reduced smoking 757–8
regional variations

smoking prevalence 210, 219
tobacco use in India 257, 258

regulation of cigarettes 765–72
additives 770
case for 766–7
nicotine dose 664–5, 769–70
principles 767–8
smoke constituents 663, 768–9

reinforcement
conditioned 150
drug 149–50
negative 151

reinforcing effects of nicotine 132, 138, 149–65
animal models 153–9

conditioned place preference 156–7
drug discrimination 155–6
locomotor stimulant effects 153–5
self-administration 157–9

human models 150–3
discriminative stimulus effects 152–3
self-administration 150–2
subjective effects 152

neurochemical mechanisms 159–60
speed of nicotine delivery and 134, 151
tobacco control implications 160–1

reinstatement test, nicotine self-administration 159
relapse

nicotine self-administration studies 158–9
nicotine vs other addictive drugs 138

reproductive disorders, smoking-related
605–8, 614

research, on women and smoking 348–9
research station, tobacco, in India 255–6
residential facilities, smoking bans 718
respiratory disorders, effects of passive smoking 708
respiratory symptoms and illness

adults exposed to passive smoking 306–7
adult smokers 586
childhood 301

respiratory tract illnesses, lower, childhood 300–1
respiratory tract tumours, animal studies 53–4
restaurants 296–7, 719
reverse smoking 332

chutta 196, 254, 257
dhumti 254

reversibility, causal associations 552
Reynolds, Richard Joshua 37
risk taking, advertisements encouraging 46
R.J. Reynolds Tobacco Company 37

activities in China 215–17
cigarette advertising 41–2, 46, 344
new types of cigarettes 77–8

roll-your-own (RYO) cigarettes
laryngeal cancer risk 369
nicotine and tar yields 192–3
oesophageal cancer risk 384
use in China 219

Royal College of Physicians, 1962 report 24, 208,
288, 549, 678

rural areas
anti-tobacco interventions, in India 261–2
smoking prevalence

in China 219, 220, 221
in eastern Europe/Poland 246
in Russia 227

tobacco-related mortality in China 225
Russia, smoking patterns 227–33

sales, cigarette
statistics, in Poland 239, 240, 241
to young people, restrictions on 211, 323, 666,

678, 691
salivary gland cancer 399
Saloojee, Dr Yussuf 686, 687–8
salt intake, dietary 433
schools

smoking bans 324
smoking prevention 323–4

Scientific Committee on Tobacco and Health,
UK 287, 290, 298, 566

scopoletin 57
secondhand smoke 292–7, 707

additives masking odour/irritation 175–6
exposure see passive smoking
toxicology 289–92
see also environmental tobacco smoke

selenium deficiency 646
self-administration, nicotine 132

animal models 157–9
human models 150–2

Senegal 272, 273
tobacco use 268, 269

sensitization, behavioural 154–5
sensory irritation

masking sidestream smoke-mediated 175–6
smoke-mediated 174–6

masking compounds 175
pathophysiology 174–5

sex differences see gender differences
sex-hormone binding globulin (SHBG) 533,

534–5, 536
sexual behaviour, cervical cancer risk and 459
Sherman Anti-trust Act 37
sidestream smoke (SS) 291

masking irritation and odour 175–6
see also environmental tobacco smoke

Sierra Leone 273
sitosterol 58
skatole 57
skin disease 598, 613
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