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Dedication

This book is dedicated to all the unborn who suffer from the negative effects of tobacco.
They cannot protect themselves, and often, they suffer a lifetime.

v

Preface

This book comprehensively summarizes the adverse effects of tobacco smoking on human
health. The current second edition has integrated a large set of new data that have been
published in numerous scientific studies and meta-analyses over the past few years.
Unfortunately, the harmful sequelae of tobacco smoking are played down by the industry and politicians in many industrialized countries. However, about 800,000 people/year
in the EU die from the immediate consequences of smoking. The particularly insidious
feature of tobacco consumption is that smoking-attributable harmful effects on health do
not generally become apparent until three or four decades after smoking initiation.
Although some positive changes in the legislative handling of tobacco have appeared in
the past five years, we still need to form a pact, sealed by politicians, the medical professionals, teachers and the media, to target the problem across nations. In this respect, a
minority of countries, including the US and the UK, have given positive examples.
There are four areas that need to be improved in future: (1) strict bans on tobacco advertisement on a global level, (2) better measures to protect against side-stream (passive) smoke
exposure, (3) establishment of prevention programs, especially for children and (4) treatment of tobacco addiction.
While preparing the second edition of the German version of this book, the founding
author Knut-Olaf Haustein deceased. After the fall of the Berlin wall, he was one of the first
Germans to take an active part in the battle against tobacco in the united Germany and it is
the author’s hope that the present edition continues the thoughts of Knut-Olaf Haustein on
how to approach the numerous problems. As a comprehensive work, the book is intended
to meet the needs of a large readership, including all medical professionals and scientists,
as well as teachers, sociologists, the media and politicians.
First and foremost, I am grateful to all the scientists who provided the data. I also gladly
acknowledge the help of Springer, Heidelberg, and the assistance of Dr. Carolin Kreiter,
Dr. Julia-Anik Börger, Dr. David Quarcoo, Dr. Alexander Gerber, Bianca Kusma, Stefania
Mache, Karin Vitzthum and Silvana Kölzow. Without the help of my family and the family
of Knut-Olaf Haustein, this book could not have been realized.
I trust that this book will meet with a good reception both within and outside the field of
medicine.
Berlin, Germany
Prof. Dr. David Groneberg
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History of Tobacco

We like to look in the future, because the undetermined in it, which may be affected this or that
way, we feel as if we could guide by our silent wishes in our own favour.
(J. W. Goethe, Novels and tales. 1854)

1.1
Tobacco Plants and Their Origin
Nicotiana tabacum, the tobacco plant used since ancient times in the Central and South
America, does not occur naturally but is a product of human cultivation [1], being a hybrid
of Nicotiana sylvestris and Nicotiana tomentosifosa [2]. Nicotiana rustica (developed later
in Russia as machorka) was the variety cultivated in North America, and has a higher nicotine content than the other tobacco plants. Illustrations of tobacco plant appeared under the
name of Nicotiana major in the seventeenth-century herbals (Fig. 1.1) because tobacco
was believed to possess healing properties [3]. The nicotine content of the tobacco leaves
is increased if the leading stem of the plant and its lateral shoots are removed (a process
known as “topping and suckering”), and drying improves the flavour of the leaves [1]. The
juice of lime is used to enhance the flavour of some tobacco varieties [4], and in the process the nicotine release as a free base is improved [5].

1.2
Use of Tobacco for Religious Purposes
Ten thousand years ago, the tobacco plant was used for ceremonial religious purposes
among the indigenous peoples of North and Central America. The Mayan priests lit sacred
fires [6], blew repeatedly on the embers to kindle them into life, inhaled the smoke, and
thus experienced the effects of the ingredients of the plant. Tobacco became a sacred plant [4].
Later, the tobacco plant attained a ceremonial religious status in the context of bringing
a sacrificial offering to the gods. The indigenous peoples of North America smoked tobacco
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_1, © Springer Verlag Berlin Heidelberg 2010
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Fig. 1.1   Illustration of a tobacco plant from the
herbal of Tabernaemontanus (1664)

in a “peace-pipe” to set the seal on treaties and friendships, while those of Central and
South America used tobacco in a rolled form, rather similar to present-day cigars and cigarettes. These people also attributed the healing properties to the tobacco plant (for example,
the shaman or medicine man would apply tobacco leaves to wounds). In South America,
tobacco was used preferentially for medicinal purposes, but it was also taken as snuff,
chewed, and used as a liquid brew. The appetite-suppressing quality of tobacco was recognised even at that time. Beyond the American continent, tobacco plants were found only in
Australia, and in some parts of the Sunda Islands of Indonesia.

1.3
The Appropriation of Tobacco by Europeans
For obvious reasons, until Columbus landed on San Salvador in 1492, the tobacco plant
did not attract the interest of Europeans, although it may be noted that the Amerindians
used the word tabago to describe the pipe used for tobacco smoking rather than the plant
itself. On his second voyage to the New World, Columbus was presented with a bunch of
tobacco leaves, but had no inkling of their intended use. In 1527, the first bishop of the new
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colony, Fray Bartolomé de Las Casas, wrote a description of the properties of the tobacco
plant [7]. Although the Amerindians presented the Spaniards with tobacco leaves as a
gesture of friendship and devotion, the plant lost all its ceremonial religious significance
over the ensuing centuries in the hands of the Spaniards and other Europeans, and tobacco
became a luxury commodity that was exploited solely for commercial purposes.
After his return from sea voyages, Spaniard Rodrigo de Jerez – credited with being the
first European tobacco smoker – used to walk the streets of his home port of Ayamonte,
with smoke billowing from his mouth and nose. Believing he was consorting with the
Devil, the local clergy handed Rodrigo over to the Inquisition, and he was imprisoned for
10 years! This was in stark contrast to the extremely liberal attitude of the Spanish colonial
rulers outside Spain as far as tobacco smoking was concerned. After his second voyage to
the New World, Columbus brought a number of tobacco plants back to Spain where they
were used initially as ornamental plants in the gardens of the aristocracy. Jean Nicot
(1530–1600), French ambassador to the Portuguese court, conducted a number of “experiments” which identified the healing effects of tobacco. In 1559, on the strength of this
conviction, he sent some plants to Paris for Catherine de Medici who had them processed
as snuff powder, and successfully administered them to her son, Charles IX, as a remedy
for his headaches [8]. The Spaniard Nicolas Monardes, a physician at the University of
Seville, wrote a treatise in 1571 on the medicinal use of tobacco, and his compendium was
very rapidly translated into other languages [9]. By 1590, the plant was already known as
Nicotiana, and since 1828 Nicot has given his name to the principal alkaloid, nicotine.
Tobacco arrived at the English court of Queen Elizabeth I in 1573, and by 1614 there were
already more than 7,000 tobacco retail outlets in London [10]. Benefiting from the extensive
trading relationships with the Spaniards and the Portuguese, the tobacco plant was carried to
the Philippines, to the Southeast and East Asia, as well as to Africa and, by the beginning of
the seventeenth century, even further afield to Japan, Korea and China, from where it also
entered Tibet, Mongolia, and Siberia [11]. Tobacco became an immensely valuable commercial commodity, comparable with cocaine and other illegal drugs at the present time.

1.4
Worldwide Spread of Tobacco
In the beginning of the eighteenth century, tobacco was found in all corners of the world.
This spread of tobacco, and its use as a luxury commodity also led to the secularisation of
society [12]. The use of tobacco was prohibited in numerous countries (Turkey, Russia,
Vatican City, and Germany). In contrast, the English King James I became an ardent champion of the tobacco trade because it brought him considerable financial revenue through
import duties. Nevertheless, in 1603, King James I published his treatise “A counterblaste
to tobacco” in which he argued against the cultivation of tobacco [13]. The Spanish monopoly on tobacco was broken when the English obtained tobacco seeds from Virginia, and
James I placed a ban on imports from Spain to encourage his country’s own production.
After 1630 the prohibition policy for tobacco products became a taxation policy [14], one
of the first attempts at indirect prohibition.
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Fig. 1.2   A Smoking Club. Etching from an original by Bunbury Esq. (1750–1811), in S.W. Fores
No. 3, Piccadilly, where all of Mr. Bunbury & Rowlandsons’ works are stored [15]

Smoking clubs became increasingly commonplace. Henry Bunbury’s etching A Smoking
Club (Fig. 1.2) depicts four gentlemen of differing build enjoying the ritual pleasures of the
pipe. They adopted an almost statuesque pose, and their exaggerated look of rapture had
something ridiculous about it. Frowned upon for a long period, the activity of smoking was
condemned, and was restricted to the lower social strata (soldiers), becoming socially
acceptable only toward the end of the eighteenth century. Normally, smoking was permitted
only in specifically designated rooms; the ban on smoking in public persisted in many
places until the nineteenth century.
In addition to tobacco smoking, the practice of snuff taking (witnessed by the Spaniards
during their seafaring voyages of discovery) was also taken from the Amerindians.
In France, snuffing was widespread before the French Revolution, with some 90% of tobacco
being consumed in this way. The tabatière or snuffbox was the status symbol of the aristocracy. As a result, olfactory disturbances or total loss of the sense of smell were widespread
in the eighteenth century, particularly in France. By contrast, the chewing of fermented
tobacco leaves was less common, even though it was claimed to alleviate the pangs of hunger. In Europe, the custom of tobacco chewing survived longest among seafarers and
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mineworkers. In 1742, King Frederick the Great of Prussia issued an edict “against tobacco
smoking as a risk of fire” which was not completely repealed until 1848.

1.4.1
Development of the Cigar
Cigars were the commonest form of processed tobacco in the eighteenth century, with
the earliest tabacerias for the production of cigars having emerged in Spain in the seventeenth century. In the USA in the nineteenth century, two varieties of tobacco were
developed which dominated the tobacco market of the future – hot-air, flue-cured
Bright (or Virginia) tobacco, and air-cured, yellowish-red Burley tobacco from other
plants [11, 16]. This tobacco was then used for chewing because, owing to its coarse
plant structure, it could absorb more sugars and other flavouring agents without appearing moist.
The first tobacco manufactory was established in Seville, and in 1788 the first cigar
factory based on the Spanish model was built in Hamburg by Schlottmann [7]. The cigars
produced by Schlottmann sold poorly, prompting him to transport them to Cuxhaven so
that they could then be fetched back as “imports” with great commercial success. Napoleon
brought the cigar to France from where it crossed into Germany. The cigar became the
status symbol of the socially ambitious middle classes, and later became the hallmark of
the capitalist (George Grosz: “The Face of the Ruling Class”, 1921). The tabacerias which
originated in Cuba were also involved in the manufacture of cigars, with 100–300 workers
being employed in a single factory.
In some European countries, cigar was perceived as the symbol of foreign influence and
of opposition tendencies, for example, in the nineteenth century Prussia. The Neue Preussische
Kreuzzeitung wrote in 1848: “The cigar is the visible symbol of recklessness. With a cigar in
his mouth, a young man says and dares quite different things than he would say and dare
without a cigar”. During the revolutionary confrontations in March 1848, the middle classes
in Berlin demanded “Freedom to smoke in the Zoological Gardens”. The cigar was the
dominant tobacco product for virtually 100 years.

1.4.2
Development of the Cigarette
The development of the cigarette coincided with the beginning of the transformation of
tobacco into a product of mass consumption. Cigaritos, pencil-thin paper wrappers filled
with Virginia tobacco, were common in Spain, Portugal, and their colonies. They were also
rolled in Seville by cigarreras, the women who worked in the tobacco factories. In the
middle of the nineteenth century in North Carolina, a high-temperature drying method
came into use for tobacco leaves [16]. Since the tobacco leaves have a relatively high sugar
content, the dried material became relatively acidic. Nicotine was, thus, present in the form
of its salts and was distributed in droplets in the smoke aerosol. This smoke can be inhaled
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more easily [17]. In 1913, Reynolds used Burley tobacco for the production of his Camel
cigarettes [18]. This tobacco blend became the prototype for the American cigarette,
whereas British cigarettes were also produced with Virginia tobacco.
Compared with the acrid and strong-tasting smoke of cigars, cigarette smoke is more
pleasant, and this can be attributed to the pH of the smoke [17]. Where pH is in the alkaline
range, nicotine in the smoke is present predominantly in its free form but is not found in
the gaseous phase. This smoke is difficult to inhale because of the acrid taste of nicotine.
The fact that nicotine is nevertheless absorbed when a cigar is smoked is due to its slower
passage across the buccal mucosa, the membrane lining the mouth [5].
Cigarette smoking first became widespread during the Crimean War (1853–1856): soldiers became accustomed to smoking strong Russian cigarettes, and took the habit back
with them to their own countries when hostilities ended. One St. Petersburg cigarette factory (the Yenidse Company) opened its first subsidiary in Dresden in 1862. The first cigarette-making machine, with an hourly output of 3,600 cigarettes, was displayed by the
Susini Company from Havana at the Paris World Exhibition in 1867. By the 1880s, US
companies followed suit with their own cigarette-making machines. As a result, production costs fell dramatically, new markets opened up, and young people around the age of
18 became a major consumer market for the first time [19]. Thus, smoking took on a new
face: smoking as a leisurely pastime was replaced by smoking at short intervals, mainly
as a means of coping with stress. Unlike the cigar or a pipe, a cigarette can be smoked in
3–5 min: the smoking break can be equated with “the time it takes to smoke a cigarette”.
The cigarette came to symbolise modern twentieth century living (see Table 1.1).
Because smoking was always subject to certain restrictions, it both represented something “special” and, in the nineteenth century, was invariably associated with political
freedom movements. Following the outbreak of Asian influenza in the summer of 1831,
cigar smoking in public places was permitted as a protection against infection [7], and the
right to smoke in public was on the list of demands at the Hambach Festival in 1832.
During the student protests of 1968, it was even demanded that the ban on smoking in
lecture theatres be lifted and that smokers’ corners be set up in schools or universities. In
wartime too, the soldiers of all armies have always been liberally supplied with cigarettes
to boost their fighting morale and readiness for battle [8].
Within about 100 years, the cigarette industry rose to become one of the foremost
branches of industry [20] (see Table 1.1).
Table 1.1   Cigarette consumption in various countries during the first third of the twentieth century
Country

Before 1914

1927

1928

Germany
England
France
Holland
Italy
Sweden
USA

195
201
96
–
104
115
143

302
811
248
341
372
233
798a

499
–
326
–
–
–
840a

Per-capita statistics (from [7])
a
In the USA 97,000 million cigarettes were smoked in 1927 and 106,000 million in 1928
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1.5
Objections to Smoking on Health Grounds
In the nineteenth century, smoking was not viewed from the standpoint of enjoyment.
After the prohibition on smoking was abolished, the respectable middle-classes started to
voice their criticism on smoking which, even then, were intended primarily to protect
young people. In one of his paintings from 1885/1886 (Skull with burning cigarette, see
Fig. 1.3), the Dutch artist Vincent van Gogh (himself a pipe smoker) foreshadowed the
role the cigarette was to play in the century to come. Even then, with smoking perceived
as a specific social problem prevalent among 10–12-year-old boys [8], there were
complaints about “wayward” young smokers. Parents, teachers and educators were told
that they had: … “a serious duty to make young people aware of the great dangers of
premature use of the narcotic tobacco, an activity that destroys their physical and mental
well-being” [8].
In the second half of the nineteenth century, both in the USA and in Europe (including
Germany and Austria), anti-tobacco associations were formed because newer insights into
the chemical processes of nature and of human life itself had raised concerns about the
health-related consequences of smoking [21]. Education was required concerning the

Fig. 1.3   Vincent van Gogh:
Skull with burning cigarette
(1885/1886)
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dangers of tobacco use and misuse [22]. As a result, smoking perceptions have undergone
a complete transformation – the “sophisticated” habit of the 1930s is a lethal addiction in
the new millennium. What was considered an appropriate social behaviour, frequently
endorsed by the medical profession (cf. Fig. 1.4), has now been established as an antisocial
behaviour. Nevertheless, the tobacco industry unrestrainedly advertised its products in the
medical journals (cf. Fig. 1.4) and among young people who were very soon familiar with
all the major cigarette brands (Fig. 1.5).
In 1821, the physician Posselt and the chemist Reimann described a milky distillate
obtained from fresh and dried tobacco leaves [24] and in 1828, they isolated nicotine as the
principal alkaloid of tobacco [8, 25]. Trommsdorff also studied extracts from tobacco plants
[26], but his research was not as fruitful as that of Posselt and Reimann. At that time, this
(poisonous) alkaloid fuelled numerous debates about the harmfulness of smoking, based on
evidence from various experiments on animals with nicotine dating back to the seventeenth
century [8]: Conrad Gesner had observed that dogs vomited when they were administered a
small quantity of powdered, dried tobacco leaves. The first Bocarme poisoning trial before
a Belgian court in 1850 attracted great interest, particularly when the chemist Stas detected
the alkaloid nicotine in the corpse [8]. This case prompted numerous animal experiments
with nicotine to permit further elucidation of its effects. The animal experiments described
by Tiedemann, working in conjunction with the anatomist Bischoff in Gießen, were conducted in frogs, rabbits, and dogs after he had received nicotine base from Dr. Merck of
Darmstadt [8]. These experiments described the high toxicity and rapid onset of poisoning
followed by the death of animals. In a letter to Theodor Zwinger, Conrad Gesner described
the pattern of poisoning following excessive tobacco consumption in the following terms:
“folii particula fumum haurientem subito inebriat, ut ipse non semel expertus sum” [8].
Concepts such as acute and chronic nicotine poisoning were introduced. Symptoms
described in humans included agitation, stupor, cough, accelerated breathing, nausea, and
vomiting etc. [8]. Long-term damage (chronic glossitis, pharyngitis, tonsillitis, and cancer
of the tongue) was already being reported as early as 150 years ago [8, 27].
By 1927, more than 50% of the tobacco users in the USA were already smoking cigarettes (97,000 million, rising to 106,000 million in the following year, Table 1.1); even
then such consumption was associated with illness on a fairly large scale. Statistics on the
incidence of lung cancer were collected in Great Britain as early as 1920. At that time it
was still unclear whether a third (genetic) factor was involved alongside smoking and lung
cancer. Despite evidence to the contrary, the tobacco industry continued to dispute this fact
into the 1950s [28]. The tobacco industry did not shy away from advertising its products
even when diseases caused by cigarettes were reported (Fig. 1.6).

1.6
Women Won Over by the Cigarette
In the nineteenth century, smoking was the exclusive privilege of men. Even today, cigar and
pipe smoking are still considered to be a predominantly male attribute. Before the 1920s, cigarette was not considered to be the dominant tobacco product. The image it projected was not
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Fig. 1.4   Cigarette advertisement seeming to indicate physician’s approval [23]. Philip Morris &
Co. advertises with four articles for their products

10
Fig. 1.5   Example of the
tobacco industry’s covert yet
obvious advertising targeted
at young people

Fig. 1.6   The tobacco
industry did not even shy
away from using macabre
methods to advertise its
products, as illustrated by
this cigarette pack. Insert for
the above cigarette brand
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as prestigious as that of chewing tobacco or the cigar. Cigars were thought of as male domain.
In 1904, a New York woman was arrested for smoking and simultaneously driving her car [29].
After the First World War, cigarettes also became increasingly popular with women. The
dancer Lola Montez and the writer George Sand may be cited as prominent examples of
women who smoked. In the USA, the habit was observed mainly among well-to-do women,
especially in New York. The cigarette brands of the day, such as Herbe de la Reine, were
aimed mainly at a female clientele. The London tobacco house Philip Morris developed a cork
tip for the cigarette, and advertised this modified cigarette for women. However, since these
cigarettes were rolled by hand, they were too expensive to capture broad segments of the
market. This situation changed again when it became customary for women also to take
employment and, as they became increasingly emancipated, to smoke in public. The US firm
American Tobacco produced Lucky Strike, which became the best selling cigarette brand.
Using testimonials from female celebrities, such as the aviatrix Amelia Earhart, slogans like
“To keep a slender figure – reach for a Lucky instead of a sweet”, or endorsements from film
stars Constance Talmadge and Jean Harlow, who appeared from 1929 onwards smoking
Lucky Strike cigarettes in public, advertisements for cigarette smoking were systematically
targeted at women. Even in those days, advertising used slogans extolling the virtues of mild
smoking: “Easier on your throat”, “I prefer Luckies, and so does my daughter”, “For your
digestion – smoke Camel” or “Camels never jangle your nerves” [2, 30]. In its advertising, the
Chesterfield company directed the following slogan at older women: “To help the country, I
think I’ll try one”.
With these advertising practices, the US cigarette industry succeeded in the 1930s and
1940s in stylising the cigarette as an integral part of life. During the First World War, the
US General Pershing had stated: “Tobacco is as indispensable (to the soldiers) as the daily
ration (of food)” [31] and President Roosevelt later declared the cigarette to be just as
essential as food. Smoking was a conspicuously common feature in countless Hollywood
movies (e.g. Humphrey Bogart and his female co-stars). Marlene Dietrich and Greta Garbo
were further prime examples for this advertising campaign which influenced countless
women to become smokers [32].
The Second World War brought a further boost for the cigarette industry as uniformed
women in the Allied Forces joined male soldiers in smoking either Camel or Chesterfield.
Cigarette consumption during this period quadrupled worldwide. The women, like their
male counterparts, were permitted to smoke in public. In addition, this period saw the
arrival of king-size and mentholated cigarettes created especially for women. When the
first studies on the lung cancer-producing properties of cigarettes were published, the cellulose mouthpiece was introduced in the 1950s with the advertising slogans “Pure white,
wonderful” or “Just what the doctor ordered”, alongside arguments from the cigarette
industry refuting the link between smoking and lung cancer. In 1961 in England filter cigarettes were already being bought by some 33% of female smokers but by only 17% of male
smokers. In the 1970s, the purchase of filter cigarettes by both sexes had risen to 90% in
the hope that this would sidestep the risk of cancer. The development of “light” cigarettes
with a reduced tar yield, and therefore considered “more healthy”, may be regarded as a
miscalculation on the part of the cigarette industry for the smoker [33]. What the cigarette
industry did achieve by this development was to ensure that, by 1990, 47% of women aged
between 29 and 41 in the USA had become smokers.
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1.7
The Medical Use of Tobacco in the Nineteenth Century
In the nineteenth century, tobacco was cultivated for medicinal purposes in the Alsace
and the Palatinate, and was sold in the form of extracts, powders, ointments and aqueous
solutions [10]. Bartholin from Copenhagen used tobacco as an enema and into the nineteenth century tobacco preparations were occasionally prescribed as remedies for
strychnine poisoning and tetanus (lockjaw). In the monograph by Müller [34], tobacco
and its formulations (decoctions, ointments, tinctures, wine, vinegar, pills) were recommended for dropsy in the lower abdomen. Fowler [34] claimed to have cured 18 out of
31 patients this way. However, the dose was selected in such a way that, as far as possible, neither salivation nor dizziness occurred. Other physicians in the seventeenth and
eighteenth centuries also used tobacco preparations for the treatment of oedema.
Nicotine preparations were further prescribed for “spastic dysuria” (a category which
included gonorrhoea). Other authors from this period described its useful administration
as a remedy for neuroses and tetanus, for strangulated hernias (primarily in the form of
enemas) as well as for disorders of the lower abdomen associated with constipation,
spastic colitis and spastic ileus (in this case using the so-called smoke enemas), and
many other conditions [34].
As late as 1837, an infusion of tobacco leaves was recommended as an antidote to arsenic poisoning, and this was tested in dogs. The effect of tobacco preparation was achieved
by inducing vomiting several hours after arsenic poisoning [34]. In the mid-nineteenth
century, Tiedemann [8] was credited with publishing a comprehensive monograph on
tobacco and its history from the earliest beginnings.

1.8
Tobacco Research in the Twentieth Century
In the twentieth century, the interest stimulated in tobacco research paralleled the spread of
cigarette consumption coupled with the means for increased production, and the identification of the first harmful effects (Table 1.1). Dr. John Hill, a London physician and botanist,
first suggested a relationship between the development of cancer and the long-term use of
snuff. He made these comments in 1761 and reported six cases of “polypusses” related to
excessive indulgence in tobacco snuff. One such “polypus” was described as a swelling in
one nostril that was hard, black and adherent on a broad base. It later developed the symptoms of an open cancer [35]. The huge increase in the number of male smokers was precipitated by the First World War and its consequences [7]. Most men who took up smoking
then continued with the habit as they were already addicted. Schoolboys then smoked to a
far lesser extent than 50 years later (Fig. 1.7). Even at that time the anti-tobacco lobby was
in the minority because it was inevitable that it would lose the struggle against a superpower. Before the outbreak of the Second World War, the Dresden internist Lickint
deserved recognition for summarising what was then known about tobacco and its harmful

1.8 Tobacco Research in the Twentieth Century
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Fig. 1.7   Age distribution
for cigarette consumption
among 1,058 students
attending higher educational
establishments (data from a
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Table 1.2   Lickint’s demands in 1939 for the regulation of tobacco consumption [21]
Ban on tobacco consumption for young people below the age of 18
Strong warnings against tobacco consumption by women
Cultivation of nicotine-free or low-nicotine tobacco for “less toxic smoking”
Protection of non-smokers
Creation of counselling centres for tobacco addicts in major cities
Government-sponsored information campaign
Government support for the “German League to Combat the Dangers of Tobacco” funded by
revenue raised from tobacco duty

properties in a comprehensive monograph that is still available [22]. He was also one of
the first clinicians to publicise the connection between smoking and the development of
bronchial carcinoma in his numerous lectures, a state that he described in detail in his
book. His demands at the end of the book for stemming the consumption of tobacco are
understandable even today, with one exception (cultivation of low-nicotine tobacco varieties) (Table 1.2). Because of the Second World War, German research into the causal relationship between smoking and the development of bronchial carcinoma [36–40] could not
be shared with the international scientific community, and was also ignored after the end
of the war. The text of the article by Schairer and Schöninger was not published in English
translation until 2001 when it appeared in the International Journal of Epidemiology [41],
together with several commentaries [42, 43].
All countries, irrespective of the prevailing form of government, “encouraged and
promoted in every conceivable way their people’s passion for smoking simply for the
sake of the national purse” [7]. Following the failure of the bans on smoking in the USA
in the 1920s, with Kansas the last state to lift such prohibition in 1927, the European
countries never seriously considered similar regulations; in the view of those in power,
such action might have an adverse if not disastrous effect on the economic and political
situation. After the Second World War this attitude continued, with cigarettes being
rationed on “stamps” for the many smokers in Germany (see Chap. 14). In the immediate
post-war period, the Americans offered aid in the form of the Marshall Plan, but at the
same time they gave the Germans 97,000 tons of tobacco [44] – a gift with immense
potential for harm.
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Fig. 1.8   An example for
advertising encouraging
women to smoke and
incorporating a historical
reference to emancipation
“You’ve come a long way
baby”

1.9
Concluding Remarks

•
•
•

As with other luxury commodities (opium, alcohol), tobacco has developed over the
course of 500 years from being a drug with religious and ceremonial connotations to a
product of mass consumption (in the case of opium, only the Law on Anaesthetics
blocks its illegal spread).
If the tobacco plant had not contained nicotine, it would never have attained its worldwide significance. However, since it does, the tobacco companies in a small number of
countries earn an estimated hundreds of billions at the expense of the health of billions
of smokers throughout the world.
Even 200–300 years ago, attitude of Europeans towards tobacco were clearly ambivalent, as reflected in the actions of monarchs (e.g. James of England) and statesmen. On
the one hand, economic controls were used to ban tobacco, while on the other regulatory mechanisms were successfully exploited to make capital from the sale of tobacco.
In the Europe of past centuries, a variety of methods were selected to achieve these
ends: import and export taxes, monopolies on the manufacture of tobacco products,
leasing of factories by the state or transfer of rights to these, taxation of land set aside
for tobacco cultivation, etc.
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The German government and its politicians have adopted this ambivalent attitude from
the past and have denied protection from the dangers of smoking to the majority of its
electorate, the non-smokers. They have also failed to protect the majority of smokers
from the increasingly apparent dangers of smoking.
In most countries in the world, cigarette smoking is the number 1 killer. Worldwide,
more people die from the consequences of cigarette smoking than from any other
disease. Despite these problems, the tobacco industry has been able to increase its
annual turnover by wooing new smokers of both sexes (Fig. 1.8). Under these circumstances, it is expected that in the year 2025 more than 2 million people in the European
Union alone will die from the consequences of cigarette smoking if this trend is not
halted soon.
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Epidemiology of Tobacco Dependence

The twentieth century has witnessed the birth and development of a new epidemic - tobacco
dependence [1–3]. In the last 40 years, due to the rise in tobacco consumption (Fig. 2.1;
Table 2.1), tobacco use has become a particular health hazard, as documented in numerous
reports [2, 3, 7–13]. It has become clear that the nicotine dependence (nicotine being produced through the tobacco plant), a fact now confirmed by the World Health Organization
(WHO), is responsible for the adverse effects on health [14]. Nicotine itself is known to be
a powerful poison – similar to prussic acid [15]. Nevertheless, most health-related consequences are attributable to the 2,500 toxins in the tobacco plant and to some 4,000 substances present in tobacco smoke [16–18]. In the USA and many European Union (EU)
countries, tobacco causes more deaths than any other dependence-producing substance
(Table 2.2) [4, 19]. The developing countries will be suffering this if they continue to
increase their tobacco consumption [20].
In Europe, more than 30% of the population smoke cigarettes; cigar and pipe smoking
and the use of chewing or snuff tobacco are of secondary importance. In Germany, where
more than 17 million people currently smoke, 309 people die each day from the direct
consequences of smoking, whereas road traffic accidents claim a “mere” 21 deaths/day. If
an airliner with 309 passengers on board crashes every day in Germany, there would be a
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Fig. 2.1   Annual per capita cigarette consumption in the USA during the period from 1925 to 1990
(from [4])
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Table 2.2   Avoidable
deaths in the USA in
1990 [4]
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Tobacco type

1900

1952

1991

Tobacco in general (kg/person)
Cigarettes (%)
Snuff, chewing tobacco (%)
Cigars (%)
Pipe or hand-rolled (%)

3.4
2
4
27
19

5.9
81
3
10
1

2.3
87
5
4
1

Death due to

Deaths

Percentage

Tobacco
Poor diet, sedentary lifestyle
Alcohol
Bacterial infections
Poisoning
Firearms
Sexual deviancy
Road traffic accidents
Illicit drugs

400,000
300,000
100,000
90,000
60,000
35,000
30,000
25,000
20,000

19
14
5
4
3
2
1
1
<1

national outcry and the government would be compelled to take action. During the period
from 1925 to the 1960s, tobacco consumption in the USA showed a 4.2-fold increase,
before falling again to 2.5 times the 1925 level by the start of the 1990s (Fig. 2.1).
In the USA, cigarette smoking is responsible for one in every five deaths (400,000
deaths per annum, see Table 2.2), chiefly as a result of coronary heart disease, lung cancer
and other respiratory tract diseases which would be avoidable in principle by smoking cessation [21]. As an exotic commodity, therefore, the cigarette has advanced to become the
commonest cause of death. The problem has reached similar dimensions in Europe [4].

2.1
Tobacco Consumption in the Twentieth Century
The first two decades of the twentieth century laid the foundation for huge growth in the
cigarette industry, with cigarettes in the 1920s not so much producing dependence, but rather
being highly toxic for the respiratory tract. In the 1920s and 1930s, cigarette consumption
was boosted particularly when women were included as targets of the increasingly successful advertising efforts of the tobacco industry, with Camel cigarettes gaining widespread
popularity [5, 22]. Following the recognition even during these years of the adverse effects
of cigarettes on health [7, 9, 13, 23], the cigarette industry developed the filter cigarette as a
kind of safety “guarantee” in the 1950s and the “low-tar” cigarette in the 1960s [2, 5]. The
percentage share of filter cigarettes increased from 0.3% in 1949 to 97% in 1992 [24].
In men born between 1911 and 1930, the prevalence of cigarette smoking in the USA
reached peak levels of 67% in the 1940s and 1950s [25], with a maximum prevalence of

Cigarette Smoking in the USA Since 1965

Fig. 2.2   Smoking prevalence
among men and women as a
function of age. Data from
the Microcensus Study 1999
[27], by kind permission of
the German Federal
Statistics Office
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44% recorded for women in the 1960s. The number of smokers fell only in response to the
massive anti-smoking campaigns of the 1970s, with a greater decline among men than
among women [26]. Smoking prevalence in Germany was confirmed in the latest Microcen
sus Study (Fig. 2.2). The national Youth Risk Behavior Survey (YRBS) 2003 of the United
States indicates that the prevalence of current cigarette use has declined substantially since
the late 1990s and is at the lowest level since YRBS was initiated in 1991 [28].

2.2
Cigarette Smoking in the USA Since 1965
Over the period from 1965 to 1993, smokers in the USA and their tobacco-use behaviour
were monitored in a survey of all smokers above the age of 18 years with a minimum annual
consumption of 100 cigarettes [6]. With effect from 1991 and 1992, the survey included all
those who smoked daily [29, 30]. Defined in these terms, the annual prevalence of cigarette
smoking in the USA was 42% in 1965 and 25% in 1993 [6, 30]. Smoking cessation was
achieved by 24% in 1965 compared with 50% in 1993 [30]. In the 30–39-year-old category,
89% first tried smoking before the age of 18 and 71% became regular smokers [21]. The
average age at which smoking was first tried was 14.6 years and the age at which survey
respondents became regular smokers was 17.7 years [21]. In contrast, after 1980, the survey
revealed that the transition to regular smoking did not occur until after the age of 20 [31].
Smoking was initially a male preserve; however, from 1965 to 1993, smoking prevalence
among men declined from 52 to 28%. Smoking prevalence among women was 34% in 1965,
falling to 22% in 1993. Overall, the prevalence of cessation among ex-smokers in 1993 was
52% for men and 47% for women [30]. Nevertheless, the prevalence of male pipe and cigar
smoking, chewing tobacco and using snuff rose continuously [3, 32]. Among adolescent
smokers, there was gender equality. From 1967 onwards in particular, there was an increase
in the number of female smokers following the introduction of “female cigarettes” [31],
whereas smoking prevalence among young women with a college education declined over
the period from 1983 to 1991 [6].
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Differences in educational level are also apparent among smokers: 37% of individuals
in education for 9–11 years were smokers compared with only 14% of those who were in
education for 16 years [30]. Higher educational levels were correlated with a willingness
to quit smoking [6, 33]. Willingness to quit smoking also increased with age, with educational level also being a decisive factor in this context [21, 34, 35].
Smoking prevalence was highest among people living below the poverty line [30], bluecollar workers [2, 36], single or divorced people [13] and military personnel [37, 38]. Tobacco
use declined most rapidly among the medical professionals; at the beginning of the 1990s,
only 3% of doctors in the USA were smokers [35], compared with some 20% of doctors in
Germany [27]. However, there seems to be a rethinking of smoking habits in the United States.
The prevalence of cigarette smoking among US adults has declined by almost half since
1965, with positive trends observed among people in almost all sociodemographic groups
and efforts to reduce disparities recognized as an important goal in public health [39].

2.3
Smoking Habits in Germany
In Germany, in people between the age of 21 and 50 years, smoking prevalence is about
33% in women and 44% in men (Fig. 2.2). Simultaneously, as direct consequences of cigarette smoking, approximately 80,000–90,000 new cases of cardiovascular disease and
30,000 new cases of bronchial carcinoma are recorded every year. Above the age of 35,
tobacco-attributable mortality rates in the federal German states range from 5.6 to 13.2%
for women and from 24.3 to 29.2% for men. The highest mortality statistics are recorded
for women in Hamburg, Berlin and Bremen [27]. With an overall mortality rate in Germany
of 17%, smoking represents the commonest avoidable and exclusively behaviour-related
cause of death [40].
According to the Microcensus Study, a representative survey conducted in 1995 among
the population in Germany, interesting conclusions can be drawn concerning smoking
behaviour as a function of gross income and educational level (see Fig. 2.3). Similar results
are also evident from the latest Microcensus Study [27] with regard to the postulated connection between school and university education and smoking behaviour (Fig. 2.3). The
influence of the educational level on smoking pattern in different social classes might be
explained by the efficiency of anti-smoking campaigns and the awareness about health
effects of smoking among persons with different educational levels [41].
Thus, according to self-reported information in April 1995, 30.9% of men and 18.2% of
women were regular cigarette smokers. In both sexes, smoking prevalence fell with increas
ing age: among men and women over the age of 64, smoking prevalence was only 12.9
and 4.9%, respectively [42]. The data summarised in Figs. 2.4 and 2.5 indicate that the
relationship between monthly income and smoking behaviour applies more for men than for
women. Smoking prevalence is higher (42.6%) among men in the lowest income category
(< 700 EUR) than among those with a high monthly income (>6,500 DM), though the rate
is still 23.1%. For women, the most pronounced income-specific differences are found in
the youngest age group (18–29-year olds). Here too there is a considerable difference in
smoking prevalence (41.4 vs. 18.5%) for the lowest and highest income groups [42].
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Fig. 2.3   Smoking prevalence in different occupational groups [27]. By kind permission of the
German Federal Statistics Office
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Fig. 2.5   Correlations between smoking behaviour and average gross monthly income for women.
Results of the Microcensus Study [42]

Overall, it may be concluded that a very highly pronounced social gradient exists in
terms of smoking behaviour [39]. Smokers tend to be particularly from households with a
very low income and/or from people whose primary income is based on social welfare or
unemployment benefit. In addition, the Microcensus Study reveals that ex-smokers are
mainly from households with a higher net monthly income [42].

2.4
Cigarette-Related Mortality in Different Countries
While prospective studies potentially providing evidence of the number of deaths related
to cigarette smoking would be unambiguous, they are too time-consuming and costly in
practice and are, therefore, problematic to conduct. Nevertheless, this difficulty can be
overcome by using survival statistics, e.g., by comparing data from different countries on
lung cancer mortality among smokers and non-smokers. The correlation between smoking
and lung cancer mortality is clearer in developing countries than in industrialised countries
because environmental factors are more influential in the latter (Tables 2.3 and 2.4).
A survey of trends for mortality from smoking over the past 50 years among men and
women in the age category from 35 to 69 years reveals a pattern that gives pause for
thought: when extrapolated to the coming decades, smoking-related mortality for men and
women is expected to be identical (Figs. 2.6 and 2.7) [43]. In addition, when calculated
with reference to age, mortality attributable to smoking rises disproportionately more rapidly than mortality without such harmful exposure [43]. The data summarised in Tables 2.3
and 2.4 show that smoking-related mortality in the former socialist economies of Eastern
Europe is lower than that in the industrialised countries, though it should be remembered
that the data for the former Eastern Bloc countries may be incomplete. It is clear that all
state initiatives to stem the smoking tide have not resulted in a reduction in smokingrelated mortality in middle age. Even though the age of 70 is regarded as a significant
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Table 2.3   Numbers and percentages of smoking-related deaths in OECD countries in 1990
Country

Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Greece
Ireland
Italy
Japan
Luxemburg
Netherlands
New Zealand
Norway
Portugal
Spain
Sweden
Switzerland
United
Kingdom
USA
Total

Men
35–69
years

>70 years

All ages

Women
35–69
years

>70 years

All ages

6.7 (28)
4.0 (28)
7.9 (41)
13.5 (35)
3.3 (32)
2.6 (25)
32.6 (32)
52.0 (32)
5.2 (33)
1.7 (31)
37.8 (37)
26.8 (16)
0.2 (34)
8.6 (38)
1.4 (28)
1.4 (21)
4.0 (21)
20.5 (33)
2.1 (16)
3.1 (31)
37.2 (35)

7.3 (21)
3.6 (16)
8.6 (28)
14.1 (24)
4.3 (22)
2.7 (21)
24.5 (16)
43.3 (18)
5.2 (17)
2.5 (24)
34.9 (21)
41.5 (16)
0.3 (25)
13.0 (32)
1.7 (22)
1.9 (12)
2.8 (9)
19.4 (19)
3.2 (9)
3.7 (18)
52.1 (27)

14.0 (22)
7.5 (20)
16.5 (31)
27.6 (27)
7.6 (25)
5.3 (21)
57.1 (21)
95.3 (22)
10.4 (21)
4.2 (25)
72.7 (26)
68.3 (15)
0.5 (27)
21.6 (32)
3.1 (22)
3.4 (14)
6.5 (13)
40.0 (23)
5.3 (11)
6.8 (21)
89.4 (28)

1.9 (15)
0.6 (7)
0.7 (6)
5.0 (23)
1.8 (27)
0.2 (5)
1.0 (2)
6.2 (7)
0.4 (5)
0.7 (20)
2.7 (5)
3.6 (4)
<0.1 (9)
1.4 (11)
0.7 (21)
0.4 (12)
0.0 (0)
0.0 (0)
0.7 (10)
0.3 (6)
16.4 (24)

3.1 (8)
1.5 (4)
0.6 (1)
7.0 (11)
2.6 (11)
0.5 (3)
1.2 (1)
10.4 (3)
0.9 (3)
1.6 (15)
7.4 (4)
15.4 (6)
<0.1 (1)
1.3 (3)
0.8 (9)
0.6 (3)
0.0 (0)
0.0 (0)
1.3 (3)
0.9 (3)
32.1 (13)

5.0 (9)
2.0 (5)
1.2 (2)
12.1 (14)
4.4 (15)
0.8 (3)
2.2 (1)
16.5 (3)
1.3 (3)
2.3 (16)
10.1 (4)
19.0 (5)
0.1 (3)
2.7 (4)
1.4 (11)
1.0 (5)
0.0 (0)
0.0 (0)
2.0 (4)
1.2 (4)
48.5 (15)

150.0 (36)
423.5 (32)

136.2 (23)
427.8 (20)

286.3 (26)
851.3 (23)

72.7 (28)
117.7 (16)

102.1 (14)
191.6 (7)

174.9 (17)
309.3 (9)

Numbers of deaths in 1,000s; percentages in parentheses [43]

“milestone” in various countries, only one in five smokers survives this milestone. The
opposite picture is found in the OECD countries: without the use of tobacco one-fifth of
people die before reaching the age of 70, and deaths among non-smokers before the age of
70 are declining all the time [43].
The statistics calculated for 1990 are impressive: for all countries together, mortality
from smoking was 24% and in the 35–69-year-old age group, mortality was 35% for men
and 12% for women [43]. The loss of life for a smoker is calculated at 5–7 years. In
several countries (France, the Netherlands, Sweden), there has been an increase in cigarette consumption in young women in particular, with the result that increased mortality
must be anticipated in the decades ahead [40] (Figs. 2.6 and 2.7). The summarised data
indicate that no smoking-related deaths occurred in people below the age of 35 [43].
Approximately half of all smokers from the developing countries suffered from their
smoking behaviour. Teenagers or young adults who become regular smokers must expect
to forfeit 8 years of life [43], as also shown by a study among British doctors conducted
over a 40-year period [23].
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Table 2.4   Numbers and percentages of smoking-related deaths in the former socialist countries
in 1990
Country

Armenia
Azerbaijan
Belarus
Bulgaria
Czech Republic
Estonia
Georgia
Hungary
Kazakhstan
Kirghizstan
Latvia
Lithuania
Moldavia
Poland
Romania
Russia
Slovakia
Tadzhikistan
Turkmenistan
Ukraine
Uzbekistan
Yugoslavia
Total

Men
35–69 years

>70 years

All ages

Women
35–69
years

>70 years

All ages

2.2 (38)
2.7 (24)
1.0 (39)
8.2 (30)
13.3 (42)
1.9 (38)
2.8 (24)
16.0 (41)
15.2 (43)
2.0 (28)
3.3 (38)
3.8 (38)
3.5 (31)
44.6 (42)
19.6 (32)
191.9 (42)
5.8 (38)
0.7 (14)
1.1 (22)
64.4 (40)
4.7 (20)
19.4 (36)
441.2 (39)

0.5 (13)
0.5 (8)
3.1 (16)
2.2 (7)
6.1 (19)
0.5 (15)
0.7 (9)
6.5 (19)
3.7 (22)
0.7 (17)
1.0 (15)
1.4 (17)
0.7 (10)
15.3 (18)
4.2 (8)
48.6 (20)
1.9 (15)
0.2 (6)
0.2 (6)
19.5 (17)
0.9 (5)
6.3 (13)
126.3 (17)

2.8 (23)
3.1 (14)
14.1 (26)
10.4 (17)
19.4 (29)
2.4 (26)
3.5 (15)
22.5 (29)
18.9 (28)
2.7 (17)
4.3 (25)
5.2 (25)
4.3 (20)
59.9 (29)
23.8 (18)
240.5 (30)
7.7 (26)
1.0 (5)
1.3 (9)
83.9 (28)
5.6 (8)
25.7 (23)
567.5 (26)

0.2 (6)
0.0 (0)
0.3 (2)
0.5 (3)
1.4 (9)
0.2 (6)
0.1 (2)
3.1 (14)
2.3 (12)
0.2 (4)
0.3 (6)
0.2 (3)
0.3 (3)
5.1 (10)
2.2 (6)
16.4 (7)
0.3 (4)
0.0 (0)
0.0 (0)
5.9 (6)
0.7 (5)
2.0 (6)
42.1 (7)

<0.1 (1)
0.0 (0)
0.1 (<1)
0.4 (1)
1.5 (3)
0.1 (2)
<0.1 (<1)
3.1 (7)
1.9 (6)
0.3 (5)
0.3 (2)
0.4 (3)
0.3 (3)
4.4 (4)
0.8 (1)
19.3 (3)
0.4 (2)
0.0 (0)
0.0 (0)
8.5 (4)
0.5 (2)
1.6 (2)
44.4 (3)

0.3 (3)
0.0 (0)
0.4 (1)
0.9 (2)
2.9 (5)
0.3 (3)
0.1 (1)
6.0 (9)
4.2 (7)
0.5 (4)
0.6 (3)
0.6 (3)
0.6 (3)
9.5 (5)
2.9 (3)
35.7 (4)
0.7 (3)
0.0 (0)
0.0 (0)
14.5 (4)
1.3 (2)
3.6 (4)
86.5 (4)

Males

Females

Numbers of deaths in 1,000s; percentages in parentheses [43]

Fig. 2.6   Annual death rates
from lung cancer in men
and women in OECD
countries [43]
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It is estimated that in the year 2000, smoking caused 4.83 million premature deaths in
the world, 2.41 million in developing countries and 2.43 million in industrialised countries. There were 3.84 million male deaths and 1.00 million female deaths associated with
smoking. The leading causes of death from smoking were cardiovascular diseases, COPD
and lung cancer [44].

Other Forms of Tobacco Use

Fig. 2.7   Annual death rates
from lung cancer in men and
women in the former
socialist countries [43]
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Smoking-related deaths in the industrialised countries will also continue to increase in
the coming years, a fact that is of course attributable to the huge increase in cigarette consumption. In the light of these developments, the WHO convened a conference back in
1989 [1]. According to the data listed in Tables 2.3 and 2.4, the number of smoking-related
deaths in 1990 was 1.8 million, and on this basis, a total of some 20 million deaths may be
assumed for the 1990s. Males predominated numerically, but this pattern is set to change
in the coming years.
The calculation of smoking-related mortality is difficult for the majority of developing
countries: a spectacular increase has been recorded in China in recent years, particularly
since smoking prevalence among men in that country has exceeded the 50% limit. The
incidence of illness in Asia and Latin America is very high [40]. Taking all countries
together (the industrialised plus the developing countries), 3 (2–4) million people die
annually from the consequences of cigarette smoking.
Currently, there are 2,300 million children and teenagers in the world, of whom 30–40%
(i.e. 800 million young people) smoke. If smoking doubles in all age groups, this could
result in the death of 50% of all smokers [43].
During the period 1978–1992, cigarette production in China increased from 500,000
million to 1.7 billion, and the cigarettes had very high tar values. Research in China into
the health-related consequences of this development (lung cancer, COPD and oesophageal
cancer) has already been conducted, but the results remain unpublished [43].
According to extrapolations for the period 2020–2030, it is estimated worldwide that
3–10 million deaths a year would be attributable to smoking [43]!

2.5
Other Forms of Tobacco Use
Cigar smoking has increased again in recent years in the belief that it represents a smaller
risk than cigarette smoking (Fig. 2.8) [45, 46]. Cigar consumption increased by 66%
between 1964 and 1993 and by 46.4% between 1993 and 1997 [46]. Consumption of
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Fig. 2.8   Total U.S. cigar consumption 1880–1997 and significant events in the use of cigars [45]

large cigars and cigarillos increased by 69% between 1993 and 1997 [47]. According to
research conducted in California, between 1990 and 1996, more young adult male than
female high-school graduates preferred to smoke cigars [48] and this activity has since
overtaken smokeless tobacco use in the USA [49]. Some young people also replace the
inner tobacco of the cigar with marijuana or other illegal drugs (a practice known as
blunting) [50].
According to several studies, cigar smoking is perceived to be less dangerous than
cigarette smoking in terms of carcinogenicity [51–53]. Aside from notions of reduced
carcinogenicity, however, differing smoking behaviours, duration of smoking, extent of
inhalation and age at smoking initiation must also be taken into account [51, 54, 55].
Overall, no studies have been conducted among larger numbers of smokers using tobacco
products other than cigarettes. According to a meta-analysis of seven studies involving
7,200 controls and 5,600 male smokers (pipe and cigar), there was a dose-dependent
increase in lung cancer risk, with cigarillo smokers having the same increased risk as
cigarette smokers (odds ratio (OR): 12.7 vs. 14.7; cigarillo vs. cigarette) [56], obviously
a consequence of the inhalation of tobacco smoke. In a cohort study in 17,774 men
between the age of 30 and 85 years, cigar smokers were also found to have an increased
risk of developing coronary heart disease (OR 1.27), COPD (OR 1.45) and cancers of the
upper respiratory and gastrointestinal tract (OR 2.02). Cigar smokers clearly underestimate their cancer risk, with only 7.8% believing that cigar smoking will damage their
health. They also underplay the damage to the health of those around them as a result of
passive smoking [57–59].
The use of other forms of tobacco is more common among men than women [6, 21].
Snuff tobacco has been consumed increasingly during the last 25 years. A recently published study from Sweden indicates that taking snuff contributes to increased smoking.
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Therefore, one should not encourage the use of the less harmful snuff in smoking cessation
programmes [60].
Water pipe smoking is familiar to approximately 1 billion people around the world. It is
widely encountered in Turkey and Arabic and Middle East countries.
A study in the year 2003 shows that one single smoking session increased oxidation injury
(8-epi-PGF2alpha: p = 0.03; MDA: p = 0.001) and 11-DH-TXB2 (p = 0.00003) significantly.
Repeated daily smoking induced a persistent long-lasting oxidation injury reflected by elevated pre-values. These results indicate a significant increase of in vivo oxidative stress by
regular water pipe smoking [61].
In the USA, there are regional differences for chewing tobacco, with the black population
in the Southern states using it more than whites in the North [62]. The consumption of smokeless tobacco has clearly increased among white male adults during the period 1970–1985 [6],
though here too a higher educational level is associated with lower consumption [28]. In 1992,
this tobacco form was used by 11.9% of 12–17-year olds. In contrast, pipe or cigar smoking
has declined continuously since 1970, for example, from 16 to 4% within 20 years [6].

2.6
Smokers and Other Risk Factors
University graduates smoked more commonly if they did not engage in any sporting or
other physical activity or if they had increased numbers of sexual relationships [21].
Furthermore, smoking was more prevalent among those individuals who slept for less than
7 h at night, did not take breakfast in the morning and did not eat their meals until later in
the day [63–65]. It is also shown that the parental smoking habits are a consistent risk factor for adolescent smoking. The relative risk of adolescent daily smoking (adjusted for age
and sex) was significantly higher for maternal only smoking compared with paternal only
smoking in each ethnic group [66].
A Swedish prospective population-based cohort study pointed out the cumulative influence of multiple socio-economic and psychosocial chains of risks experienced during
childhood. One major finding was the fact that being from a divorced family and having
poor contact with their parents influenced the smoking directly.
Adolescents with adverse socio-economic status were also likely to be unpopular in
school and consequently, their smoking behaviour was affected directly [67].
In an international study conducted in six countries from 1985 to 1995, the level of
dependence in smokers (Fagerström test) was compared with smoking prevalence in the
countries concerned [68]. It was found that smokers showed a higher average level of
dependence in countries with a low smoking prevalence (USA, Finland) compared with
countries where smoking was more prevalent (Poland, Austria, France). One possible
explanation is that, in countries with a low smoking prevalence, the “occasional smokers”
or those with a low dependence level had already stopped smoking in response to external
influences (educational campaigns etc.), whereas the remaining smokers were more highly
dependent.
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2.7
Smoking Behaviour and Educational Level in the EU
As a part of a study conducted in 12 European countries, smoking behaviour in men and
women (aged 20–44 years and 45–74 years) was compared with educational level by coun
try – something that had only rarely been done before [69–71]. In this study, smokers in
several countries were classified in terms of the highest level of education completed by the
individual [72]. This classification comprised five levels where “5” was tertiary education,
including university: levels 1–3 formed the “lower educated” group, while levels 4 and 5
were the “higher educated” group. The data (education vs. smoking behaviour) were processed using regression analyses and ORs were calculated to indicate an association. If the
OR was clearly greater than 1.0, an association was to be accepted between low educational
level and smoking behaviour. As is apparent from the data summarised in Fig. 2.9, considerable differences existed between the 12 countries studied. Among the younger men (20–44years old), the proportion of current smokers ranged from 32 to 64%, while among the older
men (45–74-years old), it ranged from 28 to 55%. The ORs for current smoking were greater
than 1.00, indicating an association between (lower) educational level and smoking prevalence (Fig. 2.10). The ORs among the younger men were usually higher than among the
older men [64], with values >2.00 being calculated. The highest ORs among younger men
were observed in Norway, Sweden, France and Great Britain. Among the older men, the
highest ORs (>2.00) were observed in Great Britain and Norway, indicating that smoking
was more prevalent in the lower educated group in those countries. By contrast, in Portugal
more than in Spain, smoking was more prevalent in higher educated men (OR <1.00); at the
same time, the prevalence of smoking among women was <5%. In the more Southerly
countries of the EU (France, Italy, Spain, Portugal), smoking was more prevalent among
higher educated older women (OR <1.00) (Fig. 2.9, Table 2.5).
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Fig. 2.9   Smoking prevalence among men (Mal) and women (Fem) in 12 European Union (EU) and
Switerzland countries. Data shown for ever smoking (EvSm) and current smoking (CuSm) [72]
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Fig. 2.10   Odds ratios (ORs) in 12 EU countries for male (SmMal) and female (SmFem) smokers,
each in two age groups (20–44 years and 45–74 years) [72]. ORs greater than 1.0 are indicative of
an association between smoking and low educational level
Table 2.5   Stages of smoking behaviour in 12 European Union countries [72]
Stage 1
Stage 2

Stage 3

Stage 4

Smoking is an exceptional behaviour and is mainly a habit of higher socioeconomic groups
Smoking becomes ever more common. Rates among men peak at 50–80%,
irrespective of socio-economic group. In women, these patterns usually lag
10–20 years behind those of men, but smoking is first adopted by women from
higher socio-economic groups (Portugal)
Smoking prevalence rates among men decrease to about 40% since many
men stop smoking. Women reach their peak rate (35–40%), but at the end
of this stage, their rates start to decline too (starting to happen in Spain, Italy,
France)
Prevalence rates decline gradually for both men and women, and smoking
becomes progressively more a habit of lower socio-economic groups (northern
European countries: Norway, Sweden, Great Britain)

According to data from the 1995 Microcensus Study published in 1998, a definite social
differentiation for smokers of both sexes can also be identified in Germany. Smoking was
2–3 times more prevalent among men and women with a low educational level than among
those with a higher educational level or in the graduate professions (Fig. 2.3) [73]. The
highest smoking prevalences were found among men with simple manual jobs (building
site labourers, road construction workers, etc.). The highest rates among women were found
for workers in the hotel and restaurant trade, care assistants for the elderly and cleaners, etc.
(Fig. 2.3). These results are consistent with findings from international surveys.
Overall, it is concluded that cigarette smoking is taken up in stage 1 by people with a higher
educational level and who are financially better off (as in the USA in the early years of the
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twentieth century; see Table 2.5). In stage 2, smoking is taken up by all strata of the population. In stage 3, educational initiatives cause a decline in prevalence rates, firstly among men
and some time later, among women (emancipation, “equality problems”). In stage 4, smoking
remains the preserve of people with a low level of education (and reduced social status). These
data are also confirmed by research conducted as part of the Microcensus Study [42, 73].

2.8
Concluding Remarks

•
•
•
•
•

Worldwide, there has been an increase in smoking and hence, in tobacco-associated
diseases and deaths.
In all the industrialised countries, as well as in the developing countries, cigarette consumption is the dominant form of smoking.
In many countries, smoking prevalence is determined by educational level and monthly
income, with smoking being more common among the socially disadvantaged.
The growing frequency of smoking among children and women is most alarming,
entailing increases in rates of morbidity and mortality.
Regardless of how they are used (e.g. inhalation), cigars and cigarillos also carry a
greater risk than was thought previously.
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Tobacco users opinion: Chewing tobacco is tobacco’s body, smoke is the ghost, snuff is
tobacco’s soul.
B.C. Stevens, The collector’s book of snuff bottles 1976

Until 1995, it was not possible for the medical world to gain access to information held by
cigarette manufacturers concerning the mode of action of nicotine, its addictive properties
and its harmful effects on health [1–6]. In 1994, the State of Minnesota instituted legal
proceedings against the tobacco companies and confiscated millions of internal documents
from the tobacco industry. The anti-social attitude – in some respects – of this industry
sector was revealed in these legally certified documents whose content was related to
addiction issues, cigarettes with reduced tar content, and information on cigarette design
and nicotine manipulation. The documents originated from various tobacco companies,
though they were confiscated from Brown & Williamson (B&W), and also included material relating to cigarette advertising targeted at children [7–10] and described attempts to
influence tobacco research [11–14]. Additionally, the confiscated material revealed the
activities of lawyers in contributing to the manipulation of information.

3.1
Non-Disclosure of Findings by the Tobacco Industry
The first confidential meeting within the tobacco industry was held in 1953 when the problem of a relationship between cigarette smoking and lung cancer emerged [15–18]. For
decades thereafter, the tobacco industry persisted in casting doubts on these findings, as
also reflected in a written statement to cigarette smokers [19, 20]. Shortly before the statement was published, however, the following sentence was deleted: “We will never produce
and market a product shown to be the cause of any serious human ailment” [17]. It was
replaced by the wording: “We accept an interest in people’s health as a basic responsibility,
paramount to every other consideration in our business” [19], an undertaking which the
tobacco industry has failed to keep. Even at that time, the tobacco industry was aware of
the carcinogenic effects of cigarettes and also knew that smokers cannot quit (… “a habit
they can’t break”) [17]. The cigarette industry also believed then that, if such an association were to prove true [17], it was capable of producing a “cancer-free” cigarette.
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_3, © Springer Verlag Berlin Heidelberg 2010
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3.2
Constituents of  Tobacco
Cigarettes are smoked because of nicotine, the substance which is responsible for the desired
psychological reactions and for the dependence that develops within a few years. Apart from
nicotine, tobacco leaves also contain some 2,500 constituents such as polynuclear aromatic
hydrocarbons (benzanthracene, benzo[a]pyrene), aza-arenes (dibenzacridine, dibenzcarbazole), N-nitrosamines, aromatic amines (2-toluidine, 4-aminobiphenyl, 2-naphthylamine),
acrylonitrile, crotonaldehyde, vinyl chloride, formaldehyde, benzene as well as inorganic
compounds (CO, CN, CS2, As, Ni, Cd, Cr, Pb, 210Po etc.) (see Tables 3.1 and 3.2).
However, the smoker inhales a mixture of more than 4,000 [21] varyingly toxic substances, some of which are listed in Table 3.1. These include carcinogens, various organic
compounds, solvents, heavy metals as well as gaseous substances also possessing healthdamaging properties, with carbon monoxide (CO) at the top of the list. In addition, there
are the 600 or so substances added by the tobacco companies during the cigarette manufacturing process [21, 22]. Table 3.3 lists the major toxic agents in mainstream smoke.
The combustion products that are formed during smoking differ in composition,
depending on whether they are formed by pyrolysis in mainstream or side-stream smoke.
Temperatures of 860–900°C are attained in the burning zone for mainstream smoke compared with only 500–650°C for side-stream smoke (cf. Fig. 3.1). Side-stream smoke should
Table 3.1   Constituents (a select list from some 4,000 compounds) of fresh, undiluted mainstream
tobacco smoke, produced using a smoking machine (1 puff/min, puff duration 2 s, 35 ml smoke
volume, i.e. 10 puffs/cigarette) [106]
Compounds in the gas
phase

Amount in
mainstream smoke
(mg/cigarette)

Compounds in the
gas phase

Amount in
mainstream smoke
(mg/cigarette)

Carbon monoxide
Carbonyl sulphide
Benzene
Toluene
Formaldehyde
Acrolein
Acetone
Pyridine
Ammonium
3-Methylpyridine
3-Vinylpyridine
Prussic acid
Nitric oxides
N-Nitrosodimethylamine
N-Nitrosopyrrolidine

10,000–23,000
18–42
12–48
160
70–100
60–100
100–250
16–40
50–130
12–36
11–30
400–500
100–600
0.01–0.04
0.006–0.03

Nicotine
Phenol
Hydroquinone
Aniline
2-Toluidine
Benz[o]anthracene
Benz[o]pyrene
g-Butyrolactone
Harmane
N′-Nitrosonornicotine
NNK
Cadmium
Nickel
Zinc
210
Polonium

1,000–2,500
60–140
110–300
0.36
0.16
0.02–0.07
0.02–0.04
10–22
1.7–3.1
0.2–3
0.1–1
0.1
0.02–0.08
0.06
0.04–0.1 pCi

The table does not take into account the toxic substances in side-stream smoke, which also constitute a
danger for the smoker and passive smoker. Particularly toxic substances are shown in italic typeface
NNK 4-(N-methyl-N-nitrosamino)-1-(3 pyridyl)-1-butanone
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Table 3.2   Selected carcinogens in tobacco smoke of non-filter cigarettes (NFC)
Agent

Concentration/
NFC

PAH
Benz(a)anthracene
20–70 ng
Benzo(a)pyrene
20–40 ng
Indeno(1,2,3-cd)pyrene
4–20 ng
Heterocyclic compounds
Dibenz(a,j)acridine
3–10 ng
Furan
18–37 ng
N-Nitrosoamines
N-Nitrosodimethylamine
2–180 ng
N-Nitrosodiethylamine
ND-2.8 ng
N-Nitrosopyrrolidine
3–110 ng
80–770 ng
4-(Methylnitrosoamino)1-(pyridyl)-1-butanone
Aromatic amines
2-naphthylamine
1–334 ng
4-Aminobiphenyl
2–5.6 ng
N-heterocyclic amines
AaC
25–260 ng
PhlP
11–23 ng
Aldehyde
Formaldehyde
70–100 mg
Acetaldehyde
500–1,400 mg
Volatile hydrocarbons
1,3-Butadiene
20–75 mg
Benzene
20–70 mg
Miscellaneous organic compounds
Acrylonitrile
3–15 mg
Vinyl chloride
11–15 ng
DDT
800–1,200 mg
DDE
200–370 mg
Catechol
100–360 mg
Ethylene oxide
7 mg
Propylene oxide
12–100 mg
Inorganic compounds
Hydrazine
24–43 ng
Arsenic
40–120 mg
Nickel
ND-600 ng
Chromium (only
4–70 ng
hexavalent)
Cadmium
7–350 ng
Cobalt
0.13–0.2 ng
Lead
34–85 ng
Polonium-210
0.03–1.0 pCi

IARC evaluation, evidence of carcinogenity in
Lab animals
Humans
Group
S
S
S
S
S

P

2B

S
S
S
S

2°
2A
2B

2B
2A
2A
2B
2B

S
S

S
S

1
1

S
S

P

2B
2A

S
S

L
I

2A
2B

S
S

I
S

2B
1

S
S
S
S
S
S
S

L
S
P

2A
1
2B
2B
2B
1
2B

S
I
S
S

I
S
S
S

2B
1
1
1

S
S
S
S

S
I
I
S

1
2B
2B
1

S

S sufficient; I inadequate; P probable, possible; L limited; ND not detected; PAH polynuclear aromatic
hydrocarbons; AaC 2-Amino-9H-pyrido[2,  3-b]indole; PhlP 2-Amino-1-methyl-6-phenylimidazo
[4, 5-b]pyridine; IARC Monographs on the Evaluation of Carcinogenic Risks: 1: Human carcinogen;
2A: probably carcinogenic in humans; 2B: possibly carcinogenic to humans [23]
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Table 3.3   Major toxic agents in cigarette smoke (incomplete list) [23]
Agent

Concentration/NFC

Toxicity

Carbon monoxide

10–23 mg

Ammonia
Nitrogen oxide (NOx)
Hydrogen cyanide

10–130 mg
100–600 mg
400–500 mg

Hydrogen sulfide
Acrolein
Methanol
Pyridine
Nicotine

10–90 mg
60–140 mg
100–250 mg
16–40 mg
1–3 mg

Phenol

80–160 mg

Catechol
Aniline

200–400 mg
360–655 mg

Maleic hydrazine

1.16 mg

Binds to haemoglobin, inhibits
respiration, induces atherosclerosis
Irritation of respiratory tract
Inflammation of the lung
Highly ciliatoxic, inhibits lung
clearance
Irritation of respiratory tract
Ciliatoxic, inhibits lung clearance
Toxic upon inhalation and ingestion
Irritates respiratory tract
Induces dependence, affects some
endocrine functions
Tumour promoter in laboratory
animals
Co-carcinogen in laboratory animals
Forms methaemoglobin, and this
affects respiration
Mutagenic agent

Side stream
40 mg CO
Main stream
4 mg CO

Fig. 3.1   Schematic
illustration of burning
cigarette. Mainstream and
side-stream smoke differ in
terms of the temperatures
at which they are formed
and the composition of
their toxic constituents (cf.
CO content of a cigarette)

Condensate zone
Distillate zone
Ash

embers zone (about 900°C)

be regarded as more toxic than mainstream smoke because the amounts of various substances in side-stream smoke (benzo[a]pyrene, CO, benzene, formaldehyde, hydrazine,
cadmium etc.) are higher by several multiples. In contrast, however, mainstream smoke
contains approximately 1,000 times more particles than side-stream smoke (5 × 109 vs.
1 × 105–1 × 106). Mean particle size in mainstream smoke is 0.2 mm (0.1–1.0 mm) and is
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clearly smaller than that in side-stream smoke at 0.5 mm (0.1–1.5 mm), resulting in a higher
proportion of particles in mainstream smoke having a toxic effect on tissues. Furthermore,
mainstream smoke contains 2–3 × 1010 radicals per ml. The majority of naphthalines and
polynuclear hydrocarbons are formed in mainstream and side-stream smoke as a result of
the combustion process (Table 3.2).
The tar content of cigarettes has been an important issue for more than 50 years. The
tobacco industry has recognised that tar constituents, such as are also formed by the burning of tobacco in the mainstream and side-stream smoke of a cigarette, are extremely
hazardous to health. Ever since 1950s, the tobacco industry has striven to reduce the tar
yield of cigarettes (cf. Fig. 3.2). Aside from lowering tar yields, however, the tobacco
industry is also concerned with nicotine release during the smoking process, particularly
since lowering the tar yield also reduces the nicotine content (Fig. 3.3). As a result of
3.1

Nicotine (mg)

Tar

36

2.9

34

2.7
Filter-tips
Porous paper
Reconstituted tobacco

30

Tar (mg)

28
26

2.5
2.3
2.1
1.9

Expanded blends
Tips ventilation
Ventilation and
dilution perfected

24
22
20

1.7
1.5
Nicotine

1.3

18

1.1

16

0.9

14

0.7
Tar

12
10
1955

Nicotine (mg)

32

1960

1965

1970

1975

0.5
1980

0.3
1990

Year

35

60

30

50

Fig. 3.3   Changes in the tar,
nicotine, CO and
benzo[a]pyrene (BaP) yields
of non-filter US cigarettes
between 1959 and 1997 [23].
The nicotine yield was
calculated with reference to
10 g tobacco
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Fig. 3.2   Tar and nicotine yields of US cigarettes over the past 35 years and measures to reduce the
tar content. Cigarette industry data [23, 24]
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efforts by the tobacco industry laboratories, tar yields in US cigarettes have been lowered
from 38 mg to <12 mg [23, 24]. US cigarettes currently have a nicotine yield of 0.95 mg.
Tar yields have been similarly reduced in Great Britain, but the quantities of nicotine in the
cigarette have been kept at a higher level [25].
Various modifications to the cigarette have been made to achieve these changes as
follows:

•
•
•
•
•
•

Cigarette length has been altered
Modern filters have been incorporated into cigarettes [26]
Aromatic agents (terpenoids, pyrroles, pyrazines) have been introduced into tobacco
Porous (citrate-treated) paper has been used increasingly
New tobacco mixtures employ a reduced tobacco volume
Manufacturing technology has been optimised (e.g. glycerol and propylene glycol are
more suitable than diethylene glycol and sorbitol etc. for moistening the tobacco [27])

Filter dimensions were important for the partial removal of toxic substances from mainstream cigarette smoke: charcoal filters reduced the content of ciliatoxic substances (cyanide, formaldehyde, acrolein, acetaldehyde) by up to 66% [28–30] and were superior to
cellulose acetate filters. By combining the two, even better results were achieved in terms
of the absorption of toxic substances (e.g. volatile phenols and nitrosamines) from mainstream smoke [31–33].
The porosity of the paper reduces the inhalation of various gases (hydrogen, NO, CO,
CO2, methane, ethane, ethylene) by outward diffusion, whereas the diffusion of N2 and O2
into the tobacco is increased [23]. The reduction of nitrogen oxides in the inhaled smoke
lowers the formation of tobacco-specific N-nitrosamines [34].
One previously neglected aspect has been the question of the occurrence of bacterial
endotoxin as an active component of cigarette smoke [35]. The Limulus amebocyte lysate
(LAL) assay was used to measure the lipopolysaccharide (LPS) content of the tobacco portion and filter tip components of unsmoked “light” cigarettes, as well as in mainstream and
side-stream smoke. In addition, blood LPS activity and plasma cytokine concentrations
(TNFa, IL-6) were measured in smokers and non-smokers. Bioactive LPS was detected in
the “light” cigarettes, in their filter tips, and in both mainstream and side-stream smoke; no
differences in blood LPS levels were detected between smokers and non-smokers. In terms
of adverse effects on health, however, it is estimated that the LPS dose delivered from smoking one pack of cigarettes/day is comparable to the level of LPS exposure of cotton textile
workers (dust from textile manufacture) and that, in addition, LPS release may be one factor
responsible for the development of chronic lung diseases (chronic bronchitis) [35].

3.3
Nicotine and Dependence
The addictive effects of nicotine were known within the industry as early as 1963 [2],
but were denied publicly until 1980 because the simultaneous admission of carcinogenic
and addictive effects would not have been defensible [36]. Studies in rats showed that
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only some of the animals became dependent as a result of the tobacco smoke. The
dependence-inducing effect was linked to the rate of nicotine delivery to the CNS
[37, 38]. The delivery of nicotine and the associated “kick” were enhanced by the addition of K2CO3 [39].
Even in the early 1970s, in the face of growing concern over the harmful effects of cigarettes, the tobacco industry was considering a strategy on three major fronts: “Litigation –
Politics – Public Opinion” [40]. The decisive steps were to create doubt about the health
charge without actually denying it, seek allies in Congress to manipulate public opinion
and argue in the media that cigarette smoking may not be the decisive risk to health, and
that environmental factors, for example, might be responsible [40]. This resulted in the
development of “low-tar and low-nicotine cigarettes” (Fig. 3.2), purportedly to provide
increasing safety for smokers [41]. The intention was to open up a new market with
improved and “healthier” cigarettes [41].

3.3.1
The Cigarette as a Vehicle for Nicotine Release
Because smokers can regulate the release of nicotine by modifying the frequency and
volume of their puffs, cigarette becomes an interesting model for the release of an active
substance. Representatives of tobacco companies have also expressed themselves along
these lines in describing the cigarette as an ideal vehicle for the release of nicotine [42].
Thus, the tobacco industry embarked upon research to identify a minimally effective nicotine dose per cigarette and discover how the effect of nicotine might be improved by additives, pH changes, etc. [42]. Their intention was also to intensify the dependence-inducing
effect. Nicotine and the cigarette were viewed as a drug or as a drug formulation [12]. The
FDA itself was interested in classifying tobacco more as a food and luxury commodity,
rather than as a drug [43]. The cigarette industry came to view the manufacture and marketing of its goods as nicotine-release products [44, 45]. The smoke was regarded as the
optimal vehicle for nicotine and the cigarette as the optimal dispenser for smoke [46].

3.3.2
Modifications of Nicotine Release
The overriding objectives of the tobacco industry in the 1980s were to increase the release
of nicotine and enhance the effectiveness of its action [47]. At that time, therefore, efforts
were made to control the nicotine content of smoke [47] and the addition of nicotine to
cigarette tobacco was even considered [48]. The tobacco industry invested a great deal of
research into optimising nicotine release by improving the availability of nicotine from the
cigarette through modifications to tobacco blends, cigarette size, filters, ventilation, paper
porosity, additives and the ratio of cut tobacco to tobacco weight per cigarette. Smoke
development was “improved” temporarily by the addition of freon, from which phosgene
is formed on combustion [47]. In addition, attempts were made to use genetic engineering
(project code: Y1) to increase the nicotine yield of tobacco plants while leaving tar yield
unchanged [49].
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3.3.3
Maintaining Nicotine Dependence
The cigarette industry produced “low-tar” and “low-nicotine” cigarettes, imagining
them to be a product that would be less harmful to health. It recognised very early that
there is a major difference in smoke constituents measured on a Federal Trade
Commission (FTC) smoking machine and in a human smoker (Tables 3.4–3.6). The FTC
machines “inhale” constant smoke volumes at regular set intervals, whereas smokers
individually regulate their depth and frequency of smoking. The smoker smokes a lowtar or low-nicotine cigarette quite differently from a regular cigarette [50], a fact that is
also apparent from the earliest medical studies [51]. When smokers are offered different
types of cigarettes, they are able to obtain approximately the same nicotine dose, irrespective of the nicotine yield of the cigarette, by varying the frequency of puffs and the
depth of inhalation [50]. The “light” cigarette was also one reason why the dependenceinducing effect of nicotine was repeatedly and vociferously disputed by the cigarette
industry [52].

Table 3.4   Declared tar and nicotine yields of two cigarette brands and the effect of increasing blocking
of the lateral filter vents during smoking (measured with a Filtrona SM 400 cigarette testing
machine) [107]
Filter blocking
Declaration on the pack
Smoking without blocking
Smoking with 50%
blocking
Smoking with complete
blocking

Silk cut ultra
Tar (mg)
Nicotine (mg)

Marlboro light
Tar (mg)
Nicotine (mg)

1.0
1.4
4.5

0.1
0.16
0.56

6.0
6.3
7.6

0.5
0.54
0.62

12.3

1.21

10.5

0.77

Table 3.5   Declared tar yields of several cigarette brands (mg/cigarette), together with yields measured
using the ISO method (smoking machine) compared with realistic yields following inhalation of
cigarette smoke [108]
Cigarette brands

Tar yield declared
on the pack

Standard
ISO test

Realistic
“smoking test”

DuMaurier king size
DuMaurier light king size
Player’s regular
Player’s light king size
Player’s extra light regular
Matinee extra mild king size
Rothmans king size
Export A regular
Export A light regular

15
12
16
13
11
4
15
16
13

15.2
14.4
16.5
13.7
11.8
4.7
15.8
15.0
13.0

36.9
38.25
37.2
33.3
31.4
26.0
34.2
34.0
28.0
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Table 3.6   A comparison of smoke data for two low-yield US filter cigarettes smoked according to
the FTC method and by smokers [109]
Parameters
Puff
Volume (ml)
Interval (s)
Duration (s)
Nicotine
(mg/cigarette)
Tar (mg/cigarette)
CO (mg/cigarette)
BaP (ng/cigarette)
NNK (ng/cigarette)

FTC machine
smoking

Cigarette smokers
FTC 0.6–0.8 nicotine

FTC 0.9–1.2 nicotine

35.0
58.0
2.0
0.7 (0.6–0.8)
0.1 (1.09–1.13)
8.5 (7.7–9.5)
15.4 (14.2–14.9)
9.7 (9.0–10.4)
14.6 (14.2–14.9)
10 (8.2–12.3)
14 (10.1–19.4)
112.9 (96.6–113.0)
146.2 (132.5–165.5)

48.6 (45.2–52.3)a
21.3 (19.0–23.8)a
1.5 (1.4–1.7)a
1.74 (1.54–1.98)c

44.1 (40.8–46.8)b
18.5 (16.5–20.6)b
1.5 (1.4–1.6)b
2.39 (2.20–2.60)d

22.3 (18.8–26.5)e

29.0 (25.8–32.5)f

17.3 (15.0–20.1)g

22.5 (20.3–25.0)h

17.9 (15.3–20.9)i

21.4 (19.2–23.7) j

186.5 (158.3–219.7)i

250.9 (222.7–282.7) j

Test groups: a56, b71, c30, d42, e18, f19, g15, h16, i6 and j3 smokers

3.3.4
Marketing of Cigarettes with a “Reduced” Health Risk
By even discussing technical aspects of cigarette production, the tobacco industry used
every endeavour to make the purchaser believe that the modern cigarette represented less
of a health risk than cigarettes in the past. Thus, it pointed to the installation of the cigarette
filter [53] and has repeatedly cited the minimal health risk associated with this product. For
the consumer, however, the tobacco industry has never communicated clearly where the
health risk actually lies. At most it is stated that the newer “low-nicotine and low-tar” cigarettes (light and ultralight cigarettes) are “healthier” than regular cigarettes (e.g. Viceroy,
Marlboro, Winston) [54] (Tables 3.4–3.6). With the cigarette industry making such claims,
light and ultralight cigarettes are smoked more frequently than “orthodox” brands [41].
The actual concentrations of toxic substances (CO, benzo[a]pyrene) have since been published (Tables 3.5 and 3.6).

3.3.5
Compensatory Behaviour by Smokers
The tobacco industry realised relatively soon that light cigarettes are smoked differently
from regular cigarettes, a fact that was also evident from a comparison of human smoking
behaviour patterns with those of a smoking machine [55]. The dependent smoker immediately detects the modified release pattern of nicotine from the new cigarettes. Cigarettes
with a reduced nicotine yield are inhaled more deeply to obtain the same nicotine dose. In
many cases, especially in situations of stress or altered psychological mood, either stronger
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cigarettes are used or two or more cigarettes are smoked in rapid succession [56].
Observations of this kind were made with the Marlboro Light brand [57]. In fact, observations and findings obtained with light cigarettes have often been the subject of publications
[25, 54, 58, 59]. The health-related consequences of long-term use of these cigarettes cannot yet be foreseen, especially because they are smoked with greater intensity, deeper
inhalation and larger inhaled and exhaled volumes [60]. Many smokers were previously
unaware that light cigarettes have (or had) vents in the filter to improve ventilation (e.g. the
Winston “Reds” brand) [61–64]. The tobacco industry argued unofficially that as the cigarette increasingly burns down, the holes become blocked and hence, the release of nicotine
is increased [65].
Cigarettes with selective reductions in nicotine delivery have been considered as potential tools to prevent or treat nicotine dependence or reduce harm by virtue of reduced nicotine and nitrosamine delivery. An important question is whether individuals smoke these
products more intensively, as has been shown to occur with ventilated-filter cigarettes. To
investigate this issue, we compared conventional highly ventilated filter cigarettes, having
very low tar and nicotine yields when smoked by Federal Trade Commission method (1 mg
tar, 2 mg carbon monoxide [CO], 2 mg nicotine), with low nicotine content cigarettes,
manufactured from a genetically modified strain of tobacco, which had higher tar but lower
nicotine yield (14 mg tar, 13 mg CO, 02 mg nicotine). A total of 16 cigarette smokers participated in two 8-h sessions (order counterbalanced) during which they smoked each type
of cigarette ad libitum. Expired-air CO, plasma nicotine and smoking topography measures
were collected. Subjects showed significant increases in smoking when using the highly
ventilated filter cigarettes and puff volume was significantly greater than with the low nicotine content cigarettes. Subjects achieved an expired-air CO level of as high as 74% with
the low nicotine content cigarettes; the latter produced CO levels similar to those measured
at baseline when subjects smoked their habitual brands of cigarettes. Plasma nicotine levels
obtained when subjects smoked the highly ventilated filter cigarettes also were significantly higher than when they smoked the low nicotine content cigarettes. These results
indicate that the delivery of substantial amount of smoke, with selective reductions in nicotine yield, appears to prevent compensatory smoking behaviour. Further studies should
determine whether similar results are obtained in naturalistic environments [66].

3.3.6
Optimising Nicotine Release
According to the tobacco industry, one of its crucial research objectives was to increase the
availability of nicotine released from tobacco to smokers as the free base: the pH of tobacco
has an important function in this context. Depending on pH, nicotine is present in the form
of a diprotonated or monoprotonated salt and as the free base [67]. The former is the bound
form (pK1 = 3.02) and the latter is the freely available form (pK1 = 8.02). The free form
penetrates biological membranes very rapidly and extensively, whereas the penetration of
the bound form is very much slower and less quantitative. Because the nicotine base
reaches the brain far more rapidly, the tobacco industry became aware of this property of
free nicotine at a very early stage [68]. The higher the pH, the greater the amount of
extractable nicotine [69]. The pH of cigarette smoke is between 6.5 and 7.0, a range in
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which nicotine is absorbed primarily in the lungs, whereas the nicotine from alkaline cigar
smoke is absorbed primarily in the mouth, not least because of the larger doses of nicotine
involved [70].

3.3.7
Importance of Absorption Rate
Since physiological effects are to be anticipated very much more rapidly from non-bound
(free) nicotine (as the ammonium ion) than from bound nicotine (as ammonium chloride),
smoke with a high pH is richer in nicotine. Consequently, the nicotine yield of cigarette
smoke may be considered as a measure of the strength of the cigarette [71] because more
rapid absorption is then to be expected [72]. Nevertheless, nicotine is absorbed in the following three forms:

•
•
•

As salt from the particulate phase (1)
As free base in the particulate phase (2)
As free base in the gas phase (3)

The ratio (2)/(3) has long been considered to be important for the nicotine effect [73].
Altering the pH of cigarette tobacco was intended to provide an extra “kick” [74, 75].
Moreover, this objective was to be achieved by (a) increasing the Burley content in the
tobacco blend, (b) reducing the sugar casing used for the tobacco, (c) using alkalis – especially ammonium compounds – for the tobacco blend, (d) adding nicotine to the tobacco
blend, (e) removing acid constituents from the tobacco, (f) using special filter systems
which permit removal of acids and addition of alkalis to mainstream smoke and (g) using
filter systems that dilute the inhaled air to a major extent. Some of these considerations
have already been tested at Philip Morris [76].

3.3.8
Ammonium and pH Manipulation
During cigarette smoking, the free nicotine base is absorbed in the pulmonary alveoli. In
many cases, nicotine is found only in trace amounts in the particles of exhaled mainstream
smoke. The intensity of nicotine delivery was further increased by the addition of ammonium salts (cf. the practices of Philip Morris) [9]. At the same time, the measurements of
tar and nicotine in the FTC smoking machines were no longer representative (Tables 3.5
and 3.6) because the ratio of free to bound nicotine could not be determined; also the tar
yields measured were lower than in reality (Tables 3.5 and 3.6) [77]. The use of ammonium technology permitted the downward manipulation of nicotine yields measured in the
smoking machines, but the smoker still got the expected “kick” [78]. This was the decisive
finding: the greater the alkalinity of mainstream smoke, the faster the build-up of nicotine
in the blood (and hence the “kick”). The tobacco industry declared the added ammonium
salts as “flavour correction agents” and not as additives to enhance the nicotine effect.
Seen in these terms, no objection to these pH manipulations can be serious enough.
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3.4
Tobacco Additives
In the EU, more than 600 additives are used in the manufacture of tobacco products
(Table 3.7). Although these additives are subjected to toxicological testing, it is unclear
what effects they have on smoking behaviour: if such products when added to tobacco
lead to accelerated dependence, hasten the craving to smoke or initiate an increased craving, then this is a major problem [79]. With more than 1 million people dying annually
from smoking-related causes, a mere 1% increase due to the addition of a chemical to
tobacco may result in the premature death of hundreds or thousands of smokers. For this
reason, additives in tobacco products are a major public health issue in their own right.
Some 600 additives have been approved as admixtures to tobacco products. However,
only the tobacco companies can disclose which additives appear in which cigarette brands.
Not even the European Commission, which is responsible for the regulation of tobacco
products, can provide this information or has the power to demand it.
Additives are put into tobacco (see Table 3.7; [80]) for the following reasons:

•
•
•
•
•

To increase the free nicotine portion because this boosts the “kick”. Ammonium compounds have been found to fulfil this role because they increase the alkalinity of the
smoke.
To improve the flavour of tobacco and to make the product more desirable.
Sweeteners and chocolate are used as additives to make the flavour of tobacco more
appealing to children and first-time users. Eugenol and menthol are added to “mask” the
harmful effects on the respiratory tract.
Cocoa is added as a bronchodilator with the goal of achieving deeper inhalation so that
more nicotine (and tar) reaches the alveoli in the lower pulmonary segments.
Additives are used to make the smell and visibility of side-stream smoke less annoying
and mask its dangerous nature and thus, to make it more difficult for passive smokers
to protect themselves from smoking.

Various additives are already toxic alone or in combination with other additives and pharmacologically active or toxic products are also formed during the combustion process.
Substances intended to keep the tobacco moist (see above) may account for up to 5%
of the tobacco weight in a cigarette: one such example is glycerol (which undergoes transformation to the ciliatoxic substances acrolein and propylene glycol) [81]. Propylene oxide
has been detected in the tobacco smoke of cigarettes treated with propylene glycol [82].
Ethylene glycol has also been used to moisten cigarette tobacco; however, this practice has
been banned because of the formation of carcinogenic ethylene oxide following combustion [83]. In addition, traces of N-hydroxyethylvaline haemoglobin (217–690 pmol/g haemoglobin) have been detected in the blood of smokers [84], whereas non-smokers have
only about 15% of such levels.
Tobacco aroma is intensified by tobacco-specific terpenoids, pyrroles and pyrazines
[85, 86], but this effect is attenuated in turn by filter tips. Tobacco aroma has been modified
by the addition of mint, wood, spices, fruits and flower essences (coumarins), but also of
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Table 3.7   Select list of tobacco constituents used in cigarette production and their effects on the
smoker [80]
Principles

Substance

Effects

Additives with a
pharma-cological effect

Free nicotine base

Ammonium technology increases release in
smoke [110]
Dissociation of increasing nicotine effect and
tar yield (reduction) [14]

Additives that
enhance the
effect of
nicotine

Acetaldehyde (produced by
the burning of sugars)

Ammonium

Laevulinic acid (degradation
product of starch, cane
sugar and cellulose)
Cocoa and theobromine

Glycyrrhizin (an ingredient of
liquorice)
Pyridine (from tobacco)

Flavour modifiers
(required to
improve the
taste of
nicotine)

Sugar
Liquorice
Chocolate
Cocoa butter

Additional toxins

Coumarins
Acetaldehyde

Additional toxins

Furfural (acetate)
Maltol
Eugenol

Substances that
alter
side-stream
smoke

Sodium acetate
Calcium hydroxide

Increases the addictive effects of nicotine [110,
111], optimised sugar content of the
cigarette provides the basis for optimal
formation of acetaldehyde and thus for an
optimal nicotine/acetaldehyde ratio [110]
Nicotine laevulinate removes the harshness
from the tobacco flavour while preserving
the aroma, the salt also intensifies binding
to the high-affinity nicotine receptors by
about 30% [112]
Cocoa contains alkaloids which modify the
effects of nicotine: one such alkaloid is
theobromine (1%), which has bronchodilator activity and thus improves absorption
on inhalation [113]
Possesses bronchodilator activity, to date this
effect is suspected during smoking
Acts like nicotine but is less reliable. Has a
central calming action. Like nicotine,
pyridine is formed on pyrolysis. Both
substances have CNS-antagonist activity
[114]
Improves flavour, particularly due to the
sugar-ammonium reaction [115] by giving
smoke a mild and natural flavour
Added to sugar to improve the flavour of the
smoke (more mellow, woody) [116]
Harsh tobacco flavour is rounded off by traces
of chocolate
Makes tobacco smoke less harsh [117]
Powerful aromatic agents, but hepatotoxic,
use now mostly abandoned
Mutagenic, embryotoxic, causes tumours in
the respiratory tract
Mutagenic, has a synergistic carcinogenic
effect in conjunction with benzo[a]pyrene
Mutagenic only in vitro
As a phenol, its carcinogenic activity is
uncertain [118]; tests required
Used in cigarette paper instead of tripotassium
citrate, hence less visible side-stream
smoke through the paper [119]
Less irritating for non-smokers after
impregnation of cigarette paper [120],
milder aroma
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synthetic substances [87, 88]. Cigarette additives have also been found to reduce the perception of environmental tobacco smoke (ETS; [87]).
Legislators and consumers falsely assume that additives make it easier for the consumer
to accept cigarettes with a low tar yield and that the health risks are, thus, also reduced.
These cigarettes have perforated filters in order to dilute the inhaled air. However, smokers
very quickly learn to cover these perforations with their hands in order either to regulate
nicotine delivery or to achieve deeper inhalation.
The modern US cigarette contains 10% additives (calculated with reference to weight),
mostly in the form of sugar, aromatic agents and moistening agents. They contain further
additives that modify the effects of nicotine and make the (inhaled) mainstream and (evaporating) side-stream smoke appear more pleasant and less annoying. In this context, it is
important to remember that side-stream smoke sometimes contains higher levels of toxic
substances than mainstream smoke; CO levels in side-stream smoke, for example, are
4–14 times higher than those in mainstream smoke (see Fig. 3.2).

3.5
Cigarettes with Reduced Tar Yield
If cigarettes are labelled “Light” and “Ultralight”, smokers imagine that there are a number
of advantages: reduced tar and nicotine yields, lesser risk to health and milder flavour. A
considerable proportion of smokers believe that lower-tar cigarettes are less dangerous than
regular cigarettes. According to the representative judgement of smokers of ultralight
(45.7%), light (32.2%) and regular cigarettes (22%), ultralight cigarettes reduce the risk of
cancer [88]. In a survey of 12,371 Canadians, the label “Light” was associated with “less tar”
(20.1%), “less nicotine” (36.2%), “greater safety” or “induces less dependence” (3.2%),
“milder taste” (6.7%) and “nothing” or “marketing trick” (14.1%). The term did not convey
anything at all to a large proportion of survey respondents [89]. For the most part, smokers
are unaware of the tar and nicotine yields of the cigarettes they smoke and believe that they
are reducing the risk to their health by smoking light (40%) and ultralight cigarettes (60%)
[87, 89]. In the context of other surveys, lower scores were reported for these questions (see
also [88]). According to the Canadian survey, in fact, more smokers complained of health
problems (emphysema, asthma, lung cancer, stroke) after switching from regular to light
cigarettes compared with smokers who stayed with regular cigarettes (2.13 vs. 1.94%) [89].
Smokers frequently ignore the existence of cigarettes with a reduced tar yield, despite
the declaration on the packs. Consumers interpret these figures as a reflection of varying
levels of damage to health. Table 3.5 presents details of the tar and nicotine yields of different cigarette brands. Various studies indicate that there are no reliable data to show that
switching from regular to light cigarettes reduces cigarette consumption or the desire to
smoke [89]. Also, switching from regular to light cigarettes as a deliberate interim strategy
does not ultimately improve success rates for smoking cessation.
From the lawsuits against the tobacco industry in the USA, it has emerged that the
tobacco companies knew for decades about the discrepant and distorted results obtained
with smoking machines based on criteria defined by the ISO (International Organization
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for Standardization, founded in 1946 to promote worldwide trade and collaboration).
Agencies in the USA (including the Federal Trade Commission, the FDA and the National
Cancer Institute) are now working towards a useful solution to the problem. The European
Commission is also preparing proposals for the correct measurement of tar and nicotine
yields in cigarettes.
A few smokers may actually benefit minimally from low-tar cigarettes, but the health
consequences in a positive sense have not yet been demonstrated. However, it has been
shown that deeper inhalation is associated with an increase in adenocarcinomas, a type of
cancer rarely seen in the past and affecting the deep sections of lung tissue. One study
published in 1997 presented summary data on smokers who had smoked light and ultralight cigarettes over the period from 1959 to 1991 and who were found to have an increased
incidence of adenocarcinomas; these tumours were found to occur 17 times more commonly in women and 10 times more commonly in men [90, 91].
In 2003, Kabat published a review on 50 years’ experience of reduced-tar cigarettes and
posed the question about the known health effects [92]. It was stated that since 1950s, cigarettes sold in the United States have undergone a progressive modification, including the
addition of filters and a reduction in the average machine-measured tar and nicotine yield
per cigarette by over 60%. These and other temporal changes in manufactured cigarettes,
coupled with the complexity of smoking behaviour, make it difficult to assess the impact
of the newer cigarettes on health. Some researchers have suggested that the newer products, marketed as being less harmful, may in fact provide no benefit compared to the older,
higher tar cigarettes. Kabat critically evaluated the available epidemiologic evidence on
the health effects of low-tar cigarettes. After identifying important methodological problems confronting research in this area, studies of lung cancer, coronary heart disease,
chronic obstructive pulmonary disease and total mortality were examined in terms of their
strengths and weaknesses and their results. Thirty-five studies of lung cancer were found
to be suggestive that smokers of low tar cigarettes have a lower risk (by 20–30%) compared to smokers of higher tar cigarettes. Only a minority of studies of heart disease provided evidence of a reduction in risk, on the order of 10%. Studies concerning chronic
obstructive pulmonary disease (COPD) were inconsistent, but the majority suggest
decreased risk in smokers of lower tar cigarettes. Finally, studies that included total mortality indicated with a high degree of consistency that the total death rate is reduced in
smokers of lower tar cigarettes, on the order of 10–20% [92].
However, there are also studies that indicate that there are no major changes and additional analyses of existing data sets could further clarify the impact of low-tar cigarettes.
In this respect, a further analysis by Thun and Burns also examined the epidemiological
evidence relevant to the health consequences of “reduced yield” cigarettes [93]. They conclude that some epidemiological studies have found attenuated risk of lung cancer, but not
other diseases, among people who smoke “reduced yield” cigarettes compared to smokers
of unfiltered, high yield products. These studies probably overestimated the magnitude of
any association with lung cancer by overadjusting for the number of cigarettes smoked per
day (one aspect of compensatory smoking) and by not fully considering other differences
between smokers of “high yield” and “low yield” cigarettes. Selected cohort studies in the
USA and UK were found that showed that lung cancer risk continued to increase among
older smokers from the 1950s to the 1980s, despite the widespread adoption of lower yield
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cigarettes. The change to filter tip products was found not to prevent a progressive increase
in lung cancer risk among male smokers who began smoking during and after the second
world war compared to the first world war era smokers [93].
National trends in vital statistics data showed declining lung cancer death rates in young
adults, especially males, in many countries, but the extent to which this is attributable to
“reduced yield” cigarettes remained unclear. No studies have adequately assessed whether
health claims used to market “reduced yield” cigarettes delay cessation among smokers
who might otherwise quit, or increase initiation among non-smokers. Thun and Burns
stated that there is no convincing evidence that past changes in cigarette design have
resulted in an important health benefit to either smokers or the whole population [93].

3.6
Snuff Tobacco
Snuff tobacco has been used in England since the seventeenth century and had already
gained worldwide popularity by the eighteenth century. In eighteenth-century France,
snuff taking was so intensive that olfactory disturbances through to total loss of the sense
of smell were widespread [94]. For the most part, dark, strong tobacco varieties (Kentucky
or Virginia) are used for the preparation of snuff tobacco: in earlier times, after crushing,
drying and multiple fermentation, these were stored for 4–7 years as “carottes” (pressed
and shaped tobacco). Only then was the tobacco ground down to a fine powder and perfumed with a variety of aromatic substances (oil of roses, lavender, garlic and jasmine,
menthol, etc.). Larger quantities of nicotine are absorbed slowly from snuff tobacco across
the nasal mucosa (Table 4.5).
As with cigarette smoking, the desired effect of snuff-taking is for nicotine to reach the
central nervous system (Chap. 4.3). Snuff users very often report a calming or stimulating
effect, as well as an increased ability to concentrate and a sense of wish-fulfilment as part
of a reward system (see Chap. 7.1.2).The content of various nitrosamines (Box 3.1–3.3) in
the snuff of different origin shows great differences (Table 3.8).
In Germany, snuff tobacco use is encountered only in a few individuals, most commonly still in Bavaria. By contrast, snuff use is widespread in India and the Sudan, and
considerable adverse effects on health are encountered in the population also because of
the type of snuff tobacco used (known as “toombak” in the Sudan) [95]. In India, 2.8 million kg of snuff tobacco are consumed annually, corresponding to an annual consumption
of 1.1–1.2 kg per adult [96].
The tobacco used in India is produced from Nicotiana rustica mixed with a solution of
bicarbonate and has a pH of 8–11. The moisture content is between 6 and 60% and the nicotine content ranges from 8 to 102 mg/g dried weight. Snuff tobacco brands differ in terms of
the tobacco variety used, fermentation method, ageing process, tobacco-specific nitrosamines
present and expression of the p53 suppressor gene (important for cancer development).
Due to its nicotine content, snuff tobacco initially causes increased secretion followed
by a long-lasting reduction in mucus production. In addition, the vessels in the venous
networks in the middle and deeper layers of the nasal mucosa undergo constriction,
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NAB N-nitrosoanabatine; iso-NNAL 4-(N-nitrosomethylamino)-4-(3-pyridyl)-1-butanol; NNK
4- (N-nitrosomethylamino)-4-(3-pyridyl)-butanone; NNAL 4-(N-nitrosomethylamino)-1-(3-pyridyl)1-butanol
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Box 3.2   Volatile nitrosamines in tobacco: NDMA dimethylamine; NEMA ethylmethylamine; NDEA
diethylamine; NDPA dipropylamine; NDBA dibutylamine; NPYR pyrrolidine; NPIP piperidine;
NMOR morpholine
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Box 3.3    Non-volatile nitrosamines in tobacco: NSAR N-nitrosarcosine; NMPA 3-(N-nitrosoN-methylamino)-propionic acid; NMBA 3-(N-nitroso-N-methylamino)-butyric acid; NPYRAC
N-nitroso-pyrrolidine-2-acetic acid; NPIPAC N-nitroopiperidine-2-acetic acid; NazCA N-nitrosoa
zetadine-2-carboxylic acid; NPRO N-nitrosoproline; NPIC N-nitrosopipecolic acid; NHPRO
N-nitrosohydroxypyroline; NTCA N-nitrosothiazolidine-4-carboxylic acid

Table 3.8   N-Nitroso compounds in oral tobaccos and their carcinogenic potency
Nitros-amine

English moist
snuff (mg/a*)

Swedish moist
snuff (mg/a)

Indian zarda
(mg/a)

Target organ (cancerogenity), (results from
experiments in the rat)

NDMA
NDELA
NSAR
NMBA
NAB/NAT
NNN
NNK**

0.07
0.40
0.50
3.5
45.4
37.2
8.1

0.16
0.16
0.10
0.4
15.3
19.5
4.6

0.04
0.04
0.20
0.6
59.0
49.0
14.7

Liver, kidney (lung)
Liver, nasal cavity
Esophagus
Urinary bladder
Esophagus
Esophagus, nasal cavity
Liver, lung, nasal cavity

The Indian zarda is a partially fermented tobacco produced by boiling small pieces of tobacco
leaves in water with various spices and lime until evaporation. Exposures basel on the following
daily use: English moist snuff: 4.5 g/day; Swedish moist snuff: 14.3 g/day; Indian zarda tobacco:
10 g/day [100]
*mg/a: annual uptake; **tested only by subcutaneous injection

causing an ischaemic reaction in the nose. This reaction may become less pronounced in
the sense of tachyphylaxis. Studies conducted in Indian snuff tobacco users indicate that
mucociliary clearance (a cleansing function) is depressed [28]. Using a saccharin test, it
has been demonstrated that following intranasal application of a small saccharin crystal,
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the time to reporting a sweet taste in the mouth may be 3 times as long in users of Indian
snuff tobacco compared with control subjects [97]. Tissue damage was detected macroscopically and histologically in the affected mucosal areas of the nose. The risk of cancer
development is increased many times if this type of tobacco (“toombak”) is placed in the
oral cavity (relative risk increased 7.3–73.0-fold). The snuff tobacco sold in Germany is
less dangerous than “toombak”.
The nitroso compounds in Indian tobacco include:

•
•
•
•
•

N-nitroso-nicotine (NNN; 136 mg/g snuff tobacco)
N-nitroso-ana-tabanine (NAT; 113 mg/g)
4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone (NNK; 110–680 mg/g)
N-nitroso-pyrrolidine (NPYR)
N-nitrosodimethylamine (NDMA) [98]

In animal studies, the purified components display carcinogenic activity [99, 100] (cf.
Table 3.8), initially producing a reduction in nasal ciliary cells in the mucosa and irreversible damage to the remaining cells. Moreover, changes (metaplasias) occur in the various
epithelial cells. Due to the dependence-inducing effect of nicotine, the consumed doses of
snuff tobacco are continuously increased, in turn damaging mucociliary clearance because
of the increased tobacco dose and the prolonged contact with the mucosa [101]. These
reactions may develop into malignant changes. In rats, too, exposure to the tobacco-specific
nitrosamines NNK and NDMA has led to DNA damage to cells of the nasal mucosa and
to lymphocyte changes, with the overall result that these animal studies indicate genotoxic
effects of tobacco constituents not only in the nose, but also in the liver [102].
A recent meta-analysis addressed the relation between European and American smokeless tobacco and oral cancer [103]. Following a literature review, a meta-analysis was conducted of 32 epidemiological studies published between 1920 and 2005, including tests for
homogeneity and publication bias by Weitkunat et al. Based on 38 heterogeneous studyspecific estimates of the odds ratio or relative risk for smokeless tobacco use, the randomeffects estimate was 1.87 (95% confidence interval 1.40–2.48). The authors showed that
the increase was mainly evident in studies conducted before 1980. No increase was found
in studies in Scandinavia. Restricting attention to the seven estimates adjusted for smoking
and alcohol eliminated both heterogeneity and excess risk (1.02; 0.82–1.28). Estimates also
varied by sex (higher in females) and study design (higher in case-control studies with
hospital controls), but more clearly in studies where estimates were unadjusted, even for
age. From the pattern of estimates, the authors suggested some publication bias. Based on
limited data specific to non-smokers, the random-effects estimate was 1.94 (0.88–4.28),
and based on few exposed cases, the eight individual estimates were heterogeneous. It was
concluded that smokeless tobacco, as used in America or Europe, carries at most a minor
increased risk of oral cancer. However, the authors stated that elevated risks in specific
populations or from specific products cannot definitely be excluded [103].
Overall, in Germany, there are too few consumers of snuff tobacco to demonstrate the
adverse effects of snuff tobacco on health in larger epidemiological studies. Harmful effects
on the nasal mucosa have mainly been proven for foreign varieties of snuff tobacco; it
remains open to conjecture to what extent the lungs are also affected by the inhalation of
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Table 3.9   Tobacco-specific nitrosamine levels in the saliva of habitual tobacco chewers
Tobacco habit

NAT/(NAB)a

NNN

NNK

Snuff-dipping women
(USA)
Students (USA)
Inuit snuff dippers
(Canada)
Snuff dippers (Sweden)
Betel quid + tobacco
(India)
Tobacco chewers
(India)
Masheri, women (India)
Tobacco + lime (India)

187 (12.5–470)

154 (26–420)

32.6 (<10–96)

204 (48–555)
1318 (123–4560)

99 (37.4–222)
980 (115–2601)

3.4 (ND-60.6)
56 (ND-201)

18.5 (5–37)
4.8 (1.0–10.9)

36.5 (6–65)
7.5 (1.6–14.7)

2.6 (ND-9)
0.3 (ND-2.3)

29.8 (13.5–51.7)

33.4 (16.5–59.7)

ND

ND
30.4 (ND-133)

28.3 (14.3–43.5)
113 (10–430)

ND
3.8 (ND-28.5)

NAT/NAB N-nitrosoanatabine/N-nitrosoanabatine; NNN; N-nitrosonornicotine; NNK 4-(Nnitrosomethylamino)-1-(3-pyridyl)-1-butanone. Results from users of tobacco products even when
placed in the mouth between the gum and check without chewing [100]. ND not detected
a
Refers primarily to NAT, NAB may be present in some cases

snuff tobacco. Larger-scale epidemiological studies should help to clarify this question, but
“without the support of the tobacco industry.” Analysis of saliva obtained from tobacco
chewers shows that tobacco-specific nitrosamines (TSNA) are rapidly extracted from oral
tobacco products, even when placed between the gum and cheek without chewing. In Inuit
Indians, large differences have been observed for the extraction of TSNA in snuff (Table 3.9).
Following 15 min snuff dipping of 0.5–1.5 g tobacco, 22-fold differences in the amount of
NNN and 37-fold differences in the amounts of NAB/NAT in saliva were detected. Under
extreme conditions, the total exposure to TSNA approaches 440 mg/day [94]. Furthermore,
the carcinogenic risk due to oral intake of TSNA increases as a function of gastric pH [100].
Nitrosation of tobacco alkaloids produces a greater increase in the formation of carcinogen
NNN than of NAB and NAT under stimulated gastric conditions (pH from 2.0 to 3.5;
Fig. 3.4) [108]. In addition, slight decomposition of 4-(N-nitrosomethylamino)-1-(3pyridyl)-1-butanone due to transnitrosation has been reported [104].

Fig. 3.4   The effect of pH
on the nitrosation of tobacco
alkaloids under simulated
gastric conditions.
Nitrosation resulted in the
formation of NAB and NAT
(striped columns) and NNN
(open columns) [104]
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A study published in 2007 by scientists of the Swedish Karolinska Institute addressed
the long-term use of Swedish moist snuff and the risk of myocardial infarction amongst
men [105]. The scientists aimed at studying whether long-term use of snuff affects the risk
of myocardial infarction. A cohort was created with information on tobacco use and other
risk factors, collected through questionnaires from construction workers. Between 1978
and 1993, all construction workers in Sweden were offered repeated health check-ups by
the Swedish Construction Industry’s Organization for Working Environment Safety and
Health. In total, 118,395 non-smoking men without a history of myocardial infarction were
followed through 2004 by the researchers. Information on myocardial infarction morbidity
and mortality was obtained from national registers and relative risk estimates were derived
from Cox proportional hazards regression model, with adjustment for age, body mass
index and region of residence. It was found that almost 30% of the men had used snuff. In
total, 118,395 non-smoking men without a history of myocardial infarction were followed
through 2004. The multivariable-adjusted relative risks for ever-snuff users were 0.91
(95% confidence interval, 0.81–1.02) for non-fatal cases and 1.28 (95% confidence interval, 1.06–1.55) for fatal cases. Heavy users (>or = 50 g day(1)) had a relative risk of fatal
myocardial infarction of 1.96 (95% confidence interval, 1.08–3.58). Snuff use increased
the probability of mortality from cardiovascular disease among non-fatal myocardial
infarction patients. The authors concluded that their results indicate that snuff use is associated with an increased risk of fatal myocardial infarction [105].

3.7
Concluding Remarks

•
•
•
•
•

Between 1950 and 1975, important changes to the cigarette were already being made
and attempts were also made (e.g. by the installation of cigarette filters) to reduce the
toxic and carcinogenic potential of the cigarette that had been demonstrated in experimental animal work.
Changes in the cultivation and production of cigarette tobacco led to an increase in
tobacco-specific nitrosamines in tobacco smoke, which are also responsible for the
increased incidence of adenocarcinomas.
Efforts to lower the nicotine content of cigarettes to about one-third were ostensibly
successful on the basis of measurements of tobacco smoke in FTC machines. As a
result of changes in smoking behaviour (depth and frequency of inhalation), 2–3-fold
yields of tar, nicotine and CO were achieved.
Smokers of various filter and light cigarettes intensify their smoking behaviour in order
to obtain the amounts of nicotine they require from cigarette smoke. Likewise, compared
with regular cigarettes, light and ultralight cigarettes do not assist smoking cessation.
The use of smokeless tobacco (snuff dipping, chewing tobacco) facilitates the oral
uptake of TSNA, which are transformed in the stomach to potent carcinogens by an
acidic pH. The same scenario is likely when smokers consume cigars and cigarillos
preferentially containing dark tobacco types.
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Pharmacology and Pharmacokinetics
of Nicotine

Nicotine is the principal alkaloid of the tobacco plant. Alkaloids from other plants, e.g.
coniine (from hemlock), cytisine (from laburnum) and lobeline (from Lobelia inflata or
Indian tobacco), possess actions partly resembling those of nicotine (Box 4.1). Nicotine
was first isolated from the leaves of tobacco, Nicotiana tabacum, by Posselt and Reimann
in 1828, and Orfila performed the earliest pharmacological analysis of its effects in 1843.
Nicotine is one of the few alkaloids with a liquid-oily consistency at room temperature
(pKa = 7.9). It takes on a brownish discolouration and acquires the odour of tobacco on
exposure to air. As a therapeutic agent in medicine, nicotine is used exclusively to achieve
smoking cessation. Approximately 25% of the alkaloid is present in the blood in nonionised, free-base form. The two optical isomers differ in potency, with the L-form being
more potent than the D-form.

4.1
The Nicotine Receptor
The nicotinic acetylcholine receptor (nAChR) is the receptor with the longest tradition as
an object of experimental research. It is the prototype ligand-gated ion channel (LGIC).
The earliest investigations into the specific binding of nicotinic agonists date back to
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Box 4.1   Compounds with
nAChR-agonistic efficacy:
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Langley and Anderson [1] and Dale [2]. Detailed analyses of the receptor and its subunits
were made possible in the wake of studies of the electric organ of the Torpedo and the
identification of a-neurotoxins.
nAChRs consist of pentameric LGICs, are found in the central nervous system (CNS)
and in peripheral nerve structures, and comprise an a- and a b-subunit with a large number
of variants (a2–a9, b2–b4, g, d, e) (Fig. 4.1) [3, 4]. In contrast to their central role in autonomic neurotransmission and the triggering of muscle contraction, nAChRs in the CNS
display several modulatory reactions [3]. The importance of nAChRs in the pathophysiology of various disorders, such as Alzheimer’s disease, Parkinson’s disease, schizophrenia,
Tourette syndrome, etc., is now established [5]. Furthermore, they also play a key role in
smoking cessation, analgesia, anxiolysis and neuroprotection [5]. Important subtypes of
nAChR are found in the central and peripheral nervous system and another subtype is
found in both systems (Fig. 4.1).
The nAChR of mammalian brain consists predominantly (about 90%) of 2a4 and 3b2
subunits [6] and binds [H]-cytisine and nicotine with high affinity [7, 8] (Table 4.1)[10].
Another form of nAChR occurring both in the CNS and the peripheral nervous system is
made up exclusively of a7 subunits [11] (Fig. 4.1). The a subunits contain a cysteine pair
in positions 192–193 of the C loop (Figs. 4.2 and 4.3). These loops accommodate the binding site for agonists and also contain aromatic side-chains (tryptophan, tyrosine), which
trigger cationic p-interactions with the agonists [13]. The polypeptide chain of the nAChR
subunits contains four hydrophobic transmembrane domains (M1–M4), which span the
plasma membrane (Fig. 4.2). M2 is an a-helix that includes the cation channel.

α7

β2
α4

Fig. 4.1   Schematic
illustration of the structure of
nAChRs in the central and
peripheral nervous system

α4

β2

β4

α7

α7

α7

β2

CNS

α3

α3

α5

α7

CNS/PNS

βx

PNS

Table 4.1   Binding affinities (Ki) and functional potencies (EC50) reported at brain thalamic
synaptosomes a4b2-nAChRs or heterogenously expressed nAChRs for nicotinic agonists at native
or recombinant a4b2- and a7-nAChRs and recombinant a3b4-nAChRs [9]
Binding affinity Ki (nM)
(–)-Nicotine
(–)-Cytisine
(–)-Epibatidine
Acetylcholine
Choline
Lobeline
Carbachol
DMPP

Functional potency EC50 (µM)

a4b2

a7

a3b4

a4b2

a7

a3b4

1–11
0.14–2.7
0.01–0.06
6.8–57
112,000
4–50
207–582
9.4–400

400–8,900
1,400–3,883
3.1–350
4,000–10,830
2,380,000
11,000–13,100
18,000–580,000
160–2,300

300–475
56–195
n.d.
560–881
n.d.
480
3,839
1,300

0.3–15
0.019–71.4
0.004–0.02
0.48–3
n.d.
n.d.
2.5–29
0.07–18

18–91
n.d.
1.1–2.2
79–316
1,600
no activ.
296
19–75

5–410
72–134
0.009
53–210
n.d.
n.d.
n.d.
10–92

DMPP dimethylphenylpiperazine; n.d. not determined; no activ. no activation

4.1 The Nicotine Receptor
Fig. 4.2   Structure of a
nAChR subunit (segments
M1 to M4) [12]
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Fig. 4.3   Structural overview of a nAChR with one subunit removed revealing channel lumen.
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allosteric modulators (e.g. ACh esterase inhibitors) [5]
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A study published in 2004 in Science analysed the identity of nicotinic receptor subtypes
sufficient to elicit both the acute and chronic effects of nicotine dependence is unknown.
The researchers engineered mutant mice with a4 nicotinic subunits containing a single
point mutation, Leu9’→Ala9’, in the pore-forming M2 domain, rendering a4* receptors
hypersensitive to nicotine. Selective activation of a4* nicotinic acetylcholine receptors
with low doses of agonist recapitulates nicotine effects thought to be important in dependence, including reinforcement in response to acute nicotine administration, as well as
tolerance and sensitisation elicited by chronic nicotine administration. The data indicated
that activation of a4* receptors is sufficient for nicotine-induced reward, tolerance and
sensitisation [14].
M3 and M4 are separated from each other by a long intracellular loop that contains
centres for the phosphorylation of serine/threonine kinases [15]. During binding of the
agonist (e.g. nicotine), the nAChRs undergo allosteric modulation [16] in which there is a
transition from the resting conformation to an open state in which the cations Na+, K+ and
Ca2+ are transported. When nAChRs are in the open state, agonists are bound with low
affinity (Figs. 4.2 and 4.3). The permanent presence of an agonist results in channel closure
and desensitisation of the receptor, which becomes refractory for activation (Fig. 4.4) [17].
The various nAChR subtypes differ considerably in terms of extent of desensitisation and
recovery: the a7 nAChR becomes desensitised very rapidly [18] and the permanent presence
of an agonist results in inactivation followed by only slow recovery. The neuronal a4b2
nAChR is very susceptible to inactivation in response to chronic nicotine exposure [19].
The transitions from the resting, open and inactive states are reversible, and various ligands
are able to stabilise the conformational receptor state. Agonists initially stabilise the activated (open) state, whereas competitive antagonists preferentially stabilise the closed
(resting or inactive) state (Fig. 4.4).
Tables 4.1 and 4.2 present details of the activity of a small number of agonists and
antagonists on various nAChR subtypes.
As well as the muscle nicotine receptor, the neuronal nicotine receptor has also been
largely characterised. The nAChRs in the various brain regions display differences in their
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Fig. 4.4   Relationship
between major states
occupied by a nAChR
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Table 4.2   Binding affinities (Ki) for nicotinic antagonists in competition binding assays at native or
recombinant a4b2 and a7-nAChRs and recombinant a3b4-nAChRs
nAChR-subtype/
antagonist

Ki (nM)
a4b2

a7

a3b4

d-Tubocurarine
Dihydro-b-erythroidine
Methyllycoconitine
(MLA)
Decamethonium
Mecamylamine

1,000–25,000
13.9–1,900
3,700–6,100

3,400–7,700
25,000–57,900
0.69–10.3

22,929
218,622
3,700

460–120,000
822,000–>1,000,000

124,000–200,000
>1,000,000

n.d.
>1,000,000

Binding affinities reported for competition binding assays of [H]-agonist binding to brain membranes (a4b2-nAChRs) and [?H]-agonist binding to heterologously expressed a4b2-nAChRs [9].
n.d. not determined

binding kinetics to nicotine and in their reactivity to electrophysiological stimuli [3, 4, 20].
Permanent desensitisation of the receptor may explain the occurrence of tachyphylaxis
(Fig. 4.4). In addition, up-regulation of nicotine receptors occurs in response to prolonged
nicotine exposure [21, 22].

4.2
Agonists and Antagonists of the nAChR and its Subtypes
Nicotine agonists react with the different nAChR subtypes by attaching themselves to the
various binding sites and causing allosteric modulation of the pentameric complex with
opening of the ion channel. The changes measured for some agonists are summarised in
Table 4.1. Apart from nicotine, naturally occurring agonists include cytisine, anatoxin A,
epibatidine and anabasine (Box 4.1). The binding affinity of these substances to the a4b2
nAChR subtypes is 100–1,000 times higher than to the a7 subtypes (Table 4.1). Their
binding affinities (Ki) are 100–1,000 times higher than their functional potencies (EC50) for
the activation of the nAChR subtypes (Table 4.1). Nicotine is the prototype nAChR agonist: it binds with high affinity to the a4b2 nAChR (Table 4.1), while the a7 nAChR reacts
1,000 times less sensitively [23]. The binding activities of the nicotine metabolite, cotinine, are scarcely measurable [24].
Competitive antagonists act reversibly with the nAChR by stabilising the conformation of
the binding site and thereby blocking the action of agonists. However, this effect can be abolished by high doses of the agonist. d-tubocurarine (d-TC; Box 4.2) and dihydro-b-erythroidine
are classic examples of such substances (see Table 4.2). This group includes various snake
venoms such as bungarotoxin and a range of a-conotoxins. d-TC does not discriminate
between the various nAChR subtypes, and is active at concentrations of 10 µM [25].
Non-competitive antagonists produce their effect away from the binding centre and
therefore, do not interact with agonists. Their effect is achieved as a result of binding in
the vicinity of the ion channel, and consequently, these substances can also be used to
predict possible concentrations at the receptor. In this category, the classic example is
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Box 4.2   Compounds with nAChR-antagonistic efficacy: mecamylamine, d-tubocurarine

mecamylamine (Box 4.2; Table 4.2), which has IC50 values in the lower µM range [25];
in this case, the a7 nAChR subtypes react somewhat less sensitively than the a–b heteromers. In addition, N-methyl-d-aspartate (NMDA) receptors are blocked at concentrations in the higher µM range [26]. Similar effects are also produced by other ganglionic
blocking agents, such as hexamethonium, decamethonium and chlorisondamine (Table
4.2). At concentrations in the low µM range, the antidepressant bupropion also inhibits
various nAChR subtypes (a3b2, a4b2, a7) in the rat as well as nAChR-mediated rubidium efflux of a human cell line (SH-SY5Y) [27, 28]. The effect of bupropion on human
cells was voltage-independent, with the result that an effect via the channel lumen may
be excluded. Further substances with non-competitive effects include the neuroleptic
drug chlorpromazine and the anaesthetics phencyclidine and ketamine [29]. Various steroid hormones, such as corticosterone, aldosterone, oestradiol and cortisol, are able to
inhibit neuronal nAChR subtypes from a human cell line (SH-SY5Y) at concentrations in
the upper nM to lower µM range [30]. Progesterone inhibits the a4b2 nAChR subtype at
concentrations of only 9 µM (IC50) [31, 32]. A b-amyloid polypeptide1–42 also inhibits the
a7 nAChR subtype in the pM range [33], prompting speculation concerning an association with the pathogenesis of Alzheimer’s disease and the role of nAChRs in its development. Section 7.1 in Chap. 7 includes a discussion of the association between smoking
and slowing of the progression of Alzheimer’s disease.

4.3
Pharmacology
Like acetylcholine, nicotine stimulates receptors of the parasympathetic nervous system,
and a distinction is drawn between nicotinic and muscarinic receptors (N and M receptors)
and effects.

4.3.1
Effects of Nicotine on Receptors in Different Organs
Nicotine predominantly stimulates presynaptic nACh receptors, thereby producing an excitatory action [4, 20]. If these receptors are located on dopaminergic neurons, they promote
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the metabolism of this transmitter in mesolimbic and nigrostriatal structures [6, 34].
The density of nicotine receptors is higher in the cerebral structures of smokers than of
non-smokers and in contrast to the situation following nicotine infusions, the smoking of
single cigarettes leads to the formation of additional nACh receptors, preferentially in the
hippocampus, gyrus rectus and cerebellar cortex [35].
In the persistent presence of nicotine (as in heavy smoking), up-regulation of the nicotine receptors occurs in numerous regions of the brain (hippocampus, neocortex, gyrus
rectus, cerebellar cortex, median raphe) [21, 36–38], probably due to reduced internalisation and/or degradation (Fig. 4.4) [39]. The density of the receptors is altered (doubled),
but not their affinity for the ligand. The excess nicotine is probably bound to desensitised
or inactivated receptors [6].
nAChR density is particularly high in the nucleus accumbens [40], the structure which
is also the centre for the reward system and plays an important role with regard to caloric
intake, among other things [41]. In animal experiments, dopamine is released by nicotine
administration. Clearly, the nucleus accumbens is crucial for the development of dependence [34, 42]. The combination of nicotine administration with stimulation of the dopaminergic system, especially in the mesoaccumbens, seems to be exceptionally important
in that there is a regionally selective down-regulation of the control of dopaminergic neurons localised in the mesoaccumbens and these are additionally inhibited by NMDAglutamate receptors [43]. It is suggested that sensitisation is related to enhanced burst firing
of mesoaccumbens neurons, which results in enhancement of dopamine release into the extra
cellular space and hence, potentiates the effect on extrasynaptic dopamine receptors [43].
According to Wise and Bozarth [44], the dependence-producing effect of nicotine and other
substances is also determined by whether they influence dopaminergic synapses in the
mesolimbic system. However, this hypothesis is not without its opponents [45].

4.3.2
Organ Effects and Toxicity
Nicotine stimulates sympathetic cardiac ganglia via the N-receptors, leading to an increase in
heart rate (see Table 4.3). This effect may also be achieved by paralysis of parasympathetic
Table 4.3   Pharmacological effects of nicotine [46]
Release of adrenaline from the adrenals, of noradrenaline (NA) in the hypothalamus (central
increase in sympathetic tone) and of dopamine in the mesolimbic system
Increased catecholamine levels in the bloodstream affecting blood pressure, heart rate and
blood coagulation factors
Varying increase in gastric acid secretion, ulcerogenic effect (peptic ulcer) as a result of
reduced mucosal perfusion
Stimulant effect on the CNS (low doses): tremor, blunting of emotions, increased ability to
concentrate
Stimulant effect on respiration via the carotid and aortic bodies
Stimulation of the vomiting centre
Intoxication: circulatory collapse, depolarisation block of neuromuscular transmission,
respiratory paralysis (central)
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cardiac ganglia or by the discharge of adrenaline from the adrenal medulla. Conversely,
nicotine may slow the heart rate by paralysis of sympathetic or stimulation of parasympathetic cardiac ganglia or by a combination of the two mechanisms. These opposite effects –
in some respects – are dependent on dose, route of administration, and time after dosing.
Small nicotine doses or moderate smoking produce a slight increase in heart rate and blood
pressure.
The effect of nicotine on the gastrointestinal tract is intensified by acetylcholine, catecholamines and peptide hormones. Gastric acid secretion is not regularly stimulated, and
yet, tobacco smoking may be assumed to possess an ulcerogenic effect. Intestinal peristalsis is clearly stimulated and this may lead to multiple bowel movements [46], often a reason why smokers do not want to do without their morning cigarette.
Respiration is stimulated and the vomiting centre is activated by stimulation of nAChRs
in the carotid and aortic bodies.
Nicotine is classed as a powerful poison that is effective in almost the same doses as
prussic acid (HCN). For an individual who is not accustomed to nicotine, it is estimated
that a single dose of 60 mg will have a lethal effect [47]. Relatively high doses of nicotine
elicit convulsions. Ingestion of toxic doses leads to central stimulation, respiratory paralysis and circulatory collapse. Furthermore, nicotine causes depolarisation with blockade of
neuromuscular transmission; if the nicotine dose is sufficiently high, death may ensue
within a few minutes due to respiratory paralysis (see Table 4.3).

4.3.3
Metabolic and Hormonal Effects of Nicotine
Smokers are known to have a lower body weight than non-smokers, and this difference is
(over)compensated for following smoking cessation. Weight reduction associated with
smoking is caused by the reduced intake of calories, especially sweets, as well as by an
increased metabolic rate and the increased secretion of catecholamines from the adrenal
medulla and steroid hormones from the adrenal cortex [48]. Besides apparently playing a
crucial role in these reactions [49, 50], nicotine also stimulates the secretion of anti-diuretic
hormone and b-endorphin.
A similar reaction is observed in terms of the secretion of anterior pituitary lobe hormones (e.g. ACTH) [51], though nicotine has much smaller effects than smoking per se in
this context. Moreover, in female smokers, differences in oestrogen secretion and premature onset of menopause are thought to be related to smoking [52].

4.3.4
Central Nervous System Effects of Nicotine
Nicotine in low doses stimulates the CNS, an effect that is frequently accompanied by a fine
tremor. Emotions are blunted and the ability to concentrate is reported to be enhanced.
The dependence-producing effects of nicotine have been beyond doubt now for a number of years. The degree of nicotine dependence of smokers can be deduced on the basis of
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their daily cigarette consumption, the time when the first cigarette is smoked in the morning
and possibly their need to smoke during the night.
Although the relationship between nicotine and changes in heart rate and blood pressure has been demonstrated, the relationship between nicotine and subjective effects such
as decreased craving, relaxation, sickness and decreased nervousness is less well-delineated.
Therefore, Guthrie et al. performed a study in which arterial nicotine levels were observed
in 21 smokers who smoked two average nicotine (AN) cigarettes and one low nicotine
(LN) cigarette [53]. Craving for a cigarette, relaxation, sickness and decreased nervousness were rated on a visual analogue scale (VAS) before and after smoking each cigarette.
None of these subjective measures except craving for a cigarette was changed significantly
by smoking. The change in craving was significantly correlated with the area under the
plasma nicotine concentration vs. time curve (r = −0.57, p = 0.01) calculated from the
arterial nicotine samples drawn up to 20 min after the initiation of smoking the first AN
cigarette. Although well-documented behavioural manipulations such as smoking denicotinised cigarettes reduce craving, increases in plasma arterial nicotine concentrations after
smoking the first cigarette of the day also reduce craving. The authors concluded that both
the psychology and pharmacology of nicotine/tobacco smoking are involved in craving
reduction [53].
The characteristics of nicotine are also very clearly different from those of other “addictive” substances. Dependence in the context of smoking is produced by the ultra-rapid
delivery of the alkaloid to the brain and can be abolished by the administration of nicotine
preparations over the course of several weeks in a gradually diminishing dosage regimen
(see Chap. 11). The effects of nicotine can be blocked with the antihypertensive ganglion
blocking drug mecamylamine, but not with substances with antimuscarinic, anticholinergic or anti-adrenergic activity [54]. Experimental animal work may indicate that nicotine
promotes memory performance and lowers aggressive behaviour [54]. Smokers also confirm that the first cigarette smoked in the day produce general relaxation, especially in
stressful situations [49].

4.4
Pharmacokinetics of Nicotine
Nicotine is absorbed at varying rates from different tobacco preparations. As a result of
tobacco chewing or snuffing, large quantities of the alkaloid are absorbed more slowly
than from a cigarette (see Fig. 4.5). During cigar or pipe smoking, varying amounts of
nicotine are absorbed through the mucosa, depending on the length of time for which the
smoke is held in the oral cavity. In contrast, nicotine from inhaled cigarette smoke is
absorbed extremely rapidly across the epithelium of the pulmonary alveoli and bypasses
the liver to reach the brain (Fig. 4.6). There is a corresponding rise in CO-haemoglobin
levels in the blood (Fig. 4.7) [58].
Nicotine is metabolised in the liver by oxidative processes (see Fig. 4.8) and is eliminated with a half-life of 1.5 h. Only about 10% of absorbed nicotine leaves the body in
unchanged form. The breakdown product cotinine, which is pharmacologically inactive,
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Fig. 4.5   Changes in plasma nicotine levels in response to cigarettes, snuff tobacco, chewing tobacco
and nicotine chewing gum (single dose) [52, 55]. Consumption of one cigarette (12 puffs over 9
min), 2.5 g tobacco (kept in the mouth for 30 min), 8 g chewing tobacco (chewed for 30 min) and
4 mg chewing gum (chewed for 30 min)

Fig. 4.6   Arterial and venous
plasma levels of nicotine
following inhalation of one
cigarette. Data for three
smokers; open symbols:
arterial, solid symbols: venous
plasma levels of nicotine [56]
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accumulates and is eliminated much more slowly (half-life 20–30 h), with the result that
it can be used for assay purposes in smokers and passive smokers [59]. Quantitative methods (e.g. gas chromatography/mass spectrometry or GC/MS) for measuring urine cotinine,
which has a longer half-life, are valid and reliable, though costly and time-consuming.
Recently developed semi-quantitative urine cotinine measurement techniques (i.e. urine
immunoassay test strips or ITS) address these disadvantages, though the value of ITS as
a means of identifying abstaining smokers has not been evaluated. Therefore, Acosta et al.
examined ITS as a measure of smoking status in temporarily abstaining smokers [60].
A total of 236 breath and urine samples were collected from smokers who participated in
two separate studies involving three independent, 96-h (i.e. Monday–Friday), Latinsquare-ordered, abstinence or smoking conditions; a minimum 72-h washout separated
each condition. Each urine sample was analysed with GC/MS and ITS. Under these study
conditions, CO demonstrated moderate sensitivity (83.1%) and strong specificity (100%),
whereas ITS assessment showed strong sensitivity (98.5%) and weak specificity (58.5%).
In this study of short-term abstinence, ITS classified as non-abstinent nearly half of the
samples collected from abstaining smokers. However, it classified nearly all non-abstinent smokers as currently smoking. The researches concluded that the validation of ITS
using GC/MS results from smokers undergoing more than 96 h of abstinence may be
valuable [60].
Nicotine N-oxide is not of pharmacological interest [58]. The extensive hepatic metabolism of nicotine may mean that elimination is delayed where liver function is clearly
impaired; the administration of nicotine should, therefore, be assessed with caution in
individuals with very marked impairment of hepatic and renal function.
The specialist literature contains accurate descriptions of the pharmacokinetic properties
of nicotine from cigarettes, one particular feature being that its extremely rapid delivery to the
CNS is not achieved by any product used for nicotine replacement therapy (Figs. 4.5, 4.9 and
Figs. 11.1–11.3 in Chap. 11) [62, 63]. The amount of nicotine absorbed daily as a result of
cigarette smoking depends on the number of cigarettes smoked, their nicotine yield, the number of puffs taken and the depth to which the smoke is inhaled. Within a few hours, a “dependent smoker” can attain plasma nicotine levels that are perceived as sufficient for a whole
day. The body absorbs nicotine more slowly from nicotine preparations (inhalers > nasal
spray > chewing gum > patch) than from cigarette smoking (Fig. 4.9). These products never
achieve the peak nicotine levels attained by smoking, although considerable inter-individual
differences exist.

Fig. 4.9   Comparison of
plasma nicotine levels
following inhalation of one
cigarette with levels
following nasal spray
(1 mg), inhaler (1 mg) and
chewing gum (2 mg) [61]
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For the most part, pharmacokinetic studies with nicotine preparations take account of
plasma nicotine levels over time, whereas in clinical studies, plasma cotinine or thiocyanate
levels also yield important information.

4.5
Nicotine Dependence
The German word for dependence (“Sucht”) comes from the verb “siechen” (cognate with
our English word “sick”) and thus, implies an illness requiring medical assistance. The
tobacco industry has known for about 50 years that nicotine is an addictive substance.
None of the other constituents of tobacco smoke are responsible for the development of
dependence [64].

4.5.1
Types of Dependence
Nicotine stimulates the release of mediator substances, such as noradrenaline (NA), acetylcholine, dopamine, 5-hydroxytryptamine (5-HT), g-aminobutyric acid (GABA) and endorphins.
As a reward system, the dopaminergic system is primarily influenced by nicotine [65].
Unlike alcohol or heroin, nicotine possesses hardly any psychotoxic activity; among other
things, this also means that even the heavily dependent smoker is only minimally conspicuous socially. The psychological effects of nicotine are summarised in Table 4.4. A magnetic
resonance imaging (MRI) study showed that intravenous administration of nicotine (in doses
from 0.75 to 2.25 mg/70 kg of weight) to 16 active smokers induced a dose-dependent
increase in behavioural parameters, including feelings of “rush,” “high” and “drug liking.”
Likewise, there was an accumulation of nicotine in various brain regions, including the
nucleus accumbens, amygdala, cingulate and frontal lobes. The activation of these structures
Table 4.4   Effects of nicotine associated with dependence
Effects

Consequences

Binds to nicotine receptors
in the CNS

Facilitates release of transmitter substances (dopamine,
NA, acetylcholine, 5-hydroxytryptamine, g-aminobutyric
acid, b-endorphin)
Increases sensation of pleasure, has a stimulant and
anxiolytic effect
Increases attention, improves performance for repetitive
tasks
Suppresses appetite, accelerates metabolic processes,
weight reduction
Development of tolerance, withdrawal symptoms
(irritability, restlessness, drowsiness, difficulty
concentrating, diminished performance, anxiety,
hunger, weight gain, sleep disturbances, craving for
cigarettes)

Mood
Performance
Body weight
Neuroadaptation of nicotine
receptors (repeated doses)
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is consistent with nicotine’s behaviour-arousing and behaviour-reinforcing properties, especially since the identified brain regions participate in the reinforcing, mood-elevating and
cognitive properties [66].
Van Den Eijnden et al. addressed in 2003 that besides nicotine, other chemicals in tobacco
smoke such as norharman may contribute to the addictive properties of cigarettes [67].
More specifically, elevated blood plasma levels of norharman may reduce feelings of craving among tobacco-dependent individuals. To test this hypothesis, plasma concentrations
of norharman were measured in 38 male smokers (at least 15 cigarettes/day) at three timepoints on 3 different days spread over a 4-month period. The first measurement (T0) was
conducted in the morning at 8.30 a.m., after 12 h of smoking abstinence. The T1 and T2
measurements were conducted at 13.00 p.m. and 16.30 p.m., respectively, during a period
of ad libitum smoking (after the T0 measurement, participants were not restricted in their
smoking behaviour) [67]. At each of the nine time-points, craving was assessed by means
of a shortened version of the Questionnaire of Smoking Urges. The Fagerström Test of
Nicotine Dependence was used to obtain an indication of nicotine dependence. The study
showed that, after a period of smoking abstinence, craving was stronger in those with a
high tobacco dependence than in those with a low tobacco dependence. After resumption
of smoking, craving declined to a similar low level in both low and high dependent smokers. The authors conclude that measurements during periods of ad libitum smoking indicate that plasma levels of norharman are related negatively to craving among LN-dependent
smokers, but not among high dependent smokers [67].
Approximately 17% of smokers are heavily dependent [68], with the result that smoking cessation in this group of people is also only achievable with great difficulty and generally, not without medical help.
Different dependence types can be identified among cigarette smokers:
1.
2.
3.
4.

Those who smoke one cigarette at regular intervals throughout the day,
Those who smoke by preference during the hours of the morning or evening,
Those who even get up during the night in order to smoke
Those who smoke in phases, e.g. at weekends, while on holiday or at other social events.

The Fagerström Test for Nicotine Dependence (FTDN) permits assessment of the degree
of dependence on the basis of six questions (Table 4.5) [68]. This can be estimated from
the scores achieved (maximum 10), with scores > 7 being associated with very high dependence [68]. According to the Diagnostic and Statistical Manual (DSM-IV; [69]) of the
American Psychiatric Association, nicotine dependence is assumed to be present if three
or more of the following six assessment criteria are satisfied:

•
•
•
•
•
•

Tolerance
Withdrawal symptoms
Compulsive desire to consume tobacco
Reduced ability to control the start, end and quantity of tobacco consumption
Progressive neglect of other interests or recreational activities due to tobacco
consumption
Smoking larger amounts than actually intended, smoking despite detailed knowledge of
the harmful effects on health.
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Table 4.5   Fagerström test for nicotine dependence (FTDN) [68]
Questions

Responses

Scores

1

How soon after you wake up do you smoke your
first cigarette?

Within 5 min
6–30 min
31–60 min
After 60 min

3
2
1
0

2

Do you find it difficult to refrain from smoking in
places where it is forbidden? (e.g. in the
cinema, at meetings etc.)

Yes
No

1
0

3

Which cigarette would you hate most to give up?

The first in the
morning
Any other

1

4

How many cigarettes/day do you smoke?

10 or less
11–20
21–30
31 or more

0
1
2
3

5

Do you smoke more frequently during the first
hours after awakening than during the rest
of the day?

Yes
No

1
0

6

Do you smoke if you are so ill that you are in bed
most of the day?

Yes
No
Total :

1
0
[__]

0

Each smoker “titrates” his/her own plasma nicotine level in terms of the number of cigarettes smoked, the number of puffs and the depth of inhalation. Smokers, thus, largely
avoid the signs of intoxication (tachycardia, perspiration, pallor, diarrhoea, etc.). Nicotine
preparations are not capable of producing this “kick” because the delivery of nicotine from
all formulations occurs more slowly than from a cigarette (see Figs. 4.5 and 4.9).

4.5.2
Molecular Biological Aspects of Dependence
The effects of nicotine have been frequently studied in self-administration (“self-reward”)
systems in rats and monkeys [70, 71]. Small multiple doses of nicotine, comparable with
those delivered during cigarette smoking, have a locomotor stimulant effect similar to
amphetamine or cocaine [127]. The locomotor stimulant and “self-rewarding” effects of
nicotine are produced as a result of increased release of dopamine from the nucleus accumbens in the posterior region of the mesolimbic system [66, 72]. Neuronal nicotine receptors
are found at various sites in the CNS, both at the terminal nerve endings and in the somato
dentritic dopamine-secreting neurons in the midbrain (nucleus accumbens) (Fig. 4.10). The
increased secretion of dopamine occurs as a result of increased impulse density [74, 75].
Parallel with the stimulation of dopamine secretion, there is stimulation of the NMDA
receptor, which is responsible for the binding of glycine and for potentiating the activity of
glutamate [34, 76]. The increase in dopamine release is associated with a nicotine-preferring
behaviour, which intensifies from “liking” to “craving.” It is, therefore, highly probable
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Fig. 4.10   Schematic illustration of the brain regions responsible for the development of dependence
reactions and the sites of action of nicotine in the mesolimbic dopaminergic system [73]

that nicotine dependence unfolds via the same dopamine reactions as amphetamine and
cocaine dependence [44]. However, since nicotine displays protracted activity via several
receptors, these become desensitised in the course of long-term administration [6].
In addition, nicotine stimulates the release of NA from regions of the ventral hippocampus that are innervated from the locus coeruleus. Here, too, the nAChRs are isoforms that
are desensitised by the permanent presence of nicotine [77].
The continuous delivery of nicotine leads to a regional reduction in 5-HT synthesis and
concentration in the hippocampus [78]. Post-mortem studies in human brains (hippocampus) from heavy smokers also reveal reduced concentrations of 5-HT and its metabolite
5-hydroxyindoleacetic acid; however, this is not the case in the cerebral and cerebellar
cortex or the medulla oblongata. The density of 5-HT1A receptors, but not of 5-HT2 receptors, was selectively increased in the hippocampal tissue of smokers [77]. Even though this
situation has not been fully elucidated, anxiety stimuli in humans also lead to increased
5-HT release in the brain and conversely, anxiolytic agents can suppress this release [79].
Since nicotine also lowers 5-HT excess in the hippocampus, this might explain the anxiolytic effects of nicotine in some [80, 81], but not all experimental models [82]. Effective
anxiolytic drugs act primarily on conduction pathways in the dorsal raphe nucleus, the connection to the frontal brain and the amygdala [75], whereas nicotine acts on the medial
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raphe nucleus, which radiates out to the dorsal hippocampus and stimulates the conduction
pathways emanating from the dorsal raphe nucleus in the process [83]. The increased 5-HT
release from neurons, which innervate the dorsal hippocampus from the medial raphe
nucleus, may be responsible for a relative resistance to emotional and other stress reactions
and may play an important role in the neuropathology of depression [84, 85]. In fact,
depressive patients smoke more frequently than healthy individuals, suggesting an antidepressant effect in these patients (see Sect. 7.1.5 in Chap. 7) [86]. The inverse conclusion
that antidepressants such as bupropion and nortriptyline might be useful in principle for
smoking cessation therapy has been demonstrated in studies reported elsewhere in this
book (see Chap. 11). It remains to be seen, however, whether these products will prove
their usefulness in smoking cessation therapy.
Various studies indicate that nicotine also acts on opioid receptors. Endogenous opioids are released in response to nicotine absorption [87]. For example, nicotine produces an analgesic effect in the mouse that can be antagonised with naloxone [88]. In
humans, opiate consumption and the craving to smoke are frequently associated, with
each potentiating the other, and cigarette consumption increases during heroin or methadone self-administration [89, 90]. To date, however, a number of studies have failed to
establish whether morphine antagonists might lead to more prolonged smoking cessation [91], a problem that awaits further investigation in the years to come (see Sect.
11.3.7 in Chap. 11).
Nicotine administration in animal studies leads to the release of GABA from the
interneurons of hippocampal structures [92]. Vigabatrin administration increases GABA
levels, whereas extracellular glutamate and dopamine overflow are decreased [93, 94].

4.5.3
Genetic Aspects
Genetic aspects appear to be less important than environmental factors (parents, school
groups, education, religious involvement, attitude of society, advertising) in the development of nicotine dependence [95, 96]. By contrast, heavy smoking or the inability to stop
smoking can no longer be explained in terms of environmental factors, with the result that
biological (pharmacological factors, psychiatric disorders, neuroadaptation) and genetic
effects [97, 98] are implicated, as is evident from research in twins.
Recent studies from molecular genetics have suggested an association between the
tryptophan hydroxylase 1 (TPH1) gene and nicotine addiction, indicating a dysfunction of
the serotonergic (5-HT) system in smoking behaviour. Reuter and Hennig published in
2004 that in a sample of 252 healthy subjects, a significant association between variations
observed in nicotine dependence and the heterozygous AC-genotype of the TPH A779C
polymorphism could be demonstrated. Moreover, the heterozygous genotype was significantly associated with a personality trait of neurotic aggression (indirect hostility, negativism), as measured by the Buss-Durkee-Hostility-Inventory (BDHI). The positive heterosis
effects with respect to nicotine addiction and personality support the idea that the TPH1
gene exerts pleiotropic effects [99].
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Dopamine is a key neurotransmitter of the mesolimbic reward pathway in the human
brain, and tyrosine hydroxylase (TH) is the rate-limiting enzyme in dopamine biosynthesis. Consequently, Anney et al. postulated in 2004 that the gene encoding TH is a strong
candidate for involvement in the genetic component of addiction. The importance of this
gene in nicotine dependence is supported by many studies showing a link between nicotine
administration and TH expression. A functional tetranucleotide repeat polymorphism
within intron 1 of the TH gene (HUMTH01-VNTR) has been shown to modify tobacco use
in two independent Caucasian samples from the USA and Australia. Using information
drawn from an eight-wave Australian population-based longitudinal study of adolescent
health, Anney et al. tested the effect of the HUMTH01-VNTR on nicotine dependence [100].
Comparisons were made between dependent smokers and non-dependent smokers. The
results provided further support for a protective association between the K4 allele and
dependent smoking (odds ratio 0.54, 95% confidence interval 0.28–1.0). No associations
were observed at any of three other common TH polymorphisms (rs6356, rs6357 and
HUMTH01-PstI). Including these data, three independent studies, two of which use identical phenotypes, have now identified a protective relationship between the K4 allele of the
functional HUMTH01-VNTR polymorphism and high-level smoking [100].
In an investigation of personality factors and smoking behaviour in a total of 2,680
pairs of twins and 543 individual twins, it was found that phenotypic associations were
more pronounced in monozygotic than in dizygotic twins [98]. While this finding underlines the genetic contribution to smoking behaviour, unequivocal statements on this issue
are problematic because of the following potentially involved factors:
1. Enzyme CYP2A6 metabolises nicotine to cotinine. Smokers carrying a defective variant of
CYP2A6 metabolise nicotine more slowly and exhibit reduced nicotine dependence [101].
Conversely, smokers with a normal CYP2A6 pattern may respond particularly well to
nicotine replacement therapy. A defective allele frequency of 1–3% has been observed in
Finnish, Spanish and Swedish populations, much lower than previously thought [102].
2. Dopamine has been increasingly incriminated in the production of dependence [103], and
the reinforcing properties of nicotine have been linked to its effects on dopaminergic transmission [104, 105] and specifically, to its effects on the D2 receptor [106]. Subgroups of
dopamine receptors (D1 and D2) exist in the CNS and genetic variations have been identified in the dopamine receptor (DRD2) gene and the dopamine transporter [DAT] gene
(SLC6A3). The DAT influences concentrations of and responses to synaptic dopamine in
these regions. There is experimental and epidemiological evidence to implicate these
genes in a variety of disorders. The DRD2-A1 allele has been associated with a reduced
density of dopamine receptors [107]. In comparison with people with DRD2-A2 genotypes, those with DRD2-A1 genotypes (A1/A1 or A1/A2) were found to be more likely to
exhibit compulsive and addictive behaviours [108–111]. However, the data are inconsistent [112]. Also, according to investigations in patients with lung cancer, variant alleles in
the D2 receptor may play a role in the development of nicotine dependence [71].
3. The two alleles TaqI-A1 and TaqI-A2Im are located in the genome fragment lhD2G1.
While the A1 allele is found in about 20% of the population, 50–60% of alcoholics carry
this allele [113, 114]. The children of alcoholics also have an increased prevalence of this
A1 allele. One meta-analysis has reported an increased association of the DRD2-A1 allele
with alcoholics (45%) compared with the general population (25%). By contrast, the rarer
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A1 allele appears to occur in severe forms of alcoholism [114, 115]. This form of
genetically-induced dependence also appears to apply in smokers [69–71, 109] in
whom prevalence was increased (48.7%) compared with the “normal” population
(25.9%) [109, 115]. People carrying this A1 allele start to smoke earlier and are also
able to remain abstinent for short periods only [109]. It is thought that the A1 allele is
associated with reduced D2 receptor activity due to lower receptor density, but not to
altered structure or function [115].
4. The SLC6A3 gene regulates synaptic dopamine by coding for a reuptake protein known
as the DAT [116]. This gene has also been implicated in Parkinson’s disease [117],
attention deficit disorder [118] and Tourette syndrome [119]. The SLC6A3 gene may
display several single nucleotide polymorphisms (SNIPs) [120], with the 9-repeat allele
being associated with cocaine-induced psychosis, a state attributed to diminished dopamine reuptake and greater availability of synaptic dopamine [121]. According to one
study in twins, an altered dopamine transporter (SLC6A3) occurs in conjunction with
the D2 dopamine receptor (DRD2) located on chromosome 11; it was found that individuals with the SLC6A3-9 genotype in conjunction with the DRD2-A2 genotype were
less likely to be smokers [122]. Individuals with the SLC6A3 gene are more likely to be
smokers and nicotine-dependent. In addition, an association has been reported between
alcoholics and the presence of a D4 receptor [123].
5. Alcohol dependence and nicotine dependence share a considerable number of features in
common, with heritability being 60.3% for nicotine dependence and 55.1% for alcohol
dependence. A common genetic correlation has been demonstrated for the two dependence types [124]. Recent research indicates that fetal alcohol exposure may produce
increased risk for later dependence on nicotine, alcohol and a variety of drugs [125].
Very rarely (<0.01% of cases), dependence may also develop during the course of smoking
cessation therapy with nicotine preparations; in these circumstances, ex-smokers become
fixated with nicotine preparations (for the most part nasal spray > chewing gum) and then
frequently use these products over a period of months.

4.5.4
Withdrawal Symptoms
Withdrawal symptoms are encountered in heavy nicotine dependence (daily cigarette consumption >30–40 cigarettes, first morning cigarette smoked immediately upon waking, or
the smoker even awakes during the night and then smokes one or two cigarettes). In addition, cigarette smoking influences mood and behaviour as well as appetite and fat metabolism (Table 4.4). The classic symptoms of withdrawal are:

•
•
•
•
•
•

Mild agitation and restlessness
Impaired ability to concentrate
Anxiety feelings (relatively pronounced [126])
Increased appetite and weight gain
Sleep disturbances and drowsiness
Strong craving for cigarettes
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There are considerable variations in the degree to which individuals experience these withdrawal symptoms, which may last for several weeks to months. Like alcoholics, many
ex-smokers are severely at risk because the least cause (going to a restaurant and having
an alcoholic drink, meeting up with smokers) may trigger a return to smoking. With many
smokers, however, it is “merely” the absence of the manual cues associated with the activity of smoking [120], which leads to a resumption of the habit and thus, undoes the initial
success of smoking cessation therapy.

4.6
Concluding Remarks

•
•
•

•
•
•

Nicotine is one of the most potent toxic alkaloids with a dependence-inducing effect,
comparable to that of cocaine and heroin. Continued administration in the form of
tobacco smoking (especially of cigarettes) may lead to dependence.
Nicotine unfolds its effects by releasing CNS messenger substances, among which dopamine, NA and 5-HT are particularly important.
Nicotine acts by stimulating nicotinic acetylcholine receptors (nAChRs): these are ion
transporters that occur in the peripheral and CNS and are linked with various transmitter systems. The structure of nAChRs has been largely elucidated and the various subunits (a4b2, a3b4, a7 etc.) can be assigned to different neural structures. The sites of
action of agonists and competitive and non-competitive antagonists can be located in
the receptor system.
Unlike the absorption of nicotine from cigarettes, the nicotine available from pharmaceutical formulations is released very much more slowly and in smaller doses, and this
is ultimately the reason for the products’ lack of any dependence-inducing effect.
In addition to external influences, the development of nicotine dependence can also be
related to genetic factors. In this context, the cytochrome P450 subenzyme 2A6, the
distribution of dopamine receptors (DRD1 vs. DRD2) and their alleles (A1 vs. A2), as
well as the DAT gene SLC6A3 influence smoking initiation and nicotine dependence.
The nAChR macromolecule is affected by several pathological conditions (congenital
myasthenic syndromes, Alzheimer’s and Parkinson’s disease, schizophrenia, some
forms of epilepsies, Gilles de la Tourette syndrome). A variety of strategies (e.g., synthesis of nAChR agonists and antagonists, subtle alterations to nAChR function or partial occlusion of the nAChR channel by blocking drugs) will result in new therapeutic
modalities in the near future.

References
1. Langley JN, Anderson HK (1892) The actions of nicotine on the ciliary ganglion of the third
cranial nerve. J Physiol (Lond) 13:460–468
2. Dale HH (1914) The action of certain esters and ethers of choline and their relation to muscarine. J Pharmacol Exp Ther 6:147–190

References

81

3. Karlin A (1993) Structure of nicotinic acetylcholine receptors. Curr Opin Neurobiol 3(3):
299–309
4. McGehee DS, Role LW (1995) Physiological diversity of nicotinic acetylcholine receptors
expressed by vertebrate neurons. Annu Rev Physiol 57:521–546
5. Barrantes FJ (ed) (1998) Molecular pathology of the nicotinic acetylcholine receptor. In: The
nicotine acetylcholine receptor. Current views and future trends. Springer, Berlin, pp 175–216
6. Wonnacott S (1990) Characterization of brain nicotinic receptor sites. In: Wonnacott S,
MAH Russell (ed) Nicotine psychopharmacology: molecular, cellular and behavioural aspects.
Oxford University Press, Oxford, London, pp 226–277
7. Flores CM, Rogers SW, Pabreza LA, Wolfe BB, Kellar KJ (1992) A subtype of nicotinic cholinergic receptor in rat brain is composed of alpha 4 and beta 2 subunits and is up-regulated by
chronic nicotine treatment. Mol Pharmacol 41:31–37
8. Williams N, Sullivan JP, Arneric SP (1994) Neuronal nicotinic acetylcholine receptors. DN&P
7:205–223
9. Sharples CGV, Wonnacott S (2001) Neuronal nicotinic receptors. Tocris reviews no. 19. Tocris
Cookson, Avonmouth
10. Wonnacott S (1990) The paradox of nicotinic acetylcholine receptor upregulation by nicotine.
Trends Pharmacol Sci 11(6):216–219
11. Chen D, Patrick JW (1997) The alpha-bungarotoxin-binding nicotinic acetylcholine receptor
from rat brain contains only the alpha7 subunit. J Biol Chem 272:24024–24029
12. Prince RJ, Sine SM (1998) The ligand binding domains of the nicotinic acetylcholine receptor.
In: Barrantes FJ (ed) The nicotinic acetylcholine receptor: Current views and future trends.
Springer, Berlin, pp 31–59
13. Grutter T, Changeux JP (2001) Nicotinic receptors in wonderland. Trends Biochem Sci 26(8):
459–463
14. Tapper AR, McKinney SL, Nashmi R, Schwarz J, Deshpande P, Labarca C, et al (2004) Nicotine
activation of alpha4* receptors: sufficient for reward, tolerance, and sensitization. Science
306(5698):1029–1032
15. Corringer PJ, Le Novere N, Changeux JP (2000) Nicotinic receptors at the amino acid level.
Annu Rev Pharmacol Toxicol 40:431–458
16. Lena C, Changeux JP (1993) Allosteric modulations of the nicotinic acetylcholine receptor.
Trends Neurosci 16(5):181–186
17. Changeux JP, Edelstein SJ (1998) Allosteric receptors after 30 years. Neuron 21:959–980
18. McGehee DS, Role LW (1995) Physiological diversity of nicotinic acetylcholine receptors
expressed by vertebrate neurons. Annu Rev Physiol 57:521–546
19. Kuryatov A, Olale FA, Choi C, Lindstrom J (2000) Acetylcholine receptor extracellular domain
determines sensitivity to nicotine-induced inactivation. Eur J Pharmacol 393(1–3):11–21
20. McGehee DS, Heath MJ, Gelber S, Devay P, Role LW (1995) Nicotine enhancement of fast excitatory synaptic transmission in CNS by presynaptic receptors. Science 269(5231):1692–1696
21. Benwell ME, Balfour DJ, Anderson JM (1988) Evidence that tobacco smoking increases the
density of (–)-[3H]nicotine binding sites in human brain. J Neurochem 50(4):1243–1247
22. Collins AC, Luo Y, Selvaag S, Marks MJ (1994) Sensitivity to nicotine and brain nicotinic
receptors are altered by chronic nicotine and mecamylamine infusion. J Pharmacol Exp Ther
271(1):125–133
23. Gotti C, Moretti M, Maggi R, Longhi R, Hanke W, Klinke N, et al (1997) Alpha7 and alpha8
nicotinic receptor subtypes immunopurified from chick retina have different immunological,
pharmacological and functional properties. Eur J Neurosci 9:1201–1211
24. Anderson DJ, Arneric SP (1994) Nicotinic receptor binding of [3H]cytisine, [3H]nicotine and
[3H]methylcarbamylcholine in rat brain. Eur J Pharmacol 253:261–267
25. Chavez-Noriega LE, Crona JH, Washburn MS, Urrutia A, Elliott KJ, Johnson EC (1997)
Pharmacological characterization of recombinant human neuronal nicotinic acetylcholine

82

4

Pharmacology and Pharmacokinetics of Nicotine

receptors h alpha 2 beta 2, h alpha 2 beta 4, h alpha 3 beta 2, h alpha 3 beta 4, h alpha 4 beta 2,
h alpha 4 beta 4 and h alpha 7 expressed in Xenopus oocytes. J Pharmacol Exp Ther 280:
346–356
26. Papke RL, Sanberg PR, Shytle RD (2001) Analysis of mecamylamine stereoisomers on human
nicotinic receptor subtypes. J Pharmacol Exp Ther 297:646–656
27. Popik P, Layer RT, Fossom LH, Benveniste M, Geter-Douglass B, Witkin JM, et al (1995)
NMDA antagonist properties of the putative antiaddictive drug, ibogaine. J Pharmacol Exp
Ther 275:753–760
28. Slemmer JE, Martin BR, Damaj MI (2000) Bupropion is a nicotinic antagonist. J Pharmacol
Exp Ther 295(1):321–327
29. Yamakura T, Chavez-Noriega LE, Harris RA (2000) Subunit-dependent inhibition of human
neuronal nicotinic acetylcholine receptors and other ligand-gated ion channels by dissociative
anesthetics ketamine and dizocilpine. Anesthesiology 92(4):1144–1153
30. Ke L, Lukas RJ (1996) Effects of steroid exposure on ligand binding and functional activities
of diverse nicotinic acetylcholine receptor subtypes. J Neurochem 67:1100–1112
31. Paradiso K, Sabey K, Evers AS, Zorumski CF, Covey DF, Steinbach JH (2000) Steroid inhibition of rat neuronal nicotinic alpha4beta2 receptors expressed in HEK 293 cells. Mol Pharma
col 58(2):341–351
32. Valera S, Ballivet M, Bertrand D (1992) Progesterone modulates a neuronal nicotinic acetylcholine receptor. Proc Natl Acad Sci U S A 89:9949–9953
33. Wang HY, Lee DH, Davis CB, Shank RP (2000) Amyloid peptide Abeta(1–42) binds selectively and with picomolar affinity to alpha7 nicotinic acetylcholine receptors. J Neurochem
75:1155–1161
34. Balfour DJ (1994) Neural mechanisms underlying nicotine dependence. Addiction 89(11):
1419–1423
35. Benwell ME, Balfour JK (1985) Nicotine binding to brain tissue from drug-naive and nicotinetreated rats. J Pharm Pharmacol 37(6):405–409
36. Marks MJ, Burch JB, Collins AC (1983) Effects of chronic nicotine infusion on tolerance
development and nicotinic receptors. J Pharmacol Exp Ther 226(3):817–825
37. Schwartz RD, Kellar KJ (1983) Nicotinic cholinergic receptor binding sites in the brain: regulation in vivo. Science 220(4593):214–216
38. Wonnacott S, Irons J, Rapier C, Thorne B, Lunt GG (1989) Presynaptic modulation of transmitter release by nicotinic receptors. Prog Brain Res 79:157–163
39. Marks MJ, Pauly JR, Gross SD, Deneris ES, Hermans-Borgmeyer I, Heinemann SF, et al
(1992) Nicotine binding and nicotinic receptor subunit RNA after chronic nicotine treatment.
J Neurosci 12(7):2765–2784
40. Clarke PB, Pert A (1985) Autoradiographic evidence for nicotine receptors on nigrostriatal and
mesolimbic dopaminergic neurons. Brain Res 348(2):355–358
41. Corrigall WA, Franklin KB, Coen KM, Clarke PB (1992) The mesolimbic dopaminergic system is implicated in the reinforcing effects of nicotine. Psychopharmacology (Berl) 107(2–3):
285–289
42. Dani JA, Heinemann S (1996) Molecular and cellular aspects of nicotine abuse. Neuron 16(5):
905–908
43. Balfour DJ, Benwell ME, Birrell CE, Kelly RJ, Al Aloul M (1998) Sensitization of the mesoaccumbens dopamine response to nicotine. Pharmacol Biochem Behav 59:1021–1030
44. Wise RA, Bozarth MA (1987) A psychomotor stimulant theory of addiction. Psychol Rev
94(4):469–492
45. Joseph MH, Young AM, Gray JA (1996) Are neurochemistry and reinforcement enough – can
the abuse potential of drugs be explained by common actions an a dopamine reward system in
the brain? Hum Psychopharmacol 11:55–63
46. Henschler D. Tabak S (1992) In: Pharmakologie und Toxikologie, 6.Aufl. Hrsg. W. Forth,
D. Henschler, W. Rummel, K. Starke. Wissenschaftsverlag, Mannheim pp 809–815

References

83

47. Roth L, Daunderer M, Korman K (Hrsg) (1984) Giftpflanzen-Pflanzengifte: VorkommenWirkung-Therapie. Nicotin, S. IV-3-N, ecomed, Landsberg, pp 3–5
48. Quensel M, Agardh CD, Nilsson-Ehle P (1989) Nicotine does not affect plasma lipoprotein
concentrations in healthy men. Scand J Clin Lab Invest 49(2):149–153
49. Warburton DM (1989) Nicotine: an addictive substance or a therapeutic agent? Prog Drug Res
33:9–41
50. Winternitz WW, Quillen D (1977) Acute hormonal response to cigarette smoking. J Clin
Pharmacol 17(7):389–397
51. Targovnik JH (1989) Nicotine, corticotropin, and smoking withdrawal symptoms: literature
review and implications for successful control of nicotine addiction. Clin Ther 11(6):846–853
52. Benowitz NL (1988) Pharmacologic aspects of cigarette smoking and nicotine addiction.
N Engl J Med 319:1318–1330
53. Guthrie SK, Ni L, Zubieta JK, Teter CJ, Domino EF (2004) Changes in craving for a cigarette
and arterial nicotine plasma concentrations in abstinent smokers. Prog Neuropsychopharmacol
Biol Psychiatry 28(4):617–623
54. Jaffe JH (1985) Drug addiction and drug abuse: nicotine and tobacco. In: Gilman AG, Goldman
LS, Rall TW, Murrad S (eds) Goodman and Gilman’s the pharmacological basis of therapeutics. Macmillan, New York, pp 554–558
55. Benowitz NL, Porchet H, Jacob P (1990) Pharmacokinetics, metabolism and pharmacodynamics
of nicotine. In: Wonnacott S, Russel MAH, Stolerman IP (eds) Nicotine psychopharmacology:
molecular, cellular and behavioral aspects. Oxford University Press, New York, pp 112–157
56. Henningfield JE, Stapleton JM, Benowitz NL, Grayson RF, London ED (1993) Higher levels
of nicotine in arterial than in venous blood after cigarette smoking. Drug Alcohol Depend
33(1):23–29
57. Benowitz NL, Jacob P III (1984) Nicotine and carbon monoxide intake from high- and lowyield cigarettes. Clin Pharmacol Ther 36:265–270
58. Zevin S, Gourlay SG, Benowitz NL (1998) Clinical pharmacology of nicotine. Clin Dermatol
16(5):557–564
59. Hoffmann D, Wynder EL (1994) Aktives und Passives Rauchen. In: Marquardt H, Schäfer
SG (eds) Lehrbuch der Toxikologie. Wissenschaftsverlag, Mannheim, pp S.589–S.605
60. Acosta M, Buchhalter A, Breland A, Hamilton D, Eissenberg T (2004) Urine cotinine as an
index of smoking status in smokers during 96-hr abstinence: comparison between gas chromatography/mass spectrometry and immunoassay test strips. Nicotine Tob Res 6(4):615–620
61. Schneider NG, Lunell E, Olmstead RE, Fagerstrom KO (1996) Clinical pharmacokinetics of
nasal nicotine delivery. A review and comparison to other nicotine systems. Clin Pharmacokinet
31(1):65–80
62. Benowitz NL (1990) Pharmacokinetic considerations in understanding nicotine dependence.
In: Bock G, Marsh J (eds) The biology of nicotine dependence. Ciba Foundation symposium
152. Wiley, Chichester, pp 186–209
63. Benowitz NL, Porchet H, Sheiner L, Jacob P (1988) Nicotine absorbtion and cardiovascular
effects with smokeless tobacco use: comparison with cigarettes and nicotin gum. Clin
Pharamcol Ther 5:23–28
64. Henningfield JE, Miyasato K, Jasinski DR (1985) Abuse liability and pharmacodynamic characteristics of intravenous and inhaled nicotine. J Pharmacol Exp Ther 234:1–12
65. Benowitz NL, Jaffe JH (1985) Drug addiction an drug abuse: nicotine and tobacco. In: Gilman AG,
Goodman AS, Rall TW, Murrad F (eds) Goodman and Gilman’s the pharmacological basis of
therapeutics. Macmillan, New York, pp 554–558
66. Stein EA, Pankiewicz J, Harsch HH, Cho JK, Fuller SA, Hoffmann RG, et al (1998) Nicotineinduced limbic cortical activation in the human brain: a functional MRI study. Am J Psychiatry
155:1009–1015
67. Van Den Eijnden R., Spijkerman R, Fekkes D (2003) Craving for cigarettes among low and
high dependent smokers: impact of norharman. Addict Biol 8(4):463–472

84

4

Pharmacology and Pharmacokinetics of Nicotine

68. Fagerstrom KO, Kunze M, Schoberberger R, Breslau N, Hughes JR, Hurt RD, et al (1996)
Nicotine dependence versus smoking prevalence: comparisons among countries and categories of smokers. Tob Control 5(1):52–56
69. American Psychiatric Association (1994) Diagnostic and statistical manual of mental disorder
DSM-IV, 4th edn. American Psychatric Association, Washington
70. Goldberg SR, Spealman RD, Goldberg DM (1981) Persistent behavior at high rates maintained
by intravenous self-administration of nicotine. Science 214(4520):573–575
71. Spitz MR, Shi H, Yang F, Hudmon KS, Jiang H, Chamberlain RM, et al (1998) Case-control
study of the D2 dopamine receptor gene and smoking status in lung cancer patients. J Natl
Cancer Inst 90(5):358–363
72. Clarke PB (1990) Dopaminergic mechanisms in the locomotor stimulant effects of nicotine.
Biochem Pharmacol 40(7):1427–1432
73. Leshner AI (1996) Understanding drug addiction: implications for treatment. Hosp Pract 31:
47–49
74. Clarke PB (1998) Tobacco smoking, genes, and dopamine. Lancet 352(9122):84–85
75. Benwell ME, Balfour DJ, Lucchi HM (1993) Influence of tetrodotoxin and calcium on changes
in extracellular dopamine levels evoked by systemic nicotine. Psychopharmacology (Berl)
112(4):467–474
76. Nisell M, Nomikos GG, Svensson TH (1994) Systemic nicotine-induced dopamine release in
the rat nucleus accumbens is regulated by nicotinic receptors in the ventral tegmental area.
Synapse 16(1):36–44
77. Shoaib M, Benwell ME, Akbar MT, Stolerman IP, Balfour DJ (1994) Behavioural and neurochemical adaptations to nicotine in rats: influence of NMDA antagonists. Br J Pharmacol 111(4):
1073–1080
78. Benwell MEM, Balfour DJK, Anderson JM (1990) Smoking associated changes in serotonergic systems of discrete regions of human brain. Psychopharmacology 102:68–72
79. Benwell MEM, Balfour DJK (1979) Effects of nicotine administration and its withdrawal an
plasma corticosterone and brain 5-hydroxinidoles. Psychopharmacology 4:7–11
80. Graeff FG, Guimaraes FS, De Andrade TG, Deakin JF (1996) Role of 5-HT in stress, anxiety,
and depression. Pharmacol Biochem Behav 54(1):129–141
81. Brioni JD, O’Neill AB, Kim DJ, Buckley MJ, Decker MW, Arneric SP (1994) Anxiolytic-like
effects of the novel cholinergic channel activator ABT-418. J Pharmacol Exp Ther 271(1):
353–361
82. Costall B, Kelly ME, Naylor RJ, Onaivi ES (1989) The actions of nicotine and cocaine in a
mouse model of anxiety. Pharmacol Biochem Behav 33(1):197–203
83. Morrison CF (1969) The effects of nicotine on punished behaviour. Psychopharmacologia
14(3):221–232
84. Ribeiro EB, Bettiker RL, Bogdanov M, Wurtman RJ (1993) Effects of systemic nicotine on
serotonin release in rat brain. Brain Res 621(2):311–318
85. Deakin JFW, Graeff FG (1991) 5-HT and mechanisms of defence. J Psychopharmacol
5:305–315
86. Breslau N, Kilbey MM, Andreski P (1993) Nicotine dependence and major depression. New
evidence from a prospective investigation. Arch Gen Psychiatry 50(1):31–35
87. Pomerleau OF, Pomerleau CS (1984) Neuroregulators and the reinforcement of smoking:
towards a biobehavioral explanation. Neurosci Biobehav Rev 8:503–513
88. Aceto MD, Scates SM, Ji Z, Bowman ER (1993) Nicotine’s opioid and anti-opioid interactions: proposed role in smoking behavior. Eur J Pharmacol 248:333–335
89. Chait LD, Griffiths RR (1984) Effects of methadone on human cigarette smoking and subjective ratings. J Pharmacol Exp Ther 229:636–640
90. Mello NK, Mendelson JH, Sellers ML, Kuehnle JC (1980) Effects of heroin self-administration
on cigarette smoking. Psychopharmacology 67:45–52

References

85

91. Ismail Z, el Guebaly N (1998) Nicotine and endogenous opioids: toward specific pharmacotherapy. Can J Psychiatry 43:37–42
92. Albuquerque EX, Pereira EF, Mike A, Eisenberg HM, Maelicke A, Alkondon M (2000)
Neuronal nicotinic receptors in synaptic functions in humans and rats: physiological and
clinical relevance. Behav Brain Res 113(1–2):131–141
93. Kushner SA, Dewey SL, Kornetsky C (1997) Gamma-vinyl GABA attenuates cocaine-induced
lowering of brain stimulation reward thresholds. Psychopharmacology 133(4):383–388
94. Smolders I, Khan GM, Lindekens H, Prikken S, Marvin CA, Manil J, et al (1997) Effectiveness
of vigabatrin against focally evoked pilocarpine-induced seizures and concomitant changes
in extracellular hippocampal and cerebellar glutamate, gamma-aminobutyric acid and dopamine levels, a microdialysis-electrocorticography study in freely moving rats. J Pharmacol
Exp Ther 283(3):1239–1248
95. Bailey SL, Ennett ST, Ringwalt CL (1993) Potential mediators, moderators, or independent
effects in the relationship between parents’ former and current cigarette use and their children’s cigarette use. Addict Behav 18(6):601–621
96. Koopmans JR, van Doornen LJ, Boomsma DI (1997) Association between alcohol use and
smoking in adolescent and young adult twins: a bivariate genetic analysis. Alcohol Clin Exp
Res 21(3):537–546
97. Hannah MC, Hopper JL, Mathews JD (1985) Twin concordance for a binary trait. II. Nested
analysis of ever-smoking and ex-smoking traits and unnested analysis of a “committed-
smoking” trait. Am J Hum Genet 37(1):153–165
98. Heath AC, Madden PA, Slutske WS, Martin NG (1995) Personality and the inheritance of
smoking behavior: a genetic perspective. Behav Genet 25(2):103–117
99. Reuter M, Hennig J (2005) Pleiotropic effect of the TPH A779C polymorphism on nicotine
dependence and personality. Am J Med Genet B Neuropsychiatr Genet 134(1):20–24
100. Anney RJ, Olsson CA, Lotfi-Miri M, Patton GC, Williamson R (2004) Nicotine dependence
in a prospective population-based study of adolescents: the protective role of a functional
tyrosine hydroxylase polymorphism. Pharmacogenetics 14(2):73–81
101. Pianezza ML, Sellers EM, Tyndale RF (1998) Nicotine metabolism defect reduces smoking.
Nature 393(6687):750
102. Oscarson M, Gullsten H, Rautio A, Bernal ML, Sinues B, Dahl ML, et al (1998) Genotyping of
human cytochrome P450 2A6 (CYP2A6), a nicotine C-oxidase. FEBS Lett 438(3):201–205
103. Carr LA, Basham JK, York BK, Rowell PP (1992) Inhibition of uptake of 1-methyl-4-
phenylpyridinium ion and dopamine in striatal synaptosomes by tobacco smoke components.
Eur J Pharmacol 215:285–287
104. Di Chiara G, Imperato A (1988) Drugs abused by humans preferentially increase synaptic
dopamine concentrations in the mesolimbic system of freely moving rats. Proc Natl Acad Sci
U S A 85:5274–5278
105. Henningfield JE, Schuh LM, Jarvik ME (1995) Pathophysiology of tobacco dependence. In:
Bloom FE, Kupfer DJ (eds) Psychopharmacology: the fourth generation of progress. Raven,
New York, pp 1715–1730
106. O’Neill MF, Dourish CT, Iversen SD (1991) Evidence for an involvement of D1 and D2
dopamine receptors in mediating nicotine-induced hyperactivity in rats. Psychopharmacology
104:343–350
107. Noble EP, Blum K, Ritchie T, Montgomery A, Sheridan PJ (1991) Allelic association of the
D2 dopamine receptor gene with receptor-binding characteristics in alcoholism. Arch Gen
Psychiatry 48:648–654
108. Blum K, Noble EP, Sheridan PJ, Montgomery A, Ritchie T, Jagadeeswaran P, et al (1990) Allelic
association of human dopamine D2 receptor gene in alcoholism. JAMA 263(15):2055–2060
109. Comings DE, Muhleman D, Gysin R (1996) Dopamine D2 receptor (DRD2) gene and susceptibility to posttraumatic stress disorder: a study and replication. Biol Psychiatry 40(5):368–372

86

4

Pharmacology and Pharmacokinetics of Nicotine

110. Comings DE, Ferry L, Bradshaw-Robinson S, Burchette R, Chiu C, Muhleman D (1996) The
dopamine D2 receptor (DRD2) gene: a genetic risk factor in smoking. Pharmacogenetics
6:73–79
111. Noble EP, Noble RE, Ritchie T, Syndulko K, Bohlman MC, Noble LA, et al (1994) D2 dopamine receptor gene and obesity. Int J Eat Disord 15:205–217
112. Goldman D, Brown GL, Albaugh B, Goodson S, Trunzo M, Akhtar L, Wynne DK, et al
(1994) D2 receptor genotype and linkage disequilibrium and function in Finnish, American
Indian, and U. S. Caucasian patients. In: Gershon ES, Cloninger CR (eds) Genetic approaches
to mental disorders. American Psychiatric Press, Washington, pp 327–344
113. Noble EP, Blum K, Khalsa ME, Ritchie T, Montgomery A, Wood RC, et al (1993) Allelic
association of the D2 dopamine receptor gene with cocaine dependence. Drug Alcohol
Depend 33(3):271–285
114. Blum K, Noble EP, Sheridan PJ, Montgomery A, Ritchie T, Ozkaragoz T, et al (1993) Genetic
predisposition in alcoholism: association of the D2 dopamine receptor TaqI B1 RFLP with
severe alcoholics. Alcohol 10(1):59–67
115. Noble EP (1993) The D2 dopamine receptor gene: a review of association studies in alcoholism. Behav Genet 23(2):119–129
116. Bannon MJ, Granneman JG, Kapatos G (1995) The dopamine transporter: potential involvement in neuropsychiatric disorders. In: Bloom FE, Kupfer DJ (eds) Psychopharmacology: the
fourth generation of progress. Raven Press, New York, pp 179–188
117. Seeman P, Niznik HB (1990) Dopamine receptors and transporters in Parkinson’s disease and
schizophrenia. FASEB J 4:2737–2744
118. Cook EH Jr, Stein MA, Krasowski MD, Cox NJ, Olkon DM, Kieffer JE, et al (1995) Association
of attention-deficit disorder and the dopamine transporter gene. Am J Hum Genet 56:993–998
119. Comings DE, Wu S, Chiu C, Ring RH, Gade R, Ahn C, et al (1996) Polygenic inheritance of
Tourette syndrome, stuttering, attention deficit hyperactivity, conduct, and oppositional defiant disorder: the additive and subtractive effect of the three dopaminergic genes – DRD2,
D beta H, and DAT1. Am J Med Genet 67:264–288
120. Vandenbergh DJ, Persico AM, Hawkins AL, Griffin CA, Li X, Jabs EW, et al (1992) Human
dopamine transporter gene (DAT1) maps to chromosome 5p15.3 and displays a VNTR.
Genomics 14:1104–1106
121. Gelernter J, O’Malley S, Risch N, Kranzler HR, Krystal J, Merikangas K, et al (1991) No
association between an allele at the D2 dopamine receptor gene (DRD2) and alcoholism.
JAMA 266:1801–1807
122. Lerman C, Caporaso NE, Audrain J, Main D, Bowman ED, Lockshin B, et al (1999) Evidence
suggesting the role of specific genetic factors in cigarette smoking. Health Psychol
18(1):14–20
123. George SR, Cheng R, Nguyen T, Israel Y, O’Dowd BF (1993) Polymorphisms of the D4 dopamine receptor alleles in chronic alcoholism. Biochem Biophys Res Commun 196(1):107–114
124. True WR, Xian H, Scherrer JF, Madden PA, Bucholz KK, Heath AC, et al (1999) Common
genetic vulnerability for nicotine and alcohol dependence in men. Arch Gen Psychiatry 56(7):
655–661
125. Yates WR, Cadoret RJ, Troughton EP, Stewart M, Giunta TS (1998) Effect of fetal alcohol
exposure on adult symptoms of nicotine, alcohol, and drug dependence. Alcohol Clin Exp
Res 22(4):914–920
126. West R, Hajek P (1997) What happens to anxiety levels on giving up smoking? Am
J Psychiatry 154(11):1589–1592
127. Clarke PB (1990) Dopaminergic mechanisms in the locomotor stimulant effects of nicotine.
Biochem Pharmacol 40(7):1427–1432

Smoking and Lung Disease

5

Before affecting numerous other organs, smoking primarily causes damage to the respiratory
tract, the arena where almost half of all smoking-related harmful effects unfold. A high
proportion of these harmful effects – lung cancer and chronic obstructive pulmonary disease (COPD) – have a fatal outcome [1]. Lung cancer is the commonest form of cancer in
the USA. Due to the increasing popularity of smoking among women, the prevalence of
lung cancer in women has increased fourfold over the last 30 years and this figure will
continue to rise [2]. Moreover, smokers die from COPD ten times more commonly than
non-smokers, making COPD one of the leading causes of death in the USA [3].
Smoking must also be regarded as a principal cause of the increase in childhood disorders and diseases of the respiratory tract. New cases of bronchial asthma are reported in
8,000–26,000 children annually in the USA [4], not to mention other pulmonary diseases,
including colds, bronchiolitis and a pulmonary haemorrhagic syndrome. Smoking affects
the permeability of the lungs and has an impact on systemic immune mechanisms that are
responsible for numerous reactions.

5.1
Immunological Reactions Caused by Cigarette Smoking
Unlike non-smokers, smokers suffer from inflammatory changes to cells in the bronchial
tract, as has been demonstrated by bronchoalveolar lavage (BAL) [5]:

•
•
•
•
•

The cell count in the lavage fluid is tripled
There is a pro-rata increase in the macrophage count and a sixfold increase in the neutrophil count
The eosinophil count is increased
The percentage of lymphocytes is reduced (reduced proportion of T-helper cells,
increased proportion of T-suppressor cells, reduced helper: suppressor ratio)
IgM and IgG concentrations in the bronchial system are raised

Alveolar macrophages are immunologically active in that they form antigen-bearing cells and
facilitate lymphocytic reactions [6]. The macrophages of smokers contain smoke residues
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_5, © Springer Verlag Berlin Heidelberg 2010

87

88

5

Smoking and Lung Disease

and display an abnormal cell surface [7]. The alveolar macrophages of smokers exhibit
abnormal cytokine reactions in response to a variety of stimuli [8–10]. Unlike lymphocytes
from peripheral blood, lymphocytes from smokers’ lungs display diminished proliferative
responses to mitogens (polynuclear hydrocarbons and concanavalin A) [11]. In smokers, the
total white cell count, including polymorphonuclear cells, eosinophils, monocytes and
T-lymphocytes, is increased [12]: killer T-lymphocyte counts in smokers are reduced, but
revert to normal levels within 1 month after smoking cessation [13]. Serum concentrations of
IgG and IgE are elevated in smokers [14]. Some of the reactions described are probably promoted by immunological processes [15]. The increased permeability of pulmonary capillaries is also a consequence of inflammatory reactions.

5.2
Cigarette Smoking and Lung Cancer
For the most part a disease with a fatal outcome, lung cancer is on the increase and is
caused primarily by cigarette smoking, as demonstrated by numerous studies from all over
the world (Table 5.1). Lung cancer may be causally related to cigarette smoking in 90% of
cases in men and in 79% of cases in women [17]. Conversely, 85% of all cases of lung
cancer would be preventable if cigarette smoking were to be given up [18]. Likewise, there
are established associations between passive smoking and susceptibility to lung cancer
[19, 20]. Female smokers are at very much greater risk than male smokers for developing
adenocarcinoma (AC) of the lung [21]. Age of smoking initiation and the number of cigarettes smoked daily are crucial determinants of the risk for bronchial carcinoma, with
smoking initiation in early adolescence leading primarily to small cell bronchial carcinoma (odds ratio (OR) 3.0 [95% CI: 1.1–8.4]); furthermore, this risk is not abolished by
smoking cessation [22]. An association has been demonstrated between disease prevalence
Table 5.1   Smokers’ increased risk for developing lung cancer, based on data from prospective
studies. The risk for non-smokers is 1.00 [16]
Population

Number

Deaths

Cigarette smokers

British doctors

34,000 (M)
6,104 (F)
27,000 (M)
28,000 (F)
122,000 (M)
143,000 (F)
358,000 (M)
483,000 (F)
290,000 (M)
78,000 (M)
188,000 (M)
68,000 (M)

441
   27
   55
    8
940
304
2,018
439
3,126
331
448
368

14.0
5.0
7.0
4.5
3.76
2.03
8.53
3.53
11.28
14.20
10.73
7.81

Swedish Study
Japanese Study
ACS “25 State Study”
US Veterans Study
Canadian Veterans
ACS “9 State Study”
Californian men (nine
occupational groups)
M male; F female
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and sociological differences among smokers [23]. Smoking cessation can reduce the
development of squamous cell carcinoma (SCC) or AC.
A survey of smoking behaviour comparing patients with bronchial carcinoma and controls revealed an increased risk (OR) of 14.9 for cigarette smokers, 9.0 for cigar and cigarillo
smokers and 7.9 for pipe smokers. In all three groups, the duration and intensity of smoking
were co-determinants of cancer development [24]. The risk of cancer has been shown to be
increased by consumption of dark tobacco varieties [11, 25, 26]. Lifetime filter cigarette
smoking in men and women reduces the frequency of SCC, but not of AC of the lung [27].
There has been a rapid rise in lung cancer in all countries of the world where cigarette
consumption has increased. Lung cancer incidence in the USA has increased 2.5-fold since
1950 [28], reflecting the spiralling rise in cigarette consumption during the period after the
First World War and continuing into the 1960s. The risk of death from lung cancer is 20 times
higher among women who smoke two or more packs of cigarettes per day than women who
do not smoke. Since 1950, there has been a 600% increase in death rates from lung cancer
among women (Fig. 5.1), primarily caused by cigarette smoking [29]. Corresponding studies
have confirmed similar increases for many countries [30–32]. A total of 590,000 smokers
died of lung cancer in the developed countries in 1995 alone [31]. Rising lung cancer mortality should be viewed not only in terms of the increasing prevalence of the disease, but also of
its extremely lethal nature; treatment successes have had only marginal impact on the 5-year
survival rate when all tumour types are taken into account. According to one study conducted
in 118,000 Californians, between 1960 and 1997, lung cancer deaths increased in men (from
1558 to 1728) and even more clearly in women (from 208 to 806) [29]. The number of cigarettes smoked correlates very closely with the increased lung cancer risk [33, 34].
The question as to whether women are more sensitive than men to the toxic products of
smoke has been answered in the negative for the time being on the basis of the data from
the Renfrew and Paisley study [35]. According to these results, all-cause mortality in men
was slightly higher than in women where both men and women were light smokers
35

Rate/100,000 women

30
25

Breast cancer

20
15
10
Lung cancer
5
0
1930

Year
1936

1942

1948

1954
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1972
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1996

Fig. 5.1   Age-adjusted death rates for lung cancer and breast cancer among women in the United
States from 1930 to 1996. Death rates were age-adjusted to the 1970 population [29]
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(OR = 1.83 [1.61–2.07] vs. 1.41 [1.28–1.56]; p = −0.001). This difference was also reflected
in the cause-specific mortality in men and women for neoplasms (OR = −2.57 [2.01–3.29]
vs. 1.35 [1.14–1.61] and for lung cancer (OR = −11.10 [5.89–20.92] vs. 4.73 [2.99–7.50];
p = −0.03) [35]. No gender-specific sensitivity can be deduced from these data.

5.2.1
Association Between Smoking and Lung Cancer
In addition to cigarette smoking and the carcinogens inhaled in the process, (a) genetic
disposition, (b) lifestyle and (c) environmental factors are important in the development of
lung cancer.
Because activation of toxic (carcinogenic) substances depends on the inducibility of the
cytochrome system, it is of interest that this enzyme inducibility is not limited to the liver,
but it exists also in several other tissues [36]. The rat liver shows minimal or no reaction to
the inducing activity of tobacco smoke [37]. Drug-metabolizing enzymes in other tissues
of rats exposed to cigarette smoke were increased three- to tenfold, indicating the inducibility of these tissues [37–41]. On the basis of these experiments, it appears possible that
carcinogenics are activated in several tissues, including the lung.
In the 1940s, German researchers had already produced scientific evidence to show an
association between cigarette smoking and lung cancer development [28] (see Sect. 1.8 in
Chap. 1). In the 1950s, a proven correlation was established in retrospective studies in
which relative risks were calculated in comparison with patterns in non-smokers [42].
Prospective cohort studies in the 1950s and 1960s substantiated these findings, culminating in the Surgeon General’s Advisory Committee report on Smoking and Health in the
USA in 1964 [43]. This had been preceded by research in various countries in large numbers of smokers and non-smokers designed to calculate relative risks; also considering the
plausibility of a causal association, these studies also investigated carcinogenesis and evidence for any dose–response relationship [44]. Other factors taken into consideration
included age at smoking initiation [44–46], pack-years of smoking, depth of inhalation
[45] and the tar and nicotine yields of the cigarettes smoked [42, 47–52]. Despite lower tar
and nicotine yields, the prevalence of cancer in smokers is higher than in non-smokers.
Lung cancer occurs chronologically and sequentially after smoking initiation (Table 5.1).
Premalignant cells have been detected in the bronchial epithelium of smokers, but not of
non-smokers [53, 54]; these cell alterations have been found to be reversed after smoking
cessation. Figures 5.2 and 5.3 show illustrative cases of SCC and AC in patients who had
smoked for decades and who subsequently died of their disease.
When DNA adducts in non-carcinomatous altered lung tissue and mononuclear cells
from smokers were measured as risk factors for the development of bronchial carcinoma,
significant correlations were found between the number of aromatic hydrophobic DNA
adducts and pack-years of smoking. These adducts were more pronounced in current
smokers than in ex-smokers (Fig. 5.4) [56]. Particular attention must be paid to changes
occurring more commonly in adolescent smokers because these are also important for the
premature development of tumours.
One study published only recently considered the influence of cigar smoking on disease
prevalence: a population of 17,774 men (of whom 1,546 were cigar smokers) was
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Fig. 5.2   Endoscopic view of an occluding
bronchial carcinoma after laser coagulation has
already been initiated in a 55-year-old patient
with a 25-year history of smoking (by kind
permission of Prof. Drings, Heidelberg)

Fig. 5.3   Large adenocarcinoma of the right superior
lobe following surgical
resection from a 63-year-old
smoker (surgery performed
by Prof. Vogt-Moykopf,
Heidelberg)

followed from 1971 to 1995. The risk (OR) for oropharyngeal cancer increased to 2.02 and
for lung cancer to 2.14 [7]. Despite the fact that they continued smoking, cigarette smokers
who switched to cigar or pipe had a somewhat reduced risk of lung cancer than would have
been the case if they had continued smoking cigarettes, but switching tobacco products did
not enable them to achieve the lower risk level of ex-smokers [57].
On the contrary, despite suspicions, mentholated cigarettes, which are smoked in preference in some countries, do not entail any additional risk for bronchial carcinoma [58].
Lung cancer is the most important risk factor for women, more so than for men. The risk
increases in line with the dose (i.e., the number of cigarettes smoked) and is not lowered by
dietary factors (b-carotene).

5.2.2
Types of Lung Cancer
Smoking encourages the development of all types of lung cancer: SCC, AC, small cell carcinoma and undifferentiated carcinoma. In this last category, the origin of the cells cannot
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a
I-Hydroxypyrene [µg/24 h]

Fig. 5.4   Renal excretion of
von 1-hydroxypyrene (a),
benzo[a]pyrene adducts of
haemoglobin (b) and of
albumin (c) in 42
non-smokers and 27
smokers, classified by
suburban or rural location of
residence. The vertical lines
show the standard error of
the mean. p = 0.056 [55]

5 Smoking and Lung Disease

0.6
0.5

12
15

0.4
0.3

42 27
27

0.2

15

0.1
0.0

b

suburban
rural

All subjects

Nonsmokers

Smokers

All subjects

Nonsmokers

Smokers

Nonsmokers

Smokers

0.25

[fmol/mg]

0.20
0.15
0.10
0.05
0.00

c

0.15
0.12
0.09

(*)
0.06
0.03
0.00

All subjects

be identified [17, 59]. Whereas SCC used to be the predominant type, for about the last 10
years, it has been overtaken by AC, with small cell and undifferentiated carcinoma in third
and fourth positions [60]. The change in incidence is thought to be due to the switch to lowtar and low-nicotine cigarette brands [61] where inhalation depth and frequency and nitrosamine exposure are increased [62]. As a result, smaller, less well-protected bronchial
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regions come into contact with smoke constituents, and this may be one reason for the
change in predominant tumour type.

5.2.3
Genetic Factors That Increase the Risk for Bronchial Carcinoma
Shifts are plainly occurring in the presentation of different lung cancer types. While there
has been a proportional decrease in SCC, AC has become more common, possibly due to
the reduction in polynuclear aromatic hydrocarbons (PAH) in inhaled smoke from filtered
low-yield cigarettes [27]. The enzymes CYP1A1 and GSTM1 play a major role in the
metabolic activation and detoxification of PAH, while CYP2E1 is responsible more for the
metabolic activation of nitrosamines. One case-control study conducted in 341 incident
lung cancer cases compared with 456 healthy controls confirmed a 2.4-fold increase in the
risk for SCC where the CYP1A1 MspI variant allele was present, and a 3.1-fold increase
when this was combined with a GSTM1 deletion [63]. In contrast, CYP2E1 RsaI and DraI
polymorphisms did not correlate with SCC risk; however, the presence of these enzyme
variants was associated with a tenfold reduction in the risk for small cell lung cancer
(SCLC), while AC development was encouraged by CYP2E1 mutants [63].
On stratified analysis, it is found that the polymorphic metabolic/oxidative enzyme
myeloperoxidase (MPO) genotypes modified the effect of asbestos exposure on lung cancer
risk. Specifically, G/G carriers who were exposed to asbestos had a higher risk, while A-allele
carriers (G/A + A/A) showed a reduced OR of 0.89 (95% CI; 0.56–1.44). The A-allele genotypes, therefore, demonstrated protective effects on the development of lung cancer.

5.2.3.1
Tobacco-Specific Carcinogens
Several products have been implicated in the development of cancer in smokers: PAH,
tobacco-specific nitrosamines (TSNA) und aromatic amines (AA). The metabolism of
these toxic substances plays a crucial role, and this process may be influenced to a major
extent by genetic differences in the metabolising cytochrome P450 (CYP) enzymes and by
the glutathione S-transferase (GST) system.
Benzo[a]pyrene activates oncogenes and interacts with DNA; it also promotes the formation of diol-epoxides as key reactive substances. Benzo[a]pyrene undergoes transformation to phenol metabolites and benzo[a]pyrene-7,8-diole by the action of cytochrome
enzymes such as epoxide hydrolases and other isoenzymes; the latter form the highly reactive (+)-anti-benzo[a]pyrene diol-epoxide (BPDE), which is a good substrate for GST M1,
M2, M3 and an even better substrate for GSTPI [39]. These metabolic products have also
been detected in lung tissue and in lymphocytes [36].
4-Methylnitrosoamino-1,3-pyridyl-1-butanone (NNK) and N′-nitrosonornicotine (NNN)
(cf. Box 3.1in Chap. 3) are the most important TSNA; they are formed in unburned tobacco
and during combustion. Smokers are principally confronted with both substances, though
NNK in particular produces cancer in the upper respiratory tract. The metabolic pathways

94

5

Smoking and Lung Disease

of NNK in humans and animals are identical. NNK doses absorbed by humans are definitely carcinogenic in animal experiments. Prior to binding to DNA, both nitrosamines
require activation (a-methyl or a-methylene hydroxylation, pyridine-N-oxidation by
CYP-mediated reactions and glucuronidation) [64, 65]. The alcohol from NNK is excreted
in the urine and serves as an indicator for NNK exposure.
The AA, including 4-aminobiphenyl, are compounds that play a particular role in the
development of carcinoma of the bladder [66] and therefore, will not be discussed further
in the present context.
DNA damage is also produced as a result of oxidation processes and by lipid peroxidation. Inhaled material from tobacco contains oxygen and nitrogen groups, which react with
the various body tissues in smokers. Consequently, oxidative DNA damage due to products formed by lipid peroxidation (malondialdehyde, crotonaldehyde, trans-4-OH-2-nonenal)
is commonly found in the respiratory tract tissues of smokers. These metabolites are epoxidised by CYP-mediated reactions and form promutagenic DNA adducts in human tissue
[40, 67, 68], leading to an increased cancer risk for the upper respiratory tract [41].
Chewing tobacco with or without betel produces cancers in the oral cavity [69].

5.2.3.2
The Cytochrome P450 and GST System and Carcinogenesis
Current epidemiological research into carcinogenesis in the lung indicates that several populations are at risk for the development of lung cancer, especially smokers and workers
exposed to toxic substances. One genetic factor that deserves particular mention in this
context is the induction of aryl hydrocarbon hydroxylase (CYP1A1; AHH). This enzyme
transforms the PAH produced by cigarette smoke into compounds that are highly carcinogenic [70]. In addition, oxidation processes are catalysed by the CYP450 system and using
debrisoquine-4-hydroxylation (CYP2D6) as a model reaction, a clear distinction can be
drawn between lung cancer patients and matched controls [71–73]. Where there is extensive
hydroxylation of the “model substance” debrisoquine, the risk for the development of lung
cancer is simultaneously increased. To date, however, there are no routine tests for the prophylactic identification of such risk factors. As shown by the data summarised in Fig. 5.4,
the renal excretion of carcinogens is higher in smokers than in non-smokers, with slight differences detected in terms of residential environment (suburban or rural) [56]. Several studies have been conducted in patients affected by these problems [66] and the key finding is
that metabolites of these inhaled tobacco products form adducts with DNA (Fig. 5.4).
The CYP system plays a central role in the metabolism or activation of carcinogens [68,
74–77]. Case-control studies have revealed associations between tobacco smoke and cancer risks for the lungs, larynx, mouth, oesophagus, kidneys, urinary system and breasts.
CYP1A1: PAH and AA are activated by the enzyme. Approximately 10% of Caucasians
have a highly inducible form of CYP1A1 (also known as B[a]P-hydroxylase), in conjunction with an increased risk for tumours of the bronchi, larynx and oral cavity [78]. Four
different forms of the cytochrome enzyme 1A1 have been described to date (Table 5.2),
though regrettably several nomenclatures are in use. The inducibility of CYP1A1 correlates with the occurrence of bronchial carcinoma [80], with the m2 mutant (Ile-→−Val)
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Table 5.2   Overview of CYP1A1 subforms [79]
Polymorphism

Point mutation

Systematic nomenclature
for the mutation

Wild type allele, m1
MspI allele, 3′, non-coding region, m2
Ile→Val, exon 7, codon 462
Afro-American-specific allele, intron 7
Thr→Asn, exon 7, codon 461

None
6,235 T→C
4,889 A→G
5,639 T→C
4,887 C→A

wt
m1
m2
m3
m4

being twice as inducible as the m1 mutant [81]. Smokers with the m2 mutant have more
DNA adducts in their leucocytes than smokers without this mutant [82]. These adducts are
also increased in the cord venous blood of neonates with CYP1A1-MspI polymorphism
[82]. B[a]PDE concentration and PAH-DNA adducts correlate positively with enzyme
activity in the parenchymal lung tissue of smokers [36]. Homozygous CYP1A1-MspI
alleles are observed more rarely in Caucasians than in Japanese [83].
Associations with CYP1A1 activity have been demonstrated in more than 20 studies in
different ethnic populations (see Table 5.3). According to studies from Japan, the lung cancer risk was demonstrated with both m1 and m2 mutants [85]. The CYP1A1 phenotype was
important in terms of the development of SCCs only in moderate smokers [88]. The results
were not corroborated in Norwegian, Finnish, Swedish and US populations, a finding that
was possibly attributable to the smaller occurrence of the m1 allele in Caucasians. Studies
conducted in a mixed US population and in French patients showed no evidence of a preferred allele (m1 or m2) for increased cancer prevalence. In one study, individuals with the
m3 mutation (m1/m1, m2) had an increased AC risk with an OR of 8.4 [97], whereas other
cancer types did not occur with increased frequency (Table 5.3) [30, 97–100]. Where the
m1 and m2 variants of CYP1A1 occurred in combination with the GSTM1 0/0 genotype,
there was an increased incidence of SCC in Japanese subjects [63, 85, 101].
CYP1A2: This enzyme activates numerous procarcinogens from tobacco, preferentially aromatic and heterocyclic amines, and metabolises nicotine. The sequence of
CYP1A2 is 72% identical with that of CYP1A1. However, it is formed principally in the
liver and to a very much smaller extent in the lungs [102]. The enzyme is of marginal
importance for an increased risk of lung cancer.
CYP2D6: This enzyme metabolises debrisoquine and poor metabolisers (PMs) have a
lesser risk for the development of lung cancer than extensive metabolisers (EMs) [71].
However, the enzyme also activates NNK and metabolises nicotine [103]. Associations evidently exist between nicotine dependence and metaboliser status [104]. An increased lung
cancer risk has been demonstrated in EMs [63, 93, 105–107], whereas two meta-analyses
have rejected such an association on the basis of the data reviewed [22, 107, 108].
CYP2E1: CYP2E1, which is inducible by ethanol and numerous other agents, is capable of metabolising NNK, NNN and other soluble nitrosamines from tobacco smoke.
Structural enzyme variants are less important for an increased lung cancer risk in
Caucasians, with only 2 out of 11 studies showing such a finding [63, 109, 110]. RsaI and
DraI polymorphisms of CYP2E1 have not been shown to correlate with the development
of SCC; where these enzyme variants were present, there was a tenfold reduction in the
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Table 5.3   CYP enzymes (1A1, 2D6 and 2E1) and the development of lung cancer
Gene,
mutant

Cancer
types

Cases/
controls

Genotype, frequency
(%/%)

Significance (odds
ratio; 95% CI)

References

1A1 m1

68/104

m1/m1: 23.5/10.6;
wt/wt: 35.3/49.0

LC: 3.1; SCC: 4.6

[84]

1A1 m2

SCC, AC,
SCLC,
LCLC
SCC, AC

212/358

m2/m2: 12.3/4.7;
wt/wt: 56.76/65.1

[85]

1A1 m1,m2

SCC

85/170

m1/m1: 22.4/8.8;
wt/wt: 38.8/48.2;
m2/m2: 10.6/3.5;
wt/wt: 58.8/64.7

1A1 m1

SCC, AC,
SCLC,
LCLC
LC
AC, SCC

267/151

m1/m1: 16.9/10.6;
wt/wt: 36.7/44.3

LC: 2.97 (1.59–5.57);
SCC: 3.34
(1.49–7.52); AC:
2.54 (1.48–4.34)
m1/m1: sm+: 6.55
(2.49–17.24);
sm++: 8.32
(2.34–29.62); m2/
m2: sm+: 8.46
(2.48–28.85);
sm++: 8.46
(1.68–42.73)
m1/m1 und m1/wt:
1.71 (1.07–2.69)

157/314
207/283

m3: 0/0; m4: 2.87/2.87
m1/m1: 1.0/0.7;
m1/wt: 16.9/17.0;
wt/wt: 82.1/82.3

[88]
[89]

1A1 m2

SCC,
SCLC,
AC

247/185

m2/m2: 11.3/3.8;
m2/wt: 38.1/45.4;
wt/wt: 50.6/50.8

1A1 m1, m2

SCC, AC,
SCLC,
LCLC

108/95

1A1 m1, m2

SCC,
SCLC,
AC
SCC, AC

85/63

EM: 6.4 (1.0–14.3)

[93, 94]

SCC, AC,
SCLC
SCC, AC,
SCLC,
LCLC
SCC, AC,
SCLC

47/56

m1/m1: 22.2/10.5;
wt/wt: 36.1/-;
m2/ m2: 16.7/6.3;
wt/wt: 53.7/–
m1/m1: 7/5; wt/wt: 40/46;
m2/m2: ½; m2/wt:
80/95; wt/wt: 19/3
PM: 0.9/5.7; HEM +
EM: 99.1/94.3
CC: 0/10.7; CD: 46.8/
30.4; DD: 53.2/59.9
CC: 2.2/14.5; CD: 46.2/
28.9; 51.6/56.6

m2: 3.01 (1.29–7.26)
m1/wt+m1/m1: LC
2.08 (1.15–3.73);
AC sm +: 2.25
(1.13–4.48); m1/
wt: LC 1.15
(1.0–2.3)
m2/m2: LC 3.3
(1.3–8.6); SCC 4.9
(1.4–16.3); SCLC
9.4 (2.1–42.0)
m1/m1: LC 2.93
(1.26–6.84).
m2/m2 LC: 3.45
(1.29–9.25)
m2/m2 oder m2/wt:
0.14 (0.03–0.64)

p < 0.05

[95, 96]

CC: 0.13 (0.04–0.51)
aber CD: 2.1
(1.1–4.0)
DraI allele LC: CC 0.2
(0.1–0.7); AC: CC
0.1 (0.0–0.5);
RsaI: c2c2: 0.1
(0.0–0.5)

[95, 96]

1A1 m1–4
1A1 m1

2D6 *3,
*4,*5
2E1 DraI
2E1 DraI

2E1 DraI,
RsaI

106/122

91/76

341/456

DraI: CC 1.5/5.5; CD:
27.5/26.8; DD 71/
67.7; RsaI: c2c2 0.6/
3.1. c1c2: 19.6/22.5;
c1c1 79.8/74.4

[86]

[87]

[90]

[91]

[92]

[63]

SCC squamous cell carcinoma; AC adenocarcinoma; SCLC small cell lung cancer; LCLC large cell
lung cancer; LC lung cancer, wt wild type; PM poor metaboliser; EM extensive metaboliser; HEM
heterozygous extensive metaboliser, m1 to m4: see Table 5.1, C minor Allele; D general allele,
DraI, RsaI: see text

5.2 Cigarette Smoking and Lung Cancer

97

risk for SCLC, while the development of AC was promoted by CYP2E1 mutants [63]. In
one further study, the presence of a p53 mutation and a c2/c2 genotype was shown to correlate for the increased occurrence of SCC of the lung [111].
GST System: An unfavourable combination of CYP1A1 with a GSTM1 0/0 gene possibly leads to supra-additive DNA damage and to an increased cancer risk because detoxification may be delayed as a result of slower coupling of carcinogens to the GST system.
Moreover, damaged GSTM1 activity is associated with a high inducibility of CYP1A1 by
2,3,7,8-tetrachlorodibenzo-p-dioxin [95], a phenomenon reflected in the detected presence
of B[a]PDE adducts in the lung tissue of smokers and encountered primarily in Caucasians.
High B[a]PDE-DNA adduct levels in lung tissue in Caucasians were associated with a
GSTM1 phenotype defect due to high CYP1A1 inducibility or with a CYP1A1 allele [112,
113]. This constellation leads to tobacco-induced DNA damage and the increased occurrence of lung cancer. A weak correlation has even been found between the number of DNA
adducts and the number of cigarettes smoked [20]. A Swedish study has now shown that
heavy smokers with a GSTT1-positive genotype have a threefold increased risk for lung
cancer with >23 pack-years of smoking (OR 2.6 [1.3–5.0], whereas the risk is increased
ninefold (OR 9.3 [1.9–46.3) in smokers with the GSTT1-null genotype [114], a genuine risk
constellation. Similar associations have also been reported with N-acetyl transferase (NAT2
genotype as PMs), particularly when combined with the GSTM1-null genotype [115].
These studies indicate that the highest-risk combination for increased susceptibility to
lung cancer is the CYP1A1 genotype plus a GSTM1 defect because of the following:

•
•

It results in more B[a]PDE adducts [112, 114–116]
Approximately 100-fold higher B[a]PDE-DNA levels occur than with an active form of
GSTM1 [112]

Carriers of homozygous CYP1A1 m1 have higher BPDE-DNA adduct levels than carriers
of wild type CYP1A1 [114]. Thus, whatever their ethnic origin, carriers of the homozygous CYP1A1/GSTM1 0/0 trait are at increased risk for tobacco-induced cancer of the
lungs, head and neck.

5.2.3.3
Peptide Receptors, a1-Antitrypsin and Carcinogenesis
Activation of gastrin-releasing peptide receptors (GRPR) in human airways has been associated with cigarette smoking. The GRPR gene is located on the X-chromosome and
escapes inactivation, which occurs in females, with the result that women are more susceptible than men to carcinogens. GRPR-mRNA expression was detected in more female than
male non-smokers (55 vs. 0%) and short-term smokers (1–25 pack-years: 75 vs. 20%).
Female smokers exhibited GRPR-mRNA expression at a lower mean pack-year exposure
than male smokers (37.4 vs. 56.3 pack-years; p = −0.037), permitting the conclusion that
they have a higher susceptibility to tumour development [117].
Despite the known association between a1-antitrypsin deficiency and COPD, investigations have also been conducted to establish whether heterozygous individuals who carry a
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deficient allele of the a1-antitrypsin gene Pi (protease inhibitor) are at an increased risk of
developing bronchial carcinoma. The Pi locus is polymorphic with more than 70 variants
reported. There are at least ten alleles associated with a1-antitrypsin deficiency [118].
Non-smokers carried a deficient allele three times more frequently (20.6%) than smokers.
Nevertheless, patients with bronchial carcinoma or SCC had higher carrier rates than expected
(15.9 and 23.8%, respectively). It may, therefore, be concluded that patients with an a1-antitrypsin deficiency allele have an increased risk for lung cancer (specifically SCC) [118].

5.2.3.4
Exogenous Factors and Lung Cancer
Dietary factors may be important for the development of lung cancer, and the consumption
of carotene-rich fruits and vegetables and high plasma levels of vitamin E and b-carotene
are reported to reduce the risk [119]. b-carotene functions as an antioxidant and as a precursor for vitamin A or retinol. Retinoids are responsible for the differentiation of epithelial cells and they may suppress the malignant transformation of epithelial cells [120].
These findings, originally made in retrospective studies, have not been confirmed in prospective studies involving almost 30,000 smokers treated with vitamin E or b-carotene
over a period of years. The incidence of cancer even increased (+18%) with b-carotene.
The Beta-Carotene and Retinol Efficacy Trial (CARET) also concluded that mortality was
increased in the active treatment group [79].
Several studies were also showing that smokers with a low body mass index have a
higher risk for developing lung malignancies as compared with smokers of average weight.
It is suggested that DNA adducts may play an important role in that mechanism. A current
study could show that overweight subjects (BMI > 25) with little weight gain after smoking cessation (<median weight gain of 6%) had more persistent adduct levels as compared
with those with lower BMI and higher weight gain ( p = 0.06). Smokers with a low body
mass index have a higher risk for developing lung malignancies as compared with smokers
of average weight, but there is no mechanistic explanation for this observation. Carcinogens
in cigarette smoke are thought to elicit cancer by the formation of DNA adducts, which
give the opportunity to additionally investigate the biological link between BMI and lung
cancer. Godschalk et al. published a study in 2002 in which DNA adduct levels in peripheral blood lymphocytes of 24 healthy smoking volunteers (0.76 ± 0.41 adducts per 10(8)
nucleotides) positively correlated with cigarette consumption (r = 0.51; p = 0.01) and were
inversely related with BMI (r = −0.48; p = 0.02) [121]. A significant overall relationship
was observed when both parameters were included in multiple regression analysis (r =
0.63; p = 0.007). Moreover, body composition may affect DNA adduct persistence because
lipophilic tobacco smoke-derived carcinogens accumulate in adipose tissue and can be
mobilized once exposure ceases. Therefore, DNA adduct levels and BMI were reassessed
in all of the subjects after a non-smoking period of 22 weeks. Adduct levels declined to
0.44 ± 0.23 per 10(8) nucleotides ( p = 0.002) and the estimated half-life was 11 weeks on
the basis of exponential decay to background levels in never-smoking controls (0.33 ± 0.18
per 10(8) nucleotides). Overweight subjects (BMI > 25) with little weight gain after smoking cessation (<median weight gain of 6%) had more persistent adduct levels as compared
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with those with lower BMI and higher weight gain (p = 0.06). Overall, the authors concluded that leanness is a host susceptibility factor that affects DNA adduct formation,
which could underlie the observed relationship between BMI and lung cancer risk [121].
Alcohol does not play a role in smokers in terms of the development of lung cancer.
This was demonstrated in a study in 27,111 male smokers, 1,059 of whom developed lung
cancer over a period of 7.7 years. Non-drinkers were at increased lung cancer risk compared with drinkers (relative risk = −1.2; 95% CI: 1.0–1.4) [122]. However, additional
alcohol consumption is important for the development of cancers in the oral cavity, pharynx, larynx and oesophagus, the risk being twice as high as in patients with a current history of smoking, but without current daily drinking [123].
According to one study from Italy [122], patients with lung cancer and HIV infection
were younger (38 vs. 53 years) and previously smoked more cigarettes per day (40 vs. 20)
than the control group of patients with lung cancer, but without HIV infection. The main
histological subtype was AC, with tumour stage TNM III–IV observed in the majority
(53%) of patients. The median survival of the HIV patients was significantly shorter than
that of the control group (5 vs. 10 months).
The development of lung cancer in smokers is supported by exposure to asbestos
[124], with the risk being increased by many multiples (20-fold increase compared with
non-smoking asbestos workers and 50-fold increase compared with non-smoking and
non-asbestos-exposed persons) [25]. Other gaseous substances also encourage the development of bronchial carcinoma: arsenic compounds, chloromethyl ether, chromium,
nickel and polynuclear aromatic compounds act synergistically with cigarette smoke
[100]. Radon exposure is also associated with an increased risk of bronchial carcinoma
due to its storage in lung tissue and high-energy a-radiation [64]. Smokers employed in
uranium mining have a tenfold increased risk of bronchial carcinoma compared with nonsmokers working in the same industry [64, 125, 126]. Even radiation from underground
uranium can increase the lung cancer risk in cigarette smokers [64]. Radiation levels of
50 up to 140 Bq/m3 are measured in various residential areas [127], leading to p53 mutations and increased cancer risk (OR = −1.4; CI: 0.7–2.6; OR for non-smokers = 3.2; CI:
0.7–15.5) [127].
Finally, the risk for bronchial carcinoma may be increased simply as a result of urbanisation, mainly due to air pollution [34]. However, this idea has not been confirmed by
other studies [6, 18, 66].
Readers are referred to Chap. 3 for a discussion of bacterial endotoxins (lipopolysaccharides) contained in cigarettes and cigarette smoke.

5.3
Cigarette Smoking and COPD
COPD is the sixth most common disease worldwide, four places ahead of bronchial carcinoma (rank 10). In about 20 years’ time, COPD, a condition that is smoking-related for the
most part and is characterised by increasing exacerbations necessitating hospital interven
tion, will have risen to third place in the league table of diseases. In Germany, 3–4% of the
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p opulation over the age of 18 years develop COPD and in 55-year-olds, prevalence is already
10–12%. For COPD alone, a disease that is chiefly encountered among smokers, the costs of
treatment will continue to escalate.
Chronic bronchitis is characterised by chronic cough and excessive sputum secretion
over a period of at least 3 months and up to several years. This form of bronchitis may
occur both with and without accompanying ventilatory disorders arising primarily as a
result of airspace dilatation distal to the terminal bronchiole without obvious fibrosis.
COPD is said to be present where emphysema and airflow obstruction occur in addition to
chronic bronchitis.
An epidemiological survey of COPD is problematic because the disease criteria are
defined differently. In the USA, it is estimated that 14 million people suffer from the disease
[128]. In recent decades, this figure has risen continuously, especially among women [128].
In 1992, more than 90,000 US Americans died from COPD, making it the fourth commonest cause of death. The disease is still contracted by more men than women, but the proportions are set to even out as a delayed response to the increasing number of female smokers.
The COPD death rate for females increased by 382% from 1968 through 1999. In the same
period, the rate for males increased by 27% [129]. COPD becomes more common with
increasing age and smoking habits, and age-related lung changes have been identified.

5.3.1
Pathophysiology of COPD
Cigarette smoking triggers a wide range of harmful effects (see Table 5.4) as follows:

•
•
•
•

Cilia loss and mucous gland hyperplasia in the main bronchi
Inflammation, epithelial changes, fibrosis, secretory congestion in the more peripheral
airways
Hypertrophy of the bronchial musculature, vascular changes
Alveolar destruction with loss of airways flexibility, elastic recoil and gas exchange
surface area.

Table 5.4   Effects of smoking on the lung [130]
Changes in

Findings

Central airways

Cilia loss, mucous gland enlargement, goblet cell increase, regression of
cilia pseudostratified epithelium to squamous metaplasia, carcinoma
in situ and possibly bronchogenic carcinomas

Peripheral airways

Inflammation and atrophy, goblet cell metaplasia, squamous metaplasia,
mucus congestion (blockade), smooth-muscle hypertrophy,
peribronchial fibrosis

Alveoli and
capillaries

Destruction of peribronchial alveoli, reduction in small arteries,
pathological composition of bronchoalveolar lavage fluid, increased
IgA and IgG, increase in activated macrophages and neutrophils

Immune system

Increased leucocyte count in periphery, eosinophilia, increased IgE
levels, reduced responsiveness to allergy tests, reduced reactions to
inhaled antigens
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Smokers display inter-individual differences in terms of lung changes and functional
lesions [131]. Changes in the terminal regions of the bronchial tree, the loss of bronchiolar
consistency due to inflammatory processes and alveolar destruction lead to increasing
functional impairment [128, 129, 131, 132]. Inflammatory processes sustain the progression of COPD [133]. Smoking-induced pulmonary emphysema is centrilobular and is
principally restricted to the upper lung segments, where the attachment of the alveoli to
the bronchioles becomes lost (see Table 5.4 for an overview of these changes) [128]. It is
postulated that in COPD, a protease-antiprotease imbalance leads to accelerated destruction of lung tissue, with proteolytic activity being enhanced by cigarette smoke [134].
Neutrophils are encountered in larger numbers in the lower respiratory tract of smokers,
especially in those with COPD. The concentration of inflammatory cells and their products in the lower respiratory tract correlates negatively with FEV1 [135]. Moreover, smokers have higher elastase levels in BAL fluid than non-smokers [136], as well as a 50%
reduction in a1-antiprotease activity [76], probably as a result of oxidation processes
caused by cigarette smoke. Biopsy studies indicate that in smokers with existing COPD,
there is increased expression of the adhesion molecules E-selectin (on vessels) and
ICAM-1 (on basal epithelial cells) [137]. The adhesion molecules are important in preparing cells for the inflammatory processes and hence, for the pathogenesis of airways
obstruction in smokers.
Until a few years ago, emphysema was considered to be the decisive criterion for
COPD; now, however, greater importance is assigned to the inflammatory and structural
changes in the smaller airways [131]. CT scans of the lungs of patients with advanced
COPD have revealed that detectable emphysema was also present in fewer than one third
of patients with respiratory limitation [138]. Even in young smokers and the children of
women who smoke, respiratory bronchiolitis is the first pathological sign of disturbed lung
function and this occurs without obstruction (Fig. 5.4) [139]. In older smokers, the inflammatory changes are accompanied by connective tissue deposition [132]. Following thoracotomy, thickening of the bronchiolar membrane (<0.4 mm internal diameter) by 50% and
of the bronchioles by 100% was detected only in smokers. These findings also correlated
with the results of preoperative pulmonary function tests [132]. A reduction in wall thickness (bronchial atrophy and thinning of the bronchial wall) has also been detected in smokers, a possible indicator of airways collapse [51]. Hypertrophy of the bronchiolar
musculature has been observed in smokers, possibly contributing to bronchial obstruction
in COPD patients.
Thickening of the pulmonary muscular artery wall, particularly of the intimal layer, is
seen in smokers with mild COPD [140]. These vascular changes are associated with disturbances of ventilation and perfusion and with a reduced vascular reaction in terms of
pO2 changes [140]. To date, it is unclear to what extent these findings contribute to the
development of COPD. However, pulmonary vessel resistance at least is increased in
patients with emphysema. These haemodynamic functional disturbances correlate with
reduced diffusion capacity, but not with bronchial obstruction. The clinical correlate of
these changes is increased cough and mucus secretion, reduced elastic recoil, increased
expiratory obstruction, increased respiratory work, dyspnoea, wheezing and reduced gas
exchange. These respiratory problems have been investigated in long-term studies [32].
Wheezing was the most common finding among smokers, being encountered in 11% of
men and 9% of women.

102

5

Smoking and Lung Disease

5.3.2
Important Risk Factors for COPD
For more than 60 years now, COPD has been recognised as a consequence of cigarette
smoking, especially since more than 80% of all COPD patients are smokers and also die as a
result of this condition [17]. Mortality, morbidity and pulmonary function have been assessed
in various retrospective and prospective studies in tens of thousands of patients [141, 142].
FEV1 is already reduced in 25-year-old smokers and this effect increases over time. A close
association exists between cumulative cigarette consumption and declining pulmonary function [116, 143]. In this context, the tar and nicotine yields of the cigarettes smoked, the use
of filter tips and the method of smoking are important, but not crucial factors [144]. Initially,
smokers have a normal forced expiratory volume; diminished FEV1 with clinical signs of
dyspnoea develops in only 15–30% of cases within a few years [128, 145].
The smoking-related changes co-exist alongside allergic processes, some of which are
also genetically determined in the sense of an “asthmatic constitution” [146]. Methacholine
as a bronchoconstrictor or b1-mimetics as bronchodilators are important predictors for the
smoking-related deterioration of pulmonary-function [147–149]. Bronchial hyperresponsiveness is an important risk factor for the development of COPD. In addition to decreases
in pulmonary function indices, IgE levels and eosinophil and leucocyte counts have been
shown to be increased in smokers; these variables returned to normal on smoking cessation
[148]. In cases where smokers were aware that they had an allergic constitution, they were
more often prepared to stop smoking than non-allergic individuals [150]. Overall, however, it is not clear whether eosinophilia or increased IgE levels in smokers are risk factors
or markers for pulmonary obstruction [150, 151].

5.3.2.1
Genetic Factors
COPD is known to show familial clustering and genetic factors have been observed. This
does not include a1-antitrypsin deficiency, which leads to a clearly accelerated decline in
pulmonary function more in smokers than in non-smokers [145]. Irrespective of smoking
status, smokers with an antiprotease deficiency display considerable heterogeneity in terms
of severity of bronchial obstruction [128, 152].

5.3.2.2
Occupational and Environmental Factors
A wide range of vapours, dusts and gases have a harmful effect on pulmonary function,
leading to the increased occurrence of chronic bronchitis (cough and sputum). Bronchoobstructive reactions with a reduction in FEV1 are also known to occur in response to exogenous factors. The severity of COPD is clearly intensified in cigarette smokers in developed
countries [126]. Even severe air pollution or exposure to cement [153] may have an additive
effect on the condition, irrespective of the harmful effects of cigarette smoke [147].

5.4

Cigarette Smoking and Bronchial Asthma

103

5.4
Cigarette Smoking and Bronchial Asthma
Cigarette smoking has a deleterious effect on physical performance in people with asthma
[154]. Passive exposure to cigarette smoke (see Chap. 9) is also dangerous for children and
leads to increased asthma morbidity [4]. Asthma sufferers should, therefore, be strongly
advised not to start smoking or to stop smoking as quickly as possible.

5.4.1
Caveats Concerning the Informative Value of Studies
Prospective, randomised, double-blind and placebo-controlled studies to investigate a possible association between cigarette smoking and bronchial asthma are not acceptable on
ethical grounds; consequently, only cohort and case-control studies are available. For the
most part, such studies use extent of cigarette smoking as a parameter, but the information
provided by patients frequently fails to reflect the true extent of consumption. Urinary and
serum concentrations-of cotinine, exhaled CO and nicotine levels have also been used as
aids to assessment [155]. One further source of bias is that asthmatic patients with severe
symptoms possibly smoke less than those with no appreciable sense of being unwell. This
already results in smoker selection in this disease group [156, 157].
Even the clinical diagnosis of bronchial asthma is problematic because rhonchi and
wheezing may anticipate the diagnosis by several years [158] and furthermore, there is
symptom overlap with COPD (e.g. wheezing, dyspnoea, emphysema). Reversible or irreversible bronchial obstruction may also occur in both conditions. b1-adrenoceptor stimulants are neither sensitive nor specific enough to permit discrimination of the two diseases
[159]. Likewise, the administration of histamine or methacholine to provoke a bronchial
spasm is not specific for bronchial asthma because the response may also occur in chronic
bronchitis, sarcoidosis, bronchiectasis or rhinitis [160, 161].
While an allergic disposition can be identified in asthmatics, the parameters used (skin
testing, IgE levels and eosinophil count) are not reliable assessment criteria. Immediatetype skin reactions are linked with IgE antibodies [162] and are frequently positive in
asthmatics [163]. However, IgE levels are neither sensitive nor specific for the diagnosis
of asthma [160], even if associations with reduced pulmonary function have been detected
specifically in asthmatics [164]. Eosinophils possibly play an important role in the inflammatory changes seen in asthmatics [165].

5.4.2
Cigarette Smoking and Bronchial Asthma in Adults
Despite various studies to investigate the possible association between bronchial asthma
and cigarette smoking, such an association has not been demonstrated [158, 166, 167].
The NHANESI Study included patients from 100 different communities in 38 US
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American states [52]. This primarily questionnaire-based study in smokers and non-smokers with a medical diagnosis of asthma came up with various conclusions: males and
females had equal prevalence rates for asthma, but females had higher incidence rates
[52]. Smoking prevalence was high and the diagnosis was made in all age groups (64.7%).
In a Finnish cohort study [168], the prevalence of diagnosed asthma was higher among
male smokers than among male non-smokers, whereas no significant difference was
observed for women. Overall, the association between bronchial asthma and cigarette
smoking is not clear-cut [169, 170].
Bronchial responsiveness to cigarette smoke was studied in 98 smokers by means of
lung function measurements (FEV1, MEF75%, FEF{25–75%}) in parallel with the methacholine
challenge test. All lung function indices were decreased after just 12 cigarette smoke inhalations. FEV1 fell by 10% and this effect correlated directly with vital capacity, pulmonary
status (asthma, bronchitis) and cigarette consumption, but not with methacholine bronchial
reactivity [171]. It is, therefore, clear that cigarette smoking is a major cause for the prognosis of bronchitis, bronchial asthma and COPD.
The comparison of increased bronchial responsiveness of smokers with that of nonsmokers does not reveal consistent results without a simultaneously altered histamine
response. Reduced pulmonary function was observed in male smokers who are older than
21 years of age [172]. Other studies have also yielded inconsistent results [170, 173]. One
study conducted in Boston [174] in middle-aged and elderly patients revealed that current
smoking status was associated with allergic disposition based on the determination of
methacholine responsiveness. In addition, raised IgE levels and eosinophil counts have
been detected in smokers [175]. The IgE concentration did not decline with age in smokers
as compared to non-smokers.
Despite the numerous studies conducted, it is evident from the findings reported that no
unequivocal association can yet be demonstrated between the development of bronchial
asthma and cigarette smoking in adults because of the varied potential for bias. In children,
numerous findings from more recent studies indicate that the risk for bronchial asthma is
increased as a result of passive smoking.

5.4.3
Bronchial Asthma in Children
More than 50 epidemiology studies suggest that children who are exposed to tobacco
smoke suffer increasingly from respiratory tract diseases [128]. The outcome variables
studied in these children include respiratory tract symptoms such as cough and rhonchi,
respiratory tract infections, new occurrence or deterioration of bronchial asthma, deterioration of pulmonary function, bronchial responsiveness, atopy and increased IgE levels.
Passive smoking in childhood, particularly where the mother smokes, has been associated
with some of these symptoms [154, 176–179] (see Figs. 5.5 and 5.6). However, the presence of external confounders (familial, socio-economic and environmental conditions)
means that it is difficult to establish a definite causal relationship [177].
Passive smoking, particularly where both parents are smokers, is associated with bronchitic and asthmatic states in children and adolescents [182]. Several studies confirm an
association between passive smoking and childhood obstructive and non-obstructive

Cigarette Smoking and Bronchial Asthma

Fig. 5.5   Maximum
expiratory flow at functional
residual capacity during the
first year of life. ♦ Healthy
control group; ■ children of
women who smoked; ▲ total
cohort [180]

105

250

Vmax FCR [ml/s]

5.4

200
150
100
50
Weeks after birth

0
5

Lung function
100

FEV1 (%)

Score

80
5

60
40
20

0

Mother

0

Mother
Nonsmoker

Bronchial responsiveness
PC20; histamine [mg/ml]

Asthma severity
10

55

27

16
8
4
2
1
.5
.25
125
.06
.03
0

Nonsmoker

Smoker

Smoker

Fig. 5.6   Passive smoking and childhood bronchial asthma. The figure illustrates asthma severity,
the extent of reduced pulmonary function and the increased bronchial responsiveness to histamine.
Study conducted in 94 children aged between 7 and 17 years with a history of asthma. In each case,
the pairs of columns represent non-smoking and smoking mothers (from [181])

airways disease; for the specific medical diagnosis of “asthma,” this association is less
clear [183]. The younger the children affected, the more definite the association of passive
smoking with the bronchitic and asthmatic symptoms, as also reflected in hospital admissions [183–187]. In contrast to maternal smoking, paternal smoking was not found to exert
any significant effect. A tendency for colds to go to the chest and for reduced FEV75 and
FEV85 has been shown to correlate directly with salivary cotinine levels [185].
One sociomedical study showed an association between maternal smoking and a
medical diagnosis of asthma in the child only where the mothers had 12 or fewer years of
education [188].
The use of pulmonary function measurements, bronchial hyperresponsiveness measurements and skin prick tests as atopy markers to permit an objective diagnosis of asthma has
yielded differing conclusions concerning the association between childhood asthma and
passive smoking [155, 178, 179, 182, 185, 189, 190]. The majority of studies in which
pulmonary function has been measured reveal a decrease in functional indices in passive
smoking children. Two studies showed no association [178, 190]. The influence of passive
smoking on skin prick test results is controversial [188, 191, 192].
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Serum IgE levels and prevalence of eosinophilia were reported to be increased in one
study in 9-year-old children of smoking parents [193]; likewise, elevated IgE levels have
been detected in the cord serum in children of smoking mothers [77, 194]. Children whose
parents smoked during pregnancy displayed more intense reactions following histamine
challenge [195]. Bronchial responsiveness as tested by challenge methods was consistently increased in asthmatic, passively smoking children [188, 189, 196, 197].
Passive smoking also reflects the asthma of affected children (increased occurrence of
exacerbations), but not the frequency of hospital admissions [198–200]. The association was
clear between maternal smoking (number of cigarettes) and the deterioration of pulmonary
function together with increased histamine responsiveness, with the effect on lung function
occurring principally during cold wet weather [197]. When parental (maternal) cigarette
consumption was restricted, childhood asthma status and lung function improved [181].
To summarise, it may be concluded that there is a clear association between passive smoking and childhood obstructive and non-obstructive airways disease, with smoke exposure
apparently exacerbating pulmonary function and the course of asthma. However, there is as
yet no convincing evidence that asthmatic diseases are directly caused by passive smoking.

5.5
Bronchitis and Pneumonia
Active smoking provokes acute respiratory tract diseases. While respiratory tract diseases
are not found more commonly in smokers than in non-smokers, when they do occur, the
lower respiratory tract is more often involved, leading to a more protracted duration of
cough and more frequent pathological findings on auscultation [201, 202]. In one cohort
study in male college students, smokers were found to have a significantly higher number
of doctor visits and an even higher number of medical consultations for respiratory tract
symptoms [203]. A clear dose–response relationship was found between smoking duration/consumption and the number of doctor visits for respiratory problems. In the smoker
group, colds were more commonly associated with cough, mucus production, shortness of
breath and rhonchi [204].
For children, passive smoking has long been regarded as a risk factor for the development of lower respiratory tract diseases. In the USA, each year, 150,000–300,000 children
below the age of 18 months are reported to suffer from respiratory tract infections (bronchitis or pneumonia) as a result of passive smoking at home [4].
Active cigarette smoking is associated with a higher complication risk for pneumonia,
especially influenza pneumonia: in one group of 250,000 veterans, mortality from influenza pneumonia was 1.78 times higher among smokers than among non-smokers [142].
The incidence and severity of influenza A (H1-N1) are also increased in smokers (50 vs.
30% for non-smokers) [46]. During a severe influenza epidemic, the incidence of clinical
as well as subclinical infections (based on antibody titres) was increased among smokers
[205]; while smoking exerted no effect on disease severity, the persistence of antibody
titres in smokers was reduced. This may be one reason for increased susceptibility to influenza infections [206].
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5.6
Other Lung Diseases Influenced by Cigarette Smoking
This category principally includes a respiratory bronchiolitis-associated interstitial lung disease [207] and pulmonary Langerhans cell granulomatosis [208, 209]. Pulmonary haemorrhage associated with Goodpasture’s syndrome type is also significantly associated with
cigarette smoking [50]. Women with breast cancer who smoke tend to develop lung metastases more frequently than non-smokers [210]. In contrast, sarcoidosis [211] and allergic
pneumonitis occur more rarely in smokers than in non-smokers. Idiopathic pulmonary fibrosis is common among heavy smokers than former smokers (OR = −2.3; CI: 1.3–3.8 vs. 1.9
CI: 1.3–2.9), and the disease may even have its onset after sudden smoking cessation [73].
Obviously, explanations for the various diseases are to be sought in the effects of smoking on
the inflammatory processes in the lung, on immune function and on vascular permeability.
Smokers are presumed to have a higher risk than non-smokers for developing-varicella
pneumonia [110, 212]. Radiologically, pneumonia can be detected on the basis of diffuse
interstitial or patchy infiltrates in up to 20% of adult cases [213], though often without
clinical symptoms. The pulmonary symptoms usually set in during the first days after the
onset of rash, and consist of cough, dyspnoea and varying degrees of hypoxaemia caused
by inflammation and swelling of the bronchial epithelium [206, 214]. In untreated adults,
the mortality rate from varicella pneumonia is approximately 10%, but may be as high as
50% where there is severe pulmonary involvement leading to pulmonary failure [206].

5.7
Concluding Remarks

•

•

•

Current knowledge indicates that there is an established association between smoking and
various forms of lung cancer. Exposure over months and years to the various inhalational
products of tobacco, such as benzo[a]pyrene, nitrosamines (NNK, NNN), solvents (benzene, crotonaldehyde, formaldehyde) and 210polonium, is an important aetiological factor.
The organic compounds are metabolised (activated) by various enzymes in the CYP system and then form adducts with DNA in lung tissue and with leucocytes. In addition, the
activity of the GST system plays an important role in the detoxification (elimination) of
carcinogens.
A significant risk for the development of lung cancer has been identified in individuals
with high inducibility of CYP1A1 and reduced activity of glutathione S-reductase
(GSTM1 0/0). The risk for bronchial carcinoma is particularly increased in carriers of the
GSTM1 0/0 system. Bronchial carcinoma is commonly encountered and some 90% of
cases are smoking-related; worldwide, its prevalence is increasing more among women
than men.
As the practice of smoking light cigarettes has become more widespread, there has been
an increase in the prevalence of AC, a form of lung cancer that is less amenable to treatment than SCC.
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In addition, COPD (often sustained by years of smoking activity) is gaining importance
because it is complex to treat and is even more common than bronchial carcinoma. In
the near future, COPD will be the third most common disease worldwide.
If they are exposed to environmental tobacco smoke (ETS), children are a target group
for the development of lung diseases. Asthmatic diseases, especially among children,
are not caused by passive smoking, but are sustained and accelerated in their progression by smoke inhalation.
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Cardiovascular Disease, Disturbances
of Blood Coagulation and Fibrinolysis

6

In numerous countries throughout the world active and passive tobacco smoking is an
important factor in the development of cardiovascular disease and its associated mortality.
In Germany, whereas 30,000 new cases of bronchial carcinoma are diagnosed in smokers
every year, the corresponding annual figure for new cases of coronary heart disease (CHD),
hypertension, peripheral arterial occlusive disease (PAOD), stroke etc. among smokers is
80,000–90,000. The first epidemiological studies to demonstrate an association between
cigarette smoking and ischaemic heart disease were the Framingham Study and a study in
male British doctors [1, 2]. The Framingham Study additionally showed that the incidence
of stroke is increased by smoking [2, 3]. Smoking is further associated with an increased
risk for arteriosclerotic vascular changes and with the occurrence of cerebral aneurysms
[3, 4]. While other risk factors such as hyperlipidaemia, hyperfibrinogenaemia and hypertension are important in the context of CHD, the development of PAOD and of aortic
aneurysm is largely smoking-related [2, 5–7].
As long ago as 1944, research was published indicating that the effects of nicotine on
the blood vessels differ clearly in quantitative (and qualitative) terms from those of inhaled
tobacco smoke (Fig. 6.1), a finding that is also important with regard to the use of nicotine
products to achieve smoking cessation [8, 9].

6.1
Coronary Artery Disease and Myocardial Infarction
Epidemiological data from the USA demonstrate clearly that smoking cessation is beneficial for all age groups, including smokers over the age of 65 years [1, 10–12]. After smoking cessation, the cardiovascular risk falls more rapidly than the risk for lung cancer. For
men and women the risk of myocardial infarction is halved within 1 year, attaining the risk
levels of non-smokers within 2–3 years [13, 14]. For example, cardiovascular disease mortality was reduced by 24% in women who had quit smoking 2 years previously [15].
Smokers who have survived a myocardial infarction can expect a 25–50% risk reduction
for reinfarction if they give up smoking [12, 16–19]. Similarly, continuing smokers’ risk
for restenosis after percutaneous transluminal coronary angioplasty (PTCA) is greater than
in patients who have given up smoking [20]. Patients with coronary artery disease (CAD)
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_6, © Springer Verlag Berlin Heidelberg 2010

119

6 Cardiovascular Disease, Disturbances of Blood Coagulation and Fibrinolysis

Pulse

120
110
100
90
80
70
60

Blood
pressure

period
intravenous

Smoking
standard
cigaret

Control
saline,

Smoking
corn silk
cigaret

Control period

Intravenous
nicotine
period

120
110
100
90
80
70
60
°C
35
34
33
32
31
30
29
28
27
26
25

Control

Temperature

mm of Hg

Room temp.
25.5°C
78°F

Beats per min.

120

Finger

Toe

°F
95.0
93.2
91.4
89.6
87.8
86.0
84.2
82.4
80.6
78.8
77.0

Time in minutes
Fig. 6.1   Effect of smoking two corn silk or standard cigarettes and of intravenous injection of 2
mg nicotine on extremity skin temperature, blood pressure and heart rate (HR) of one normal
person [152]

had reduced health-related quality of life (HRQoL) benefits after PTCA where they had
not stopped smoking after the procedure [21].
In contrast to nicotine carbon monoxide (CO) is partially responsible for the development
of arteriosclerosis in smokers. Additionally, other toxic agents included in cigarette smoke
have a pronounced impact [22–24]. Experimental animal work indicates that such substances
include formaldehyde, nitrosamines, acroleine, and NOx. Several pathological processes are
involved in the aorta of fowls treated with carcinogenic agents [25]. Smooth muscle cells
proliferate and penetrate into the intima of larger vessels [25–28]. 3-Methylcholanthrene,
benzo-[a]-pyrene (BP), and 7,12-dimethylbenz(a)anthracene (DMBA) initiate comparable
intima lesions in the aorta of chickens and doves [25, 26, 29, 30]. Aortic tissue of chicken
contains the subenzyme CYP1A1 which activates or detoxifies carcinogenic substances [31],
and which can be induced by polycyclic aromatic hydrocarbons (PAH) [25, 27]. CYP1A1 is
also present in human aortic smooth muscle cells, and the hydroxylation of BP and DMBA
has also been described in cultured human foetal smooth muscle cells [32]. Thus, it seems
highly likely that carcinogenic agents are partly responsible for lesions at the vessel wall and
for activation of blood platelets [33].
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Haematocrit is a decisive factor for the prognosis of CHD [34]: the association between
haematocrit and CHD mortality was assessed in the large-scale NHANES II Mortality Study
(1976–1992) in 8,896 patients aged 30–75 years, with smoking status as one of the covariates included. Women with haematocrit in the upper tertile were 1.3 times (CI 95%: 0.9–1.9)
more likely to die from CHD than were women with haematocrit in the lowest tertile. Since
similar associations could not be demonstrated for men, this must be a multifactorial phenomenon [34].
Among the 4,000 or more toxic substances absorbed during smoking, carbon monoxide
(CO) and glycoproteins play a particularly important role in the development of smokingrelated arteriosclerotic changes (see Sect. 6.4), and the severity of the changes produced is
influenced by the cigarette dose and smoking duration [35, 36].
Smoking disturbs the O2 supply/consumption ratio (up to 15% of haemoglobin is no
longer available for O2 transport), causing heart rate (HR) and blood pressure to increase
slightly (see Fig. 6.1) [35, 37]. The nicotine absorbed with every cigarette puff (50–150 mg)
may possibly not be entirely responsible for these changes, even though the alkaloid does
produce measurable increments in plasma concentrations of adrenaline and noradrenaline
[38]. These increases are very much smaller in habitual smokers than in occasional smokers.
Also, while the occurrence of cardiac arrhythmias after smoking may be attributable to the
effect of nicotine [39], this phenomenon is due more to the inhalation of other toxic substances
(CO, formation of CO-haemoglobin) [16].
Years of habitual cigarette smoking lead to coronary constriction and lower coronary
reserve on effort [40]. In habitual smokers simultaneously suffering from CHD, cigarette
smoking lowers the angina threshold. Just 5 min after smoking one cigarette, coronary
blood flow is reduced (7%) and coronary resistance is increased (21%), accompanied by a
simultaneous rise in the rate-pressure product [41]. These changes are caused by coronary
vessel constriction and by the very rapid onset of myocardial hypoxia. In angina patients,
regardless of the number of cigarettes smoked, cigarette smoking produces narrowing of
the coronary artery lumen detectable on angiography [42, 43], and this effect is particularly
severe in patients with vasospastic angina [44].
Results confirm the minimal “harmfulness” of nicotine on the circulation (Fig. 6.2) [45].
This study compared cardiovascular risk factors in smokers, non-smokers and users of snuff
and chewing tobacco (smokeless tobacco). Smokeless tobacco consumption over a period
of years does not produce a significant increase in risk factors for the development of CHD
or in the atherogenic index (Fig. 6.2) [45]. These data also point to the harmful effects of the
combustion products of tobacco smoke in the development of cardiovascular disease.
In the Trial on Reversing Endothelial Dysfunction (TREND Study) 54 patients (smokers and non-smokers) each underwent quantitative coronary angiography at baseline and
again after 6-month follow-up to measure coronary artery diameter responses to acetylcholine [46, 47]. Impairment of endothelium-dependent vasodilatation by chronic smoking is clearly caused by tobacco smoke and not by nicotine [48–51]. One study involving
angiographic assessments over a 2-year period demonstrated progression of coronary atherosclerosis and the development of numerous new coronary lesions in smokers [52]. The
reduced vascular response (e.g. measured at the brachial artery) is reversible after smoking
cessation [48], and a correlation has been found between the CO content of expired air [53]
and the ischaemia threshold [54]. If this response also applies for the coronary arteries, it
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Fig. 6.2   Box plots showing the 10th, 25th, 50th, 75th and 90th percentiles of the indices for cardiovas
cular risk factors (Framingham CHD Risk Index and Atherogenic Index). ANOVA and Fisher’s test
for the comparison of different tobacco users (smokeless tobacco users: cross-hatched boxes; smokers:
stippled boxes) with non-smokers (white boxes) were statistically significant (p < 0.05) [45]

probably explains the lower incidence of reinfarction among men who stopped smoking
after a first myocardial infarction compared with those who continued to smoke [55].
Cigarette smoking appreciably increases the risk of myocardial infarction. In the multicentre GISSI-2 Trial [56] risk factors were determined in 916 patients with acute myocardial infarction: by comparison with lifelong non-smokers, the relative risk (RR) was 1.3
for ex-smokers, 2.0 for current smokers of less than 15 cigarettes/day, 3.1 for current
smokers of 15–24 cigarettes/day, and 4.9 for current smokers of more than 25 cigarettes/
day. The duration of smoking was less important than the age of the smoker: below the age
of 45 years, smokers of 25 or more cigarettes/day had a 33-fold higher risk compared with
non-smokers, whereas older smokers had smaller risks (45–54 years: 7.5-fold; 55–64
years: 4.4-fold; >65 years: 2.5-fold) [56]. In Italy about 50% of all acute myocardial infarctions could be directly attributable to smoking.
According to the Rochester CHD Project, a study conducted in 40–59-year-old women,
cigarette smoking increases the risk for CHD or sudden cardiac death. The odds ratio for
the association between steroidal oestrogen use in non-smokers and CHD was 0.6 and rose
to 5.1 in smokers, with 64% of all cases of myocardial infarction and sudden cardiac death
occurring in smokers [57, 58]. A cardiac catheterisation study in 8,705 smokers also
revealed an association between the location of coronary sclerosis and smoking behaviour:
stenoses occurred more commonly in the right coronary artery than in the left circumflex
artery or left anterior descending artery [59].
According to one case-control study in 555 women below the age of 50 years, the risk of
myocardial infarction increased with the number of cigarettes smoked, regardless of whether
other predisposing factors (total cholesterol, HDL, oral contraceptive use, hypertension,
diabetes mellitus) were present [60]. The risk to women is underscored by a further study,
according to which the risk of myocardial infarction was increased 2.47-fold in smokers of
just 1–5 cigarettes daily [61]. The risk was increased 74.6-fold in women who were heavy
smokers (³40 cigarettes daily); oral contraceptive use did not entail any increased risk,
whereas there were additive risks with hypertension and diabetes mellitus [61].
In one study in 5,572 patients at risk compared with 6,268 controls, the coronary
risk fell from 3.5 to 1.5 for men and from 4.8 to 1.6 for women who had quit smoking for
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1–3 years [62]. After 4–6 years of smoking cessation, the risk was comparable with that of
never-smokers [62]. Also, compared with non-smokers, the first myocardial infarction has
been shown to occur 13.8 years earlier in male smokers and 3.6 years earlier in female
smokers [63].
The data presented in the literature indicate that nicotine itself exerts no appreciable
deleterious effects on myocardial perfusion or in terms of increasing risk factors for CHD
[55]. While nicotine administration to rats during the post-infarction period does lead to
delayed regression of left-ventricular changes [64], it would be premature to draw farreaching conclusions from these findings.

6.2
Systemic Vascular Changes
Cigarette smoking is associated with a sevenfold increase in the risk for PAOD [65, 66],
whereas the risk for CHD is merely doubled [67, 68]. The vascular changes caused by
smoking differ, depending on location: for example, heavy smoking produces more severe
damage in the vessels of the leg than in the coronary vessels [69, 70].
No reliable epidemiological studies have been performed concerning the development of hypertension in cigarette smokers. On average, in fact, lower blood pressure
values are measured in smokers than in non-smokers, and blood pressure in ex-smokers
is comparable with that in non-smokers [13, 71], apart from nocturnal diastolic measurements which are elevated compared with those of non-smokers [72]. In habitual smokers,
smoking a single cigarette produces increases in blood pressure (6%), HR (14%) and
cardiac index (16%), whereas stroke volume and total peripheral resistance are not significantly altered. After wrist occlusion, only muscle blood flow and not skin blood flow
is increased [73]. Cigarette smoking leads to disturbances of left-ventricular diastolic
function regardless of whether coronary sclerotic changes are present or not [74–76].
Administration of nicotine in a transdermal patch produced a minimal increase in diastolic blood pressure in normotensive but not in hypertensive smokers 2–4 h post-dose.
Simultaneously measured thromboxane B2 levels were increased in response to nicotine
in non-smokers but not in normotensive or hypertensive smokers where thromboxane B2
was already elevated [77].
Smokers with hypertension are less likely to be aware of their high blood pressure or
to be treated than non-smokers (ex-smokers) with hypertension (OR 1.25; 1.06–1.47;
p = 0.009) [78].
In one study, 1,016 professional athletes using smokeless tobacco were compared with
a control group without tobacco consumption in terms of cardiovascular risk factors. Over
a 1-year period there were no changes in systolic blood pressure, HR and total or HDL
cholesterol in the tobacco users or in the controls. Only diastolic blood pressure correlated
with the plasma nicotine level. Overall, the influence of smokeless tobacco on cardiovascular risk factors was classified as minimal [79]. According to one Danish study, blood
pressure is slightly lower in smokers than in non-smokers, indicating that the “white coat”
effect during ambulatory blood pressure measurements was less pronounced in smokers
than in non-smokers [80].
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Kidney disease is associated with an increased risk for the development of cardiovascular
disease and end-stage renal disease; however, risk factors for kidney disease have not been
well studied and smoking is a candidate factor [81]. Fox et al. identified predictors of the
development of new-onset kidney disease in 2004. A community-based, longitudinal cohort
study of 2,585 participants who attended both a baseline examination in 1978–1982 and a
follow-up examination in 1998–2001, and who were free of kidney disease at baseline. The
researchers showed that after a mean follow-up of 18.5 years, 244 participants (9.4%) had
developed kidney disease. In multivariable models, baseline age (odds ratio [OR], 2.36 per
10-year increment; 95% confidence interval [CI], 2.00–2.78), GFR (< 90 mL/min per 1.73 m2:
OR, 3.01; 95% CI, 1.98–4.58; 90–119 mL/min per 1.73 m2: OR, 1.84; 95% CI, 1.16–2.93),
body mass index (OR, 1.23 per 1 SD; 95% CI, 1.08–1.41), diabetes (OR, 2.60; 95% CI,
1.44–4.70), and smoking (OR, 1.42; 95% CI, 1.06–1.91) were related to the development of
kidney disease [81].
In the cerebral vessels smoking causes acute vasodilatation and increased blood flow in
the grey matter (+15.7%). This increase in blood flow was detected without any change in O2
metabolism and, following consumption of a single cigarette, was most pronounced in
non-smokers, less pronounced in ex-smokers and least pronounced in smokers [82].
Cerebral blood flow was measured by 133Xe inhalation in a population of 192 volunteers,
including 84 patients with risk factors for stroke. The study population included 75 habitual smokers (0.5–3.5 packs per day for 25 years). Grey matter blood flow was clearly more
impaired in the smokers than in the non-smokers [83], and the arteriosclerotic vascular
changes also appear to be the decisive factor in terms of a subsequent stroke. The incidence
of stroke in relation to cigarette smoking was investigated over an 8-year period in a cohort
study of 118,539 women between the ages of 30 and 55 and free from CHD, stroke and
cancer. In the 274 patients with stroke, compared with women who had never smoked,
those who smoked 1–14 cigarettes/day had a relative stroke risk of 2.2, whereas those who
smoked 25 or more cigarettes/day had a relative risk of 3.7. The 71 observed cases of subarachnoid haemorrhage mainly included smokers, whose relative risk for such an event was
9.8, as compared with women who had never smoked [84]. These data support the association between cigarette smoking and stroke among young and middle-aged women.
According to newer research, a correlation exists between increased serum thiocyanate
levels and stroke risk, as shown by investigations in 67 stroke patients (OR 3.00; 1.06–
8.48; p < 0.05), prompting the recommendation that serum thiocyanate levels should be
measured as an indicator of smoking status in stroke patients [85].
Aortic aneurysms occurring predominantly in the abdominal region are a common
cause of death among elderly men [86]. In one study in 73,451 veterans aged 50–79 years,
most of whom were smokers, vascular changes were detected by ultrasound screening. A
larger proportion of abdominal aortic aneurysms (AAA) (n = 1,917; 3.6%) were £3 cm in
diameter, and only 613 aneurysms (1.2%) were 4-cm or larger. The respective odds ratios
for smoking were 4.45 (CI: 3.27–6.05) and 5.07 (CI: 4.24–7.31), whereas a raised cholesterol level yielded odds ratios of only 1.29 (1.06–1.58) and 1.54 (CI: 1.31–1.80). The
excess prevalence associated with smoking accounted for 75% of all AAA of 4 cm or
larger in diameter in the total population of 126,196 persons studied by this research group
[87]. One noteworthy and as yet unanswered question is why patients with diabetes mellitus have aortic aneurysms more rarely (OR = 0.50; CI: 0.39–0.65 and 0.54; CI: 0.44–0.65)
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Fig. 6.3   Cigarette consumption and mortality from abdominal aortic aneurysm (AAA). There is a lag
intervals of about 40 years between increasing consumption of cigarettes and increasing mortality
from AAA in England and Wales [94]. Data for cigarette consumption were taken from UK Tobacco
Advisory Board

than other patients [87–89]. In smokers, the risk of developing an AAA increases with
increasing mean arterial (³100 mmHg) and diastolic blood pressure (³90 mmHg) and the
number of cigarettes currently smoked and the depth of inhalation [90]. Similar associations between the development of aortic aneurysms and smoking have also been demonstrated in smaller studies [91, 92], and in one study women were found to have a threefold
higher risk of aneurysm rupture than men [93]. In any event, smoking cessation is regarded
as an important strategy to delay progression. According to the results shown in Fig. 6.3,
there is a lag interval of about 40 years between increasing consumption of cigarettes and
increasing mortality from AAA in England and Wales [94]. Stop smoking and an improved
treatment of hypertension are essential if mortality from AAA is to be reduced.

6.2.1
Regulation of Vascular Tone
Tobacco smoking stimulates adrenergic mechanisms in the heart and circulation, although
these mechanisms are triggered more by smoking than by nicotine per se (Table 6.2) [95], and
cause an increase in the lactate/pyruvate ratio and in urinary excretion of adrenaline. These
mechanisms can be suppressed by adrenergic blockade [38] and arise as a result of noradrenaline release from the terminal axon. Acetylcholine (ACh) can be used to measure vascular
responsiveness or blood flow (vasodilatation with NO release) in individual vessels: these
variables are clearly diminished in smokers, as is the angiotensin I-mediated vasoconstrictor
response [96]. Lisinopril, an angiotensin-converting enzyme (ACE) inhibitor, has been shown
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to improve endothelial function in chronic cigarette smokers, as demonstrated by an increased
forearm blood flow response to acetylcholine, whereas there was no effect on the response to
sodium nitroprusside [97]. Bradykinin-mediated NO release induced by lisinopril has been
suggested as the possible mechanism responsible [96]. In contrast to smoking, nicotine (e.g.
when administered as a patch) does not reduce the surface area of coronary segments and also
does not additively enhance the vasoconstrictor effect of sympathetic stimulation produced
by the cold pressor test [98]. Differences between cigarette smoke and nicotine were also seen
in changes of the flow-mediated dilatation (FMD) which declined in 16 healthy smokers: this
variable declined to a greater extent after smoking one cigarette (1 mg nicotine) than after
administration of nasal spray (1 mg nicotine) (means: −3.6 vs. −5.1%; smoke vs. nicotine).
Nitroglycerine-induced dilatation remained similar under both experimental conditions [99].
Irrespective of differences in nicotine kinetics after the two methods of administration, the
mechanism of action of nicotine on the endothelium remains unclear.
In terms of nitric oxide (NO) release, endothelial NO synthase (NOS) gene polymorphism (a/b polymorphism) plays a decisive role in the occurrence of acute myocardial
infarction. This risk is increased particularly in younger smokers (aged < 51 years) with
a/a polymorphism, irrespective of the additional presence of diabetes mellitus or hypertension [100].
The vasoconstrictor effect on coronary vessels may be caused by reduced prostacyclin
(PGI2) levels in the coronary endothelial cells. In comparison with non-smokers, smokers
have reduced blood levels of PGI2 and increased blood levels of 11-dehydro-TXB2 [101,
102]. Nevertheless, the reactions produced by cigarette smoking in terms of adrenaline,
noradrenaline and dopamine release are different from those produced by nicotine administration, as shown by the data presented in Table 6.1. Catecholamine release due to nicotine administration is quantitatively smaller than that due to cigarette smoke [95, 103].
During cigarette smoking, nicotine is absorbed very rapidly, leading to varying degrees
of adrenaline- and noradrenaline-induced vasoconstriction via a1-adreno-ceptor stimulation. Occasional smokers compensate for this vasoconstrictor effect by releasing NO and
prostacyclin from endothelium, whereas in heavy smokers this mechanism no longer operates. In this context it should be pointed out that vascular tone is regulated by two vasoactive substances with opposing effects: NO· and O2–·. NO has a pivotal role here, particularly
Table 6.1   Catecholamine release associated with cigarette smoking [38] (mean, mean standard
error) and urinary catecholamine excretion in smokers and following nicotine administration
(patch) [171]
Noradrenaline
[pg/ml]

Adrenaline [pg/ml]

227 (23)
324 (39)

44 (4)
113 (27)

Plasma nicotine
AUC
[ng/ml.h]

Noradrenaline
[µg/g
creatinine]

Adrenaline [µg/g
creatinine]

Dopamine
[µg/g
creatinine]

451 ± 62
356 ± 30
–
n.s

176 ± 23
166 ± 25
172 ± 20
<0.06

28 ± 3
21 ± 3
22 ± 2
<0.05

1,099 ± 86
1,051 ± 87
950 ± 65
<0.05

Control patients
Smokers

Cigarette smoking
Nicotine patch
Placebo patch
p-value
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Fig. 6.4   Harmful effects of smoking on vascular relaxation. A rise in Ca2+ causes an increase in NO
synthesis from l-arginine by NOS. Tetrahydrobiopterin (THB) is an important co-factor. NO
penetrates the vascular cell and stimulates guanylate cyclase; this in turn forms cGMP which has
a vasodilator action. Smoking limits the synthesis of cGMP. In addition, the radicals formed in the
blood promote oxo-LDL formation. A fall in THB also reduces NO synthesis [209]

since post-occlusive vasodilatation (in the forearm, for example) is associated with NO
production and release from endothelium. NO is formed from l-arginine by NOS, which
is dependent on NADPH, flavin adenine nucleotides and tetrahydrobiopterin (THB).
Atherogenic activity has been attributed to the toxic substance (ONOO–), in conjunction
with activation of the renin-angiotensin system [104]. NO is able to form free radicals, and
to activate guanylate cyclase in endothelial cells and platelets (Fig. 6.4).
Acute cigarette smoking leads to temporary endothelial dysfunction, which is an early
event in atherogenesis. Sufficient data concerning the effect of cigarettes with low tar and
nicotine yield are lacking. Therefore, Papamichael et al. studied seventeen healthy individuals (nine women, eight men, aged 27.8 ± 3.6 years) who were subjected to evaluation
of endothelial function by means of endothelium-dependent, FMD of the brachial artery,
before, immediately after and 30, 60 and 90 min after smoking a regular cigarette (nicotine
0.9 mg, tar 12 mg) or the corresponding “light” cigarette (nicotine 0.6 mg, tar 8 mg) [105].
The following day, measurements were repeated after smoking the opposite kind of cigarette. Baseline FMD was 6.1 ± 1.6% and 7.2 ± 2.0% in the light and regular cigarette
groups, respectively (p = NS). The overall effect of the regular cigarette over time on FMD
compared with the light cigarette was significantly different (F = 3.039, p = 0.023). FMD
was significantly depressed after smoking both types (light: F = 8.192, p < 0.001; regular:
F = 16.698, p < 0.001). Immediately after smoking, FMD declined in both groups (light: 3.0
± 2.4% and regular: 1.6 ± 3.2%, p < 0.001 and p < 0.001, respectively), and it remained
significantly depressed in the regular cigarette group at 30 min (0.75 ± 1.5%, p < 0.001) and
60 min (3.5 ± 3.1%, p = 0.024), while in the light cigarette group FMD differences were
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abolished at 30, 60 and 90 min after smoking. The authors concluded that acute smoking of
both regular and light cigarettes leads to temporary vasomotor dysfunction; its duration is
shorter after smoking a “light” cigarette [105].
Vasodilatation and inhibition of platelet aggregation is achieved as a result of cGMP
release. NO is therefore of major pathogenetic importance in that it prevents platelet aggregation, monocyte adhesion and vascular smooth muscle cell proliferation. By reducing NO
formation, smoking counteracts these preventive processes [106]. Where dysfunctional
NOS III activity is associated with inhibition of NO production, supplementary administration of THB improves endothelium-dependent vasodilatation in chronic smokers [107].
Glyceryl trinitrate or sodium nitroprusside influence these processes because they have a
vasodilator action in response to NO production. The interplay of LDL oxidation and NOS
dysfunction is supported by in-vitro experiments in saphenous vein rings and platelets [108,
109], showing that impaired endothelium-dependent relaxation is attributable to inadequate
THB synthesis resulting from the harmful effects of cigarette smoke constituents (Fig. 6.5)
[108, 110]. In hypercholesterolaemia the adverse effect on vascular function results from
the oxidation of LDL to oxo-LDL [111]. As an antioxidant, ascorbic acid is reported to
improve smoking-induced vascular responses [112]. Smoking-related endothelial damage
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Fig. 6.5   Smoking stimulates monocyte adhesion, migration and activation. Increased shear forces
alter the endothelial surface and increase the production of the adhesion molecules ICAM-1 and
VCAM-1 on vascular endothelium. In addition, chemical adhesives are released from monocytes,
and the reduction in NO synthesis increases monocyte adhesion to the endothelial cells. The
endothelium becomes porous, with the result that oxo-LDL molecules are able to pass through.
These in turn activate monocytes/macrophages which release cytokines and growth factors – a
starting point for atherosclerotic changes in the vessel [209]
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is partially reversible if smoking cessation is maintained for at least 12 months [113, 114].
Disturbed prostacyclin synthesis is associated with the increased production of vasoconstrictor thromboxanes [115].

6.2.2
Changes in Endothelial Function and Microcirculation
The basis for the evolution of arteriosclerosis with subsequent cardiac events is formed by
smoking-induced changes in coronary vascular tone, increased platelet aggregation and
altered endothelial integrity, even in younger adults [102, 113]. Cigarette smoking produces endothelial changes with detectable ultrastructural damage to the aorta and pulmonary vessels [116–118]. The tobacco constituent NNK (see Table 3.6, Box 3.1 in Chap. 3)
causes considerable endothelial damage. Its binding to b1- and b2-adrenoceptors is followed by activation of arachidonic acid, associated with endothelial damage and apoptosis
of endothelial cells. These effects of NNK can be prevented by b-receptor blockers
(atenolol) [119].
Bernhard et al. demonstrated in 2003 that tobacco smoke dramatically changes vascular
endothelial cell and tissue morphology, leading to a loss of endothelial barrier function within
minutes. In these experiments long-term exposure of endothelial cells to tobacco smoke
extracts induced necrosis that may trigger a pro-inflammatory status of the vessel wall [120].
Pre-incubation of the extracts without cells for 6 h at 37°C led to a complete loss of activity.
Furthermore, the endothelium could be rescued by changing to fresh medium even at times
when the extracts had lost their activity. It was also shown that N-acetyl cysteine and statins
inhibit the adverse tobacco smoke effects [120].
The regulation of vascular tone is disturbed when NO production is diminished. Based on
the damage to endothelial function outlined above, short periods of smoking potentiate the
vasoconstrictor effect of endothelin-1 [121]. It has long been known that endotheliumdependent coronary dilatation is disturbed in the presence of hypercholesterolaemia, the
premature onset of arteriosclerosis and/or hypertension [122–124]. In addition, habitual
smoking diminishes the vasodilator reserve of the tiniest vessels and thus encourages the
harmful hypoxic effects which are detectable in habitual smokers long before the appearance
of recognisable cardiovascular disease [125, 126]. Bradykinin-induced venous dilatation in
the dorsal veins of the hand is suppressed both in non-smokers and in smokers by transdermal administration of nicotine, with the result that a pivotal role in endothelial dysfunction
must be conceded for the alkaloid [127]. These studies have also shown a slight rise in blood
pressure in response to nicotine.
Alongside endothelial damage, the flow properties of the blood and blood coagulation
processes are also influenced by cigarette smoking but not by nicotine (Table 6.2). It is
generally accepted that plasma fibrinogen levels are increased in smokers, due to reduced
plasminogen activity in the blood [128, 129], and that increasing age leads to a further rise
in fibrinogen. As a result, the fluidity of the blood is lowered and the viscosity of whole
blood and plasma is increased [38, 71, 128, 130]. The haemorheological properties of the
blood are further exacerbated by the increase in haematocrit [130, 131] – evidently in
compensation for the transformation of up to 15% of haemoglobin into CO-haemoglobin
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Table 6.2   Differences between cigarette smoking and nicotine administration on haemorheological
variables [8]
Variables

Smoking

Nicotine

Reference nos

Plasma fibrinogen concentration

Ý

Û

Platelet aggregation (CO-induced)
Haematocrit
Leucocyte count
von Willebrand factor
Factor XIIa
Plasminogen
Vascular permeability for fibrinogen
Red cell deformability
Viscosity (plasma, blood)
CO-haemoglobin
Catecholamines in blood and urine

Ý
Ý
Ý
Ý
Ý
ß
Ý
ß
Ý
Ý
Ý

Û
Û
Û
Û
Û
Û
Û
Û
Û
Û
Ý, Û

[71, 128–130, 136, 137,
157, 203–205]
[41]
[71, 130, 131]
[135–137]
[136, 137]
[141]
[128, 129]
[206–208]
[132, 133, 173]
[71, 128, 130, 131]
[95]
[179, 195]

Results from clinical studies. Ý: elevated, ß: low or reduced, Û: unchanged or normal

– and by the progressive decline in red cell deformability [132, 133]. The supply of O2 to
the tissues is thus also reduced. In addition, the following variables are elevated in smokers: leucocyte count [134–136], CO-induced platelet aggregability [41], and factor XIII
and von Willebrand factor activity [136–138]. All these smoking-induced reactions tend to
normalise following smoking cessation and/or nicotine substitution (Table 6.2).
Previous thinking concerning the important vasoconstrictor effect of nicotine in terms
of the evolution of vascular disease should be revised to take account of the very much
greater part played by CO and CO-haemoglobin and by glycoproteins in bringing about
changes in the vessels and the microcirculation (Fig. 6.1, Table 6.2 [8]).
Based on experimental animal work, it has been reported that nicotine stimulates new
blood vessel formation (angiogenesis), and this is associated with endothelial proliferation
[139]. Overall, this study attributes tumorigenic activity to nicotine [139].
Further research is required to confirm whether these results can be transposed to the
situation in man. To date, at least, there is no evidence to show that nicotine displays such
properties in humans.

6.2.3
Microcirculation and O2 Supply
Smoking-induced damage to the microcirculation, including the skin and O2 supply, has been
studied in humans and in experimental animals [140–143]. In particular, dramatic reactions
have been demonstrated in smokers undergoing revascularisation procedures [144, 145].
Likewise, skin necroses have been described in smokers following cosmetic facial surgery
[141, 146, 147]. These harmful effects were elicited by the toxic constituents of cigarette
smoke and by CO, and to a very much smaller extent by nicotine [9]. In smokers, skin flaps
also show delayed healing or fail to survive at all (see Chap. 7.8) [144, 148, 149].
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Dalla et al studies in 2004 the effects of acute and chronic smoking on skin microvascular properties of young healthy subjects. In this observational study, using a totally noninvasive approach, employing continuous palmar microvascular flow (laser Doppler) and
arterial pressure measurements, a total of 20 healthy male subjects (nine habitual smokers
and 11 non-smokers; aged 27 ± 1 and 29 ± 2 years, respectively) were examined [150].
Measures were obtained at baseline and after iontophoretic administration of acetylcholine
(ACh), an endothelium-dependent vasodilator and of sodium nitroprusside (NP), an
endothelium-independent vasodilator. The study showed that smokers showed significant
lower baseline microvascular resistive (Z0) and oscillatory (impedance, i.e. ZC) properties
than non-smokers. In the non-smokers group, ACh and NP iontophoresis induced a significant decrease of both Z0 and ZC, before and after smoking one cigarette (p < 0.02).
Conversely, in the smokers group, both Z0 and ZC were not affected by ACh iontophoresis
before acute smoking, while, after smoking, a significant decrease of both Z0 and ZC (p <
0.02) was detected after ACh challenge. The study indicates that smokers have a complex
disruption of peripheral microcirculatory regulation, including inappropriate resting vasodilation, impaired endothelium-dependent and independent vasodilation, paradoxical
recovery of endothelium-dependent vasodilation in response to acute smoking [151].
In a further study, the acute effects of smoking on microvascular function in healthy
smokers was studied using measures of HR, blood pressure, capillary recruitment during
peak reactive hyperaemia and endothelium-dependent and endothelium-independent vasodilatation of the skin microcirculation with iontophoresis of acetylcholine and sodium
nitroprusside respectively combined with laser Doppler fluxmetry [151] It was found that
in comparison with sham smoking, acute smoking caused increases in HR (smoking, 9.3 ±
4.1 beats/min; sham, −1.3 ± 3.0 beats/min; p < 0.001) and systolic blood pressure (smoking, 6.3 ± 8.8 mmHg; sham, 0.8 ± 4.4 mmHg; p < 0.05). Also, decreases in absolute (smoking, −4.9 ± 6.9 per mm2; sham, 0.8 ± 2.1 per mm(2); p = 0.01) and relative (smoking, −13.8 ±
21.4%; sham, 1.9 ± 6.9%; p = 0.02) capillary recruitment during peak reactive hyperaemia;
and decreases in absolute [smoking, -62.4 ± 47.7 perfusion units (PU); sham, −30.8 ± 32.6
PU; p = 0.04] and relative (smoking, −147 ± 163%; sham, 32 ± 225%; p = 0.07) vasodilatation caused by acetylcholine were demonstrated. From this study it can be concluded that
acute smoking is associated with impaired capillary recruitment during peak reactive
hyperaemia and impaired microvascular endothelium-dependent vasodilatation. These
findings may also explain the increased blood pressure and decreased insulin sensitivity
that have been observed after acute smoking [151].
Vascular response and O2 supply of the skin and deeper tissue layers can be measured
by laser Doppler flowmetry and by determining transcutaneous partial O2 pressure with
platinum electrodes, as our own research has demonstrated [9]. Attention was drawn long
ago to the differences between the reactions produced by cigarette smoke and by nicotine
[152]. Reactive hyperaemia occurring after 1–3 min occlusion of the upper arm with a
blood pressure cuff and its normalisation have been found to differ between smokers and
non-smokers [9, 153, 154], with reactive hyperaemia in smokers being less than that in
non-smokers (see Fig. 6.6): the reasons for this are certainly to be sought in vasoresponsiveness (NO production) and in the viscosity of the blood, which influences its flow properties [9]. The differences in vasoreactivity were still detectable even after a 6-month
observation period (Fig. 6.7) [8]. For a summary of the findings on this topic, readers are
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Fig. 6.6   Post-ischaemic
reactive hyperaemia on the
skin, measured by laser
Doppler flowmetry in 16
smokers before (straight line)
and after (dashed line)
smoking. The vertical bars
indicate ± standard error of
the mean [210]
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Fig. 6.7   Changes in maximal
rate of increase (t-pmax in s) in
intracapillary flow of red cells
after 3 min of forearm
ischaemia. Ex-smokers,
relapsers and smokers over
the 26-week study period.
The vertical bars indicate the
standard deviations at each
measuring time [9]
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referred to [155]. Simultaneous photoplethysmographic recordings of blood flow at different tissue sites revealed a considerable vasocontrictive response in the fingers and a more
modest response in the toes; the response was absent in the forehead and ear recordings
[154]. The magnitude of the vascular response in the fingers did not correlate with the
nicotine yield of the cigarettes.
O2 supply is associated with tissue perfusion. After smoking or chewing nicotine-containing gum, digital blood flow was reduced, and this effect occurred earlier after smoking
(after 5 min) than after chewing nicotine gum (after 45 min) [137]. By contrast, no changes
in tcpO2 were measured either after smoking or after nicotine [156, 157]. These findings
stand in contrast to our own long-term results from the NiveS Study (Fig. 6.8) where a
change in tcpO2 could still be detected even after 6 months’ smoking cessation, in comparison with smokers [8]. Investigation of tcpO2 in smoking and non-smoking mothers has
revealed a less pronounced hyperaemic reaction in smoking mothers than in non-smoking
mothers (see Chap. 8). When an invasive method was used to measure O2, a reduction in O2
supply lasting for 30–50 min was detected after a single cigarette had been smoked [158].
In overall terms, according to the results of the 6-month NiveS Study [9], the inhaled combustion products of tobacco have greater significance for the pathogenesis than nicotine.
While nicotine does possess vasoconstrictor properties of its own, these are not responsible
for the hypoxaemic reactions, as also confirmed by clinical trials in angina patients
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Fig. 6.8   Changes in transcutaneous partial oxygen pressure base value (mean ± standard deviation;
95% CI) between baseline and 26 weeks. *** p < 0.001 between baseline and the various time
points in abstainers and relapsers. Significance (p = 0.0339 to p < 0.001) also between smokers vs.
abstainers or relapsers at all time points [9]
Table 6.3   Effect of nicotine patches on perfusion in the damaged myocardium of patients with
CAD [55]

Perfusion defect (% LV)
– Total
– Ischaemia
CO (ppm)
Nicotine (ng/ml)
Cotinine (ng/ml)
Cigarette consumption
(daily)

Controls
(n = 36)

14 mg nicotine
patch (n = 36)

21 mg nicotine
patch (n = 36)

p-value

17.5 ± 10.6
10.1 ± 8.5
23.3 ± 10.5
15.8 ± 8.3
  290 ± 137
    31 ± 11

12.6 ± 10.1
7.2 ± 6.7
13.8 ± 9.6
24.2 ± 12.0
  338 ± 186
    11 ± 10

11.8 ± 9.9
6.7 ± 6.3
12.4 ± 8.8
30.4 ± 10.8
  422 ± 224
     8 ± 7

<0.001
0.036
<0.001
<0.001
<0.002
<0.001

Measurements by 201Tl-SPECT 3 and 6 days after daily application of a nicotine patch

(see Table 6.3) [55]. Ultimately, the facial colouring of a person who has smoked for
decades speaks for itself [159].
Blood flow defects were recorded by 82rubidium emission tomography in 8 out of 13
patients with CHD undergoing bicycle ergometer exercise; in 6 of these 8 patients the
blood flow defects were also recorded at the same sites when a single cigarette was smoked.
A causal relationship with smoking may be assumed, with reduced O2 availability [95,
103], increased platelet aggregation together with raised plasma fibrinogen concentrations
[5, 109, 160], reduced NO and EDRF [49, 50, 113] and increased blood CO levels [161,
162] contributing to myocardial ischaemia. In 63 patients (non-smokers) with stable angina
and with proven 70% stenosis for at least one coronary artery, ergometer exercise produced ST-segment depression after exposure to 2 or 4% carbon monoxide (see Fig. 6.9).
Simultaneously, the time to onset of angina, time to ST-segment depression as well as
exercise time were recorded as endpoints (Fig. 6.9) [162]. The effects were very much
more pronounced after exposure to 4% CO than to 2% CO. Smokers with CO-Hb levels
>5% should give up smoking because of the danger associated with the consequences of
existing ischaemic heart disease.
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Fig. 6.9   Consequences of
CO exposure in patients
with coronary artery disease
(CAD). Exercise time, time
to onset of angina and time
to ST-segment depression
were reduced overall after
changing from room air to
air with an increased CO
content, resulting in COHb
values of 2 and 4%
respectively [162]
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6.2.4
Arteriosclerotic and Inflammatory Vascular Reactions
Disturbed NO production and prostacyclin synthesis are just one aspect of the vascular
changes initiated by smoking. In addition, the increased adhesion and migration of monocytes into the subendothelial space are important, and these phenomena are intensified by
cytokines and LDL oxidation [163]. Leucocytes come into contact with the endothelium
where they deposit proteins and glycoproteins on to endothelial cells and monocytes
(Fig. 6.6). The adhesion of the cells is facilitated by adhesion proteins (intercellular adhesion molecule: ICAM-1 and vascular cell adhesion molecule: VCAM-1) and by integrins,
and NO plays an important regulatory role in adhesion [164].
A study conducted in 2004 evaluated the effects of cigarette smoking on the plasma
concentrations of VCAM-1 in patients with CAD. The soluble VCAM-1 level was quantified in smoking CHD patients in comparison to those from patients with CAD alone. It was
found that soluble VCAM-1 levels were significantly higher in smokers than in non-smokers (32.1279 ± 21.6421 vs. 9.4570 ± 7.8138 ng/mL, p < 0.01) [165].
Anti-adhesive properties become lost as a result of smoking. Ibuprofen has been shown
to reduce the adhesion of monocytes to TNFa-stimulated human umbilical vein endothelial cells, accompanied by reduced radical generation [166]. It has been demonstrated in
human umbilical vein endothelial cells that smoke condensate causes a very rapid rise in
the expression of both adhesion proteins on the surface of cultured cells [167]. Ascorbic
acid is reported to counteract the increased adhesiveness of monocytes in smokers [168].
On the biochemical level, it has also been shown that Nicotine could augment adhesion
molecule expression in human endothelial cells through macrophages secreting the immunomediators TNF-a, IL-1b [169].
Smoking also alters the haemodynamic forces at the blood-endothelium interface [170,
171]; likewise the concentration of adhesion molecules on the endothelial surface is regulated
by haemodynamic forces [172]. In addition, the concentration of the monocyte adhesion
protein MCP-1 (together with VCAM-1) is increased by the shear forces in smokers, and this
is important for the adhesion of monocytes and macrophages to the endothelium (Fig. 6.6).
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The vessels gradually become “denuded” of endothelial cells, which in turn disappear in the
flowing blood [173]. The collagen of the subendothelial matrix supports platelet adhesion
and aggregation, resulting in the increased production of platelet-derived growth factor
(PDGF) which acts as a mitogen for the vascular muscle cells, the true starting point for arteriosclerotic changes [163]. Having undergone these changes, the vascular cells take up oxoLDL molecules in large numbers, and this leads in turn to the release of inflammatory
cytokines with the likelihood of cell death.
An insertion/deletion (I/D) polymorphism of the ACE gene has been associated with
increased risk for acute myocardial infarction, cardiomyopathy, cardiac hypertrophy
and carotid thickening. The DD genotype in particular should be considered as a risk
factor for early arteriosclerosis, even controlling other potential confounding factors
such as smoking [174, 175].
Smoking is the most powerful risk factor for the development of atherosclerosis, even
ahead of hypertension, diabetes mellitus, and male gender. Pack-years smoked correlate
with the extent of arteriosclerotic changes in the common carotid artery [176]. The risk
of having severe atherosclerosis for a person who has smoked for 40 years is increased
3.5-fold compared with that for someone who has never smoked.

6.3
Blood Coagulation and Fibrinolysis
Critical events (myocardial infarction, stroke) due to arteriosclerotic changes are triggered
by unstable arteriosclerotic plaques: acutely formed thrombi occlude vessels of varying
calibre. Smokers have a shortened platelet survival half-life [177], a situation in which
thromboxane A2 synthesis is increased [178].
Smokers live permanently at risk because their platelets react very much more rapidly
to form aggregates than those of non-smokers.

•
•
•
•

Activation of the blood coagulation system (thrombosis) is important for the occurrence of acute and chronic coronary events, and in this context the effect of smoking on
platelets has been studied most extensively: smoking two cigarettes increases platelet
activation 100-fold [41].
Smoking increases the production of PDGF, a key factor in the atherogenic growth of
vascular cells [14].
Smoking (but not nicotine) stimulates pro-aggregatory prostanoids, thromboxane B2
and A2, prostaglandin F1a, platelet factor 4 and b-thromboglobulin [178, 179].
Plasma fibrinogen levels [35, 129, 179] and factor VII activity [35] are elevated in
smokers, and the increase in the fibrinogen level depends on the number of cigarettes
smoked [129]. Raised fibrinogen is a risk factor for venous bypass graft patency and for
restenosis after PTCA [180, 181]. Normalisation after smoking cessation takes a few
months [8], if not several years [35]. The RIVAGE Study has clearly shown that the
plasma fibrinogen level is the only independent variable associated with increased risk
for a cardiovascular event [182].
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Although some studies have found the fibrinolytic activity of the blood to be unaltered
[129], the data summarised in Table 6.2 point to a reduction in such activity. Nicotine itself
induces substance P-mediated release of tissue plasminogen activator (t-PA) without any
effect on endothelium-dependent or -independent vasodilatation [183]. One recently published study points to reduced fibrinolytic potential in the myocardium of smokers. An
inverse correlation was found between plaque burden in the left anterior descending coronary artery and the release of t-PA (r = −0.61; p = 0.003). Cigarette smoking is associated
with considerably impaired coronary release of active t-PA [184]. After smoking cessation
fibrinogen levels fall by about 5% within 5 years [160]. Fibrinogen should also be regarded
as important firstly as a haemorheological factor because blood viscosity rises when fibrinogen levels increase [8], and secondly as a mediator of inflammation because leucocyte
adhesion to activated endothelium and cytokine release (IL-8 and MCP-1) are increased at
a time [185] when plaque formation is still not at all important [186]. Consequently, even
before plaque formation occurs, the correlation between fibrinogen concentration and
carotid wall thickness seems to be plausible [187].

6.3.1
Genetic Factors
Interactions appear to exist between smoking and genotype. Apolipoprotein polymorphism
and the cholesteryl ester transfer protein gene display interactions [39, 188, 189]. In individuals with specific genotypes smoking produces an increase in LDL cholesterol and a
reduction in HDL cholesterol, with both processes occurring as a part of a proatherogenic
effect. Likewise, there are smokers in whom plasma fibrinogen levels are clearly increased
[190, 191]. Smokers with a rare variant of the NOS gene (ecNOS4a) are found in increased
numbers among patients with severely stenosed coronary arteries verified by angiography
[192]. These findings appear to indicate the potential for considerable interactions between
smoking and genetic factors.

6.3.2
Nicotine and Ischaemic Heart Disease
The findings presented suggest that nicotine itself is of only secondary importance as a
harmful agent in the context of CHD. Instead, the inhaled combustion products of tobacco
smoke should be viewed as the culprits in this respect. Nicotine replacement therapy as
opposed to cigarette smoking produces no harmful cardiac effects [55, 193]. When nicotine is administered therapeutically after smoking cessation, toxic substances are no longer
inhaled [194]. According to existing data, nicotine replacement therapy should be implemented with caution in patients with cardiac arrhythmias, CHD and recently completed
stroke [126, 195–197], and further investigations would appear useful to establish the contraindications. The consequences of a smoking-induced increase in CO-haemoglobin are
similar to those of chronic CO poisoning [198], and may lead to an increased incidence of
cardiovascular complications.
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In smokers (>20 cigarettes daily) with existing CAD, perfusion in several myocardial
regions was improved when cigarette consumption was replaced in part by nicotine patches
(14 and 21 mg) (Table 6.3). Perfusion defects were improved significantly even within this
short period (Table 6.3). There was a reduction in perfusion defect size as exhaled CO
levels fell; this reduction occurred despite an increase in patients’ treadmill exercise duration and higher serum nicotine levels (compared with controls) although cigarette consumption had fallen [55]! Another study in 156 smokers (>20 cigarettes daily) with CAD
confirmed the reduction in angina frequency during nicotine replacement therapy after
they had stopped smoking [199].

6.4
Concluding Remarks
The smoking-induced changes in the cardiovascular system described in this chapter
should suffice to ensure that smoking is viewed very much more critically in future.

•

•

•
•

In particular, extensive findings indicate that the combustion products of tobacco in
mainstream and side-stream smoke are primarily responsible for the harmful effects
repeatedly ascribed to nicotine. While numerous authors have implicated nicotine in
terms of vasoconstrictor effects, the large body of evidence accumulated following
administration of nicotine for smoking cessation or at least for smoking reduction now
militates against the theory that nicotine might trigger a myocardial infarction or stroke
or promote PAOD. Experimental animal work appears to indicate that the toxic products
of tobacco smoke may also undergo bioactivation in the tissues of the blood vessels.
The interrelationships depicted in Fig. 6.10 are intended to illustrate these concepts once
again. Smokers rarely perceive themselves to be at increased risk in terms of myocardial
infarction or bronchial carcinoma. In a comprehensive survey of both diseases, these
risks were acknowledged by only 39 and 49% of respondents respectively, and less
educated smokers were definitely less likely to perceive any increased personal risk
[200]. Comprehensive analysis of the effects of nicotine on the development of arteriosclerosis continues to be controversial and unclear, even though the alkaloid is known to
activate the sympathetic nervous system. In experimental animal studies nicotine has
been suspected of accelerating the progression of arteriosclerosis (activation of fatty
acid metabolism, reduced HDL turnover); on the other hand, however, there are no findings to support an increase in hypertension or activation of platelet aggregation [201].
Short-term interventions involving primary prevention programmes over several weeks
(physical exercise, temporary smoking cessation) do not improve vascular endothelial
function in adults with increased coronary risk factors [202].
Furthermore, the level of smoking-related information available in some countries is
truly deplorable. Even smokers who have survived an acute myocardial infarction
receive only inadequate advice from the physicians treating them. According to one
study conducted in Israel, only 62% of such patients reported receiving anti-smoking
advice [63].
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Fig. 6.10   Effects of nicotine and the combustion products of cigarette smoke. BP blood pressure,
HR heart rate
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7.1
Central Nervous System
In many countries, smoking is the foremost health threat to the populace. The current mortality rate in the EU resulting from the direct effects of tobacco smoking is one million
deaths a year [1]. Recent data reveal that a disproportionately large number of psychiatric
patients are smokers compared with other demographic groups [2–4]. In the US, cigarette
consumption is twice as high among these patients (Table 7.1) [5]. A number of research
teams have found raised cigarette consumption rates in specific mental patient groups and
cohorts with, for instance, bipolar disorder, depression, schizophrenia and panic attacks
[6–11]. On the whole, it appears that smoking cessation is more difficult for mentally ill
patients than for persons not suffering from such illnesses [3, 12, 13]. Smoking has no
beneficial effects on the prognosis for depression and schizophrenic disorders.
A secret paper written for the R. J. Reynolds Tobacco Company in 1981 [14] clearly
states that smokers smoke because of a “mood-enhancing” effect and “positive stimulation”,
from which it was concluded that smokers use cigarettes to treat depressive symptoms and
cigarettes help them to “perk up” and “think out problems”. This document also describes
cigarettes as “anxiety relief”, helping people to “gain self-control”, “calm down” and making them more able “to cope with stress”. Although tobacco product advertising has been
shown to increase smoking behaviour in adolescents and adults [15], no large set of data has
yet been collected on the influence of tobacco advertising on the mentally ill. However, there
are numerous studies on the influence of nicotine dependence, i.e. on diurnal variations of
subjective activation and mood in smokers. Adan et al. published a study in 2004 in which
they analysed the influence of nicotine dependence on the post-lunch phenomenon, a semicircadian rhythm overlapped with diurnal variations [16]. It was shown that at 0800 h smokers were in a state of nicotine deprivation. Subjective activation and mood of smokers
improved after they smoked their first morning cigarette, and this effect was greater for highdependent subjects. Mood scores were lower in high-dependent smokers throughout the day,
intermediate in low-dependent smokers and greater in non-smokers. The study confirmed
that differences exist in the circadian rhythmicity between non-smokers and smokers, and
that the level of nicotine dependence in smokers is a relevant factor for the interpretation of
the diurnal variations [16].
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_7, © Springer Verlag Berlin Heidelberg 2010
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Table 7.1   Smoker status of patients with manifestation of mental illness (defined according to
DSM-III-R[137]) in the past month and differences in terms of smoking cessation. Comparison
with a population without mental illness
Diagnosis (4 weeks
previously)

US
population
(%)

Current
smokers
(%)

Have smoked
at some time
(%)

Smoking
cessation
(%)

No mental illness
Agoraphobia
Panic syndrome
Depression
Panic attacks
Alcohol abuse, dependence
Drug abuse, dependence
Manic-depressive disease
Non-affective psychosis

50.7
1.3
1.4
4.9
2.0
2.6
1.0
0.9
0.2

22.5
48.1*
42.6***
44.7*
46.4*
56.1*
67.9*
60.6*
45.3

39.1
63.2*
63.5*
60.4*
66.1*
67.5*
87.5*
81.8*
45.3

42.5
23.2**
32.9
26.0***
29.8**
16.9*
22.4****
25.9
0

Significance of difference compared with persons without mental illness: *p £ 0.0001; **p £ 0.05;
p £ 0.01; ****c2, p £ 0.01

***

7.1.1
Cognitive Impairment
Longitudinal studies indicate that smoking increases the risk for cognitive impairment
whereas moderate alcohol intake may be a preventive factor. Cognitive impairment was
assessed in 889 subjects at baseline and 1 year later using an organic brain syndrome
(OBS) scale [17]. Unlike alcohol and in contrast with earlier results, smoking was associated with an increased risk of cognitive impairment (relative risk (RR) 3.7; 95% CI:
1.1–12.3) independently of age, sex, alcohol intake, educational level, occupational class,
depression and baseline cognitive function. Older people, in particular, should therefore be
encouraged to stop smoking in view of the increased associated risk of cognitive impairment [16]. Word recognition in elderly smokers receiving nicotine tended to be delayed by
comparison with young and elderly non-smokers [18]. Shorter reaction times indicative of
speedier information processing have been measured in healthy non-smokers following
subcutaneous injection of 0.8 mg nicotine, compared with placebo [19]. Furthermore,
compared with non-smokers, memory test reaction times in smokers and in smokers during enforced 12 h abstention (deprived smokers) were faster, supporting the hypothesis
that nicotine has distinct effects in improving memory-related perceptual and motor aspects
of working memory, and this may also be linked with the cholinergic activity of nicotine
[20, 21]. In a functional magnetic resonance imaging (MRI) study, the effects of nicotine
(0.75–2.25 mg/70 kg body weight i.v.) were studied in 16 active cigarette smokers. The
nicotine injections produced dose-dependent increases in behavioural parameters, including feelings of “rush” and “high”, and nicotine was found to increase neuron activity in the
nucleus accumbens, amygdala, cingulate and frontal lobes. Activation in these structures
is consistent with nicotine’s behaviour-arousing and behaviour-reinforcing properties [22].
Cognitive performance in smokers was monitored in 3,429 Japanese-American participants in a long-term study [23]. On the basis of the Cognitive Abilities Screening Instrument
(CASI) score, a significantly higher risk of cognitive impairment was associated with
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long-term smoking (OR = 1.36; CI: 1.03–1.80); smoking cessation had a discernible influence, but did not abolish the effect in comparison with non-smokers. To date, a direct correlation has been observed overall between smoking and cognitive information processing,
with smoking postulated to have a negative effect [23].
However, this association is contested by the findings from a 4 year population-based
study [24].
In a study of 131 children aged 9–12 years, postnatal secondhand smoke exposure has
been reported to be associated with reduced language ability (measured using a language
score) [25].
There may also be negative effects on certain occupations with a high level of responsibility, e.g. pilots. In this respect, pilots who smoke, if obliged to abstain from nicotine
intake during flight, may exhibit certain symptoms leading to performance decrement.
Giannakoulas et al. studied 20 healthy male aviators, who were regular smokers, (mean
age 33.7 ± 1.4 year) operating military fixed- and rotary-wing aircrafts (C-47 Dakota,
F-16, A. Bell 205) [26]. The pilots were subjected to a 12-h abstinence from cigarette
smoking, during which time they performed flight duties. After landing, the intensity of the
nicotine withdrawal syndrome, as well as its effect on physiological parameters, psychological functions and cognitive tasks were studied. The researches reported that the most
frequent symptoms reported during nicotine deprivation were nervousness, craving for
tobacco, tension-anxiety, fatigue, difficulty in concentration, decrease in alertness, disorders of fine adjustments, prolonged reaction times, anger-irritability, drowsiness, increase
in appetite and impairment of judgement. It was concluded that an abrupt cessation of
smoking may be detrimental to flight safety and the smoking withdrawal syndrome may
influence flying parameters [26].

7.1.2
Influence on Cognitive Performance
Nicotine has been reported to enhance performance in tasks of selective attention [27]. In this
context, efficient attentional filtering obviously depends on the successful inhibition of distracting information. A larger negative priming effect was found in participants who had
smoked in comparison with those who sham-smoked. It is suspected that nicotine promotes
the filtering of distracting information, thus enhancing selective attention [27]. Transdermal
nicotine patches have some of the same effects on performance and mood as cigarette smoking in that they produce a calming effect and a feeling of happiness, as well as improving
attentional processing and memory functions (repetition of word lists) [28]. Nicotine improves
cognitive performance not only after smoking cessation, but also apparently in normal nonsmoking subjects and in people with a variety of disease states (e.g. Alzheimer’s disease,
children and adolescents with attention deficit hyperactivity disorder (ADHD)) [29, 30].
According to other investigators, learning processes and attention are adversely affected,
although it is unclear whether these changes are due to perceptual or impaired motor aspects
of the tasks involved. Event-related potentials, reaction times and tests of working memory
(word recognition) were assessed in one study in order to elucidate this question. The smokers were tested in a “smoking” and a 12 h “deprived” condition. Smokers exhibited faster
reaction times for words occurring new in the tests, together with effects suggesting that
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smoking facilitates processes related to the motor output aspects of working memory.
During the 12 h enforced abstention from smoking, reaction times were delayed (as also
found for non-smokers), with the result that nicotine may ultimately be assumed to promote
working memory [20].
In contrast to smoking, nicotine (4 mg nicotine chewing gum) influences various EEG
components (increased theta and alpha frequency, decreased delta power). However, neither reaction times nor event-related brain potentials were changed, as has been reported
after cigarette smoking [31].
The anxiolytic effects induced by smoking depend on the benign distraction of the smoker
[32]. Only those who smoked a cigarette with a high nicotine yield, paired with participation
in a distracting activity, experienced a reduction in anxiety. Those who smoked in the absence
of distraction even experienced an exacerbation of anxiety [32]. These findings suggest that
nicotine – rather than the behavioural or sensory aspects of smoking – interacts with distraction and leads to the alleviation of anxiety or apprehension [32]. Under laboratory conditions,
in contrast, nicotine tends to display anxiogenic activity [33].
Smokers’ reactions to a lexical decision-making test (decision as to whether or not a
sequence of letters represents a word) were also faster and more complete than those of
placebo cigarette smokers [34]. According to other data, while cigarette smoking has no
negative effect upon performance for simple perceptual tasks smoking was found to exert
measurable negative effects upon performance for more complex information processing
tasks [35]. The residual effects of smoking consist primarily of retardation of cognitive
processes in older adults [36], whereas this negative effect is not observed in ex-smokers
and non-smokers. In a comparison with placebo, visual information processing was also
increased under 4 mg nicotine gum and cigarette smoking, whereas self-reported feelings
of alertness and energy were assessed as higher while cigarette smoking than under 4 mg
nicotine gum [37].
Memory (list of 20 words) was tested in smokers of cigarettes with different nicotine
yields. Smokers of higher-yield cigarette brands were found to have better recall than
smokers of lower-yield brands [38]. When performing more difficult tasks, adolescent
smokers altered their smoking behaviour by taking more puffs per cigarette and inhaling
more deeply. Women responded more than men to the concentration task [39]. The effects
of smoking a low (0.7 mg) and a middle nicotine yield (1.3 mg) cigarette on learning and
retention were tested in undergraduate smokers [40]. Both nicotine levels had an effect on
retention only, with task difficulty appearing to be of secondary relevance. Serial learning
data suggested that the effect is shown more on long-term than on short-term memory.

7.1.3
Intellectual Impairment in Childhood
Several studies indicate that intellectual development is impaired in children whose mothers
actively smoke during pregnancy and that this harmful effect is less pronounced in the children of passive smokers [41, 42]. Other confounding variables were also eliminated from the
psychological tests employed. Contradictory results have been found for cognitive and language ability [43–45]. Children exposed to the harmful effects of tobacco smoke were found
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to have more behavioural abnormalities [43, 46–50], namely, heightened aggressiveness [21,
46–49, 51], and an increased tendency to drug and nicotine dependence [47, 50]. Secondly,
depressive and anxious reactions have been described, and this finding applies more to boys
than to girls [41, 48, 51]. Naturally, the value of any conclusion regarding childhood behaviour depends on the test selected (Child Behaviour Check-List, Child Problem Behaviour
Index, Home Observation for Measurement of the Environment etc.) [50, 51, 54]. Two studies
have shown an increased frequency of ADHD in children whose mothers smoked during
pregnancy [45, 55]. Similarly, an increased prevalence of idiopathic mental retardation was
detected in children passively exposed to cigarette smoke during pregnancy and postnatally
(OR = 1.9; CI: 1.0–3.4), compared with a non-exposed control group [56].
According to a study published in 1999, long-term nicotine consumption has been linked
with self-medicating efforts to cope with the effects of adverse childhood experiences; people exposed to highly adverse experiences in childhood will also be under increased stress in
adulthood [57]. In a retrospective cohort study, a total of 9,215 adults with mean ages of 55.3
years (women) and. 58.1 years (men) responded to a survey questionnaire to identify the
adverse experiences to which they had been exposed in childhood: emotional, physical and
sexual abuse; a battered mother; parental separation or divorce; and growing up with a substance-abusing, mentally ill or incarcerated household member. In persons reporting five or
more categories of adverse childhood experiences, the association with cigarette consumption was unequivocal: they had a 5.4-fold higher risk of smoking initiation by the age of 14
years; a 3.1-fold higher risk of ever smoking at a later time; and a 2.8-fold higher risk of still
being a smoker at the time of the survey [57]. Primary prevention of these adverse childhood
experiences and specific treatment for those affected could help to reduce smoking.
Trinidad et al. examined interactions between emotional intelligence (EI) and smoking
risk factors on smoking intentions in adolescents [58]. They defined EI as the ability to:
accurately perceive, appraise and express emotion; access and/or generate feelings in facilitating thought; understand emotion and emotional knowledge; and regulate emotions. EI
of 416 sixth graders (53% girls) from middle schools in the Los Angeles area (mean age =
11.3 years; 32% Latino, 29% Asian/Pacific Islander, 13% white, 19% Multiethnic, 6%
Others) was assessed with an abbreviated version of the Multifactor Emotional Intelligence
Scale, Adolescent Version (MEIS). This was a competence-based measure assessing an
individual’s ability to perceive, understand and manage emotion. Logistic regression models were fit to test interactions between EI and ever trying cigarettes, hostility and perceived ability to refuse a cigarette from someone just met, on intentions to smoke in the
next year. The scientists found that high EI adolescents were more likely to intend to
smoke in the next year if they had previously experimented with smoking. Those with low
EI were more likely to intend to smoke if their perceived ability to refuse a cigarette offer
from a person they just met was low or hostility level was high. In conclusion, the study
indicated that EI interacts with risk factors to reduce smoking intentions, and contributes
evidence to a link between EI and smoking in adolescents [58].
In examining the criminal behaviour of children whose mothers smoked during pregnancy [59, 60], two large-scale studies have revealed a higher rate of criminal offences in
adulthood among such offsprings [55]. In a cohort of 5,636 men, compared with the sons of
mothers who did not smoke, the sons of mothers who smoked during pregnancy had a more
than twofold risk of having committed a violent crime or having repeatedly offended [55].
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When maternal smoking during pregnancy was combined with predisposing factors such as
maternal age <20 years, a single-parent family, an unwanted pregnancy, and a developmental
lag in walking and talking, the odds ratios increased ninefold for violent crimes and 14-fold
for persistent offences. Non-violent crimes were not associated with maternal smoking. A
second study in 4,169 men [58] revealed associations between violent crimes and maternal
smoking, particularly in the third trimester of pregnancy. This study took account of additional data such as maternal rejection, socio-economic status, maternal age, pregnancy and
delivery complications, paternal criminal record and parental psychiatric hospitalisation.
Although plausible explanations have not yet been found for an association between
violent crime and maternal smoking, the social and educational level of the parents is particularly important because in some countries (Great Britain, Norway) smoking is primarily an activity of people who leave school at an early age (see Sect. 2.7 in Chap. 2). In these
terms, it is essential that assessments of such findings in future should also take account of
all the socio-demographic factors pertinent to the child. Failure to do so could lead to rash
and unwarranted conclusions with considerable social and political impact.

7.1.4
Smoker Personality Profiles and Genetic Inheritance of Smoking
In a study carried out from 1991 to 1995 and involving 12,057 subjects, it was demonstrated that increases in the number of cigarettes smoked are seen to occur in very young
and old patients and particularly those who have suffered psychiatric disturbances (16–21and 51–75-year-olds, OR = 1.5 and 1.57; c2 = 6.8; p = 0.078) [58]. This is especially
problematic for smokers who are virtually still adolescents, since they go on to become
heavily dependent. One year after a psychiatric disturbance, these persons smoked increasing numbers of cigarettes [61]. The genetic inheritance of smoking was seen by analysing
smoking behaviour in three successive generations. The results revealed evidence of
Mendelian inheritance ratios modified by familial factors [62].
A common interpretation of why mentally ill people smoke larger numbers of cigarettes
than people without any mental illness is that smoking provides a kind of “self-treatment”
of their symptoms [63, 64]. Such diseases might encourage smoking, revealing a causality
between the two factors. A causal relationship is assumed [8, 11, 65] in depressive adolescents and adults in whom a significantly raised level of cigarette consumption correlated
with a high risk of developing a depressed mood syndrome [65]. Smokers also show a
higher level of risk for first occurrence of panic attacks, and severe anxiety disorders in late
adolescence and early adulthood than non-smokers or ex-smokers [8, 66]. Cigarette smoking by schizophrenic patients also encourages the induction of new episodes [11].
More pronounced extraversion has been observed in smokers than in non-smokers [67].
Tobacco dependence and withdrawal symptoms were more frequently associated with
neurotic disturbances and these phenomena have also been described in a review article:
neurotic personality traits (depression, anxiety, irritability) and disturbed social reactions
(impulsive reactions, search for asocial stimuli, low level of conscientiousness, a limited
ability to compromise) and lower socio-economic status [68] were found in connection
with smoking.
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Psychosocial characteristics that predispose adolescents to take up smoking were investigated in a sixth grade class and again 2 years later in the eighth grade in Canada [69]. The
significant factors were found to include attitudes and behaviour relative to smoking,
smoking by others in the children’s environment, gender and stress. The gender difference
in the sixth grade lay in the fact that boys were more influenced than girls by people smoking in their environment. In the eighth grade, on the other hand, boys tended to start
smoking for reasons related to personal abilities (coping with life, self-respect, social integration, acquisition of skills), conformist tendencies and rebellion. The main reasons why
girls took up smoking at this age were related to people in their environment who smoked
and rebellion. Regular smoking often begins as experimental smoking within one’s peer
group, especially in children of a depressive or anxious nature [70]. In female teenagers,
regular smoking correlates with a tendency to depression and anxiety reactions [71]. Other
depressive symptoms that predispose to adolescent smoking include unhappiness, despondency, hopelessness about the future and difficulty in falling asleep [71].
According to the findings from twins research, the comorbidity of organic depression
and nicotine dependence results from general familial factors that may be of a genetic
nature [72]. A genetic study revealed relationships between neuroses and smoking behaviour (nicotine volume uptake, dependence, motivation to smoke) and the polymorphic
region (5-HTT-LPR: s or l allele, short or long allele, s/s or s/l) linked to the 5-HT transporter gene. A predominance of functional polymorphism of the serotonin transporter gene
was posited, as was domination of the genotype 5-HTTLPR-s over 5-HTTLPR-l. Apparently,
the neurosis and the 5-HTTLPR-s constellation interact in their influence on nicotine
dependence [73, 74]. Another study involving 72 autistic subjects revealed variances in the
distribution of the two phenotypes s/s and s/l [75].

7.1.5
Depression
7.1.5.1
Smoking Prevalence
The prevalence of smoking among those who suffer from depression is higher than in the
normal population [5] but lower than among people with schizophrenia. In recent years, there
has been growing interest in the thesis of comorbidity of depressive conditions and raised cigarette consumption, already pronounced in adolescence (Table 7.2) [4, 6, 72, 76, 77]. Depressive
symptoms and clinical pictures with depressive content are more common among people who
Table 7.2   Nicotine dependence among 1,265 adolescents with or without concurrent depression.
Frequency figures, absolute and percentage (%), as well as odds ratios with a 95% confidence
interval [52]
Variable

Depressive illness

No depressive illness

OR (95% CI)

Whole group
Men
Women

90 (20.0)
26 (23.1)
64 (18.9)

857 (5.1)
447 (5.2)
410 (5.1)

4.6 (2.5–8.4)
5.5 (2.0–15.1)
4.3 (2.0–9.2)
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also smoke (OR between 2.1 and 5.7) [6, 72, 78–80]. Women who smoke are more likely to
have a history of depression [81]. Among depressive patients, however, there are no gender
differences in terms of smoking prevalence [6]. Among 272 New Zealand women smokers
(>20 years of age), 63.2% had concurrent psychiatric disease and only 22.7% were psychiatrically normal. A study involving over 3,200 patients demonstrated that all of the 74% who had
experienced a depressive episode in their lives had also been smokers, whereas only 53% of
the psychologically healthy patients had smoked and that too only once [6].

7.1.5.2
Peculiarities of the Smoker’s Personality
The motives for smoking [82], expressed by both sexes suffering from a depressive state
more frequently than by non-depressives, are the hoped for stimulation (correlating positively
with the degree of dependence), sedation (irrespective of the degree of dependence) and
mastery of negative emotional situations. Depressive patients showed a higher rate of dependence and, in connection with this, reduced joie de vivre (anhedonia). An increased frequency
of depressive episodes in the spring occurs only in smokers, i.e. it is not seen in non-smokers
[83]. Smokers of both sexes in a psychiatric clinic had a higher suicide rate than a corresponding group of non-smoking clinic patients. A previous suicide attempt was found twice as
often in the medical histories of smokers than in non-smokers, and moderate to severe suicide
fixations were expressed 1.43 times more frequently among the smokers than among the nonsmoking group [84]. Therefore an interactive relationship appears to exist between smoking
and depression: smoking leads to a higher rate of depression and depression predisposes
people to smoke [85, 86]. These interactions also apply to adolescents [87].
Both those predisposed to depression and depressive smokers displayed less-effective
“cognitive coping strategies” than non-smokers and non-depressives in terms of Ways of
Responding (WOR) tests, leading to an attempt at additional “cognitive behavioural therapy” as part of withdrawal therapy for smokers at high risk of depression [88]. Any connection between a disposition to psychiatrically relevant disturbances (mood, anxiety or
substance-abuse disorders) and therapeutic success was rejected on the basis of combined
withdrawal therapy with fluoxetine plus behavioural therapy, so that a connection between
mood and unsatisfactory treatment outcome was only detected in smokers without any
previous psychiatric disease [89].

7.1.5.3
Reasons for Increased Cigarette Consumption
In view of the fact that tobacco smoke contains a number of psychoactive substances in
addition to nicotine, it is conceivable that these substances interact with the nicotine receptor to increase the release of neurotransmitters. The secretion of many neurotransmitters
(noradrenaline, serotonin, dopamine, acetylcholine, g-amino-butyric acid and glutamate) is
increased by the binding of nicotine to central nicotine receptors. Changes in serotonin
(5-HT) formation and secretion caused by chronic smoking are also under discussion [90].
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Cigarette smoke inhibits the activity of monoamine oxidase (MAO) B, which is partly
responsible for the catabolism of serotonin (5-HT), dopamine and noradrenaline in the brain.
Inhibition of MAO B, causing up to 40% loss of activity, probably does not occur until heavy
smoking has taken place for months or even years [91, 92]. It is probable that MAO B reacts
sensitively to peroxidation processes, and thus to oxidative stress, with neurodegenerative
manifestations [93]. MAO A inhibition has also been observed after many years of smoking
[94]. Suppression and inhibition of both forms of MAO apparently contribute to the tendency
of smokers to react depressively [95, 96]. Smokers with a depressive disease reportedly show
lower noradrenaline levels at rest than smokers with no depressive tendency [81]. The effect
of tobacco smoke can be interpreted as analogous to an MAO inhibitor. In contrast to earlier
assumptions, MAO activity itself is unchanged in people at high risk of depression or with a
history of depression, and is therefore not a marker for a depressive tendency [81]. The action
of antidepressants is also similar to that of an MAO inhibitor, suggesting that various antidepressants could also be supportive in smoking cessation, especially in depressive patients.

7.1.5.4
Comorbidity Between Depression and Smoking
A frequently described comorbidity might result from social, familial and individual risk
factors, finally manifesting in the form of depression and nicotine dependence, a hypothesis that is supported by numerous study findings [55, 76, 89, 97–100].
Another hypothesis is derived from the self-medication theory of increased substance use
[2, 7, 101, 102]. Raised cigarette consumption could be a way of easing depressive symptoms
and the accompanying stress symptoms. The adolescent age range up to 20 years in which
these symptoms occur is particularly interesting [72, 87, 103, 104]. Another documented fact
is that cigarette consumption increases significantly between the ages of 14 and 18 [80, 88]
and there is also a greater frequency of depressive disturbances in this age group [89, 100,
105, 106]. These results were confirmed in investigations involving 1,265 16-year-olds within
the framework of a longitudinal study. Here, as well, an odds ratio of 4.6 (95% CI: 2.5–8.4)
was determined for additional nicotine dependence with concomitant depression [107].
Yet, a third hypothesis assumes that nicotine or one of the other inhaled substances induces
a depressive reaction by way of toxic effects [108], as reflected in a longitudinal study involving a thousand subjects aged between 21 and 30: only 4.8% of the non-smokers, but 12% of
the heavy smokers (20 cigarettes a day), developed depressive symptoms [108, 109].

7.1.6
Schizophrenia
7.1.6.1
Prevalence
The “normal” population has 30–40% smokers. The risk of heavy smoking is increased
significantly in cases of schizophrenia [2]. The prevalence of smoking among schizophrenics
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is estimated at 62–81% [12, 105, 110] and the correlation with the paranoid form of
schizophrenia is particularly noticeable [7, 101, 105, 110]. Schizophrenic smokers, frequently young men, are more likely to have the most severe forms, with earlier onset and
more frequent hospitalisation [101].

7.1.6.2
Reasons for Increased Cigarette Consumption
Although the changes to the a7-AChN receptor are clearly psychosis-associated (most
clearly with schizoaffective types, moderately with bipolar types, and least of all with
schizophrenic disorders) and smoking is particularly widespread among schizophrenics,
the craving to smoke cannot be seen as directly related to the receptor change since no such
links exist in healthy smokers and non-smokers [111]. Reversible changes in event-evoked
potentials also raise the question of whether brain function is altered by smoking [112].
The following three observations are made in connection with the smoking behaviour of
schizophrenics: (1) they have greater difficulty in quitting smoking; (2) smoking is often
taken up after the psychosis breaks out; (3) in many cases, however, these people tend to
start smoking earlier in youth than the average age in the normal population, i.e. before any
outbreak of a psychosis, leading to the hypothesis that starting smoking early in adolescents might be a marker for a later schizophrenic outbreak where there is a familial disposition to schizophrenia [108]. As is the case with depression, alcoholism and phobias,
reduced MAO activity in the thrombocytes of schizophrenics was found to be tobaccoinduced and not to be a marker for a disposition to develop the disease [109]. One change
seen in schizophrenics that may be significant in a pathogenic sense, an abnormal expression and function of the gene family for the neuronal a7-AChN receptor, appears to be
compensated for by nicotine use: a deficit in acoustically evoked potentials recognised in
schizophrenics is not seen during nicotine use [113].
Another indication of an altered a7-AChN receptor in schizophrenics is the fact that the
use of nicotine by this group does not stimulate the proliferation of pulmonary neuroendocrine tissue, which is mediated by this receptor, as strongly as in healthy subjects (measured in terms of the secretion of bombesin-like peptides by the neuroendocrine tissue)
[114]. This could also be one of the reasons for the lower incidence of lung cancer among
schizophrenics.

7.1.6.3
Extent of Cigarette Consumption
The severity of the smoking habit correlates with the severity of impairment of cognitive
functions caused by the schizophrenia, so that smoking is in some cases considered selftreatment in that it increases dopaminergic neurotransmission in prefrontal areas [102].
According to other findings, the number of cigarettes smoked does not correlate with the
severity of psychotic symptoms, but rather with non-specific neurotic and anxiety-related
symptoms [105]. The “self-therapy” smoking hypothesis is supported by a New Zealand
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study in women. These women smokers showed a better improvement rate in various
psychiatric categories than the other women patients who did not smoke [80], while
smoking was considered a mood elevator and a supportive element in resolving daily
tasks. Tobacco consumption is seen to correlate with the extent of dyskinesias, commonly
affecting the neck and upper body and possibly triggered by the nicotine-induced dopamine secretion [115]. In more severe, therapy-resistant forms of schizophrenia, which
were treated episode-wise with antipsychotics, smoking appears to be associated with
more pronounced psychopathological symptoms (as shown by scores for “Verbal
Positive”, “Paranoia” and “Loss of Function”) than non-smoking is [104]. However, this
effect is no longer detectable 30 days after discontinuation of treatment with antipsychotics. On the other hand, neuroleptic-induced parkinsonism is seen less frequently in
schizophrenic smokers and can also be rendered milder by high-level tobacco consumption
[7, 13].
Schizophrenic patients have deficits in neuropsychological performance. These patients
also have high rates of smoking and resistance to smoking cessation interventions.
Therefore, Dolan et al. examined whether the presence of neuropsychological deficits prior
to smoking cessation treatment was associated with smoking cessation treatment failure in
schizophrenic as compared to non-psychiatric control smokers. They used neuropsychological assessments which were performed prior to treatment with pharmacological agents
during the course of placebo-controlled trials in schizophrenic and non-psychiatric control
smokers, and included the Wisconsin Card Sorting Test (WCST), a Visuospatial Working
Memory (VSWM) task, the Stroop Color-Word Test (SCWT) and the Continuous
Performance Test (CPT) [116]. They found that in schizophrenics (n = 32), subjects who
had greater deficits in VSWM and WCST performance were significantly less likely to
quit smoking, but this association was not observed in controls (n = 40). Differences
between quitters and non-quitters were not likely related to atypical antipsychotic treatment or differences in depressive symptoms. No associations between baseline performance on CPT or SCWT and quit status were found in either group. The data indicate that
in schizophrenics, neuropsychological deficits are associated with smoking cessation treatment failure [116].

7.1.7
Effects of Smoking in Forms of Dementia
Findings regarding the effects of nicotine on the central nervous system (CNS) are in some
cases contradictory, with smoking (nicotine) acting as both an anxiolytic and a psychostimulant. Nicotine improves the number of words recalled from a 32-item list, a result
which is consistent with the hypothesis that the alkaloid was supplying additional processing resources and that deployment of these is under the strategic control of the subject
[117]. Additionally, nicotine may improve the intensity feature of attention and the cognitive and psychomotor function [118, 119]. These speculations are supported by the proven
fact that Alzheimer’s patients show a loss of AChN receptors as well as, albeit post mortem, reduction of nicotine binding to cortical AChN receptors [120–122]. Loss of cortical
a4-subunit appears to be a characteristic feature of neurodegenerative dementia but not
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Table 7.3   Smoking and influences on dementia: results of four studies
Smoking
habits

Years of
Alzheimer’s disease
observation Cases OR (95%, CI)
[n]
(n)

Different forms of dementia References
Cases
OR (95%, CI)
(n)

Sa vs. NS
S vs. NS
S vs. NS

3
3
2

46
–
400

1.4 (0.8–2.7)
[26]
–
[138]
1.39 (1.03–1.89) [51]

473

0.96 (0.78–1.18) [125]b

Curr S vs. 47
NS

34
76
277
370

1.1 (0.5–2.4)
0.7 (0.3–1.4)
1.74
(1.21–2.50)
0.99
(0.78–1.25)

Not including smokers who smoked <5 cigarettes a day and who quit 1–2 decades ago
Study involving British physicians and based on smoker status during the last 10–15 years of life
Curr current

a

b

dementia of vascular origin [123]. The cholinergic effects of nicotine would lead one to
expect an effect in Alzheimer’s disease. The assumption that smoking has an Alzheimerprotective effect received due attention from the tobacco industry. These results were not
confirmed by other groups [17, 124]. A study published several years ago revealed only
negative effects, so that the question of whether nicotine has an effect on Alzheimer’s
disease remains unanswered [125–127]. Also, in a study in 238 Alzheimer’s disease
patients, no significant association was found between smoker status and cognitive status
[128]. A small number of retrospective studies have reported an inverse relationship
between Alzheimer’s disease and smoking, although artefacts may have influenced these
evaluations [129]. The neuroprotective effects of smoking recorded in animal experiments
are thus not transferable to humans [130].
Smoking (nicotine) is also claimed to have an anti-dementia effect, although no evidence has been found to support this claim [28, 131]. Conversely, smoking increases the
risk of stroke based on microcirculatory and vasoactive reactions [132], so that dementia
from vascular aetiologies may also result from long-term smoking [129, 133]. The prospective EURODEM study involving male British doctors over the age of 65 is based on
this thesis and early results are available [53, 129]. It can be assumed that smoking tends
to lead to premature rather than late-onset dementia, thus exacerbating and complicating a
primary psychotic illness. According to the Doll study [129], there is no significant relationship between smoking and any form of dementia (RR 0.86; 95% CI: 0.55–1.34). The
prospective studies summarised in Table 7.3 clearly show that no protective effects of
smoking against developing dementia have been demonstrated, to date, in humans. Instead,
it must be assumed that smoking leads to the accelerated outbreak of dementia.

7.1.8
Smoking and Parkinson’s Disease
Various epidemiological studies have suggested a negative association between cigarette
smoking and the risk of Parkinson’s disease [134-137]. In one study conducted over a total
30-year period, the rate ratios (95% confidence intervals) for Parkinson’s disease relative
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to never-smokers was 0.4 (0.2–0.7) for current female smokers and 0.3 (0.1–0.8) for current male smokers. For both sexes, the strength of the association decreased with time
since quitting, but increased with the number of cigarettes per day and pack-years of smoking [131]. An inverse association between smoking and the incidence of Parkinson’s disease therefore exists in both men and women [137]. These data were confirmed in a
meta-analysis [136]. According to the EUROPARKINSON Study Group, a family history
and smoking, especially in the elderly (>75 years old), interact synergistically to increase
the risk for the development of Parkinson’s disease (OR = 17.6; CI: 1.9–160.5) [137]. At
the same time, on the basis of the dopaminergic action of nicotine, experimental animal
work tends to support the theory that cigarette smoking confers a protective effect in terms
of Parkinson’s disease. Recent experiments in mice and rats indicate that the l-form of
nicotine exerts a neuroprotective effect in animal models of parkinsonism (induced by
diethyldithiocarbamate or methamphetamine) [138]. Initial studies in humans also confirm
that nicotine administration (slow intravenous infusion followed by transdermal nicotine
patch application) leads to improvements in extrapyramidal functioning and reaction time,
and to decreased tracking errors [139].
Neuroleptic-induced parkinsonism in smokers is associated with higher neuroleptic
doses [140]. Evidently, by increasing the induction of drug-metabolising enzymes in the
liver, the smoker attempts to reduce the unwanted effects of neuroleptics.

7.2
Ocular Diseases
Unlike the ears, eyes are very much more at risk from the effects smoking than was previously assumed. When the increased level of risk associated with smoking is present in conjunction with other risk factors, numerous ocular diseases may occur in intensified form.
Pupil diameter in smokers, immediately after smoking one tobacco cigarette, is slightly
smaller than that of non-smokers after sham-smoking [141].
This is another field in which hardly any publication differentiates the effects of nicotine from those of inhaled smoke. Chronic hypoxaemia over a period of decades clearly
also plays a pivotal role in the context of eye disease. It is therefore unsurprising that the
number of ocular diseases in cigarette smokers has not only undergone a quantitative
increase, but also that more ocular diseases are thought to be associated with smoking
[142]. Aside from diabetic retinopathy and open-angle glaucoma, macular degeneration
(often leading to blindness), Graves’ ophthalmopathy, and lens opacity (cataract development) have recently been linked with smoking.

7.2.1
Diabetic Retinopathy
As with other complications of type I or II diabetes mellitus, a special role in the pathogenesis is played by glycated proteins, including haemoglobin, which are deposited in various
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organs, including the vascular wall, kidneys and retina [143]. Recent research indicates
that smoking influences these glycation processes [143].
An older study in a sample of 181 diabetic patients with diabetic retinopathy already
showed that the progression of the disease in smokers increases as a function of pack-years
of smoking and the duration of diabetes [144, 145], with prevalence among men reportedly
being higher than among women [145, 146]. This association has not been confirmed in
studies involving larger number of patients [147–149]. Instead, it is believed that the formation of glycohaemoglobin as a result of smoking tends to encourage nephropathy rather
than retinopathy [148, 150]. Elsewhere, an association was suspected only in men with a
younger onset of disease [151], or the relations between cigarette smoking and retinopathy
or nephropathy were variable depending on the statistical models used [152]. The recently
published EURODIAB IDDM Complications Study also found an increased risk for the
development of diabetic retinopathy in smokers only where there was an early onset of
IDDM together with a genetic component for hypertension [153].

7.2.2
Cataract and Lens Opacity
The 86rubidium efflux technique (rubidium is a mimic of potassium) has been used in animal experiments to study the influence of tobacco smoke on cultured rat lenses, which are
metabolically active and have functional defence systems. It was found that the smoke
particles are actively transported into the lens and are not absorbed as a result of increased
permeability; histologically, the lenses also exhibited morphological changes such as
hyperplasia, hypertrophy and multi-layering of epithelial cells [154]. In addition, the heavy
metals copper, lead and cadmium inhaled from cigarette smoke accumulate in the lens and
are possibly involved in cataract development [155]. Moreover, the inhaled nitrous gases
and NO, which accumulate in the anterior chamber during ocular inflammation, lead to
changes in a-crystallin indicative of oxidative damage which show up as increased fluorescence (l-kynurenine may be an intermediate causative agent) [156].
A clinical study in 838 watermen investigated the occurrence of nuclear or cortical lens
opacities, and a dose-dependent association was found in smokers between nuclear opacity
and pack-years of smoking [157], a finding that has been confirmed in other studies [149,
158–160]. These lens opacities regressed partially on smoking cessation [157]. A 10-year
prospective study in 17,824 physicians, in whom 557 incident cataracts were confirmed
during 5 years of follow-up, demonstrated that the risk of cataract in heavy smokers (>20
cigarettes/day) was doubled compared with never-smokers (RR = 2.16; CI: 1.46–3.20),
with nuclear sclerotic changes being observed in particular (RR = 2.24; CI: 1.47–3.41)
[161]. Past smokers had an elevated risk of posterior subcapsular cataract (RR = 1.44),
whereas current smokers of <20 cigarettes/day did not have an increased cataract risk
[161]. The association between pipe smoking and nuclear cataract (OR = 3.1; CI: 1.5–8.2)
was stronger than the association with cigarette smoking [162].
Additional moderate alcohol intake (£4 drinks/day) lowered cataract prevalence,
whereas heavy alcohol consumption potentiated the effects of cigarette smoking (OR compared with non-drinkers = 3.9; CI: 0.9–16.6) [162, 163]. The incidence of cataracts in
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diabetic patients was not significantly affected by additional smoking [164]. Cataract operations (lens nucleus extraction) in female smokers were associated with a risk of more
frequent complications [165].

7.2.3
Graves’ Ophthalmopathy
Graves’ ophthalmopathy, a condition commonly encountered in hyperthyroidism, is critically influenced by the release of interleukin-1 (IL-1) [166], and smoking is known to
increase the production of IL-1, and of IFN-g and TNF-a [166, 167].
The increased risk for Graves’ ophthalmopathy associated with cigarette smoking is 2.4
(CI: 1.12–5.18), and Europeans have a substantially greater risk of developing this complication than have Asians [168]. These results are confirmed by a study conducted in Taiwan
[169]. Cigarette smoking also encourages the progression of the disease, and the effectiveness of radiotherapy and of glucocorticoids is reduced [170].

7.2.4
Macular Degeneration
Age-related macular degeneration causes blindness in thousands of patients, particularly in
the USA, and the medical treatment options are limited at best [171].
It is therefore understandable that several studies have attempted to establish an association with cigarette smoking. One meta-analysis assessed data from three studies conducted in 14,752 patients with age-related macular degeneration. Since the population
originated from three continents, there were geographical differences but no gender differences in disease prevalence [172]. This study also clearly showed the harmful effects of
smoking in terms of the development of macular degeneration [172].
The risk for macular degeneration has been shown to be associated with cigarette smoking and raised serum cholesterol levels [173]. Compared with ex-smokers or never-
smokers, the relative odds for age-related macular degeneration in females who were
current smokers has been reported as 2.50 (95% CI: 1.01–6.20); for males it was 3.29
(95% CI: 1.03–10.50). In both cases, the exudative form predominated [174]. Macular
pigment density in smokers was substantially reduced compared with that in non-smokers
(0.16 vs. 0.34; p < 0.0001); an inverse correlation was identified between macular pigment
density and pack-years of smoking [175]. Investigations in 6,174 persons, 55 years and
older, have also shown that, compared with non-smokers, the risk for age-related macular
degeneration is increased 6.6-fold in current smokers (>10 pack-years of smoking) and
3.2-fold in ex-smokers. Arteriosclerotic changes did not alter the association between
smoking and macular degeneration [176]. Among women who currently smoked the relative risk for macular degeneration was 2.4 compared with women who had never smoked
[177], although the association was less strong than in men [178]. It should be emphasised
that the risk for macular degeneration increases dramatically above a consumption of 20
cigarettes/day [179] and that neovascularisation has been detected in addition [180].
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Recently, smoking has also been reported to be associated with hereditary optic neuropathy, a rare disease with higher penetrance in men than in women [181].

7.2.5
Glaucoma
In a comparison of 83 patients with definite glaucoma, 121 suspected cases and 237 healthy
controls, the risk for glaucoma was found to be increased in current smokers (OR compared with non-smokers = 2.9; CI: 1.3–6.6). However, this increased risk was smaller than
that accounted for by untreated hypertension (OR = 5.8; CI: 2.2–15) [182]. Suggestive
associations were also found with family history of glaucoma, definite or borderline diabetes and myopia. The vascular effects of nicotine were studied in a comparison of 11 glaucoma patients and 8 controls: although flow velocities were slightly reduced, no significant
differences were detected [183].
Bonovas et al. performed a detailed meta-analysis of studies published in peer-reviewed
literature on the role of cigarette smoking as a risk factor for primary open-angle glaucoma (POAG). They analysed seven studies and reported summary odds ratios from a
fixed-effects model which were 1.37 (95% CI: 1.00–1.87) for current smokers and 1.03
(95% CI: 0.77–1.38) for past smokers. The authors concluded that current smokers are at
significantly increased risk of developing POAG. Efforts should be directed towards
augmenting the campaign against smoking by adding the increased risk of POAG to the
better-known arguments against smoking [184].

7.2.6
Strabismus
A multicentre case-control study was conducted in 377 children born to mothers who
smoked. Examination of these children revealed that cigarette smoking was associated
with an increased risk for esotropia (OR compared with controls = 1.8; 95% CI: 1.1–2.8)
but not for exotropia. The association of maternal smoking throughout pregnancy and
esotropia was strongest for children who weighed less than 2,500 g (OR = 8.2; CI:
1.1–62.7) or 3,500 g or more at birth (OR = 5.6; CI: 2.1–15.4). The risk was increased
when the mother also smoked after pregnancy in the presence of the child [185].

7.2.7
Ocular Tumours
While it is uncertain whether any causal relationship exists at all, an association has been
reported between cigarette smoking and basal cell carcinoma of the eyelids in women but
not in men (OR = 2.87 vs. 1.30; not statistically significant) [186]. The question as to
whether uveal melanomas are encouraged by smoking remains to be clarified. However, no
differences were reported between non-smokers and smokers in terms of progression within
3 years following irradiation [187].
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7.2.8
Retinal Detachment
The question of an association with smoking was pursued in a study in 198 patients with retinal detachment. It was found that the relative risk for retinal detachment was increased agedependently by the presence of myopia, but was decreased by current smoking (RR = 0.5;
95% CI: 0.3–0.8) [188].

7.3
Ears, Oral Cavity and Larynx
7.3.1
Harmful Effects on the Ears
The literature contains only a small number of publications on the effects of smoking on
hearing, although it can probably be assumed that blood flow in the middle and inner ear is
comparable with that in the CNS and that hypoxaemic states together with microcirculatory
changes (raised fibrinogen, etc.) are causally linked with the harmful effects of smoking
[189]. According to a study in 163 patients with sudden deafness, smokers also had significantly more risk factors for coronary heart disease compared with a healthy control group
[190]. Similarly, in 2,348 patients with noise-induced hearing loss, the relative risks for
smokers were significantly elevated (ever-smoker: OR = 1.27, p = 0.02; current smoker:
OR = 1.39, p = 0.002) compared with never-smokers, and associations were even detected
with the number of pack-years of smoking [191]. In a further experimental series, the hearing
of smokers and non-smokers was compared, following adjustment for other factors: current
smokers were 1.69 times as likely to have hearing loss as non-smokers [192]. Compared with
non-exposed persons, passive smokers who lived with a smoker were also found to be at
increased risk for hearing loss (OR = 1.94; CI: 1.01–3.74) [192]. It has not yet been fully
established whether auditory damage occurs primarily in the high-frequency range [193].

7.3.2
Changes in the Oral Cavity
All tobacco consumption (i.e. including chewing tobacco) and especially cigarette smoking
produces changes in the oral cavity, for example, mucosal changes in the form of gingivitis
[194], [195] and increased tooth loss [194, 196–198]. Periodontal diseases are disproportionately prevalent in smokers [199–202]. In the USA, 80% of all adult cases of periodontal disease can be associated with smoking [203]. Acute ulcerative gingivitis as a consequence of
smoking has been known for more than 50 years [194]: firstly, local lesions are produced on
the mucosal surface by the tar and other smoke products; and secondly, plaque formation with
bacterial colonisation is encouraged [204]. Many of the processes involved have still to be
elucidated. However, it has been demonstrated that smokers have reduced salivary IgA and
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IgG antibody levels, indicative of an immunosuppressive effect [205]. In addition, nicotine has
been reported to inhibit the proliferation of osteoblasts in vitro [206] and to reduce the gingival
circulation [207], although these findings need to be confirmed in further investigations.
Increased plaque formation is a proven finding among smokers [208], and this leads to
increased bacterial colonisation of the oral cavity and gingival region [209] with all the
attendant consequences. Furthermore, melanosis of the tongue (black hairy tongue) and of
the oral mucosa may result from the pigmentation of basal keratinocytes [210]. These
changes are reversible on smoking cessation. As a result of the thermal insult of smoke,
pipe smokers often display stomatitis or smoker’s palate [211], a condition that may
undergo transformation to a precancerous lesion in rare cases.
With a consumption of 20 cigars/day for 13 years, Sigmund Freud may serve as a typical example: he developed leukoplakia with recurring oral cancers, for which he had to
undergo surgery on numerous occasions. Despite having to wear a prosthetic plate in his
upper and lower jaw, he continued to smoke persistently until his death.
Smoking encourages discolouration of the teeth and abrasion (especially in pipe smokers or users of chewing tobacco). In association with tooth loss, these changes ultimately
lead to occlusive disturbances [211]. Such findings are encountered more frequently in the
USA than in Europe, particularly since 10–16 million US Americans use smokeless
tobacco as an alternative to smoking cigarettes [212].
Compared with non-exposed children, children passively exposed to maternal smoking
are found to be at increased risk for the development of caries (OR = 1.54 vs. 1.06; p < 0.05)
[213].

7.3.3
Oral and Laryngeal Cancer
More than 9 out of 10 oral cavity cancers in men and 6 out of 10 in women are caused by
smoking, while alcohol has been identified as the strongest additional risk factor [214].
Compared with non-smokers, the relative risk in smokers is increased by 2- to 18-fold
[215], the increase being dependent on the number of cigarettes smoked daily [216]. The
risk of cancer development declines just a few years after smoking cessation [217], in one
study by 50% after 3–5 years of smoking abstinence [216]. The efficacy of radiation therapy
in such tumours is considerably reduced where patients continue to smoke [218]. Likewise,
8 out of 10 cases of laryngeal cancer are caused by cigarette smoking [219], and the causal
relationship has been confirmed by numerous epidemiological and clinical studies [220].
The risk of laryngeal cancer is also associated with the number of cigarettes smoked [220].
For every incremental increase in pack-years of smoking, there is a small but measurable
increase in the odds that a patient’s laryngeal cancer will already be stage III or IV at initial
diagnosis [221]. The bidi cigarettes commonly smoked in India constitute a particular danger: compared with non-smokers, smokers of >20 bidi cigarettes/day have a 12.68-fold
higher relative risk for laryngeal cancer [222].
It has been suggested that the mechanisms underlying carcinogenesis are mediated by
acetaldehyde formed by alcohol and cigarette smoke, a process that is also encouraged by
microbial oxidation of ethanol by the oral microflora [223]. The implications are especially
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Table 7.4   Frequency distribution, by socio-demographic variables, of patients with cancers of the
oral cavity, pharynx and larynx compared with controls [224]
Variables

Age (years)

Manufactured cigarettes
Patients (%)
Controls (%)

Hand-rolled cigarettes
Patients (%)
Controls (%)

40–49
50–59
60–69
70–79

5 (14.3)
11 (31.4)
15 (42.9)
4 (11.4)

16 (22.2)
15 (20.8)
28 (38.9)
13 (18.1)

8 (4.8)
48 (28.9)
80 (48.2)
30 (18.1)

10 (6.2)
36 (22.2)
65 (40.1)
51 (31.5)

Rural
Urban

33 (94.3)
2 (5.7)

67 (93.1)
5 (6.9)

119 (71.7)
47 (28.3)

97 (59.9)
65 (40.1)

0–4
³5
Total number of patients

16 (45.7)
19 (54.3)
35

41 (56.9)
31 (43.1)
72

129 (77.7)
37 (22.3)
166

124 (76.5)
38 (23.5)
162

Place of residence
Education (years)

serious where smokers hand-roll their own cigarettes – a practice that is still customary in
some parts of the world (see Table 7.4) and is also becoming increasingly common again
for financial reasons in Germany. Contact with the unfiltered smoke and its constituents
damages both the oral mucosa as well as that of the pharynx and larynx [224].
The increased risk for laryngeal cancer associated with excessive alcohol intake has
been demonstrated in heavy drinkers and binge drinkers (207 ml pure alcohol or more
daily): the relative risks in these categories were 9.6 and 28.4, respectively, compared with
2.6 in non-drinking smokers [225].

7.4
Disorders of Lipid and Glucose Metabolism
7.4.1
Lipid and Cholesterol Metabolism
Serum concentrations of triglycerides and total cholesterol are dependent in particular on
dietary habits, but also on genetic factors, body weight and alcohol consumption. Ex-smokers
often revise their diet to include more vegetable protein, and these new dietary habits restore
serum cholesterol and lipids to normal levels [226]. When patients at increased risk of coronary heart disease were given brief behavioural counselling to implement lifestyle changes,
their odds of moving to action/maintenance of behavioural intervention were improved,
compared with control patients: for example, fat reduction (OR = 2.15; CI: 1.30–3.56),
increased physical activity (OR = 1.89; CI: 1.07–3.36) and smoking cessation (OR = 1.77;
CI: 0.76–4.14) [227].
Most epidemiological studies [228] indicate that smokers have raised triglyceride concentrations compared with non-smokers, a finding that has not been confirmed in long-term
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studies [229–232]. Smoking increases circulating levels of atherogenic LDL cholesterol by
accelerating the lipid conversion of HDL cholesterol and delaying the clearance of LDL
cholesterol from the plasma compartment [233].
According to a more recent study in which energy intake and basal metabolic rate were
calculated in 205 women and 141 men, cigarette smokers had a higher energy intake from
fat than non-smokers (29 vs. 26%), a lower intake from carbohydrates (50 vs. 54%) and a
lower intake of vitamin C (11 vs. 16 mg) [234].
An epidemiological study conducted in Westphalia in several thousand men and women
showed that the frequency of subjects with low plasma HDL cholesterol values (<0.907
mmole/l in men, <1.166 mmole/l in women) was about 10% higher in smokers than in exsmokers or non-smokers [235]. A study of cardiovascular risk factors in 166 cigarette
smokers revealed lower serum HDL cholesterol (0.76 vs. 0.81 mmole/l) and higher serum
triglycerides (1.92 vs. 1.71 mmole/l) in comparison with values measured in 312 nonsmokers [236]. Higher triglyceride and total cholesterol levels have also been reported in
other studies of smokers compared with non-smokers and ex-smokers [237–245]. A metaanalysis of data obtained in children and adolescents aged 8–19 years revealed associations between smoking (or non-smoking) status, and blood lipids and cholesterol fractions;
the findings were analogous to those obtained in adults [228]. Plasma thiocyanate levels,
measured as an indicator of the extent of tobacco exposure during a smoking reduction
programme, correlated significantly and inversely with HDL cholesterol and skinfold
thickness, but not with LDL cholesterol or triglycerides [230]. The less an individual
smoked, the greater was the increase in HDL cholesterol.
Smoking during pregnancy has been found to produce significant differences in various
lipid parameters in the newborns of smoker mothers compared with the newborns of nonsmoker mothers:

•
•
•
•

Lower HDL cholesterol (21 vs. 26 mg/dl)
Higher total cholesterol/HDL cholesterol ratio (4.7 vs. 3.7)
Lower apolipoprotein A-1 (105 vs. 129 mg/dl)
Higher apolipoprotein B/ apolipoprotein A-1 ratio (0.44 vs. 0.3)

Similar differences were also detected in the smoker and non-smoker mothers [246]. In
adult smokers, the deleterious consequences for the coronaries are attributable to the
changes in HDL cholesterol and apolipoprotein A-1 levels [226].
Attempts to use antioxidants (vitamin C, a-tocopherol) to reduce LDL oxidisability due
to smoking or to block superoxide anion production by leucocytes have been largely
unsuccessful in various studies [247], as have been the efforts to reduce raised plasma
levels of soluble intercellular adhesion molecule-1 (sICAM-1) or antibodies against oxidised LDL [248].
During smoking cessation therapy with nicotine products in smokers attempting to quit,
triglycerides and HDL cholesterol are increased whereas LDL cholesterol is lowered
[249–251]. Plasma triglyceride levels after smoking cessation have shown varying
responses: unchanged values have been found in some studies [229, 232, 252, 253] whereas
a 17.2% reduction has been reported after 6 weeks of smoking cessation [231]. Total cholesterol rises minimally (2.2%) [254], and HDL cholesterol more markedly (20–30%)
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[231, 254]. The extent of the rise in HDL cholesterol correlated with the type of diet, with
HDL cholesterol being increased more rapidly by a high-fat than a low-fat diet [254].

7.4.2
Diabetes and Smoking
People with diabetes have a tendency to develop complications simply because of their
underlying disease. The extensive body of smoking-related findings published during the
past two decades should make diabetic patients (and the physicians who treat them) ponder
seriously the implications of failing to quit smoking. Specific complications said to be
“supported” by smoking include:

•
•
•

Increasing insulin resistance
Renal microangiopathy with increasing albuminuria
Progression of atherosclerosis in the coronary arteries (coronary heart disease, myocardial infarction, stroke) [255] and the peripheral blood vessels (peripheral arterial occlusive disease) [256]

Research conducted in the Netherlands, USA and Japan suggests that cigarette smoking
should also be regarded as a risk factor in its own right for the development of type 2 diabetes [257–261]; however, a cohort study in Great Britain has not corroborated this theory
[262]. It remains open to speculation whether ethnic or methodological differences (in
characterising a person with diabetes) might be responsible for these discrepant findings.
As demonstrated by the results from a large Japanese patient population (Table 7.5), a
statistically significant association exists between pack-years of cigarette smoking and the
risk for acquiring type 2 diabetes.
The association between diabetic neuropathy and cigarette smoking has not been studied extensively. However, diabetic patients with autonomic neuropathy have been shown to
have more profound vasoconstrictor responses to cigarette smoking than diabetic patients
without neuropathy or healthy controls [263], assuming that the measured reductions in
skin temperature are acceptable correlates of blood flow.
Table 7.5   Data on the relative risk for the development of non-insulin-dependent diabetes mellitus
as function of pack-years of smoking [261]
Pack-years

Total
person-years

Cases of type
2 diabetes

Age-adjusted
relative risk
(95% CI)

Relative risk,
multi-variatea
(95% CI)

0
0.1–20.0
20.1–30.0
30.1–40.0
>40.0
p for trend

13,266
15,132
12,980
5,332
3,854

79
93
120
47
42

1.00
1.12 (0.82–1.69)
1.56 (1.17–1.81)
1.44 (1.00–2.64)
1.69 (1.15–2.49)
0.0007

1.00
1.22 (0.89–1.67)
1.57 (1.16–2.11)
1.55 (1.06–2.26)
1.73 (1.15–2.60)
0.001

a
Covariates: age, body mass index, alcohol consumption, physical activity, family history of diabetes, fasting glucose level, total cholesterol, triglycerides, HDL cholesterol and haematocrit
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Arteriosclerotic changes in the major vessels occur at an early stage in type 1 diabetic
patients who die early from smoking [264]. Levels of circulating adhesion molecules
(cAM) are increased, and these ultimately influence endothelial function and hence promote the risk of cardiovascular disease [265–267]. A study of the levels of circulating
intercellular adhesion molecule (cICAM) in type 1 diabetic patients without clinical macroangiopathy, in comparison with healthy controls, revealed raised plasma cICAM concentrations in type 1 diabetic smokers, with the highest plasma levels (+25%) being
recorded in individuals smoking more than 10 cigarettes/day [268].

7.4.2.1
Insulin Resistance
According to recently published findings, smoking may have a deleterious effect on insulin
activity both in healthy subjects [269, 270] and in non-insulin-dependent diabetic (NIDDM)
patients [271]. In addition, compared with non-smokers, non-diabetic smokers are insulinresistant and exhibit hyperinsulinaemia [272–275]. Furthermore, smokers display typical
signs of an insulin resistance syndrome. The deviations from normal metabolism are
related to smoking habits [272]. The progression of arteriosclerosis is directly and indirectly fostered by compensatory hyperinsulinaemia [276]. In a study of 28 non-obese
NIDDM smokers compared with 12 otherwise similar non-smokers, plasma insulin and
C-peptide responses to oral glucose load after fasting were significantly higher in smokers
than non-smokers, whereas glucose levels were not substantially different (see Fig. 7.1). In
addition, the rate of total insulin-mediated glucose disposal depends on the number of
cigarettes smoked (Fig. 7.2). Fasting glucose levels and HbA1c were also higher in smokers
than in non-smokers [276], as reflected in the propensity of these patients to develop diabetic complications more often [277].

7.4.2.2
Diabetic Nephropathy
The effect of smoking in accelerating the progression of diabetic nephropathy has been
demonstrated in numerous studies [278–284]. As illustrated by the data presented in
Fig. 7.3, the effect on shortening survival is particularly evident in diabetic patients in
end-stage nephropathy where the patient requires haemodialysis [285].
Diabetic nephropathy is characterised primarily by a decline in excretory function
because of vascular damage caused by diabetes. In patients with type 2 diabetes, renal
damage additionally accelerates the progression of arteriosclerosis, as assessed in terms of
carotid artery intima-media thickness (IMT) [286]. Whereas age and impaired creatinine
clearance lead to thickening of the carotid artery wall (p £ 0.001), the duration of diabetes
and smoking status were found to affect the femoral artery (p < 0.0001) [286].
An early sign of nephropathy is the onset of microalbuminuria [287–289], accompanied in addition by increased numbers of free radicals in plasma. In insulin-treated diabetic patients, albumin excretion is already triggered by smoking-related glomerular
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Fig. 7.1   Plasma insulin and
C-peptide concentrations in
fasting NIDDM patients and
effect of oral glucose loading
with 75 g [276]. Open circle
non-smokers; filled circle
smokers
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hyperfiltration [282], a phenomenon that has been shown to correlate with the number of
cigarettes smoked (Fig. 7.4). Nowadays, therefore, alongside the coronary system, the
kidneys should be viewed as the second organ system endangered by the harmful effects
of smoking. Cigarette smoking encourages the progression of nephropathy in both type 1
and type 2 diabetes [290]. In contrast – although a subject of controversy in the past – associations have not necessarily been found between diabetic retinopathy and cigarette smoking (see Sect. 7.2.1). In a 1-year prospective study, nephropathy progression was detected
in 53% of smokers and 33% of ex-smokers, compared with only 11% of non-smokers
[291]. Similar results have been obtained in smokers, based on self-reported smoking
behaviour [279]. An investigation conducted in 574 type 2 diabetic patients, aged 40–60

172

Other Organ Systems

40
F-ANOVA = 6,8; P < 0,001

Insulin-mediated total glucose disposal
[µmol/min x kg FFM]

Fig. 7.2   The rate of total
insulin-mediated glucose
disposal in relation to the
number of cigarettes smoked
per day [276]

7

30

20

10

0

<10 (n=5)

0 (n=12)

10–19 (n=10)

>20 (n=13)

Number of cigarettes smoked per day

100

Survival rate [%]

[%]

Nonsmoker
(n = 30)

50
Smoker
(n = 22)

Fig. 7.3   Five-year survival rate
of diabetic non-smokers and
smokers requiring dialysis
therapy for advanced
nephropathy [293]
Urinary albumin excretion
[µg/min]

Fig. 7.4   Mean nocturnal
urinary albumin excretion in
patients with type 1 diabetes,
classified on the basis of
smoking habit [285]. The
vertical bars show the
standard error

0

6

0

1

2

Years

3

4

(p < 0,003)

5
4
3
2
1
0

Non-smokers
(<100 ng C/ml)
(n=166)

light smokers
(100–500 ng C/ml)
(n=26)

smokers
(>500 ng C/ml)
(n=46)

5

7.5

Gastrointestinal Tract

173

years, identified slightly raised blood pressure, slightly raised total cholesterol and HbA1c
as risk factors for the development of diabetic nephropathy [292].
Smoking among adolescents with type 1 diabetes is associated with an increase in mortality and hospital admissions, including number of treatment days, and these patients feel
“unwell”. Since details on smoking behaviour provided by diabetic patients are known to
be imprecise and unreliable, urinary cotinine measurements have proved useful for monitoring cigarette consumption [293]. According to the results summarised in Fig. 7.3, following assignment to groups on the basis of urinary cotinine excretion the smoking status
of type 1 diabetic patients correlated with the extent of renal albumin excretion [293].
Blood pressure in type 1 diabetics is increased, depending on the number of cigarettes
smoked [281, 294]; however, these findings have been contested [293]. In contrast, passive
smoking by children and adults has been shown to have adverse implications for the progression of diabetes (e.g. based on HbA1c measurements) [295].
Overall, the medical profession should seriously urge men and women with diabetes to
give up smoking, particularly since the progression of the disease has been shown to be
accelerated by smoking, as confirmed by major national studies [259, 296].

7.5
Gastrointestinal Tract
According to one older study in 456 patients, associations were found between gastrointestinal disease and ingestion of aspirin or non-steroidal anti-inflammatory drugs (NSAIDs),
but no correlations were detected with smoking or alcohol [297]. Smoking is known to
modify the blood glucose response to an oral glucose load, possibly by altering gastrointestinal tract motility: this is reflected in higher serum motilin (a hormone secreted by the
stomach) in smokers than in non-smokers [298].

7.5.1
Oesophageal Cancer
After lung cancer, cancers of the oesophagus are the commonest smoking-related tumours
[299, 300]. One possible cause is thought to be the UDP-glucuronyltransferase 1A7
(UGT1A7) system which detoxifies tobacco carcinogens; this is genetically altered in various individuals, and the risk for orolaryngeal cancers is increased in subjects with lowactivity UGT1A7 genotypes who are heavy smokers (OR = 6.1; CI: 1.5–25) or light smokers
(OR = 3.7; CI: 1.1–12) [301]. In addition, tobacco smoke is regarded as the target for the
p53 gene [302]. These tumours are caused by contact carcinogens, particularly since these
are condensed in the pharynx, then cleared by the lungs and transported to the oesophageal
mucosa where they produce neoplasia [303].
The risk of oesophageal cancer increases with duration of smoking and falls following
smoking cessation, as has been confirmed in a US study (OR = 2.1), and the risk is somewhat reduced by filter cigarettes compared with non-filter cigarettes [304]. In a multi-ethnic
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study, current cigarette smoking was a significant risk factor for oesophageal cancers: the
association was strongest for oesophageal adenocarcinomas (OR = 2.80; CI: 1.8–4.3),
intermediate for gastric cardia adenocarcinomas (OR = 2.12; CI: 1.5–3.1), and weaker for
distal gastric adenocarcinomas (OR = 1.50; CI: 1.1–2.1) [305]. In the USA, 80% of cases
of oesophageal cancer observed in the 1990s were related to smoking. Alcohol intake
potentiates the carcinogenic effect of smoking [306, 307]. The odds ratio for adenocarcinoma of the distal oesophagus for current smokers has been reported at 2.3 (CI: 1.4–3.9)
compared with 1.9 for ex-smokers (CI: 1.2–3.0). Drinkers (four or more glasses of whisky/
day) also have an odds ratio of 2.3 (CI: 1.3–4.3), and an additive effect of alcohol and
smoking is likely [308].

7.5.2
Gastrointestinal Ulcers
Peptic ulcers show a particular association with smoking, as demonstrated by a wealth of
publications in the literature from the 1950s to the 1980s. According to one meta-analysis,
24% of all peptic ulcers are attributable to NSAIDs, 48% to Helicobacter pylori and 23%
to cigarette smoking [309]. Women who smoke are twice as likely as non-smokers to
develop peptic ulcers, and it is estimated that approximately 20% of incident peptic ulcer
cases among US women are attributable to cigarette smoking [310]. A larger Polish study
conducted in eight different regions underlines these findings [311], although other authors
consider smoking (unlike Helicobacter pylori infection) not to be an independent factor
for ulcer development [312].
On the basis of endoscopy findings, an association has been reported between cigarette
smoking and Helicobacter pylori infection [313], with the result that increased susceptibility
to Helicobacter pylori may be assumed. Gastritis caused by Helicobacter pylori or by smoking is associated with reduced concentrations of the intragastric epidermal growth factor
(EGF), a substance found in the mucosa and produced in increased quantities when ulcers
develop; however, this growth factor did not play a role in the pathogenesis of duodenal ulcer
[314]. Experimental animal work indicates that smoking reduces EGF-induced angiogenesis
and delays ulcer healing [315]. In addition, smoking depresses gastric mucosal blood flow as
well as the production of NO by inhibiting NO synthase [316].
One study from Spain in Helicobacter pylori-positive patients did not reveal any association between Helicobacter pylori infection and alcohol consumption or smoking [317].
Smoking was also not an additional risk factor for dyspepsia [318]. Where smokers had
successfully undergone therapy to eradicate Helicobacter pylori, cigarette smoking did not
increase the recurrence of peptic ulcers [319].
Duodenal ulcers are also provoked by smoking, and smokers have been reported to
have more relapses and bleeding episodes than ex-smokers or non-smokers (63.3 vs. 31.2
vs. 34.5% for relapses). Ulcer bleeding occurred in smokers, but not in response to nicotine
intake [320]. It has been established that smoking encourages the development of duodenal ulcers by inhibiting duodenal mucosal bicarbonate secretion, an important defence
mechanism against acid and peptic damage [321]. Moreover, serum pepsinogen I levels
are elevated in smokers because of augmented pepsin secretory capacity [322].
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Experimental animal work has shown that simultaneous cigarette smoking markedly
impairs the absorption of cimetidine, thus attenuating its efficacy [323]. The smoking status of patients was found to be unimportant for treatment with omeprazole [324]. This
finding has been confirmed in clinical trials in patients with duodenal ulcers [325, 326].

7.5.3
Cancers of the Gastrointestinal Tract
According to a Polish study in 741 gastric cancer patients, smokers of non-filter cigarettes
had an increased risk for gastric cardia cancers (OR = 3.72; CI: 1.35–10.23), compared
with controls [327]. Other authors have also reported that smokers are at increased risk,
particularly for tumours in the lower oesophagus/gastric cardia [308, 328–331], and the
number of cigarettes smoked daily is also important for the increased level of risk [330].
Compared with non-smokers, current smokers of 80 or more pack-years were at substantially higher risk for squamous cell cancer (OR = 16.9; CI: 4.1–69.1) [332], and the risk
was consistent with body mass index (BMI): the more pack-years of smoking and the
higher the BMI, the greater the risk. However, smoking is also regarded as a risk factor for
adenocarcinomas in the distal gastric region and for diffuse gastric cancers [331]. Among
patients with adenocarcinomas and malignant carcinoids of the small intestine who had
already experienced ulcer disease (n = 36), compared with 52-healthy controls, the odds
ratio for cigarette smoking was 4.6 (CI: 1.0–20.7) [333], with the result that a causal relationship may be assumed. In most of the studies the risk was further increased by simultaneous alcohol (spirits) intake [328]. In one study from Russia, for example, heavy vodka
consumption had a potentiating effect for the development of cancer of the cardia in men
(OR = 3.4; CI: 1.2–10.2) and for cancer of sites other than the gastric cardia in women
(OR = 1.5; CI: 1.0–2.3) [334]. While carcinomas of lower sections of the small intestine
have been linked with smoking, no studies have been conducted to support this [335].

7.5.4
Pancreatic Cancer
According to several prospective studies, smoking doubles the risk for the development of
pancreatic cancer in both men and women [336]. K-ras mutations, associated with alcohol
consumption, organochlorines and smoking, have been implicated in pancreatic carcinogenesis [337].
The risk is increased fivefold in people smoking >40 cigarettes daily. In terms of tumour
development, smokers do not attain the risk level of non-smokers until 10–15 years after
smoking cessation [336]. As also with urinary tract cancer, cadmium has recently been
suggested as a factor involved in the development of pancreatic cancer: during smoking,
this non-essential metal is absorbed in trace amounts and is known to accumulate particularly in the pancreas [338]. An Italian study has now shown that compared with nonsmokers, cigarette smokers are 17.3 times more likely to be found in the group with chronic
pancreatitis and 5.3 times more likely to be found in those with pancreatic cancer [339].
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Similar results have been obtained in further studies [340–344]. Smoking cessation could
eliminate 25% of deaths from pancreatic cancer in the United States [343]. Current cigar
smoking, especially when the smoke is inhaled, is also associated with an increased risk
for pancreatic cancer (RR = 2.7; CI: 1.5–4.8) [345].

7.6
Urinary Tract Diseases
Along with the lungs and heart, kidneys are among the most important target organs for the
harmful effects of smoking. In terms of preserving renal function in an older population,
smoking is counterproductive because pre-existing hypertension and vascular disease, in
tandem with smoking, will damage small and large renal vessels, even in patients without
diabetes [346]. As long ago as 1907, the German physician Hesse advised his patients with
nephrosclerosis to give up smoking [347].
Sections of myocardium and kidney from autopsied subjects display parallel smokingrelated changes in terms of increased intima thickness of small vessels; while the degree of
increase did not correlate with pack-years, it did show a positive correlation with age in the
kidney [348]. Within-subject variability has so far limited the usefulness of biomarker
determinations – e.g. microalbumin, N-acetyl-b-d-glucosaminidase (NAG) and alanine
aminopeptidase (AAP) – for the diagnosis of renal function [349]. Whereas acute smoking
has been reported to have no influence on renal albumin excretion [350], microalbuminuria is already increased in the presence of diabetic changes (see Sect. 7.4.2.2).
Smoking-induced elevations in blood pressure and heart rate result from increased secretion of arginine vasopressin and adrenaline, whereas glomerular filtration rate (GFR) falls with
a simultaneous increase in renal vascular resistance (Fig. 7.5) [351]. Overall, non-smokers
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Fig. 7.5   Mean percentage
changes in mean arterial
pressure (MAP), heart rate
(HR), glomerular filtration
rate (GFR), effective renal
plasma flow (ERPF) and
renal vascular resistance
(RVR) in 9 smokers and
10 non-smokers following
administration of 4-mg
nicotine chewing gum for
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respond more intensively than smokers to the administration of nicotine, suggesting that years
of smoking produce a diminished response or tachyphylaxis [351, 352].
Stress-related urinary incontinence develops primarily in smokers despite their higher
urethral sphincter tone; it is concluded that the simultaneous and persistent presence of violent coughing in smokers overcomes the advantage of a stronger urethral sphincter [353].
The development of renal and lower urinary tract tumours is associated with genetic
defects in detoxifying enzymes (e.g. the cytochrome P450 system, and the aromatic amine
acetyltransferases NAT-1 and NAT-2) [354] and with the accumulation of heavy metals,
such as cadmium. In men particularly, but also in women, the incidence of cancers of the
kidneys, bladder and genitalia increases as a function of pack-years of smoking, as shown
by one study from Finland [355] and a 26-year follow-up study from Sweden [356].

7.6.1
Toxic Substances and Inducers
Cadmium: Differences in total body cadmium burden were identified years ago between
non-smokers (19.3 mg) and smokers (35.5 mg; average 38.7 pack-year smoking history)
at age 50, and cadmium is also known to be nephrotoxic [357]. The renal cadmium burden
increases with age [358], only to decline again after the age of 60. Cigarette smoking
results in the absorption of 1.9 µg of cadmium per pack of. The elimination half-life of
cadmium is 15.7 years [359]. In renal cancer patients from Finland, the mean concentrations of cadmium were 9.43 mg/kg renal tissue for women and 14.70 mg/kg renal tissue
for men. These levels are not regarded as very high [360], but they are also associated with
reduced environmental exposure to heavy metals in Scandinavian countries over the last
20 or 30 years [361, 362], whereas higher levels have been measured in Japan [363].
In explant cultures of human bladder, benzo[a]pyrene undergoes transformation to
reactive metabolites which form adducts with DNA [364]: these adducts are encountered
2–20 times more commonly in the bladder (biopsy specimens) of smokers than of nonsmokers [365, 366]. The relevance of this finding to human bladder cancer is unknown.
Aryl hydrocarbon hydroxylase (AHH) activity was measured in kidney cortex biopsy
specimens: AHH activity was found to be slightly higher in cancer tissue compared with
healthy tissue [367].
Nitrosamines: Tobacco contains procarcinogenic nitrosamines: in the urine of animals
as well as in that of infants (see Chap. 8), nitrosamines undergo transformation to
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and its butanol analogue (NNAL;
cf. Box 3.1 in Chap. 3). NNK and NNAL are also formed in increased quantities by various bacterial strains responsible for bladder infections, leading to an increased carcinogen
burden [368]. There is evidence to indicate that smoking produces alterations in chromosome 9 and in p53 and c-met which encourage bladder cancer [369–372]. According to a
further study in 89 renal tumours, the frequency and pattern of p53 mutations were similar
in transitional cell carcinomas of the bladder and the renal pelvis, and no influence of
smoking or of phenacetin abuse could be identified [373].
4-Aminobiphenyl adducts: At low nicotine-cotinine levels, N-acetyltransferase polymorphism leads to high 4-aminobiphenyl adduct levels in slow acetylators [374]. These
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findings indicate that carcinogen clearance is decreased in slow acetylators, with the result
that these individuals are at greater risk for tumour development [375]. Also, as a result of
genetic polymorphism, aromatic amine acetyltransferase (NAT-1) activity in the urinary
bladder mucosa causes increased bioactivation of N-hydroxy arylamines into reactive
N-acetoxy esters that form DNA adducts [376]. Tobacco smoke is reported to induce the
CYP2E1 enzyme in renal tissue, leading to DNA strand breaks [377].
Infections with the human papilloma virus (HPV) are reported to encourage the development of cancer of the cervix in female smokers because HPV promotes the breakdown
of tobacco constituents such as benzo[a]pyrene, giving rise to highly reactive products
(e.g. [3H]B[a]P-9,10-diol or [3H]trans-anti-B[a]P-tetraol) which form increased levels of
DNA adducts, a prerequisite for malignant cell growth [378].
In addition, smoking causes a fourfold increase in micronucleated cells in urothelial
tissue; no difference was observed between micronucleated cell rates of smokers and ex-
smokers, suggesting that smoking may generate clones of these cells [379]. Little is known
concerning the causation of urothelial cancer. In one study conducted in West Berlin between
1990 and 1995, it was shown that the risk for such cancer is increased more by current smoking (OR = 3.46; CI: 2.50–4.78) than by previous but now abandoned smoking (OR = 1.51;
CI: 1.09–2.81) [380].
Tissue factor (TF) encrypted in the plasma membrane of renal cells is a physiological
initiator of blood coagulation and is thought to be important in a variety of solid malignancies, particularly where angiogenesis is a critical factor. TF is also excreted in the urine, but
excreted levels are not affected either by age or by smoking [381].
Smokers who consume more than 10 g tobacco daily excrete more b-hexosaminidase
(a marker of renal injury) than non-smokers [382].

7.6.2
Kidney Cancer
According to an analysis of the incidence of kidney cancer in Central Europe, the highest
observed rate was recorded in the former Czechoslovakia with 8.37 cases/100,000 population (1990–1994): this figure is expected to rise to 10.38 cases/100,000 for the period 2000–
2004. Alcohol and cigarette consumption are cited as the most important determining factors
[383]. In a study of 133 histologically confirmed cases of kidney cancer, multivariate analysis revealed that smoking habits accounted for 26% of cases, while genetic factors accounted
for only 3% [384].
Concurrent presence of b-carotene deficiency was associated with an additional
increase in the risk of kidney cancer. Adolescents who start to smoke before the age of 18
double their risk of developing cancer of the renal pelvis, whereas renal cell cancer was
observed only after 25 years of smoking [385]. According to one recent study, cigarette
smoking was found to increase the risk of kidney cancer among males (OR = 1.8; CI:
1.3–2.7) more than among females (OR = 1.2; CI: 0.8–1.8) [386]. A case of papillary
kidney cancer has been reported in a young man who had smoked marijuana heavily for
years [387].
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7.6.3
Bladder Cancer
The causes of bladder cancer are to be sought in genetic changes in various key enzymes (see
Sects. 7.6.1 and 7.6.4) and in the renal excretion of the combustion products of smoking.
Chromosome 9 alterations have been described in smoking-related bladder cancer [388].
Half of all kidney and bladder cancers in men are related to smoking. According to an Italian
study, 46% of bladder cancers are attributable to smoking [389]. In male smokers, the risk of
bladder cancer is 3–7 times higher than in non-smokers [390–392]. Among women 37% of
bladder cancers and 12% of kidney cancers are smoking-related [393, 394], and odds ratios
of 2.4 (CI: 1.5–4.0) and 2.8 (CI: 1.2–6.3) have been reported [391]. Frequent coffee consumption has been cited as an additional risk factor for bladder cancer. Twenty years ago, a case–
control study detected an increased smoking-related risk for bladder cancer in men (RR = 4.8;
CI: 2.4–9.3) and women (1.7; CI: 1.0–2.7), with the extent of smoking influencing the risk of
cancer [395, 396]. In particular, heavy cigarette smokers (³2 pack-years) who inhaled deeply
increased their risk sevenfold whereas cigar smoking had no effect on the development of
bladder cancer [397]. Transitional cell carcinomas also occurred primarily in smokers, with
military personnel being at greater risk than other population groups [398]. The results of
treatment for bladder cancer also depend on smoking cessation [399]. Differences in terms of
increased risk have been shown between smokers of cigarettes (OR = 3.5; CI: 2.9–4.2), pipes
(OR = 1.9; CI: 1.2–3.1) and cigars (OR = 2.3; CI: 1.6–3.5), but the duration of cigar or cigarette smoking had no effect on the incidence of carcinoma [400]. Non-transitional-cell
carcinoma(s) are reported principally in smokers (OR = 3.61; CI: 2.08–6.28), with extremely
heavy smokers being at even greater risk (OR = 7.01; CI: 3.60–13.66) [401].

7.6.4
Cancer of the Cervix
A high proportion of cervical cancers and of cases of cervical intraepithelial neoplasia
(stage III) may be regarded as smoking-related [402–408], as shown by the studies from
countries all over the world. Genetic polymorphism at detoxifying enzyme loci such as
CYP2D6 and glutathione S-transferase (GSTM1) may determine susceptibility to these
cancers [408, 409]. Smoking is an independent risk factor [410] which also correlates with
pack-years of smoking, causing the risk to increase by as much as 12-fold [411]. In one
case–control study conducted in a relatively large population in Utah/USA, the risk of cervical cancer was increased depending on pack-years of smoking (ever-smokers vs. smokers >5 pack-years: OR = 2.21; CI: 1.44–3.39 vs. 3.42; CI: 2.10–5.57) [412]. One-third of all
1,993 newly diagnosed cases of cervical cancer were attributable to smoking [412, 413],
and in these tumours too the breakdown products of smoke excreted via the cervical epithelium act as inducers of carcinogenesis [413, 414]. Nicotine and cotinine have been detected
in the cervical mucus (their levels correlate with the number of cigarettes smoked) [415],
and passive smokers are also affected. In particular, one carcinogenic tobacco-specific nitrosamine, NNK (see Sect. 7.6.1), has been detected in the cervical mucus of current smokers in concentrations that were three times higher than those in non-smokers [416]. NNK
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Table 7.6   Relative risks (RR) with 95% confidence intervals (CI) for cancer incidence in the period
1964–1989: ex-smokers and current smokers were compared with non-smokers (at the start of the
study). The data were adjusted for age and place of residence [356]
Site of neoplasm (ICD–7)

Number (n)

Ex-smokers RR
(95% CI)

Current smokers RR
(95% CI)

Total (140-209)
Oral cavity (140-4)
Pharynx (145–8)
Oesophagus (150)
Upper respiratory tract
(140-8, 150, 161)
Stomach (151)
Colon-rectum (153-4)
Liver (155.0)
Gallbladder (155.1-155.9)
Pancreas (157)
Lung (162.0, 162.1, 163)
Breast (170)
Cervix uteri (171)
Endometrium (172)
Ovaries (175)
Kidneys (180.0)
Bladder (181.0)
Other urinary organs (180.1,
181.1-9)
Malignant melanoma (190)
Skin (191)
Brain (193)
Thyroid (194)
Non-Hodgkin’s lymphoma
(200)
Hodgkin’s lymphoma (201)
Myelomas (203)
Leukaemias (204-9)
All other organs

4,023
46
17
25
94

1.14 (0.95–1.35)
–
–
3.60 (0.81–15.96)
0.93 (0.23–3.83)

1.20 (1.09–1.31)
1.60 (0.74–3.45)
2.87 (0.85–9.69)
1.68 (0.53–5.25)
2.14 (1.27–3.61)

226
559
41
110
144
153
996
138
248
216
94
102
23

0.18 (0.02–1.26)
1.16 (0.72–1.86)
–
0.32 (0.04–2.33)
2.47 (1.14–5.34)
1.08 (0.34–3.44)
1.21 (0.88–1.67)
1.01 (0.37–2.78)
1.02 (0.52–2.01)
1.14 (0.56–2.34)
1.86 (0.75–4.65)
2.51 (1.08–5.86)
–

1.25 (0.84–1.86)
0.88 (0.67–1.16)
0.70 (0.24–2.05)
0.66 (0.33–1.34)
1.77 (1.09–2.87)
4.82 (3.38–6.88)
0.95 (0.79–1.14)
2.54 (1.74–3.70)
0.81 (0.55–1.18)
0.93 (0.62–1.39)
1.09 (0.59–2.01)
2.34 (1.43–3.83)
5.17 (2.03–13.2)

101
124
122
50
94

0.89 (0.28–2.85)
1.27 (0.46–3.47)
1.53 (0.66–3.52)
0.55 (0.07–4.00)
0.66 (0.16–2.69)

1.15 (0.68–1.95)
1.14 (0.64–2.00)
1.04 (0.63–1.73)
0.98 (0.45–2.17)
0.87 (0.43–1.64)

18
71
110
432

–
2.38 (0.85–6.63)
1.03 (0.32–3.29)
0.87 (0.47–1.59)

1.92 (0.56–6.51)
1.24 (0.60–2.57)
1.24 (0.71–2.18)
1.06 (0.80–1.41)

has also been detected in non-smokers, probably because of environmental exposure [416].
Smoking cessation should reduce lesion size in cervical cancer [417]. The increased risk for
cervical cancer is evident from the data presented in Table 7.6 summarising cancer incidence statistics from a follow-up study conducted over 26 years [356].

7.6.5
Prostatic Hyperplasia and Prostatic Cancer
Lower urinary tract symptoms have been reported to occur equally in various age categories in smokers and non-smokers. In men aged 40–49 years, the symptom score correlated
with pack-years, with urinary tract infections being noted more commonly [418]. Alcohol
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consumption correlates more clearly than current cigarette smoking with the development
of benign prostatic hyperplasia (BPH); however, at 35 or more cigarettes/day the risk for
BPH was found to be increased (OR = 1.45; CI: 1.07–1.97). Moderate alcohol consumption and avoidance of smoking may benefit BPH [419].
Prostatic cancers are not among the neoplasias primarily caused by smoking. However,
a few follow-up studies [420–422] indicate that smoking may increase the risk slightly by
18%. In heavy smokers (40 or more cigarettes/day), the relative risk rises to 51 or 80%
[422]. One study performed in more than 340,000 men revealed risk increases of 21% (£25
cigarettes/day) and of 45% (³26 cigarettes/day), indicating that cigarette smoking should
also be viewed as a risk factor for prostatic cancer [423]. A Canadian study has confirmed
an increased risk for prostatic cancer among smokers (OR = 2.31; CI: 1.09–4.89), with a
high BMI increasing the risk still further [424].
A raised leptin level may be important for prostatic growth and angiogenesis, especially
since prostatic tissue contains leptin receptors [425]. An association between smoking
habits and the development of prostatic cancer was not confirmed in 22,071 men participating in the Physicians’ Health Study: the relative risks for prostate cancer were 1.14 (CI:
1.00–1.30) for past smokers and 1.10 (CI: 0.84–1.44) for current smokers (20 or more
cigarettes/day) [426].

7.6.6
Fertility Disorders
The literature contains growing evidence to indicate that smoking is harmful to both male
and female fertility because the carcinogens and mutagens present in cigarette smoke reach
the germline cells [427]. In men, smoking diminishes semen quality, including sperm concentration, motility and morphology. The associations between male smoking and semen
quality can be demonstrated more clearly in “healthy” men than in men from infertility-clinic
populations [428]. The changes in semen quality were already evident in men above the age
of 22 years [428]. However, these results have not been confirmed in a clinical trial in married couples [429]. In a study conducted in young soldiers from the Czech Republic, smoking
was found to produce changes in sperm, including X and Y chromosome aggregation,
reduced-linearity of sperm motion, and more “round-headed” sperm (see Fig. 7.6) [430].
In women, cigarette smoking has been associated with an increase in the average time
to conception – 5.1 months for current smokers compared with 4.3 months for women who
never smoked [431]. Since cotinine enters the follicular fluid, the likelihood that the nicotine metabolite has a tubal effect in normal ovulatory cycles is considered minimal and has
been rejected [432, 433].
Ovarian function and fertility were assessed in a cohort of 499 women, and
gonadotrophin-stimulated ovarian function was found to be reduced in smokers compared
with non-smokers [434]. A history of increasing tobacco exposure was associated with
decreasing serum oestradiol levels, number of retrieved oocytes and number of embryos,
with the result that smoking adversely affected the implantation rate and ongoing pregnancy rate [434]. The increased miscarriage rate in smokers is also evidently attributable
to cadmium and polyaromatic hydrocarbons, which influence trophoblast differentiation
[435]. It is currently under discussion whether nicotine also has such effects (see Chap. 8).
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Fig. 7.6   Sperm analysis of
smokers (S; n = 10) and
non-smokers (NS; n = 15)
[430]. AI abstinence interval in
days, (p < 0.02); SV semen
volume (ml); SZ semen cells
(107/ml); TSZ total sperm count
per sample (107/ml; p < 0.001);
MS motile sperm (%); TMS
total motile sperm (106/ml;
p < 0.02). The p-values
indicate significance for the
comparison S vs. NS
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Investigations in 11,888 women have failed to establish unequivocally whether simultaneous smoking and coffee intake influence fecundity [436]. Another study of this question
concluded that moderate smoking, coffee drinking and alcohol consumption do not have a
deleterious effect on fecundity [437], but only 259 women were included in this study.

7.7
Disorders of Mineral Metabolism and Bone
For several years, an association has been suspected between smoking and disorders of
mineral metabolism, and studies have recently been published which demonstrate a significant effect of decades of smoking on calcium metabolism and hence on bone density. In
this context, the key hormones are 25-hydroxyvitamin D (25-OH-D) and parathyroid hormone (PTH) [438–443]. Adrenocortical, anterior pituitary and thyroid hormones are also
adversely affected [444–446].
Clinical studies in recent years have focussed on the harmful effects of smoking in
women. Investigations in rats indicate that nicotine has no adverse consequences in terms of
bone mineral density or fracture tendency [447]. When rats were treated with extremely
high-dose nicotine infusions (2.5-fold higher concentrations than the average in smokers),
no changes were produced in serum concentrations of calcium, 25-OH-D and 1,25-dihydroxyvitamin D (1,25-(OH)2-D); however, serum phosphorus and PTH concentrations were
increased [448]. It is further conceivable that various tobacco smoke constituents, such
as cadmium, hydroquinone, thiocyanate and nitrosamines, exert an influence on calcium
metabolism [449–451].

7.7.1
Vitamin D and Oestrogen Metabolism
Smoking causes reductions in 25-OH-D, osteocalcin [452] and PTH which cannot be
explained in terms of other lifestyle factors [453]. The decline in PTH levels is evidently
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not influenced by differing serum levels of calcium or phosphorus (for review, see [454]).
Smokers and non-smokers may behave very differently in terms of coffee, alcohol and
vitamin D intake and physical activity [455], and reduced calcium intake may also lead to
an increase in 1,25-(OH)2-D via a reduction in oestrogen levels [453, 456]. Oestrogen
metabolism is increased by the induction of 2-hydroxylation of oestradiol in the liver
(increased production of 2-OH-oestrogens) [457], and smoking has a more pronounced
effect on the activity of orally than parenterally administered oestrogens [458]. Oestrogens
are metabolised more rapidly in the liver of smokers, and this in turn may lead to reduced
PTH levels. Similarly, the raised cadmium burden in the kidneys may contribute to the
reduction in 1,25-(OH)2-D [459, 460]. Owing to this reduction in 1,25-(OH)2-D, less calcium would be absorbed [461, 462] and taken up into bone. Reduced osteocalcin levels in
smokers diminish osteoblast activity, as has also been demonstrated in in vitro experiments
[463]. Calculated in terms of decades, bone density naturally declines significantly, even
without smoking, and 25-OH-D levels correlate with bone density [464, 465]. According to
a study from Denmark, 25-OH-D and 1,25-(OH)2-D levels in smokers are reduced by 10%
and PTH levels by about 20% [453]. These reduced levels were detected in 50% of smokers
[453], as also confirmed in another recently published study [452]. Continued smoking
does not alter bone alkaline phosphatase and urinary hydroxyproline excretion [452].

7.7.2
Osteoporosis
Osteoporosis is assessed in terms of bone mineral density, and the common occurrence of
femoral neck fractures is important in this context [466]. The influence of smoking has
been a topic of controversial discussion in the past [467], and research has focussed particularly on postmenopausal women. An association between bone mineral density and
smoking was already demonstrated in the 1980s [467–470]. In summary, a moderate effect
of cigarette smoking was identified on the reduction in bone mineral density of pre- and
post-menopausal women. The number of cigarettes smoked daily correlated approximately
with bone mineral density [471]. This correlation was independent of body weight. A relatively large study (in 544 men and 822 women) detected decreases in hip bone mineral
density in smokers compared with non-smokers [472], reflecting the positive association
between smoking and decreased bone mineral density in old age.
The anti-osteoporotic effect of hormone replacement therapy (HRT) with oestrogens
is attenuated by smoking whereas the anti-osteoporotic effect of raloxifene remains
unchanged [473]. Female smokers with a low BMI have an increased risk for bone loss,
even during HRT [474]. The ageing-related rise in IL-6 levels is important for the pathogenesis, and IL-6 is further increased by smoking [475].
Men and women aged 61–73 years, born and residing in a rural area of England and at
risk for cardiovascular disease and osteoporosis, were compared with a control group in
terms of smoking habits [476]. The data revealed reduced bone mineral density in men and
women who smoked (see Fig. 7.7), with greater decreases detected in the spine than in the
femoral neck. The subjects’ build, drinking habits and physical activity were not associated with the reduction in bone mineral density (Fig. 7.8) [476].

Decrease in Bone Mineral
Density [per cent per year]
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Fig. 7.7   Adjusted mean change in bone mineral density in the femoral neck, whole body and spine
in smokers (n = 31; hatched bars) and non-smokers (n = 354; white bars). Bone mineral density
was corrected for body weight, age, sex, nutritional status (calcium + vitamin D or placebo) and
for calcium intake. Statistically significant differences between smokers and non-smokers were
detected for the femoral neck (p < 0.02) and whole body (p < 0.05) [461]
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Fig. 7.8   Cigarette smoking
and bone mineral density in
men and women. Mean
values and 95% confidence
interval, halved. NS
non-smokers; ExS
ex-smokers; S smokers [476]
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A low BMI consistent with extreme thinness is a risk factor for reduced bone mineral
density: thin women have a very much lower bone mineral density than women who are
more corpulent [477], and this adverse situation is further compounded by cigarette smoking [469, 478, 479]. A recently published study has confirmed the potentiating effect of
thinness and smoking together [480], but these factors can be counteracted by HRT.
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7.7.3
Hip Fractures
Smoking has been reported to increase the likelihood of osteoporotic hip fractures
[467, 481]; while some investigators have affirmed this association [482–488], others
have argued against it [489, 490]. A dose-dependent effect (number of cigarettes
smoked) has so far proved difficult to verify. In particular, the increasing cigarette consumption among younger women is problematic [491].
In a cohort study conducted in 116,229 female nurses aged 34–59 years at baseline,
information on smoking habits, postmenopausal oestrogen consumption and diseases was
collected on biennial questionnaires over a total period of 12 years [478]. Current smokers
and ex-smokers accounted respectively for 31 and 26% of the survey sample. A total of 377
incident hip fractures were recorded in women with a mean age of 60 years. The relative
risks for hip fracture were 1.3 (CI: 1.0–1.7) for all current smokers and 1.6 (CI: 1.1–2.3) for
current smokers of 25 or more cigarettes/day. After adjustment for menopausal status, the
relative risks in the two groups fell to 1.2 and 1.4, respectively. The risk in ex-smokers was
not higher than that in non-smokers, but the benefit was not observed until 10 years after
cessation. Both the increased risk among current smokers and the decline in risk after smoking cessation are in part accounted for by the differences in body weight [478].
According to a study from Denmark in 13,393 women and 17,379 men, the risk of hip
fracture in smokers compared with non-smokers is increased 1.36-fold (CI: 1.12–1.65) in
women and 1.59-fold (CI: 1.04–2.43) in men. There appears to be no gender difference is
smoking-related risk. After 5 years of smoking cessation, the fracture risk was already found
to be clearly reduced in men but not in women [492, 493]. Similar results have been reported
in a study from Lebanon indicating that postmenopausal women who smoke are particularly
at risk [494]. Differences in risk factor patterns have been reported between cervical and
trochanteric hip fractures: compared with never-smokers, current smokers have a higher risk
for trochanteric fractures (OR = 1.48; CI: 1.12–1.95) than for cervical fractures (OR = 1.22;
CI: 0.98–1.52). In women, HRT reduced the risk for trochanteric fractures (OR = 0.55; CI:
0.33–0.92) more than for cervical fractures (OR = 1.00; CI: 0.71–1.39) [495].
Associations between low body weight and smoking have been repeatedly reported
[471, 483, 496], and this was also the case in the Danish study cited above [478]. Since
women, in particular, are taking up smoking at an ever younger age, the problem of osteoporotic fractures demands increasingly serious attention [497].

7.8
Skin and Mucosa
The skin changes produced by smoking are many and varied, ranging from inflammatory,
allergic reactions through to the development of malignant anomalies. Of particular importance in this context are the carcinogenic and mitogenic properties of tobacco smoke and
its capacity for radical formation.
Nicotine displays a variety of reactions with mucocutaneous tissue, in particular because
different nAChR subtypes (see Sect. 4.1 in Chap. 4) located there are formed by keratinocytes
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[498–500], fibroblasts, endothelial cells [501], melanocytes [502] and lymphocytes [503].
Filaggrin, a humectant which improves skin texture, is formed in this way in keratinocytes by
Ca2+-mediated secretion [504]. Nicotine disturbs the equilibrium between cell proliferation,
growth arrest and apoptosis, but this need not be connected with tumour growth-promoting
activity (cf. the findings reported by Heeschen [505]).
A suggested role for nicotine in the pathogenesis of palmoplantar pustulosis (PPP) was
investigated but the observed alteration in the nAChR subtypes (a7- and a3-subtype) was
not clearly demonstrated because ex-smokers were used in the ex vivo experiments [506]
and differentiation between the causes (nicotine or tobacco smoke) was impossible. The
enhanced occurrence of PPP in smokers seems to be conclusive [507].
The constituents of tobacco and the toxic substances formed during the process of combustion (see Sect. 3.1 in Chap. 3) are capable primarily of forming haemoglobin adducts.
Polynuclear aromatic hydrocarbons pose a particular danger to the skin and mucosa, in
addition to the lungs. The most noticeable findings in smokers are:

•
•
•
•
•

Yellow staining of the fingers
Wrinkling, especially on the facial skin of women
Precancerous lesions and squamous cell carcinomas of the lips and buccal mucosa
Delayed wound healing [508]
Frequent and premature necrosis of skin grafts [509–511]

7.8.1
Skin Changes
As long ago as the 1850s, during the assessments for insurance purposes, it was remarked
that smokers’ skin was pale yellow and wrinkled [512]. Around the same time, in contrast
with non-smokers, similar symptoms were noted in smokers among British army officers
who had served in colonial India [513]. Skin ageing is encouraged by smoking and exposure to sunlight [514]. The skin of cigarette smokers has been characterised as pale and
thickened, with a greyish hue but without any change in pigmentation. In some cases,
evidence of wrinkling of the entire skin surface is visible in the cheeks. This skin type is
encountered in 79% of female smokers and only 19% of female non-smokers [514]. In this
context, cigarette smoking is a factor that operates independently of other noxious agents
[515, 516]. Heavy smokers (>50 pack-years) are affected more than less-intensive smokers. The increased risk for facial wrinkling has been reported as dose-dependent (packyears), but BMI, alcohol consumption and sun exposure (total >50,000 h) are also
important, as well as age and gender [515].
The development of these changes can be attributed to the effects of combustion products
of tobacco on the epidermis and dermis via the blood supply. In the facial region, the reduced
moisture of the stratum corneum is a major factor [517]. Changes involving the lips may be
related to mechanical factors due to pursing of the lips and contact with combustion products
during smoking. Smokers have also been reported to exhibit elastosis independently of sun
exposure, as demonstrated by skin biopsies [518]. Both the number and thickness of the
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elastic fibres are increased, as also in smokers who are simultaneously suffering from
smoking-related lung diseases. Cigarette smoking increases neutrophil elastase activity in
plasma [519, 520] and a1-proteinase inhibitor is inactivated in the process [521]. This imbalance is possibly not only responsible for lung changes in smokers, but also has implications
for the skin. In addition, tobacco smoke inhibits lysyl oxidase, an enzyme necessary for the
cross-linking of elastin [522], resulting in the production of subfunctional elastin. Radical
formation also inactivates this enzyme and the a1-proteinase inhibitor [523, 524]. Only passing reference will be made here to the fact that smokers have reduced plasma concentrations
of retinol, and a- and b-carotene [525]. Microcirculatory alterations in smokers (see Chap. 6)
are an additional adverse component.
Tobacco smoke condensate alters the function of human skin fibroblasts and affects
extracellular matric turnover in vitro. The biosynthesis of type I and III collagens is decreased
[526] and fibroblast-mediated gel contraction is reduced [527]. This effect appears in parallel with wound healing. As compared with non-smokers, the synthesis rates of type I and III
collagens were lower by 18 and 22%, respectively, while matrix metalloproteinase-8 was
increased by 100% [528]. Thus, the balance of extracellular matrix turnover in skin is also
altered, possibly leading to skin deterioration in the long term.
According one publication from the early 1990s, smoking exerts hardly any effect on
acne vulgaris [529]. It was even suspected that nicotine or some other constituent of
tobacco smoke might display anti-inflammatory activity. Only recently has a published
study in 896 patients shown that acne prevalence is clearly higher among smokers (40.8%,
OR = 2.04; 95% CI: 1.40–2.99) as compared with non-smokers (25.2%). A dose-dependent
correlation was also reported between acne severity and daily cigarette consumption
(p = 0.001) [530]. By contrast, no association has been shown between atopic dermatitis
and cigarette smoking (OR = 1.1; CI: 0.65–1.86; p = 0.8) [531].

7.8.2
Psoriasis
While an association between psoriasis and smoking is controversially debated, an association does exist with kidney cancer [532–534]. The authors of one epidemiological
study from Norway have reported an association between psoriasis and smoking [535].
However, as with all epidemiological studies, it is problematic to separate cleanly the
chronic course of psoriasis from smoking habits that extend over a period of decades.
Case–control and cohort studies have shown that smoking is associated with an increased
risk for psoriasis (OR = 2.7; CI: 1.44–5.42; 2.1; CI: 1.1–4.0; 3.3; CI: 1.4–7.9) [536–539]
and only one study has shown no risk increase [540]. Smoking among patients with psoriasis is strongly associated with pustular lesions (OR = 10.5; CI: 3.3–33.5) [541]. Since
the predisposition for psoriasis may be inherited, an additive risk increase has been demonstrated where psoriasis patients still smoke (OR = 18.8; CI: 6.4–54.8) [542]. Psoriasis
is sustained by smoking, with the result that smoking cessation should be an urgent
goal for these patients. Transdermal nicotine therapy has little or no effect on the skin
lesions [543].
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7.8.3
Skin Tumours
The development of squamous cell carcinoma of the skin as a result of smoking has not been
proven. PPP, a condition associated with immunological changes, was found to be associated with smoking in 56 out of 59 patients, all of whom had started smoking before the onset
of PPP [507].
The development of squamous cell carcinoma of the skin in smokers is controversial,
with a causal relationship being supported by some published evidence [544–546] and
refuted elsewhere [545–551]. The risk of squamous cell carcinoma is possibly increased in
men over the age of 60 years (RR = 2.01; CI: 1.21–3.34), with daily cigarette consumption,
duration of smoking and exposure to intense sunlight being crucial for the development of
the condition [546]. The opposite view is presented in a study of 73,366 female nurses:
basal cell carcinoma was more likely to develop in women with red, blonde or light-brown
hair, and very much less likely to occur in women with naturally dark-brown hair. Risk was
positively associated with tendency to sunburn as a child or adolescent and with the lifetime number of severe episodes of sunburn, but not at all with cigarette smoking [547].
One case-control study from 1992 in 88 men did not find evidence to support an association between smoking and the development of skin cancer [548]. Similarly, no association
has been detected between cigarette smoking and melanoma [549]; however, smoking has
been linked with forms of anogenital skin cancer (vulva, vagina, cervix, anus, penis) [547].
The risk for the development of carcinoma of the penis is reported to be increased in cigarette smokers (>10 cigarettes/day) twofold [552] or threefold (>45 pack-years) [553].
More than 50% of women with cancer in the anal region are smokers [554], and smokers
have a 7.7-fold increased risk for anal cancer compared with non-smokers [555]. Cancer
of the vulva was detected when 10–20 cigarettes/day were smoked for more than 20 years
[556–558].
Cancer of the lip occurs in smokers generally in conjunction with exposure to strong
sunlight [559, 560]; however, other authors have found no such association [561]. Heavy
cigarette smoking (>15 pack-years) and 13 other variables were tested by Cox multivariate
analysis for their ability to predict death in 196 patients with clinical Stage I melanoma.
Smoking may be regarded as an adverse prognostic marker (p = 0.0065), and melanoma
lesion thickness was clearly greater in smokers than in non-smokers [562].

7.8.4
Breast Cancer
Where they have been made at all, assessments of changes in the female breast in association with smoking vary widely. According to one Canadian study in women with biopsyconfirmed fibroadenoma, cigarette smoking was associated with a reduced risk of
fibroadenoma (RR = 0.66; CI: 0.40–1.10). An inverse correlation was even found in as
much as the risk was slightly higher where smoking habits were lighter (RR = 0.49; CI:
0.24–0.98) [563]. Unequivocal evidence has not been found for the development of breast
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cancer in female smokers. Among 2,569 women with histologically confirmed breast
cancer, the odds ratios (compared with women who had never smoked) were 0.84 (CI:
0.7–1.0) for current smokers and 1.14 (CI: 0.9–1.4) for ex-smokers. There was also no
increase in cancer risk as a function of cigarettes smoked [564]. Similar findings had already
been reported in an older US study in 4,720 women with breast cancer (OR = 1.2; CI:
1.1–1.3) [565]. Comparison of the incidence of breast cancer as compared with that of lung
cancer over more than 50 years, the incidence of lung cancer was increased by multiples
over the same period (cf. Fig. 5.1 in Chap. 5).
The California Environmental Protection Agency (Cal/EPA) completed a health effects
assessment of exposure to environmental tobacco smoke (ETS) which resulted in California
listing ETS as a toxic air contaminant in January 2006. As part of the assessment, studies
on the association between exposure to ETS and breast cancer were reviewed. Miller et al.
analysed 26 published reports (including three meta-analyses) evaluating the data and
reviewd the association between ETS exposure and breast cancer. A weight-of-evidence
approach was applied to evaluate the data and draw conclusions about the association
between breast cancer and ETS exposure. The published data indicate an association
between ETS and breast cancer in younger primarily premenopausal women. Thirteen of
the 14 studies (ten case-control and four cohort) that allowed analysis by menopausal status reported elevated risk estimates for breast cancer in premenopausal women, seven of
which were statistically significant. Our meta-analyses indicated elevated summary relative risks ranging from OR 1.68 (95% C.I. 1.31, 2.15) for all 14 studies to 2.20 (95% C.I.
1.69, 2.87) for those with the best exposure assessment. The Cal/EPA with its experts
concluded that regular ETS exposure is causally related to breast cancer diagnosed in
younger, primarily premenopausal women and that the association is not likely explained
by bias or confounding [566].

7.9
Haematopoietic System
Evidence indicating a possible association between smoking and the development of leukaemia was not published until 1986 [567], and subsequently this has been demonstrated not
only for leukaemias in children but also in adults [568, 569]. Several cohort studies [570–572]
and case–control studies [568, 573] focussing on this issue have been published.
Genetic defects in NAT2 acetylation [574] or in the cytochrome system (CYP1A1,
CYP2D6 or CYP2C19) [575] has no influence on the development of acute myeloid or
lymphoblastic forms of leukaemia.
Results published, to date, are highly contradictory, particularly because several studies
have reported no association between smoking and leukaemia [576–583]. In a 20-year
follow-up of more than 17,500 white males, compared with non-smokers, seasoned smokers
had an increased relative risk for lymphoblastic leukaemia (RR = 2.7) and other unspecified
leukaemia (RR = 1.5) [584]. Further studies have confirmed that smoking confers an increased
risk for various forms of leukaemia in adult men and women (OR = 1.5; CI: 1.1–2.0 and 1.4;
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CI: 1.0–1.9) [568]. The well-known Seventh Day Adventist study was conducted in a cohort
of 34,000 subjects known to be non-smokers on religious grounds. Ex-smokers (i.e. converts
who smoked prior to their baptism into the church) had a relative risk of 2.00 for leukaemia
and 3.01 for myeloma, and risk increased dose-dependently with increasing numbers of cigarettes smoked. The cigarette smoking–leukaemia relationship was strongest for myeloid leukaemia (RR = 2.24; CI: 0.91–5.53) [572]. A Norwegian study in 26,000 men and women
identified an association with smoking for numerous cancer types, but not for leukaemia
[585]. According to other studies, drinking habits play a far larger role than smoking; for
example, in the development of acute myeloid leukaemia [586].
In China, smoking is many times more prevalent among men than women (<1% of
young women smoke [587, 588]); paternal smoking during the preconceptional period
was therefore studied [589] because the role of maternal smoking during pregnancy had
already been investigated [590–594]. Controversy also surrounds this aspect: while some
studies have accepted that an association exists [586, 589, 594–599], others have found no
causal association between maternal smoking during pregnancy and the development of
childhood leukaemias [593, 597, 598, 600–609]. According to Ji et al. [589], a definite
association exists between paternal smoking habits (>5 pack-years) before conception and
the subsequent development of cancer in offspring before the age of 5 years. Compared
with children whose fathers had never smoked, the children of fathers who smoked had
increased odds ratios for the following cancers:

•
•
•
•
•
•

Acute lymphoblastic leukaemia (OR = 3.8; CI: 1.3–12.3)
Acute myeloid leukaemia (OR = 2.3)
Lymphoma (OR = 4.5; CI: 1.2–16.8)
Non-Hodgkin’s lymphomas (OR = 1.2; CI: 1.0–1.4) [578]
Brain tumours (OR = 2.7; CI: 0.8–9.9)
All cancers combined (OR = 1.7; CI: 1.2–2.5)

These results are underlined by those from a recently published study in which children
with low birth weight and whose mothers smoked during pregnancy were found to have an
increased risk for the development of brain tumours [610] and acute leukaemia [611]. The
causes are postulated to be the harmful effects of smoking (DNA adduct formation [612])
on sperm cells [595, 597, 613] but also the transplacental passage of smoke constituents to
reach the foetus [614–616] (cf. Table 7.7). Following investigations in 2,359 cases of acute
lymphoblastic leukaemia or acute myeloid leukaemia, other workers have rejected an association between the development of acute leukaemia and parental smoking history during
pregnancy (OR = 1.04; CI: 0.91–1.19 for paternal and/or maternal smoking) [617].
On the basis of model calculations and life tables, an association has been established
between benzene inhalation by cigarette smokers and leukaemia: it is estimated that benzene is responsible for one-tenth to one-half of smoking-induced leukaemia mortality
[618]. Earlier studies have confirmed that urinary levels of benzene-related compounds
(e.g. catechol, hydroquinone and trans-trans-muconic acid) are higher in smokers than in
non-smokers [619].
Overall, evidence is accumulating to support the association between smoking habits
and the development of cancers of the haematopoietic system.

References
Table 7.7   Age-dependent
odds ratios and 95%
confidence intervals for
childhood cancers as a
function of paternal smoking
habits prior to conception
(Shanghai Study) [589]
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Smoking habits

Cigarettes/day

Time of cancer diagnosis (age)
0–4 years
5–9 years

<10
10–14
³15
p (trend)

2.1 (1.2–3.5)
1.6 (0.9–2.7)
2.5 (1.4–4.5)
0.004

1.0 (0.5–2.1)
0.8 (0.4–1.6)
0.7 (0.3–1.6)
0.38

<5
5–9
³10
p (trend)

1.7 (0.9–3.2)
1.5 (0.9–2.6)
2.3 (1.4–3.8)
0.0002

0.8 (0.3–1.7)
1.1 (0.5–2.1)
0.9 (0.4–2.0)
0.92

£2
>2 to <5
³5
p (trend)

1.6 (1.0–2.7)
1.8 (1.8–3.1)
3.5 (1.8–6.6)
0.0002

0.7 (0.3–1.7)
1.0 (0.5–2.1)
0.7 (0.3–1.6)
0.71

Duration (years)

Pack-years

7.10
Concluding Remarks

•
•
•

In addition to the harm caused by smoking principally to the cardiovascular system and
respiratory tract, renal changes also constitute a serious health problem, especially in
patients with diabetes.
Even adolescent smokers already display fertility disturbances, the implications of
which (including childhood cancers in offspring) are difficult to gauge at present.
Osteoporosis and cancer of the oropharynx seen in alcoholics who smoke are known
sequelae of tobacco consumption, whereas no definite association exists between breast
cancer and smoking.
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It is generally recognised that smoking during pregnancy is harmful to the foetus. When
the risks associated with cigarette smoking are compared with other risks arising in the
perinatal period, the harmful effects of smoking are clearly found to outweigh all other
factors. The combustion products of tobacco are considered to be more harmful than nicotine, although uncertainty persists concerning the relative proportion of embryotoxic and
faetotoxic effects that are attributable to nicotine or to the combustion products of tobacco.
This problem is important because in 1994 more than 10% of women in Germany continued to smoke during pregnancy (Table 8.1)! The lowest prevalence rates for smoking
among women were recorded in Saxony, Thuringia, Bavaria and Baden-Württemberg.
More up-to-date statistics for Germany are not yet available but it is estimated that some
20% of all women continue to smoke during pregnancy [2]. Similarly high percentages are
reported from the USA [3].
Salihu et al. perfomed a study in 2003 to (1) determine the risk of infant mortality associated with prenatal cigarette smoking, (2) assess whether the relationship, if existent, was
dose-dependent, (3) explore the morbidity pathway that explains the effect of tobacco smoke
on infant mortality and (4) compute excess infant deaths attributable to maternal smoking in
the United States [4]. They performed a retrospective cohort study on 3,004,616 singleton
live births that occurred in 1997 in the United States using the US national-linked birth/
infant-death data. Excess infant deaths due to maternal smoking were computed using the
population-attributable risk (PAR). The authors found that overall 13.2% of pregnant women
who delivered live births in 1997 smoked during pregnancy. The rate of infant mortality was
40% higher in this group as compared to non-smoking gravidas (p < 0.0001). This risk
increased with the amount of cigarettes consumed prenatally in a dose-dependent fashion
(p for trend <0.0001). Small-for-gestational age rather than preterm birth is the main mechanism through which smoking causes excess infant mortality. We estimated that about 5% of
infant deaths in the United States were attributable to maternal smoking while pregnant,
with variations by race/ethnicity. The proportion of infant deaths attributable to maternal
smoking was highest among American Indians at 13%, almost three times the national average. If pregnant smokers were to halt tobacco use, a total of 986 infant deaths would be
averted annually. It can be concluded that smoking during pregnancy accounts for a sizeable
number of infant deaths in the United States. This highlights the need for infusion of more
resources into existing smoking cessation campaigns in order to achieve higher quit rates,
and substantially diminish current levels of smoking-associated infant deaths [4].
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_8, © Springer Verlag Berlin Heidelberg 2010

221

222

8

Smoking and Pregnancy

Table 8.1   Pregnancies in 1994 and associated risks based on perinatal surveys conducted as part of
maternity care programmes [1]
German land

Smoke-free
pregnancies
Absolute
Percent

Pregnant women with
evidence of risks
Absolute
Percent

Smokers (>5
cigarettes/day)
Percent

Schleswig-Holstein
Hamburg
Bremen
Lower Saxony
North Rhine/Westphalia
Hessen
Rheinland-Pfalz
Baden-Württemberg
Bavaria
Berlin
Saarland
Mecklenburg-Vorpommern
Brandenburg
Sachsen-Anhalt
Thuringia
Saxony
Germany (total)

–
   5,827
   2,405
22,136
54,824
20,136
12,464
–
40,943
   9,240
   2,739
–
   3,458
   4,260
   3,610
   6,246
188,288

   8,234
   5,632
   2,840
25,453
63,271
17,454
11,174
29,020
29,297
   9,786
   3,336
   3,033
   4,923
   5,855
   3,834
   8,739
231,881

15.7
15.9
15.8
12.0
14.3
8.4
12.8
7.7
7.0
12.7
16.6
7.8
9.1
8.6
6.2
4.6
10.8

–
32.7
29.1
30.6
30.1
35.0
33.2
–
37.4
33.8
29.0
–
30.1
30.4
29.9
27.2
26.1

33.6
31.4
34.3
35.2
34.7
30.3
29.8
27.3
26.8
35.8
35.3
36.0
42.9
41.8
31.8
38.8
32.1

A second study described the prevalence of spontaneous cessation of cigarette and alcohol
use, alone and in combination and associated factors among low-income pregnant women [5].
Six hundred and one women were currently smoking or smoking when they became pregnant
and participating in Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) in the greater Boston, Massachusetts, area. Among the study group, spontaneous cessation of smoking and alcohol use was reported by 28 and 80% of the women,
respectively; 25% spontaneously quit both, and 15% stopped neither. Multivariable analyses
indicated that smoking cessation was less likely in women who had previous births, had a
husband or partner who smoked, were born in the United States, were black (non-Hispanic,
non-Portuguese), had less than a high-school education, were highly addicted, reported lower
perceived risk to the foetus, and reported “too many other problems in life to stop”. Hispanic
ethnicity, younger age and more social support to quit smoking were related to spontaneous
alcohol abstinence. It was concluded that targeted multiple strategies, including those aimed
at increasing participation of partners, are needed for low-income pregnant smokers [5].

8.1
Effects of Smoking on the Placenta
Numerous effects of placenta-passing substances such carbon monoxide (CO) on the
embryo and foetus are known. The blood of neonates born to active smoking mothers also
contains significantly higher concentrations of polychlorinated biphenyls [6] (PCB) and
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hexachlorobenzene (HCB) than that of neonates born to passive-smoking mothers or to
mothers who have had no contact whatsoever with tobacco smoke [7]. Diaplacentar transmission of toxic substances therefore plays a major role and the rate of adverse pregnancy
outcomes in women who smoke may be as high as 33% [8–11]. Syncytial necrosis and
thickening of the trophoblast membrane have been detected during the first weeks of pregnancy in the placenta of women who smoke [12]. During this period, stem cells for the
formation of the syncytium or of cell groups fuse together and these become implanted in
the uterus. According to experimental animal research, smoking interferes with these processes. Levels of the marker hormones, oestriol, oestradiol, human chorionic gonadotrophin (hCG) and placental lactogen, are reduced in smokers [13–15]. Similarly, the activity
of placental aromatase is diminished by smoking [16]. Comparative investigations of placental tissue from smoking and non-smoking women (smoking status quantified objectively by the measurements of tissue cotinine levels) have revealed raised haematocrits and
cadmium levels in the placental blood of smokers [17]. Furthermore, the relative surface
areas of foetal capillaries as well as the relative and absolute volumes of foetal capillaries
are reduced, primarily as a result of a decrease in mean capillary diameter rather than total
capillary length [17]. Although haematocrits are increased, foetuses of smoking mothers
suffer hypoxic stress; overall, it must be assumed that this is an all-or-none effect rather
than one which is dose-dependent (i.e. on the number of cigarettes smoked) [17]. In the
first trimester, the placental volume of smokers is already smaller than that of non-
smokersbecause of resistance of high-perfusion. This state also persists in the second
trimester, with the result that 3-dimensional ultrasound can be used to draw conclusions concerning smoking-related impairment of trophoblast invasion [18]. Women who smoke during
pregnancy have a 2.6- to 4.4-fold higher risk of placenta praevia than non-smokers [19].
Several isoenzyms of the cytochrom oxygenase system occur not only in the liver, but
also in several tissues such as the placenta. The activity of the monooxygenase system
(CYP1A1) increases up to 100-fold and more if the pregnant mother is a smoker. This
enzyme is induced by polyaromatic compounds, but not by phenobarbitone [20–25]. It
could be demonstrated that the activity of the monooxygenase system is induced only by a
smoking mother but not by a smoking father [26]. The extent of induction was dependent
on the number of cigarettes smoked daily. Because of the lack of enzyme induction in the
liver, the placenta seems to play a major role in protecting the foetus from the toxic-products of tobacco smoke (which are degraded before they reach the foetus) [27].
Cadmium levels are elevated in smokers [28, 29], hCG secretion is reduced and trophoblast proliferation is inhibited through interactions with calmodulin [30]. Nicotine, Cd2+ and
polyaromatic hydrocarbons possibly also influence oestrogen synthesis and metabolism, as
well as granulosa-luteal function [31]. Isolated stem villous arteries from the placentas of
women who smoked heavily (³15 cigarettes/day) responded in vitro to endothelin-1 by developing lower tension compared with vessels from non-smokers; however, the maximum vasoconstrictive response to endothelin-1 was more pronounced [32]. It is concluded from these
experiments that the mechanical properties of stem villous arteries from heavy smokers are
altered and these changes may ultimately compromise foetal placental blood flow and thereby
contribute to lower birth weight [32].
Smoking is associated with increased Cd2+ levels, raised haematocrit and alterations in
the fine-tissue structure of the placenta (smaller intervillous spaces, reduced foetal capillary
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volume), leading to hypoxic states characterised by diminished O2 transfer [17]. Placental
receptors for epidermal growth factor (EGF), a potent mitogen for trophoblasts, are reduced
[31, 33–35]. Other investigators have attributed a pivotal harmful role to CO and lead,
alongside numerous other harmful constituents of tobacco smoke [36]. Measurements of
cadmium, zinc and copper levels in the placental tissue of women from Finland, Estonia and
St. Petersburg [36] reveal that placental concentrations of Cd2+, Cu2+ and Pb2+ are already
markedly elevated in the first trimester [6], and a negative correlation was found between
placental Cu2+ levels and neonatal birth weight [36]. The highest Cd2+ concentrations were
detected in samples collected from women living in St. Petersburg [36].
The loss of EGF receptors because of benzo[a]pyrene is linked not only with reduced
trophoblast proliferation and hCG secretion [37], but also with reduced c-myc expression
(proto-oncogene) and increased transforming growth factor (TGF) b2 expression [38].
Tobacco smoke is therefore able to exert a deleterious effect on trophoblast gene expression via EGF receptors, c-myc (down-regulation) and TGFb1 (up-regulation). Trophoblast
growth is also affected because of smoking-induced hypoxia (see below) [31, 39].
Inhaled tobacco products such as cadmium and benzo[a]pyrene are toxic substances that
act specifically on uterine villi, contributing to foetal hypoxemia and leading to miscarriage.

8.2
Complications of Pregnancy
It has been established for a number of years that women who smoke during pregnancy
give birth to a high proportion of neonates with low birth weight (LBW) or growth retardation, sometimes with shortened pregnancies (preterm deliveries), and/or are more likely
than non-smoking pregnant women to miscarry due to premature placental abruption
(Table 8.2) [41]. Correlations have now been established in one study between reductions
in birth weight of up to 500 g and CYP1A1 and GSTT1 enzyme activity (see Sect. 5.2.3.2
in Chap. 5) [42]. Genetic alterations in the two enzyme systems are linked with birth
weight reductions, as shown by the data summarised in Table 8.3 [42], with the result that
an association between the genetic changes, resultant metabolic capacity and cigarette
smoking may be assumed. Despite the presence of adverse genotypes, reduced birth
weights were not detected in neonates of non-smokers.

Table 8.2   Sequelae of tobacco consumption in the USA [40]
Sequelae

Risk (odds ratio)

Percent of all cases

Incidence/year

Tobacco-induced abortions
Infants with low birth
weight (LBW)
Infant deaths due to adverse
perinatal effects
Sudden infant death
syndrome (SIDS)

1.32
1.99

3–8
11–21

19,000–141,000
32,000–61,000

1.23

3–8

1,900–4,800

2.98

22–41

1,200–2,200
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Table 8.3   Influence of genetic variants of CYP1A1 and GSTT1 on the birth weight of infants born
to 174 smoking and 567 non-smoking pregnant women [42]
Enzyme system

Genetic variant

CYP1A1
CYP1A1
CYP1A1
GSTT1
GSTT1
CYP1A1 – GSTT1

(None)
AA
AA/aa
Present
Absent
AA/aa + absent

n

75 (AA)
43 (Aa), 6 (aa)

Birth weight
reduction (g)

OR (95% CI)

−377 ± 89
−252 ± 111
−520 ± 124
−285 ± 99
−642 ± 154
−1,285 ± 234

2.1 (1.2–3.7)
1.3 (0.6–2.6)
3.2 (1.6–6.4)
1.7 (0.9–3.2
3.5 (1.5–8.3)
p < 0.001

Remarkably, the rate of pre-eclampsia has been reported to be lower in heavy smokers
than in non-smokers (11.3 vs. 13.0%; OR = 0.85; CI: 0.73–0.99). However, smokers
with pre-eclampsia had higher rates of infants with very low birth weight (OR = 1.85;
CI: 1.55–2.20) and higher rates of placental abruption (OR = 3.49; CI: 1.65–7.28) [43].
More discriminating information on malformations is provided by a study from the
USA in which 3,284 live births of women who smoked were compared with 4,500 live
births of non-smokers. When all malformations were considered as a group, no increased
risk was associated with maternal smoking. However, when specific malformations were
considered separately, significant associations with maternal smoking were found for
microcephalus, cleft defects and clubfoot, but not for Down syndrome (Table 8.5) [48].
Atrial septal defects are reported not to be attributable to smoking during pregnancy [52].
One survey of 12,914 pregnancies and 10,523 live births has shown that the risks of spontaneous abortion and congenital abnormality in smoking mothers are 1.7- and 2.3-fold higher,
respectively, than in non-smokers [62]. Similar findings were reported in another study published in the same year showing that smokers (>20 cigarettes/day) had a 1.6-fold increased
risk of giving birth to an infant with congenital malformations [63]. The infants’ birth weight
is reduced [64–67], and preterm deliveries are more common [68], because of the possibility
of disturbances of placental maturation resulting from intrauterine O2 deficiency. As demonstrated in a group of 770,744 babies born in Germany in 1999, 154,149 of them were born of
smoking mothers [2]. A dose-dependent and age-dependent reduction of the mean birth
weight was calculated (Fig. 8.1). It has also been suggested in this context that the infants
affected have a lower IQ [69, 70], as substantiated by a prospective study in 19,117 children.
Low IQ values were detected when no other neurological abnormalities were present. In a UK
study conducted in children aged 9.4 years whose mothers had smoked during pregnancy, no
adverse effects on IQ or cognitive development were detected compared with controls [71].
A study conducted in 227,791 live births in Westphalia clearly showed an association
between LBW and cigarette consumption during pregnancy (>10 cigarettes/day) [72]
(see Table 8.4). Similarly, smoking African American women from low-income groups
were reported to be more likely to have LBW (<2,500 g) and preterm (<37 weeks’ gestation) births. When lightsmokers were compared with non-smokers, the odds ratios were
1.89 (CI: 1.15–3.13) for LBW births and 1.74 (CI: 1.00–3.02) for preterm births. When
heavy smokers were compared with non-smokers, the odds ratios were 3.03 (CI: 1.90–4.86)
for LBW births and 2.60 (CI: 1.55–4.35) for preterm births [74]. According to a Swedish
study in pregnant women who smoked, male foetuses were affected significantly more
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Fig. 8.1   Mean birth weight of children of non-smoking (upper line) and of smoking pregnant
women (6–10 cigarettes/day; middle line; or 21–60 cigarettes/day; lower line). The data were
calculated in dependence of the para’s age [2]
Table 8.4   Risks to pregnancy associated with cigarette smoking
Risks

OR

References

Premature placental abruption
(30,681 pregnancies)
Reduction in birth weight
LBW (227,791 live births)

In ca. 1%; OR 1.39

[42, 73]

−200–300 g
−239 g; −1.41 cm;
BMI −0.6 kg/m2
−205 g; −1.28 cm; −0.38 cm
head circumference
(>10 cigarettes/day)
Risk increased by 2.2- to
8.4-fold, depending on
study, also depending on
the number of cigarettes
smoked
1.7-fold (Sp) and 2.3-fold
(MF) increase

[2, 42, 64, 65, 74–78]
[72]

LBW (1,011 pregnancies)
Sudden infant death syndrome
(SIDS)

Spontaneous abortions (Sp) and
malformations(MF) 12,914
pregnancies. +10,523 live births

[79]
[80]

[62]

frequently and severely than female foetuses in terms of growth retardation assessed in
utero (biparietal diameter, subscapular fat accretion). In boys (but not girls) born to smokers, head circumference was also significantly smaller [81].
During a prospective cohort study of 30,681 pregnancies of at least 28 weeks’ gestation, 307 women (ca. 1%) had placental abruptions. Each pack of cigarettes smoked per
day increased the risk of placental abruption by 40% (OR = 1.39; CI: 1.09–1.79), with a

8.3

Malformations Possibly Caused by Smoking

227

concomitant increase in perinatal mortality. Placental abruption was also significantly
associated with intrauterine growth retardation and foetal malformations [82].
The commonly detected presence of O2 deficiency in the blood of women who smoke
is attributable to the elevated CO levels [83], a phenomenon that is associated with the
increased formation of CO–haemoglobin. The pathogenetic importance of CO is indicated
by cases of CO poisoning during pregnancy culminating in the delivery of malformed
infants (see Sect. 8.5).
According to other investigations, the risk of spontaneous abortion [84] and perinatal
mortality are increased in pregnant women who smoke [85].

8.3
Malformations Possibly Caused by Smoking
Women who smoke during pregnancy must expect their neonates to display signs of
embryotoxic and fetotoxic damage, even though the possibility of malformations, such as
those known to occur with various medicinal products, was initially dismissed. Tables 8.4
and 8.5 summarise the risks of cigarette smoking during pregnancy, although the number
of abortions may be subject to considerable variation [40]. In a study in more than 86,000
live births, negative associations were found between maternal smoking during pregnancy
and increased risk for a number of malformations, including ventricular septal defects,
hydroceles, clubfoot, pigmented naevi, haemangiomas and Down syndrome [44]. Similarly,
following analysis of 288,067 live births during the period from 1980 to 1983 in Missouri,
no association was detected between congenital malformations and maternal smoking during pregnancy (OR = 0.98) [45].
One problem frequently discussed in the literature is the possibility that maternal smoking during pregnancy may increase the occurrence of Down syndrome. Several studies
[86–88] have failed to indicate any increased frequency among smokers compared with
non-smokers (see Table 8.5). However, heavy smoking does increase co-morbidity in
terms of additional malformations (tetralogy of Fallot, atrial septal defects without ventricular septal defects) [89]. These data have been confirmed by further studies in which
maternal a-fetoprotein (AFP) and human chorionic gonadotrophin (hCG) were included
as markers [90]. Slight changes in AFP, unconjugated oestriol (uE3) and hCG were reported
in smokers in a population of 23,668 pregnant women: compared with non-smokers, AFP
was raised by 3% while uE3 and hCG were reduced by 3 and 23%, respectively [91, 92].
Smoking has also been shown to affect the triple test (AFP, E3 and b-hCG) used to screen
for trisomy 21, with b-hCG in particular being lowered by smoking [93–95]. However, the
measured changes were inadequate to establish a prevalence for Down syndrome, and
consequently it is not justifiable to use measurements of this type to predict a harmful
effect [91]. Other investigators have reported opposite results with AFP determinations
(21% increase) [96]. According to a Swedish study in 1,117,021 liveborn infants, an association was not found in multiparous women, but could not be ruled out totally in primiparous women [54]. The fact that somewhat fewer Down syndrome children are born to
smoking mothers than to non-smoking mothers should therefore probably be interpreted as
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Table 8.5   Malformations possibly caused by cigarette smoking
Malformations

Study population (n)

Risk or odds ratio (OR)

References

Malformations

86,000 and 288,067
live births

No association with smoking
(OR 0.98)
3-and 11-fold increased risk
Association confirmed

[44, 45]

Cleft palate/cleft lip
Microcephalus, cleft
defects, clubfoot
Cleft lip/palate

3,284 live births +
4,500 controls

Cleft lip/palate

1,002,742 live births

Cleft lip/palate

Meta-analysis
1966–1996

Atrial septal defects
Down syndrome

1,117,021 live births

Limb defects and limb 1,575,904 and
reduction defects
1,109,299 live
births (610 infants)
118 live births + 369
Urinary tract
controls, and
malformations and
1,117,021 live
polycystic kidneys
births
Aortopulmonary
septal defects
Craniosynostosis
Gastroschisis

Children born to
mothers below 25
years of age

[46, 47]
[48]

6.16-fold and 8.69-fold risk
increase in smokers
OR 1.16 (cleft lip), 1.29
(cleft palate)
OR 1.29 (cleft lip + palate)
and 1.32 (cleft palate)
No association with smoking
No association in multiparous
women, but cannot be
ruled out in primiparous
women
OR 1.26–1.70

[49]

OR 2.3 and 1.22 respectively

[57, 58]

OR 1.9

[56]

Increased risk with higher
antenatal maternal
altitude
OR 2.0

[59, 60]

[50]
[51]
[52]
[53]

[54–56]

[61]

a chance event [86]. The development of neural tube defects is a controversial topic [97, 98]
but the association with maternal smoking during pregnancy is less likely.
The risk of oral clefts (cleft lip and palate) has been considered repeatedly in the context of maternal smoking (Table 8.5) [97, 99]. Studies rejecting such an association have
occasionally appeared: for example, one recently published study has reported higher odds
ratios (1.09–1.85) for oral clefts with increasing cigarette consumption, but no associations
were identified between clefting type and smoking habits [100].
The association between maternal smoking during pregnancy and the development of
cleft lip and palate in infants has been demonstrated elsewhere [97, 99]. One case -control
study conducted in Maryland between 1992 and 1996 revealed no statistically significant
association between maternal smoking and oral cleft development, although there was a
slight increase in the C2 allele on the TGFa genotype among cases of oral cleft [46]. In contrast, another US study showed increased risks for isolated cleft lip (OR = 2.1) and for isolated cleft palate (OR = 2.2) when the mothers smoked 20 or more cigarettes/day. This
corresponds to a 3- to 11-fold risk increase compared with non-smokers [101]. In a study
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conducted in almost 3.9 million live births in the USA, 2,207 live births with cleft lip/palate
were identified [102]. A significant association was found between any amount of maternal
cigarette use during pregnancy and having a child with a cleft lip/palate (OR = 1.55).
Additional factors such as maternal education level, age, race and maternal medical conditions (e.g. diabetes or pregnancy-associated hypertension) were potential confounders. After
adjusting for these confounders, a dose-response association with smoking was shown, by
comparison with the non-smoking reference group: the odds ratios were 1.50 (1–10 cigarettes/day), 1.55 (11–20 cigarettes/day) and 1.78 (>20 cigarettes/day) [102]. Infants carrying
the rarer C2 allele at the TaqI site in the TGFa locus who were exposed to maternal smoking
were more likely to develop cleft palate (6.16-fold risk increase at 10 or fewer cigarettes/day,
8.69-fold risk increase at more than 10 cigarettes/day) [49, 103].
TGFa, TGFb3, RARA (retinolic acid receptor) and the proto-oncogene BCL-3 have
been found to be useful markers, although allocation of the various clefting types to the
described genes, TGFa, TGFb3 and MSX1, is possibly premature [104], as is conjec
ture whether multivitamin juice consumption during pregnancy interferes with the TGFa
gene [105]. An association between smoking and the occurrence of this anomaly has not
been demonstrated.
Further malformations were identified in a study conducted in four Polish districts:
these occurred in between 1.1 and 1.9% of neonates and manifested themselves principally
as limb reduction defects and functional disturbances of striated muscle [106–108]. An
association with smoking was less likely than with harmful environmental factors. It is
also debatable whether neural tube defects are more likely to develop during pregnancy
when the mother smokes [109]. Serious defects that have also been linked with smoking
include changes consistent with holoprosencephaly, a condition characterised by abnormal
forebrain and midfacial development and by failure of cleavage into left and right hemispheres. Compared with controls, maternal periconceptional exposures associated with
increased risks for holoprosencephaly included cigarette smoking (OR = 4.1), and combined alcohol and smoking (OR = 5.4), and these increased risk levels were only surpassed
by women with insulin-dependent diabetes (OR = 10.2) [110].
Mothers who smoke during pregnancy are more likely to have offspring with congenital urinary tract anomalies (OR = 2.3). This risk was higher (OR = 3.7) among light smokers (1–1,000 cigarettes during the pregnancy) than among heavy smokers (OR = 1.4) [57].
Polycystic renal changes have been reported most commonly [58].
Child behaviour has also been studied in terms of maternal smoking during pregnancy:
where the mothers were smokers, externalising behaviour problems (aggressive,
oppositional, overactive) were more prominent in the children than internalising behaviour
problems (depressed, anxious, withdrawn), and the effect of maternal smoking was almost
identical for boys and girls [111]. According to analyses of lead levels in the blood, the first
behavioural problems in children of smokers coincide with raised lead levels [6]. Smoking
10 or more cigarettes/day during pregnancy doubles the risk (OR = 2.0) of infants being
non-babblers at the examination at 8 months [112]. The child’s cognitive development is
not affected by maternal smoking behaviour; in this context, social background and lifestyle are more important determinants (see also Sect. 7.1.4 in Chap. 7, [113]). According
to other estimates, prenatal exposure of the foetus to nicotine may lead to behavioural
disturbances and can indicate higher risk for psychiatric problems, including substance
abuse [114]. One French study suggests that being born small for gestational age at full
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term is associated with poorer school performance at 12 and 18 years and later entry into
secondary school than children born appropriate for gestational age (OR = 2.3) [115].

8.4
Smoking and Sudden Infant Death Syndrome (SIDS)
An association between smoking and sudden infant death syndrome (SIDS) has been
reported in several publications (Table 8.4). It has been suggested that hypoxia and raised
CO levels in foetal blood during pregnancy play a crucial role in the context of SIDS.
These two factors exert a noxious effect on the respiratory control mechanisms in the foetal brain which then remains susceptible to further insults in the early post-natal period
from infection and hyperthermia, resulting in death from central respiratory dysfunc
tion [116]. Infants born to smoking mothers have a reduced drive to breathe and a blunted
ventilatory response to hypoxia, possibly contributing to SIDS [117].
According to investigations carried out in piglets, infusions of nicotine (5 µg/kg), IL-1b
(10-pmole/kg) and nicotine plus IL-1b cause prolonged periods of apnoea without a subsequent hyperventilatory response, with the result that the O2 pressure falls and CO2 pressure rises. IL-1b has a powerful depressant effect on respiration; in the case of nicotine, it
has not been clarified whether the plasma levels achieved correspond to those in the foetus
or infant [118].
Protein kinase C and nitric oxide synthase activities in the dorsocaudal brainstem of rats
exposed to cigarette smoke from day 2 to 22 of pregnancy are also clearly reduced [119];
these findings possibly explain the decreased respiratory drive and enhanced hypoxic vulnerability seen in infants born to smoking mothers. According to more recent studies,
prenatal nicotine exposure reduces vigilance (altered sleep–wake rhythm) by increasing
the expression of nAChRs in the brain regions responsible for regulating these processes,
possibly predisposing to SIDS [120].
In a case-control study from Sweden [80] comparing 244 SIDS cases with 869 controls,
maternal smoking was reported to be associated with a 4-fold increased risk for SIDS. It is
now known that over a period of 25 years since the early 1970s there has been a rise in the
incidence of SIDS in Sweden for which no conclusive explanation can be found [121]. It
has been reported that 29% of mothers whose infants die of SIDS are smokers [122].
Histological examination has revealed increases in the inner and epithelial wall areas of
the airways in infants whose mothers were smokers, a finding that may also be associated
with SIDS [123]. Research conducted in Shanghai in 2,227 children [124] to investigate
the synergistic effect of passive smoking and artificial feeding detected a dose-dependent
increased risk of hospitalisation for respiratory illnesses during the first 18 months of life:
this was shown separately for boys and girls, low and normal birth weight, and for breastfed and artificially-fed infants (Fig. 8.2). Similarly, in a US case-control study, a dosedependent increased risk for SIDS was reported as a function of the number of smokers
living in the household and the number of cigarettes smoked daily (Fig. 8.2) [125].
Increased risk has been confirmed in another study [126] and a secondary role has
been assigned to alcohol consumption [127]. Where mothers reduced or ceased cigarette
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Fig. 8.2   Results of a SIDS case-control study from the USA. Smokers in the household included
the children’s parents and other live in adults [125]

consumption during pregnancy, the risk of SIDS was reduced. Causal differences have
been reported, depending on age at death (before or after 120 days) [128]. Late SIDS
occurred predominantly in winter, and a variety of risk conditions (low parental social and
educational level, smoking status, and the prone sleeping position) were important in both
early and late SIDS. The risk of SIDS was increased 8.4-fold in preterm babies, 3.4-fold in
low-birth-weight babies (<2,500 g) and 2.2-fold when the mothers smoked during pregnancy [129, 130]. These factors underline a multiple-cause hypothesis for SIDS [126]. The
SIDS rate was reduced when infants were changed to sleeping on their backs [131]. Apart
from smoking, numerous other sociocultural factors (young maternal age, low educational
level of mother and father, frequent pregnancies etc.) increase the risk for SIDS, as demonstrated by a study recently conducted in Norway [132]. In further studies, the infants’
risk level for SIDS was reported to be increased 6.2-fold [133] and 5.01-fold [127].
According to the Westphalia study, the SIDS risk increased dose-dependently from 2.4fold in moderate smokers (>10 cigarettes/day) to 7.2-fold in heavy smokers(>20 cigarettes/day) [70]. Only preterm babies had an even higher risk (16-fold increase). Very
similar risk assessments have also been published by researchers in the USA [134] and
Scotland [135]. A plasma cotinine level >30 ng/ml has been recorded in about 25% of
SIDS children [124], evidence that tobacco smoke and hence the inhaled nicotine is transferred to the foetus.
LBW is an important risk factor, given the proven ethnic differences in the subsequent
occurrence of SIDS. An association between infant LBW and SIDS has been reported
among whites and American Indians, and to a lesser extent among blacks, but not among
Asians or Hispanics [136].
Investigations have recently been conducted into the fine tissue changes in the brainstem of SIDS victims [137]. It was found that in SIDS victims there was 41% probability
that the more the mothers smoked during pregnancy, the more gliosis in the nucleus olivaris inferior was found in their infants (p < 0.01). Similarly, associations were found between
gliosis in the nucleus olivaris inferior and hypoxic-ischaemic events during pregnancy,
birth and the perinatal period [137].
Children of women suffering from schizophrenia are at increased risk for SIDS (RR = 2.76;
CI: 1.67–4.56) and for congenital malformations among their children (RR = 1.70; CI:
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1.04–2.77). These findings should be interpreted not merely in the light of increased drug
consumption, including smoking, but also in socio-economic terms [138].
Overall, 30–40% of all cases of SIDS would be preventable if women were to completely cease smoking during and after pregnancy [139].

8.5
Foetotoxic Effects of CO
Animal experiments in pregnant rats confirm that inhalation of high concentrations of
smoke leads to changes in the foetus that are reflected among other things in LBW, depending on the duration and extent of exposure [140]. Findings following CO inhalation in mice
and rabbits confirm the LBWs of the animals and slight changes in the skeletal system [141],
but do not support a teratogenic effect of CO. Studies in pregnant, CO-exposed guineapigs (200 ppm for 10 h) confirm reduced tyrosine hydroxylase-immunoreactivity in the
medulla oblongata and increased choline acetyltransferase-immunoreactivity [142].
Consequently, more extensive changes may be assumed to occur in the cholinergic and
adrenergic system in the medulla, with particular implications for the cardiorespiratory
centres, regions thought to be compromised in SIDS [142]. In experiments of similar design,
changes were detected following exposure to a combination of sulphur dioxide (SO2) and
CO, but not to SO2 alone [143]. In mice, CO levels of 180 ppm in air markedly reduced
oxyhaemoglobin levels while carboxyhaemoglobin levels were increased. This resulted in
increases in the incidence of resorbed embryos and of cleft lip/palate [144]. In a different
experimental design, pregnant CD-1 mice underwent exposure to increasing concentrations
of CO (0–500 ppm CO) and were fed diets with differing protein contents (4, 8 and 16%).
Foetal weights were reduced in the CO-exposed groups receiving protein-deficient diets.
There was also an increased incidence of brachygnathia, microstomia, microcephalus, open
mouth, open eyes, skull and jaw malformations, scoliosis and limb unossifications [145].
The protein-deficient diet had a synergistic effect with chronic CO intoxication on the animals’ development.
According to recently published research, maternal smoking during pregnancy reduces
foetal heart rate and the regulation of heart rate range. This change may be attributed to
chronic hypoxaemia [146]. End-tidal CO measurements in neonates reveal differing values, following correction for inhaled air: 10.0 ± 7.7 ppm in neonates born to smokers, 2.51 ±
1.4 ppm in neonates of passively exposed mothers and 1.74 ± 0.98 ppm in neonates of
non-smoking mothers (p < 0.0001) [147]. Thus, neonatal CO exposure can be demonstrated as a result of maternal smoking immediately before delivery.
Important evidence for the teratogenic effect of CO can be deduced from reports of CO
intoxication in pregnant women: for example, women who experienced CO intoxication
during pregnancy have given birth to children with telencephalic dysgenesis [148].
Case report: Owing to defective household appliances, a pregnant woman was exposed
on several occasions to raised ambient CO concentrations up to 100 ppm. In week 41 of
pregnancy she gave birth to an underdeveloped infant with bilateral cleft formation, ear
dysplasia, micropenis and general muscle weakness. The child died on day 12 in cardiogenic
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Table 8.6   Maternal CO poisoning and implications for the foetus or child; summary of 42 out of 60
cases of CO exposure from the literature for which adequate information was available [150]
Outcome for the foetus
No sequelae
Survived with malformations
and/or functional impairment
Death

Severity of maternal CO exposure
Minimal
Moderate

Severe (death)

4
–

2
10

–
–

–

15

11

shock and post-mortem examination revealed multiple brain malformations [149]. The
mother’s CO–Hb level was 14%, and she also smoked about 15 cigarettes/day.
Sixty cases of CO poisoning in pregnant women were collected in a retrospective survey:
adequate information concerning the severity of CO exposure was available for 42 of these
cases (Table 8.6). Overall, ten cases of CO poisoning subsequently led to malformations in
the children (absent or malformed extremities, brachycephaly, craniosynostosis, multiple
contractures of the extremities, hypoplastic lungs, hydrocephalus, ear anomalies etc.) [148,
150–152] and a high proportion of the mothers (n = 26) gave birth to stillborn infants [150].
Maternal CO–Hb levels are particularly important in this context. One prospective study
conducted between 1985 and 1989 examined foetal outcomes in 32 women following accidental CO poisoning due to a variety of causes. The sources of CO were malfunctioning furnaces, hot-water heaters, car exhaust fumes and methylene chloride inhalation. Pregnancy
outcome was adversely affected in 3 out of 5 pregnancies with severe toxicity: two stillbirths
and one cerebral palsy because of ischaemic damage. The women received hyperbaric oxygen
therapy immediately after poisoning, with the result that 31 neonates showed normal physical
development despite mild or moderate CO poisoning in utero. Severe maternal CO toxicity
was associated with significantly more adverse foetal effects [153]. In a further six women
with CO poisoning, there were two abortions and one preterm delivery with numerous morphological anomalies [151]. Several studies indicate that hyperbaric oxygen ventilation is the
treatment of choice for reversing the effects of CO toxicity [153, 154].
In women with pregnancy-induced hypertension and pre-eclampsia, endogenous CO
formation is somewhat lower than in normotensive pregnant controls (1.17 ± 0.35 vs. 1.70 ±
0.54 ppm) [153], with CO being accorded a contributory role in the paradox of the seemingly protective effect of smoking to decrease the risk of pre-eclampsia [155].

8.6
Effects of Nicotine on the Foetus
Little has been published concerning the teratogenic or embryotoxic and fetotoxic effects of
nicotine. Instead of pure nicotine, a few animal experiments have used aqueous extracts of
chewing tobacco, involving pre- and postconceptional intragastric administration of doses
of 4, 12 and 20 mg/kg body weight three times daily to CD-1 mice. The plasma nicotine
levels measured 30 min after administration ranged from 99 to 623 ng/ml. This overdosing
led to the death of 18 and 31% of the dams in the two highest dosage groups. Following
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administration of the highest dose, the foetal weights of the mice were reduced by 7.4%, and
external malformations were few and only minor in extent. Otherwise, precocious ossification was observed (in the top dosage group) [156]. Only minimal changes were noted in a
second study in mice following administration of 12 mg nicotine/kg, and fatalities and malformations were not detected [157]. In another study, pregnant rats were exposed to cigarette smoke or injected with nicotine for 20 days. Markedly reduced weight gain during
pregnancy was detected only in the smoke-exposed rats [158]. Short-term administration of
high doses of nicotine in animal experiments adversely affects the maternal and foetal cardiovascular system whereas the nicotine doses used in pregnant humans to achieve smoking
cessation (nicotine replacement therapy; see Chap. 11) do not affect the cardiovascular system [36]. In particular, CO and Pb2+ from tobacco smoke have been cited as reproductive
toxins [36]. Breast-feeding over the first 4–5 months of life is also useful for reducing the
risk of childhood asthma [159].
Following treatment of pregnant rhesus monkeys with 1.5 mg nicotine/kg/day from day
26 to day 160 of gestation, the absolute birth weights of neonatal monkeys was not changed,
although there was a 10% reduction in birth weights with nicotine exposure when they
were normalised to maternal weight. Plasma leptin levels measured on postnatal day 1
were reduced by 50% in the nicotine treatment group, reflecting a decrease in NPY-mRNA
expression in the neonatal monkeys [160]. It has been suggested that nicotine exposure
during pregnancy may increase energy expenditure in hypothalamic structures, resulting in
lower birth weights and body fat levels [160].
Rat pups were exposed to nicotine (6 mg/kg/day) under controlled conditions from
postnatal days 4 to 9, using a procedure that ensured that observed effects are not due to
nutritional deficits. Examination of the animals on postnatal day 18–19 revealed that nicotine-exposed animals were overactive compared with those with controls [161]. Transposed
to the situation in humans, this could mean that maternal smoking during pregnancy is
associated with an increased prevalence of children with hyperactivity disorder [162].
No differences in 3H-nicotine binding were detected in 14 different brainstem regions in
SIDS victims compared with healthy controls. In contrast, in controls whose mothers smoked
during pregnancy, up-regulation of the 3H-nicotine binding sites was detected in three different regions responsible for cardiorespiratory functions. This up-regulation was absent in
the corresponding brainstem regions of SIDS victims [163]; however, this finding does not
yet permit any conclusions regarding the pathophysiology or pathogenesis of SIDS.

8.7
Smoking and Breast-feeding
A study was conducted in Norway between 1970 and 1991 to investigate smoking behaviour during pregnancy in 24,438 mothers. During that period, the number of smoking
mothers fell from 38 to 26%. The proportion of breast-feeding non-smokers was twice that
of breastfeeding smokers. Where only the father smoked, mothers stopped breast-feeding
earlier than where the father was a non-smoker [164]. These data are probably also representative for other countries.
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Because of its lipophilic character, nicotine passes very rapidly into breast milk where it
attains threefold higher concentrations than in blood [165, 166]. On the basis of the volume
of breast milk consumed, this means that the infant receives 6 µg nicotine/kg body weight
daily [165]. Cotinine levels are an indicator of smoking habits and correlate with the number
of cigarettes smoked [167]. The infant’s urinary cotinine comes from the cotinine in the
mother’s breast milk. It is difficult to assess what proportion derives from inhalation because
of passive exposure by being in the same room as smokers [168]. The elimination half-life
for nicotine in breast milk is somewhat higher than that in the mother’s blood (97 ± 20 vs.
81 ± 9 min; p > 0.05), whereas cotinine concentrations remain fairly consistent during a 4-h
interval without smoking [166]. Newborn infants breast-fed by smokers and unexposed to pas
sive smoking show low plasma levels of nicotine (0.2–1.6 ng/ml) and cotinine (5–30 ng/ml).
Newborn infants breast-fed by non-smokers did not have measurable amounts of the two
substances in plasma [169]. As shown by the data presented in Table 8.7, breast-feeding
mothers clearly contribute to raised plasma nicotine levels.
Nicotine and cotinine concentrations in breast milk increase with the number of cigarettes
smoked daily, with concentrations up to 1.6 ng nicotine/ml and 20 ng cotinine/ml having
been measured [170]. Concentrations arising as a result of passive smoking are markedly
lower. Nicotine and cotinine levels were measured by gas chromatography in 34 human milk
samples: nicotine was not found in the 6 samples of milk from non-smokers but was detected
in the 28 samples from smokers (average: 91 ppb; ranging from 20 to 512 ppb) [171]. The
varying nicotine levels did not cause any adverse effects in the breast-fed children [171].
Urinary cotinine levels in breast-fed infants of smoking mothers were ten times higher than
those in bottle-fed infants of smoking mothers [172]. Cotinine levels were also increased
when infants of non-smoking mothers lived in households with other smokers. In this group
the differences compared with infants of smoking mothers were very minimal [172], suggesting that passive smoking must be recognised as a pivotal cause of the accumulation of
products of combustion. In addition, Cd2+ levels in breast milk are raised in smokers [27].
Overall, breast-feeding is useful because the risk of childhood wheezing is reduced, even
where mothers smoke [173]. It is still better – but far from ideal – to smoke and breastfeed
than to smoke and not breastfeed [174, 175], although it is known that smokers breastfeed for
a clearly shorter period than non-smokers [176], owing possibly to a reduction in prolactin
levels [177]. Initial investigations also suggest that breast-feeding for 5–6 months benefits the
child’s cognitive development to a greater extent than breast-feeding for 3 months [178].
Table 8.7   Urinary excretion of nicotine and cotinine in breast-fed infants [169]
Infant exposure pattern

Nicotine/creatinine ratio
(ng nicotine/mg creatinine)

14 (5.0–110.0)
Newborn infants breast-fed
by smoking mothers and
unexposed to passive smoking
Non-breast-fed infants exposed
35 (4.7–218.0)
only to passive smoking
Infants exposed to passive smoking 12 (3.0–42.0)
and to smoke via breast milk

Cotinine/creatinine ratio
(ng cotinine/mg creatinine)
110 (10–550)
327 (117–780)
550 (225–870)

Median nicotine/creatinine and cotinine/creatinine ratios (and ranges)
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8.8
Medical Care Costs Attributable to Smoking During Pregnancy
In recent years, several calculations have been made in an attempt to estimate the financial
burden on the health insurance schemes, and hence on society, arising from smoking during pregnancy [179–182]. In 1993, in the USA medical care expenditures attributable to
smoking were estimated to be US$50 billion [179]. The pregnant smoker runs considerable risks for herself, her pregnancy and her child, and this behaviour by pregnant women
places a major economic burden on society, estimated at US$135–167 million in the USA
in 1993 [183] although others have suggested a figure as high as US$1.4 billion [184].
Some studies have exclusively considered costs as they relate to the newborn child or
infant [185]. One recent study of birth and first-year costs for mothers and infants demonstrated incremental costs of US$23,697 for placental abruption and US$21,944 for respiratory distress syndrome [186]. In contrast, costs have been reported as US$914 for LBW
and US$428 for lower respiratory tract infection. The sum of the additional costs attributable to maternal smoking during pregnancy for all conditions yielded a total ranging from
US$1,142–1,358 per smoking pregnant woman [186]. Similar results have been reported
in a German study from 1999 in 770,744 live births and with a 20.3% smoking prevalence
among pregnant women: from this population of pregnant women, preterm deliveries in a
hospital setting incurred additional expenditure of 36 million [187].
In view of these facts it is an urgent priority that effective programmes be initiated
among women to encourage smoking cessation at the very start of pregnancy.

8.9
Concluding Remarks

•
•
•

•
•

Current knowledge indicates that cigarette smoking during pregnancy and the breastfeeding period has considerable harmful effects on foetal health and on the infant’s
initial growth phase.
Smoking mothers run a major risk for their child, not only in terms of higher rates of abortion, premature placental abruption and LBW, but also of malformations (cleft lip/palate,
limb defects etc.), while differing views persist concerning the risk of Down syndrome.
These harmful effects are evidently caused by hypoxic reactions during smoking, with
subsequent increased levels of carboxyhaemoglobin, as has also been observed in cases
of CO poisoning which have resulted in the birth of malformed infants. To this must be
added the now proven placenta-toxic properties of cadmium, a substance which pregnant women absorb in increased amounts during smoking.
During the first months of life, large numbers of infants die from SIDS, a condition that
is also triggered by maternal and passive smoking, as shown by the detected presence
of cotinine in victims’ urine and hair.
No unified view currently exists concerning the involvement of nicotine in these harmful
effects, particularly since only animal experiments have been conducted in this area, and
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it is questionable whether the findings obtained can be transposed to human pregnancy. On
the basis of at least the experimental animal studies to date, no malformations have come
to light. The regulation of dopaminergic receptors is altered, and while it has been postulated that cardiopulmonary regulation is disturbed, this has by no means been proved.
Overall, almost all complications in the unborn child occurring during pregnancy can
be attributed to the combustion products of tobacco, including the formation of CO.
This body of evidence might also justify reconsideration of the use of smoking cessation therapy with nicotine products in pregnant women.
Alongside the harmful effects to the child, the additional economic burden imposed on
the state and society should be sufficient reason for implementing effective smoking
cessation programmes.
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Controversy has raged for decades concerning the importance of environmental tobacco
smoke (ETS), with some claiming that it is “almost irrelevant” while others have labelled
it a “substantial risk to health” [1, 2]. Main arguments against causal relation between ETS
and lung cancer are based on quantitative differences in the main constituents of active and
passive tobacco smoking [3–6]. On the basis of earlier calculations, a non-smoker inhales
1/10 to 1/5 of a cigarette. In terms of occupational exposure to carcinogens in the European
Union (see Table 9.1), the CAREX (carcinogen exposure) database indicates that ETS is
the second most common exposure after solar radiation [7]. Regrettably, the controversy
surrounding ETS has been heightened because research results from the cigarette industry’s own laboratories have blurred the overall assessment [8, 9]. For example, it has been
claimed that, in terms of cigarettes smoked, the passive smoker’s exposure might be equivalent to 1 cigarette/day at most [10]. Side-stream smoke is known to be more toxic than
exhaled mainstream smoke [6, 11], and the cardiovascular system response to exhaled
smoke is more sensitive in passive smokers than in active smokers.
The likelihood of exposure to ETS has been shown to vary across sociodemographic
characteristics, health behaviours, and the type of smoking restrictions at work [12].
Therefore, Stamatakis et al. assessed differences in the likelihood of exposure to ETS at
home and at work among an ethnically diverse sample of women of age 40 and older in the
United States. They used data from the U.S. Women’s Determinants Study and restricted
the sample to include only non-smoking women (n = 2,326). Unadjusted and adjusted odds
ratios (aOR) for exposure to ETS by sociodemographic characteristics, health risk behaviours and the type of workplace smoking policy were calculated using logistic regression.
They found out that exposure to ETS at home was associated with being American Indian/
Alaska Native (aOR 1.5, 95%; CI 1.0, 2.6), age 40–44 (aOR 1.6, 95%; CI 1.0, 2.6) and
45–54 (aOR 1.8, 95%; CI 1.2, 2.6), having eighth grade (aOR 2.1, 95%; CI 1.3, 3.6) or
high school education (aOR 2.2, 95%; CI 1.4, 3.3), inadequate fruit and vegetable consumption (aOR 1.5, 95%; CI 1.0, 2.1), and not getting screened for breast cancer (aOR 1.5,
95%; CI 1.1, 2.0) [12]. Women who did not have regular breast (aOR 1.3, 95%; CI 1.9, 1.9)
and cervical (aOR 2.0, 95%; CI 1.5, 5.3) cancer screening were more likely to be exposed
to ETS at work. Exposure to ETS at work was higher among women with some high
school education (aOR 2.8, 95%; CI 1.5, 5.3) and high school graduates (aOR 3.1, 95%;
CI 1.9, 5.1) and substantially higher for women who worked where smoking was allowed
in some (aOR 15.1, 95%; CI 10.2, 22.4) or all (aOR 44.8, 95%; CI 19.6, 102.4) work areas.
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_9, © Springer Verlag Berlin Heidelberg 2010
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Table 9.1   Carcinogen
exposure of industrial
workers in the European
Union, based on the
CAREX database maintained
by the International Agency
of Research on Cancer
(IARC) [7]

Passive Smoking

Carcinogen type

Workers exposed (million)

Group 1 carcinogens
Solar radiation
ETS
Crystalline silica
Diesel exhaust
Radon
Wood dust

22
9.1 (75% of working time)
7.5 (75% of working time)
3.2
3.0
2.7
2.6

Table 9.2   Comparison of the amounts of toxic, cocancerogenic and cancerogenic main constituents
of tobacco smoke determined in the room air of restaurants and bureaus, which passive smokers and
active smokers, consuming ten cigarettes, inhale during 8 h [6]
Smoke particles
Nicotine
CO
Benzo(a)pyrene
Acroleine
NOx
Formaldehyde
Dimethylnitrosamine

Passive smokers (P)

Active smokers (A)

Ratio A/P

0.4–2.4 mg
0.04–0.2 mg
4–24 mg
4–80 ng
0.1–0.5 mg
0.4–20 mg
0.5–1.0 µg
40–400 ng

100 mg
10–20 mg
200 mg
100–500 ng
1.5 mg
2–5 mg
0.1–0.4 µg
100–500 ng

100
100
10–50
10–50
3–10
2–6
2–5
1–2

Larger effect sizes were also observed for the relationship between selected risk factors
and ETS exposure at work than for ETS exposure at home. Among individual risk factors,
lower education level was most strongly related to ETS exposure at work [12].
The amounts of inhaled toxic products are lower in passive than active smokers
(cf. Table 9.2) [6]. As shown with cultured cells, the toxic action of undiluted side-stream
smoke are far more pronounced than those of mainstream smoke [13, 14].
Exposure to tobacco smoke is extensive among the general population [15]. Children,
especially in the first months and years of life, are at extreme risk. On the basis of published research from large population samples or on meta-analyses, chiefly from the USA,
a number of extensive studies have presented data on the extent of the additional risk to
health from several sources, including diet, environmental toxins and alcohol [16].
Three groups may be distinguished in terms of smoke exposure:
1. Smokers (who may also be passive smokers at the same time).
2. Passive smokers (non-smokers themselves but are exposed to ETS at home or in the
workplace).
3. Non-smokers (not exposed to ETS either at home or in the workplace).
Non-smokers are at risk in their own homes, in the workplace, at social gatherings and in
public buildings. The NHANES III Study [17], published in 1996, presents data on the
extent of ETS exposure among the US population and on the contribution of the home
and workplace to ETS exposure. The plasma cotinine data illustrated in Fig. 9.1 show
that while levels for non-smokers and passive smokers are clearly lower than those for
smokers, cotinine can be detected in small amounts in non-smokers and in individuals
exposed to ETS (passive smokers).
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Fig. 9.1   Distribution of serum cotinine levels in a US population (minimum age: 4 years) in nonsmokers (upper panel), passive smokers (middle panel) and smokers (lower panel) [17]
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9.1
ETS in the Workplace and at Home
If the medical consequences of ETS are to be understood, air monitoring for toxic substances must be performed in cities, rural areas, and in buildings designed for a variety of
purposes (offices, public buildings, homes etc.); in addition, on the basis of epidemiological studies ETS exposure must be investigated in comparisons with smokers and nonexposed individuals. For this purpose, depending on circumstances, samples of blood,
urine, saliva etc. may be used, as well as determinations of toxic substances (nicotine,
cotinine, benzopyrenes, ethenyl pyridine, DNA adducts etc.) in the body [18]. Since 80%
of the nicotine absorbed by the body is converted into cotinine, this metabolite can be
regarded as a reliable marker [19].
ETS markers also include respirable suspended particulate matter (RSPM), ultravioletabsorbing particulate matter (UVPM) and fluorescing particulate matter (FPM). Solanesol
(SolPM), a terpenoid alcohol from tobacco leaves, as well as nicotine and 3-ethenyl pyridine may also be used. On the basis of human respiratory capacity, the values measured per
cubic metre may then be converted to cumulative exposures (expressed, for example, in
µg/24 h). Methodological details have now been published concerning the use of ETS
constituents as markers of exposure [20, 21].
The problem of incorrect classification of non-smokers, passive smokers and smokers
is inherent in all population-based studies because the self-reported smoking status of the
subjects recruited is likely to be unreliable. Misinterpretation of the data collected can be
avoided to some extent thanks to optimised analytical techniques with improved detection
limits [22, 23]. ETS studies have now been published for numerous European and US cities: these will not be discussed further in the present context. With any study, however, it
is important to note the sponsor and to check that publication has been preceded by objective and unbiased scientific review [24, 25].
One study conducted in several hundred passive smokers in 12 major US cities indicates
that ETS exposure is heavier away from the workplace (Fig. 9.2). Moreover, the differences
measured between passive smokers and people not exposed to ETS are clearly evident.
According to a study from Basel, workplaces where smoking is permitted make a 34–46%
contribution to passive smoking [27]. Heavily ETS-exposed housewives potentially smoke
18 cigarette equivalents/year, while workers who are heavily exposed to ETS in the workplace and at home potentially smoke 61 cigarette equivalents/year [27]. According to a
study conducted concurrently in ten countries, an increase in cotinine levels of 5 ng/mg in
non-smoking ETS-exposed women was predicted by exposure to 7.2-cigarettes/8 h/40 m3
from the husband and 17.9 cigarettes/8 h/40 m3 in the workplace [28].
Restaurant and bar workers constitute one group of passive smokers with particularly
high ETS exposure because in many countries it is not possible to ban smoking in restaurants/bars or to separate smokers and non-smokers. Extremely high levels of these toxic
products were measured in these locations [29, 30]. A study of barkeepers and other bar
staff for ETS exposure compared the bar area with other areas and found that bar staff were
clearly more exposed than other staff (Fig. 9.3) [31]. The bar area (and barkeepers) were
more heavily exposed to UVPM, FPM, SolPM and the gaseous constituents of ETS than
other areas (and other staff). The exception to this general pattern was the concentration of

ETS in the Workplace and at Home

Fig. 9.2   (a, b) Comparison of
ETS exposure of individuals
in and away from the
workplace [26]. Mean values
in µg/m3 in 24 h. RPr-RAR
(n = 119): passive smokers
both privately and in
workplace; RPr-NRAR
(n = 109): passive smokers
privately but not in
workplace; NRPr-RAR
(n = 163): passive smokers in
workplace but not privately;
NRPr-NRAR (n = 497): no
ETS exposure either
privately or in workplace.
3-EP 3-ethenyl pyridine;
Nic nicotine; RSP respirable
suspended particles; FPM
fluorescing particulate
matter; Solan solanesol
particulate matter
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RSPM: in this case, exposure was found to be heavier to other staff than to other areas [31].
Hair nicotine levels were also higher in ETS-exposed staff. Nicotine levels were only
lower where there was an absolute ban on smoking [32]. A high proportion of ETS-exposed
bar and restaurant staff (77%) reported respiratory tract irritation and 75% of interviewees
would have liked some smoking restriction in bars [33].
Despite a high air exchange rate in intercontinental aircraft, considerable differences in
cabin air quality have been reported between smoking allowed flights (respirable particles:

Fig. 9.3   Particle
concentrations in bar area
and other areas, and exposure
of barkeepers and other staff.
Mean concentrations of ETS
components in g/m3 [31].
RSP respirable suspended
particles; UVPM
ultraviolet-absorbing
particulate matter; Sol-PM
solanesol particulate matter;
Nic nicotine
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66 ± 56 µg/m3) and smoking-not-allowed flights (3 ± 0.8 µg/m3). ETS exposure on smoking
allowed flights is associated with ocular symptoms, decreased tear-film stability, headache and
fatigue among cabin attendants and passengers [34]. Despite the spatial separation between
smokers and non-smokers on intercontinental flights, non-smoking cabin attendants had higher
ETS exposure in the rear cabin section than in the front cabin section [35]. Median urinary
cotinine levels in cabin attendants increased from 3.71 (2.08–8.67) µg/g creatinine before takeoff to 6.37 (3.98–19) µg/g creatinine after landing; however, attendants working in the front
cabin section had no appreciable increase in urinary cotinine levels during the flight [35].
A study performed in Norway tested the hypothesis that nurses’ aides who were exposed
to ETS at home during childhood have an increased risk of long-term sick leave [36]. The
study sample comprised 5,563 Norwegian nurses’ aides, who were not on sick leave when
they completed a mailed questionnaire in 1999. Of these, 4,744 (85.3%) completed a second
questionnaire 15 months later. The outcome measure was the incidence proportion of longterm sick leave during the 12 months prior to the follow-up. It was found that respondents
who reported at baseline that they had been exposed to ETS at home during childhood had
increased risk of sick leave exceeding 14 days attributed to neck pain (odds ratio (OR), 1.34;
95% confidence interval (CI), 1.04–1.73), high back pain (OR, 1.49; CI, 1.07–2.06), low
back pain (OR, 1.21; CI, 0.97–1.50), and any illness (OR, 1.23; CI, 1.07–1.42), after adjustments for demographic and familial characteristics, former smoking, current smoking, physical leisure-time activities, work factors, prior neck injury, and affective symptoms. They also
had increased risk of sick leave exceeding 8 weeks (OR, 1.29; CI, 1.08–1.55). The authors
concluded that the study supported the hypothesis that nurses’ aides who were exposed to
ETS at home during childhood have an increased risk of long-term sickness absence [36].

9.2
Changes at the Molecular and Cellular Level
Smokers display increased activity of coagulation variables, including elevations of plasma
fibrinogen and platelet reactivity. The rise in fibrinogen levels also causes an increase in
viscosity, leading to a deterioration in the flow properties of the blood [37, 38]. In addition,
endothelial cells become damaged in response to an increase in total cholesterol (TC) and
a reduction in HDL cholesterol (for review, see [37]).
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9.2.1
Fibrinogen
Plasma fibrinogen levels in 1,140 Japanese women aged between 45 and 74 years and
exposed passively to smoking were compared with those in 524 non-smokers, controlling
for age, cholesterol, body mass index, ethanol intake and menopausal status [39]. Plasma
fibrinogen concentrations were 8.6 (1.6–15.6) mg/dl higher in women exposed to ETS
outside the home, and 11.2 (3.0–19.3) mg/dl higher in women exposed to ETS both in and
outside the home. Compared with non-smokers, plasma fibrinogen levels in a subgroup
aged 45–59 years were increased by 15.3 mg/dl in women who were exposed to ETS in
both locations. Women exposed to ETS only in their own homes showed hardly any elevation of fibrinogen, a finding that is attributable to sociocultural practices in Japan (men
tend to spend the evenings with friends away from the home). Compared with cigarette
smoke-derived SO2, NO2 or ozone, smoke particlulate matter with a diameter <10 µm
(PM10) correlate more closely with the increase in fibrinogen [40]. These particles have
been assigned causal significance in the development of harmful cardiovascular effects.

9.2.2
Cholesterol
Raised cholesterol levels, represented by the total cholesterol/HDL cholesterol (TC/HDL-C)
ratio, are regarded as a marker for atherogenic potential and hence for the development of
coronary heart disease [41–43]. Cholesterol levels may already be altered in childhood and
adolescence [44, 45]. After controlling for dietary factors, the TC/HDL-C ratio was investigated in 444 adolescent schoolchildren (age 14.8 ± 1.6 years), together with cotinine
determinations as a marker of passive smoking [46]. Smokers and subjects with very elevated plasma cotinine levels (>25 ng/ml) were excluded from the study. The TC/HDL-C
ratio was found to be greater where plasma cotinine levels were ³2.5 ng/ml (Fig. 9.4). The
raised ratios were attributable in particular to lowered HDL cholesterol values, with ETS
exposure being associated with an 8.9% greater TC/HDL-C ratio ( p = 0.003) and a 6.8%
lower HDL-C ( p = 0.03). The disadvantage of the study was that insufficient account was
taken of the socioeconomic status of the schoolchildren and their parents, including their
dietary habits. Nevertheless, the raised TC/HDL-C ratio measured in passive smokers
must be viewed as a risk factor for the development of CHD [47]. Reduced HDL-C levels
had already been reported in an earlier study in ETS-exposed children [48].

9.2.3
Endothelium and Platelets
Passive smoking may be expected to cause endothelial damage and activation of platelet
function – additional risk factors for the development of arteriosclerosis [49, 50]. Debris
from endothelial cells is encountered increasingly in the bloodstream in response to passive smoking [51–53]. Similarly, increased platelet aggregate formation has been detected
both in active [54] and in passive smokers [55].
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Fig. 9.4   Cholesterol ratio
in passive smokers and
non-exposed non-smokers.
Ratio TC/HDL-C. Asterisk
indicates outliers [46]
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When ten healthy male non-smokers sat for 20 min in an open hospital corridor beside
two cigarette smokers already smoking there on their own initiative, the non-smokers’
plasma nicotine concentrations rose from 0 to 2.8 ng/ml. Concurrently, their platelet aggregate ratio fell from 0.87 to 0.78, and their endothelial cell count increased from 2.8 to 3.7
per counting chamber. As a result of ETS exposure, carboxyhaemoglobin levels increased
from 0.9 to 1.3% (+44%). Although these investigations were conducted in a small study
population, the findings have been confirmed by other workers [15, 54–56].
Platelet sensitivity to the anti-aggregatory properties of prostacyclin is lowered by ETS
[57]. Platelet aggregation (increase in 2,3-dinor-thromboxane B and in 2,3-dinor-6-ketoprostaglandin F) and oxidative stress (measured by 8-hydroxy-2’’-deoxyguanosine) are
increased in passive smokers [58].

9.2.4
Markers of Inflammation
Cigarette smoking is known to produce chronic inflammatory responses in the bronchial
system, because of increased numbers of neutrophils and macrophages in the blood and
lungs [59, 60], leading in turn to oxidative membrane damage [61–64]. Neutrophil functions were studied in eight passive smokers exposed to six active smokers (consuming a
maximum of 14 cigarettes) in a poorly ventilated room for 3 h. Passive smoking was associated with significant increases in leucocyte counts (33%), neutrophil chemotaxis (57%)
and reactive-oxidant release (71%) [65]. The CO concentration in the room where the
experiment was conducted was between 17 and 22 ppm. Although the experimental conditions were not consistent with the home situation, they are comparable to some extent with
conditions in nightclubs and discotheques.
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Table 9.3   Recurrent respiratory tract infections: a comparison of selected inflammatory variables
in children (aged 9–11 years) of smoking and non-smoking parents [66]
Group

n

Infections/
year

TLC
(c/mm3)

EC
(c/mm3)

IL-4
(pg/ml)

IgE
(IU/ml)

Children with
frequent
infections
Children with
infrequent
infections
All children of
smoking parents
Children of
non-smoking
parents

41

4.5 ± 1.1a

7,889 ± 989a

651 ± 121a

1.8 ± 0.5

605 ± 365

29

2.0 ± 0.6

6,771 ± 1131 364 ± 85

1.31 ± 0.45

557 ± 354

70

3.4 ± 0.8b

7,426 ± 899b

482 ± 96b

1.6 ± 0.46b

587 ± 359b

50

1.2 ± 0.6

6,040 ± 530

239 ± 51

0.8 ± 0.5

189 ± 21

TLC total leucocyte count; EC eosinophil count; IL-4 interleukin-4; IgE immunoglobulin E
a
p < 0.05, between children of smoking parents
b
p < 0.05: group vs. control

In 79 children exposed to ETS, concentrations of IgE and interleukin-4 (IL-4) and
eosinophil counts were higher in cases where the children experienced more frequent respiratory illness (average 3.4 illnesses/year). In contrast, the children of non-smoking parents
only experienced 1.2 episodes of respiratory illness/year and their IgE, IL-4 and eosinophil
values were unchanged (Table 9.3).
Many studies have shown that cigarette smoking is associated with elevated concentrations of total serum IgE. Few studies, however, have examined total IgE in relation to passive
smoking exposure, especially in adults. In a cross-sectional study, Miyake et al. investigated
the association of active and passive smoking exposure with levels of total serum IgE in
Japan [67]. They examined 981 pregnant women in Osaka and found out that current smoking of at least 15 cigarettes a day and 8.0 or more pack-years of smoking were independently
related to an increased prevalence of elevated total serum IgE ( aORs 3.40 and 2.51, 95% CIs
2.12–5.47 and 1.55–4.06, respectively), and both cigarette smoking status and pack-years of
smoking were significantly positively associated with total serum IgE levels, especially in
subjects with a positive familial allergic history. There was no measurable association of
exposure to ETS at home or at work with total serum IgE concentrations among those who
had never smoked. It was concluded that there is a positive relationship between active smoking and total serum IgE levels; however, this study failed to substantiate a positive association
of ETS exposure with total IgE. Investigations with more precise and detailed exposure measurements are warranted [67].
Another study assessed the correlation of ETS exposure with the expression of proinflammatory mediators in airway secretions, including IFN-g and IL-12, as well as IL-5
and IL-13, in allergic asthmatic schoolchildren and healthy control subjects [68]. By using
the nasopharyngeal aspiration technique, airway secretions were collected from 24 atopic
children with asthma (age, 6–16 years) and 26 healthy control subjects, and the concentration of cytokines was measured with immunoenzymatic methods. It was shown that IL-13
levels were highly increased in patients with asthma ( p < 0.005), and parental tobacco
smoke resulted in a significant increase in airway IL-13 secretion in these children
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compared with that seen in non-exposed children and healthy control subjects (median,
860 vs. 242 and 125 pg/ml, respectively). Furthermore, a positive correlation between
IL-13 levels and serum IgE concentrations (r(s) = 0.55) was found in children with allergic
asthma. The study indicated that ETS augments the expression and secretion of IL-13 in
allergic asthma and that nasopharyngeal aspiration is a suitable method to assess cytokine
measurements in the airways of children. Measurements of IL-13 in secretions might
be taken into account as a non-invasive marker of airway inflammation and to assess the
detrimental effects of ETS [68].

9.2.5
ETS and Drug Metabolism
The influence of passive smoking in children and adults on the metabolism of medicinal
drugs and toxic substances cannot yet be gauged. Where the parents had a minimum 1-pack/
day habit, ETS-exposed children displayed intensified metabolism of medicines such as
theophylline. Compared with children without ETS exposure, total body clearance of theophylline was significantly elevated (1.36 ± 0.09 vs. 0.90 ± 0.04 ml/min/kg; p < 0.0001) and
serum concentrations were significantly lower (55.3±2.8 vs. 73.2±3.3 µg/ml; p < 0.00001).
Hospital stay times were also longer in the group exposed to passive smoking (4.4 ± 2.6 vs.
2.9 ± 1.3 days; p < 0.05) [69]. These findings suggest that the metabolism of other medicinal drugs may also be accelerated in children exposed to ETS.

9.3
Passive Smoking During and After Pregnancy
ETS-exposed children born to mothers who smoke during pregnancy are 2–4-times more
likely than children without ETS exposure to be born small for gestational age (see Chap. 8)
[70]. A 50–100% increase in acute respiratory disorders has been reported in children as a
result of passive smoking [71]. Children born to mothers exposed to ETS during pregnancy
have increased number of nucleated red blood cells [72], indicating reduced O2 supplies
during pregnancy [73]. The same finding has been made in children born to women who
were active smokers during pregnancy [69]. Infants have a 2.5-fold increased risk of dying
from sudden infant death syndrome (SIDS) where their mothers continue to smoke after
giving birth [1, 74]. The presence of nicotine and cotinine in children’s hair after birth is an
important marker of foetal exposure to tobacco smoke (Table 9.4) [56]. The detected presence of cotinine (10-50 to >50 ng/nl pericardiac fluid) in four infants is indicative of absorption due to passive smoking [20]. However, it is highly improbable that raised nicotine and
cotinine levels in the pericardiac region are contributory factors in SIDS [20].
While there are sufficient data regarding the negative effect of exposure to the constituents of tobacco smoke on newborn infants’ birth weights, it is still unclear whether this effect
may originate in early pregnancy. Therefore, Hanke et al. evaluated the impact of exposure
to tobacco smoke components in early pregnancy (20–24 weeks) on foetal biometry [75].
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Table 9.4   Hair concentrations (mean ± SEM) of nicotine and cotinine in women and their newborn
infants [56]
Active smoking women (n = 36)
Newborns of active smoking women
Passive smoking womena (n = 23)
Newborns of passive smoking women
Non-smoking women (n = 35)
Newborns of non-smoking women

Nicotine (ng/ml)

Cotinine (ng/ml)

19.2
2.4
3.2
0.28
1.2
0.4

6.3
2.8
0.9
0.6
0.3
0.26

(4.9)
(0.9)
(0,8)
(0.05)
(0.4)
(0.09)

(4.0)
(0.8)
(0.3)b
(0.15)
(0.06)
(0.04)

Defined as regular and steady gestational exposure to other person’s cigarette smoke, either at
home or in the workplace
b
p < 0.01 when compared to newborns of active smoking women and newborns of non-smokers
a

The study population comprised 183 women consecutively enrolled at 20–24 weeks of
pregnancy at the two antenatal care units and ultrasound biometric measurements of foetal
bi-parietal diameter (BPD), abdominal circumference (AC) and femur length (FL) were
performed. Also, serum cotinine concentration was determined at 20–24 weeks of gestation by gas chromatography with mass spectrometry detector (GC/MS) to assess ETS
exposure during the previous evening and the morning of the same day (blood collection
at 1,200–1,300 h). ETS exposure (passive smoking) was assumed to occur when the level
of serum cotinine ranged from 2 to 10 ng/ml. The authors demonstrated that a statistically
significant negative association was present between the BPD and serum cotinine concentration. A similar association was identified for subjects with serum cotinine concentrations below 10 ng/ml (corresponding to passive smoking) ( p = 0.06). After controlling for
pregnancy duration, maternal pre-pregnancy weight and infant’s gender, we found that
serum cotinine levels at 20–24 weeks of gestation was inversely associated with infant
birth weight ( p = 0.004). For the subjects with serum cotinine levels below 10 ng/ml, a
borderline association ( p = 0.09) with infant birth weight was found. It was concluded that
maternal exposure to tobacco smoke in early pregnancy, as measured by serum cotinine
concentrations at 20–24 weeks of gestation, adversely affects foetal BPD [75].
In children with low birth weight following ETS exposure, the vasodilator response
following forearm cuff occlusion and release was still reduced at age 9–11 years compared
with that in normal birth weight children born to non-smoking mothers. The physiological
vasodilator response is triggered by NO release from endothelial cells [76]. Among other
things, this harmful effect has its origins in the prenatal period and is related to the smoking behaviour of the mother-to-be during pregnancy; it manifests itself as early as the first
decade of life as a prelude to later atherogenic changes. Evidently, in the developmental
phases characterised by rapid growth (such as the foetal period), the endothelial cells also
undergo adverse changes which limit physiological function [77].
Urinary cotinine levels were determined in 199 ETS-exposed children between the ages
of 4 months and 4 years with obstructive bronchitis. Compared with healthy children of the
same age, urinary cotinine levels were found to be 5.7 µg/l, instead of 4.4 µg/l. The risk of
developing bronchitis was increased in line with the extent of passive smoking and the rise
in urinary cotinine. This risk was increased threefold at a urinary cotinine concentration of
20 µg/l [78]. Similar results have been reported in 69 children [79]. The incidence of
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spastic bronchitis increased by 14% where maternal tobacco consumption was 4 cigarettes/day, and by 49% at >14 cigarettes/day [80].
ETS-induced hypoxia causes chronic pulmonary hypoventilation in children at the risk
of SIDS [81]. In response to hypoxia, a decline in mitochondrial cytochrome oxidase has
been observed in conjunction with reduced succinate oxidase and palmitoyl carnitine
capacity during circulatory collapse. The brown mitochondria of adipose tissue were activated in response to increased blood flow, causing the tissue apparently to take on a brown
discolouration [82]. The hypoxia hypothesis is thus a more likely starting point for foetal
and postpartum harmful effects, ahead of nicotine and its metabolites.
Although so far demonstrated only in animal experiments (rats), exposure of pregnant
animals to smoke causes the development of hypoplastic lungs with fewer or larger sacculi
and a reduced lung surface area for gas exchange. Transposed to the situation in humans,
this would mean that the pulmonary changes have their origin in utero and are thus consistent with reduced respiratory capacity at birth [52].
Overall, ETS exposure is harmful for paediatric development, starting with the smoking behaviour of the mother (and to a lesser extent, of the father) before birth, but of both
parents after birth. Exposure of children to ETS in rooms where smokers are actively
smoking should be viewed as similarly harmful.
Maternal smoking during and after pregnancy exerts substantial harmful effects on the
health of the neonate or infant [83]: smoking cessation should therefore be encouraged in
the mother either before she becomes pregnant or during the early weeks of pregnancy.

9.4
Cardiovascular Disease
9.4.1
Coronary Heart Disease
CHD is the leading cause of death in various industrialised countries. In 1995, a total of
481,287 people in the USA alone died from the consequences of CHD [76], and active
smoking is one of the key risk factors for its development. Studies have also been published
to indicate that ETS is implicated in CHD [84], and plasma or serum levels of cotinine are a
useful index of smoke exposure [85, 86]. One comprehensive meta-analysis of ten prospective cohort studies and eight case-control studies involving between 513 [87] and 479,680
subjects [88] used myocardial infarction or death from CHD as endpoints. The follow-up
observation period ranged from 6 to 20 years. Even though the assessment criteria for inclusion in the meta-analysis were varied, ETS exposure was associated with a 25% increase
in the risk of acquiring CHD with all its sequelae (Table 9.5). Another meta-analysis has
shown that the risk of CHD in non-smokers was higher when their spouses continued to
smoke (RR, 1.16; CI, 1.06–1.28) than when their spouses were former smokers (RR, 0.98;
CI, 0.89–1.08) [89]. When the number of passively smoked cigarettes and the duration of exposure (years) were taken into account, there was a slight increase in CHD risk compared with
non-smokers (Fig. 9.5) [84]. The relative risk for the development of CHD in ETS-exposed
non-smokers has been estimated at 1.30 (California Environmental Protection Agency,
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Table 9.5    Relative risk of coronary heart disease associated with passive smoking among nonsmokers [84]
Studies included in the meta-analysis

Number

Relative risk (95% CI)

p-value

All studies
Peer-reviewed studies
Studies using death from AMI or CHD
as an outcome measure
Studies controlling for important risk
factors for CHD

18
15
14

1.25 (1.17–1.32)
1.25 (1.17–1.33)
1.24 (1.17–1.32)

<0.001
<0.001
0.001

10

1.26 (1.16–1.38)

0.001

Relative Risk

1.5

P = 0.006 for
linear trend

1.23
95% CI,
1.13−1.34

1.29
95% CI,
1.21−1.42

1−19

>20

1.00

1.0

0.5

0

0

Level of Exposure to cigarettes [cpd]

1.5

P = 0.01 for
linear trend

1.18
95% CI,
0.98−1.42

1.31
95% CI,
1.11−1.55

1.29
95% CI,
1.16−1.43

10−19

>20

1.00

1.0

Fig. 9.5   Relative risk of
coronary heart disease
associated with passive
smoking among non-smokers
[84]. Number of cigarettes
smoked (above) and duration
of exposure (below). 95% CI
95% confidence interval

0.5

0

0

1 −9

Duration of Exposure to Smoking [years]

CAEPA) and 1.23 (Scientific Committee on Tobacco and Health, SCOTH) [90]. Platelet
aggregation induced by tobacco smoke products has been proposed as the mechanism
responsible for this non-linear dose–response anomaly [90].
The purpose of studies by Pitsavos et al. performed in Greece was to investigate the
association between passive smoking and the risk of acute coronary syndromes (ACS)
among non-smokers [91]. In total, 848 patients with the first event of ACS and 1,078 cardiovascular disease-free matched controls completed a detailed questionnaire regarding
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their exposure to environmental smoke. Two hundred and ninety-seven (35%) of the
patients and 259 (24%) of the controls were defined as non-smokers and passive smokers,
respectively. After controlling for several potential confounders, the results showed that
non-smokers exposed to cigarette smoke increased the risk of ACS by 51% (OR, 1.51;
95% CI, 1.21–2.99) compared with non-smokers not exposed to smoke. It was estimated
that 34 coronary events per 134 subjects would occur as a result of passive smoking during
their lifetime. Consequently, this study supported the hypothesis that passive smoking
increases the risk of developing ACS [91].
A British study examined the associations between a biomarker of overall passive
exposure to tobacco smoke (serum cotinine concentration), and risk of CHD and stroke by
the use of a prospective population-based study design (the British regional heart study)
[92]. In total, 4,729 men in 18 towns, who provided baseline blood samples (for cotinine
assay) and a detailed smoking history in 1978–1980, it was shown that 2,105 men who said
they did not smoke and who had cotinine concentrations <14.1 ng/ml were divided into
four equal-sized groups on the basis of cotinine concentrations. Relative hazards (95% CIs)
for CHD in the second (0.8–1.4 ng/ml), third (1.5–2.7 ng/ml), and fourth (2.8–14.0 ng/ml)
quarters of cotinine concentration compared with the first (³0.7 ng/ml) were 1.45
(1.01–2.08), 1.49 (1.03–2.14), and 1.57 (1.08–2.28), respectively, after adjustment for
established risk factors for CHD. Hazard ratios (for cotinine 0.8–14.0 nu ³0.7 ng/ml) were
particularly increased during the first (3.73, 1.32–10.58) and second 5-year follow-up periods (1.95, 1.09–3.48) compared with later periods. There was no consistent association
between cotinine concentration and risk of stroke. In conclusion, this study indicated that
the studies based on reports of smoking in a partner alone seem to underestimate the risks
of exposure to passive smoking. Further prospective studies relating biomarkers of passive
smoking to the risk of CHD are needed [92].
However, all ETS-studies clearly show that ETS represents a smaller risk than active
smoking in terms of the development of CHD. The findings from a cancer prevention
study indicate that the risk of CHD for smokers is 1.7 times higher than for non-smokers,
and for women the factor is 1.6 [93]. Related lifestyle variables in passive smokers must
be taken into account in a consistent manner if the conclusions reached are to be usable
[94, 95]. Various studies suggest that passive smokers differ from non-smokers in terms of
diet (less fruit and vegetables, more fat and meat) [96–99]. ETS causes increases in CO
and CO-Hb, whereas heart rate and blood pressure rise only minimally [37].

9.4.2
Arteriosclerosis
Cigarette smoking is beyond doubt a major factor in the development of cardiovascular
disease [100]. A direct association has been established between carotid artery calcification
and smoking [71, 101]. However, crossover studies indicate that ETS exposure also correlates with atherosclerotic changes [71, 102]. The Atherosclerosis Risk in Communities
(ARIC) Study investigated the impact of active smoking and of ETS exposure on atherosclerosis progression in 10,914 subjects between 1987 and 1989. Carotid intima-media thickness (IMT) was measured by ultrasound at baseline and again after 3 years, and correlations
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Fig. 9.6   Atherosclerosis
progression, assessed in
terms of the increase in
intima-media thickness of
the carotid artery within 3
years, in non-smokers (N),
past smokers (P) and current
smokers (C) and taking ETS
exposure (+E) into account.
Mean values and 95%
CIs [103]
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were investigated with other risk factors and lifestyle variables. After adjustment for these
factors, it was compared with a carotid IMT in never-smokers of 28.7 µm; current cigarette
smokers had a 50% increase (43.0 µm) and passive smokers had a 20% increase (35.2 µm)
(Fig. 9.6) [103]. The most pronounced impact was detected in subjects with hypertension
and diabetes and in smokers of more than one pack/day. In these subjects, the changes were
found to be irreversible even after smoking cessation [103]. Atherosclerosis progression has
therefore been demonstrated in response to ETS and the process is irreversible in heavy
smokers [104]. The extent of atherosclerosis progression due to ETS is reported to be 34%
(5.9 µm) compared with 17.1 µm in smokers [103]. The ARIC Study was the first to demonstrate in a large patient population that, in contrast with non-smoking, ETS causes an 11%
progression in atherosclerosis.
Differences in the profile of cardiovascular risk factors may potentially be due to differences in atherosclerosis progression between active smokers and passive smokers
[72, 105]. All cardiovascular and lifestyle variables are less implicated than smoking in the
progression of atherosclerosis. After a prolonged smoking career, smoking cessation possibly has no influence on progression [106], although other observations suggest that 3–5
years after smoking cessation the risk of cardiovascular events approximates to that in
non-smokers [107].
In terms of IMT, diabetic patients show marked atherosclerosis progression because
their underlying diabetes is already associated with vascular damage [108]. The relative
risk of death from cardiac arrest is 2.5 times higher for smoking than for non-smoking
diabetic patients [109]. Other studies also indicate that the smoking diabetic patient is at
extreme risk in terms of morbidity and mortality (see Sect. 7.4.2.2 in Chap. 7) [110–112].
To date, however, no correlation has been shown between ETS exposure (number of
hours) and atherosclerosis progression [113]. Pack-years of smoking are not crucial for
ex-smokers, especially since no differences in atherosclerosis progression have been found
in this group between ETS-exposed and non-ETS-exposed individuals. By comparison
with non-smokers, the effect of ETS exposure has been demonstrated. IMT is an excellent
marker of atherosclerosis progression [114].
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9.4.3
Stroke and Subarachnoid Haemorrhage
The risk of acute stroke was investigated in a population-based case-control study from
New Zealand in which 521 patients were compared with 1,851 controls [115]. Exposure to
ETS among non-smokers and long-term ex-smokers was associated with an increased risk
of stroke (OR, 1.82; CI, 1.34–2.49), and the risk increase was greater in men (OR, 2.10; CI,
1.33–3.32) than in women (OR, 1.66; CI, 1.07–2.57) (Fig. 9.7). Active smokers had a fourfold higher risk of stroke compared with people who reported that they had never smoked
cigarettes (OR, 4.14; CI, 3.04–5.63), and the risk was increased even further when active
smokers were compared with people who had never smoked or had quit smoking more than
10 years earlier and who were not exposed to ETS (OR, 6.33; CI, 4.50–8.91). A further
study assessed the independent effect of exposure to ETS on the risk of stroke using a
cohort study design among 27,698 lifelong non-smokers with no prior history of stroke
(62% women, aged 30–85 years at enrolment; 1979–1985) [116]. Self-reported ETS
exposure at home and outside home (in h/week) and stroke risk factors were collected in San
Francisco and Oakland and data on follow-up for hospitalization and death was available
through the end of 2000 (median = 16 years). It was found in multivariate analysis adjusting
for age, race/ethnicity, educational attainment, marital status, hypertension, diabetes and serum
TC, ETS exposure at home for 20 h or more/week (in relation to <1 h/week) was associated
with a 1.29-fold (95% CI, 0.75–2.20) and a 1.50-fold (95% CI, 1.07–2.09) increased risk of
first ischemic stroke among men and women, respectively. No significant associations were
found between ETS exposure outside home and ischemic stroke, or between exposure to
ETS at home or out of home and the risk of transient ischemic attack. It can be concluded
from this study that although potentially important confounders (such as dietary habits)
were not included in the analysis, high-level ETS exposure at home was independently
associated with increased risk of first ischemic stroke among never-smoking women [116].
It can be stated that:

•
•

Male and female smokers have a clearly increased risk of stroke [117–129].
ETS also contributes to an increased stroke risk in men and women, although an objective
statement concerning the extent of ETS exposure – for example, by measuring cotinine
levels – cannot be done so far.
8
7

Nonsmokers

Passive smokers

Fig. 9.7   Increased risk of
acute stroke: a comparison
of non-smokers (group 2),
passive smokers (PS, group
1), ex-smokers (<2 years and
2–10 years) and smokers
(1–5, 6–14 and >15
cigarettes/day) [115]
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For subarachnoid haemorrhage (SAH), one study has examined 432 incident cases of
SAH frequency matched to 473 community SAH-free controls to determine dose-dependent
associations of active and passive smoking (at home) and smoking cessation with SAH
[130]. Compared with never-smokers not exposed to passive smoking, the aOR for SAH
among current smokers was 5.0 (95% CI, 3.1–8.1); for past smokers, 1.2 (95% CI, 0.8–2.0);
and for passive smokers, 0.9 (95% CI, 0.6–1.5). Current and lifetime exposures showed a
clear dose-dependent effect, and risks appeared more prominent in women and for aneurysmal SAH. Approximately 1 in 3 cases of SAH could be attributed to current smoking,
but risks decline quickly after smoking cessation, even among heavy smokers. From this
study, it was concluded that there is a strong positive association present between cigarette
smoking and SAH, especially for aneurysmal SAH and women, which is virtually eliminated within a few years of smoking cessation. Large opportunities exist for preventing
SAH through smoking avoidance and cessation programs [130].

9.5
Respiratory Tract
ETS clearly impairs lung function variables. Forced expiratory volume in the first second
(FEV1) and forced vital capacity (FVC) were studied in ETS-exposed workers (Scottish
MONICA Survey): FEV1 fell by 254 (84–420) ml and FVC by 273 (60–480) ml compared
with values in workers not exposed to ETS. An inverse correlation between cotinine levels and
FVC was found only in those workers who had had blood collected in the morning [131].
When male and female non-smokers were exposed for 7.33 h/day to fresh diluted sidestream smoke with a respirable suspended particle concentration of 179 µg/m3, significant
reductions in FVC and FEV1 (1.6%, p < 0.05) and in PEF (1.3%, p < 0.03) were detected
within 5 days [132]. The observed decline in pulmonary function was accompanied by
a noradrenaline-induced alteration in blood flow, leading to transient bronchocon
striction [132].

9.5.1
Respiratory Tract in Children and Teenagers
Studies and meta-analyses have focused in particular on the effects of ETS exposure on the
respiratory tract in children [78, 133–137]. ETS exposure, airway symptoms and respiratory history were assessed in an urban population of 8,008 randomly selected inhabitants
[137]. In never-smokers with childhood ETS exposure, the prevalence of physician-
diagnosed asthma was 7.6% compared with 5.9% in non-exposed subjects ( p = 0.036), and
ETS was reported to be the most common lower airway irritant ahead of exercise in cold
air, dust, perfume, pollen and pets [137].
A study by Manning et al. examined the prevalence of bronchitis (cough with phlegm)
symptoms in teenagers who either smoked cigarettes on a regular basis (active smokers) or
were non-smokers but who are exposed to passive smoking (passive smokers) in the home
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[138]. The study was undertaken in 1995 and repeated in 1998. The 1995 study was a
cross-sectional questionnaire survey of smoking habits in secondary school children aged
13–14 years and was undertaken as part of the ISAAC questionnaire survey. Thirty representative and randomly selected schools from throughout the Republic of Ireland took part
in the study. In the 1995 study, 3,066 students completed a questionnaire on their current
smoking habits and symptoms of cough and phlegm. The authors found that 634 (20.7%)
of these young teenagers actively smoked cigarettes with significantly more females smoking than males with 23.3% of girls compared to 17.6% boys ( p = 0.0001). Percentage of
non-smoking children exposed to smoking in the home (passive smokers) with parental
smoking accounting for most of the passive smoking is 46.3%. Bronchitis symptoms were
more commonly reported in active smokers compared to non-smokers with an OR of 3.02
(95% CI, 2.34–3.88) ( p < 0.0001) or in passive smokers compared to those not exposed to
smoking with OR of 1.82 (95% CI, 1.32–2.52) ( p < 0.0001). The 1998 study showed similar results for smoking habits, passive smoking and prevalence of bronchitis symptoms as
with the 1995 study. In conclusion, the results of this study documented that increased
bronchitis symptoms occur in teenagers exposed to active or passive smoking [138].
A study by Kabesch et al. was performed to determine whether the consequences of
parental smoking could be traced in adulthood [139]. Information from interviewer-led
questionnaires was available for 18,922 subjects aged 20–44 years from random population samples in 37 areas participating in the European Community Respiratory Health
Survey. Lung function data were available for 15,901 subjects. It was found that in men,
father’s smoking in childhood was associated with more respiratory symptoms (ORwheeze
1.13 (95% CI, 1.00–1.28); never-smokers: ORwheeze 1.21 (95% CI, 0.96–1.50)) and there
was a dose-dependent association between number of parents smoking and wheeze (one:
OR 1.08 (95% CI, 0.94–1.24); both: OR 1.24 (95% CI, 1.05–1.47); ptrend = 0.010).
A reduced ratio of forced expiratory volume in FEV1 to FVC was related to father’s smoking (−0.3% (95% CI, −0.6 to 0)) and number of parents smoking (ptrend <0.001) among
men. In women, mother’s smoking was associated with more respiratory symptoms and
poorer lung function (ORwheeze 1.15 (95% CI, 1.01–1.31), never-smokers: ORwheeze
1.21 (95% CI, 0.98–1.51); FEV1 −24 ml (95% CI, −45 to −3); FEV1/FVC ratio −0.6%
(95% CI, −0.9 to −0.3)). These effects were possibly accounted for by maternal smoking
in pregnancy (ORwheeze 1.39 (95% CI, 1.17–1.65); FEV1 −23 ml (95% CI, −52 to 7);
FEV1/FVC ratio −0.9% (95% CI, −1.3 to −0.4)) as there was no association with paternal
smoking among women (interaction by sex, p < 0.05). These results were homogeneous
across centres. The authors concluded that both intrauterine and environmental exposure
to parental tobacco smoking was related to more respiratory symptoms and poorer lung
function in adulthood in this multicultural study. The age window of particular vulnerability appeared to differ by sex, postnatal exposure being important only in men and a role for
prenatal exposure being more evident in women [139]. Only one study focussed on the
effects of domestic passive smoking by narghile (water pipe) and/or cigarettes on the
development of respiratory ailments among children aged 10–15 years [140]. In this study,
students were recruited from five private schools in Beirut, and information on demographic, in-home smoking, and students’ respiratory tract illnesses (cough, wheezing,
runny nose, or nasal congestion) were collected from each participant (results: of 625 students surveyed, 438 (70.1%) had at least one individual smoking at home). Compared with
the non-exposed group, the OR of having respiratory illness for children exposed
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to narghile or cigarette smoke were 2.3 (95% CI, 1.1–5.1) and 3.2 (95% CI, 1.9–5.4),
respectively. It can be concluded that domestic passive smoking of the misconceived
“innocuous” habitual smoking device, narghile, is associated with significant respiratory
health ailments [140]. Only one study has reported a reduced risk of respiratory illness in
children exposed to ETS. In children exposed to the smoke of >15 cigarettes/day, ETS was
associated with cellular infiltrates in the nasal mucosa containing increased numbers of
IgE+ cells and eosinophils but not of IgE+ mast cells. It is concluded that exposure to ETS
produces reactions resembling those seen in the nasal mucosa of allergic children [141].
Parental atopy is an important marker of response in ETS-exposed children [132].
Parental atopy alone has been shown to increase the risk of bronchial obstruction (OR,
1.62; CI, 1.10–2.40) and asthma (OR, 1.66; CI, 1.08–2.54). In children without parental
atopy, the effect of ETS exposure on risk for both symptoms was clearly less pronounced
(bronchial obstruction: OR, 1.29; CI, 0.88–1.89; and asthma: OR, 0.84; CI, 0.53–1.34).
The presence of parental atopy and ETS exposure increased the risks substantially (bronchial obstruction: OR, 2.88; CI, 1.91–4.32; and asthma: OR, 2.68; CI, 1.70–4.22), indicating that ETS exposure and genetic constitution should in future be considered jointly as
trigger factors for these respiratory problems [142].
Urinary cotinine levels, measured using the cotinine/creatinine ratio (CCR), were significantly lower in asthmatic children living in homes with a total smoking ban (7.6 nmole/
mmole) [143]. Children’s CCR levels from homes in which smoking was allowed in rooms
the children rarely frequented (14.1 nmole/mmole) were lower than those in children from
homes where unrestricted smoking was allowed (26.0 nmole/mmole) [143].
The risk of respiratory illness with possible hospitalisation was increased in ETSexposed children (up to 3 years of age) by 57% where both parents smoke and by 72%
where only the mother smoked. Smoking by other household members in families where
the mother does not smoke was associated with a 29% risk increase. Evidence for a dosedependent increase in lower respiratory tract illness has also been demonstrated in most
studies in which this has been investigated [144]. The increased risk of ETS-induced
lung disease in children resulting primarily from the harmful effects of maternal smoking
has been confirmed in numerous studies (Table 9.6) [145]. In any event, this is a causal
phenomenon.
Table 9.6   Parental smoking and respiratory tract infections in infancy and early childhood: ORs
and 95% CIs [144]
All studies
Community-based studies on
lower respiratory tract
infections, bronchitis and/or
pneumonia
Community-based studies on
childhood wheeze
Hospital admission for lower
respiratory illness, bronchitis,
bronchiolitis or pneumonia

Both parents

Mother

Father

1.57 (1.42–1.74)
1.54 (1.31–1.80)

1.72 (1.55–1.91)
1.57 (1.33–1.86)

1.29 (1.16–1.44)

1.55 (1.16–2.08)

2.08 (1.59–2.71)

a

1.71 (1.21–2.40)

1.53 (1.25–1.86)

1.32 (0.87–2.00)

No conclusion possible because of insufficient number of studies

a

a
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One survey of 43,732 adults in the USA assessed the number of days on which respiratory symptoms had occurred during the 2 weeks prior to the survey. Only 20.2% of neversmokers and 23.1% of former smokers reported ETS-induced symptoms at home or in the
workplace, compared with 87.2% of current smokers [146]. Among never-smokers, people who were exposed to ETS were more likely to report one or more days of restricted
activity (RR, 1.27; CI, 1.10–1.46), one or more days of bed confinement (RR, 1.43;
CI, 1.19–1.73) and one or more days of work absence (RR, 1.33; CI, 1.05–1.73). These correlations were less strong for former smokers and current smokers. Overall, never-smokers
(RR, 1.47; CI, 1.34–1.62), former smokers (RR, 1.22; CI, 1.07–1.39) and current smokers
(RR, 1.31; CI, 1.10–1.56) exposed to ETS were more likely to report a less than very good
health status than were people without such exposure. Overall, during the 2 weeks covered
by the survey, exacerbations of chronic respiratory illness were reported in 1.8% of neversmokers, 2.6% of former smokers and 2.7% of current smokers. It may be concluded that
never-smokers exposed to ETS report greater health impairment than smokers. Additional
ETS exposure also increased respiratory symptoms in former and current smokers [146].
A study conducted in 4,281 children aged 0–4 years concluded that 45% of very young
children live in households with at least one current smoker; the current smoker was the
child’s own mother in 28.5% of cases and the father in 31.8% [147]. In non-smoking
households, bronchial asthma was reported in 9.3% and asthma wheeze in 19.8% of children. In smoking households, asthma wheeze was detected in 38% of children where
mothers smoked less than 15 cigarettes/day (47% of the mothers), and in 70% of children
where maternal cigarette consumption was >15 cigarettes/day. The corresponding figures
for bronchial asthma were 33 and 76% [147], and quantitative associations were found
between cigarette consumption and asthma symptoms in the children (<15 vs. >15 cigarettes/day; OR, 1.33; CI, 0.98–1.81 vs. OR, 1.76; CI, 1.36–2.12; p < 0.001). On the basis
of this study, it was calculated that 13% of bronchial asthma or asthma wheeze in 0- to
4-year-old Australian children in 1989–1990 was due to maternal smoking, and this conclusion is confirmed by other studies [133, 148–150]. The effects of ETS on childhood
wheeze are particularly pronounced among children exposed to two smokers, especially
where the mother has smoked during pregnancy and the diagnosis of bronchial asthma was
made during the first year of life [151]. In these cases, ETS operates as a co-factor with
intercurrent infections as a trigger for wheezing attacks.
It is assumed furthermore that parents who model smoking also encourage smoking in
their children at a later date [133, 150, 152]. Compared with non-asthmatic children of
smokers, children with bronchial asthma from smoker households have plasma nicotine
levels that are twofold higher for the same exposure, a finding also confirmed by cotinine
determinations in urine and hair (see also Table 9.4) [153]. It may thus be assumed that the
renal excretion of nicotine and its metabolite is delayed in these children [153].
Another meta-analysis of respiratory tract changes induced by passive smoking and covering 21 publications from the period 1966 to 1995 reached the following conclusions:

•
•

As a result of ETS exposure, infants and young children (<2 years of age) have a twofold higher risk (OR, 1.93; CI, 1.66–2.25) of developing lower respiratory tract infections with subsequent hospitalisation.
In older children (3–6 years old), the OR is lower (1.25; CI, 0.88–1.78) [154].
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In some cases, the risk was more than doubled where the children had a low birth weight
(<2.5 kg) or were still very young [78, 155].
Infants and young children possibly show increased susceptibility to respiratory tract
infections because:

•
•
•

Their immune system is less well developed [156].
Mucociliary clearance is still developing, possibly in conjunction with the additional
harmful effects of the toxic substances present in mainstream and side-stream cigarette
smoke [157].
Their epithelium (due to the action of NO2) displays increased sensitivity to pathogenic
bacteria [158].

9.5.2
Bronchial Carcinoma
The association between cigarette smoking and the development of small cell lung cancer
in men and of adenocarcinoma, mainly in women, is incontrovertible. Less certain is the
question as to whether cancers of this type may also develop following exposure to ETS
[159–161]. However, studies in preschool children of smoking and non-smoking mothers
have revealed the presence of polycyclic aromatic hydrocarbon–albumin (PAH-albumin)
adducts – components of ETS with carcinogenic potential (Table 9.7) [162].
The literature contains contradictory findings concerning the carcinogenicity of ETS.
One study of ETS exposure and lung cancer risk has reported lower ORs for ETS from all
sources combined (OR, 1.39; CI, 0.96–2.01) than for ETS in the workplace (OR, 1.93; CI,
1.04–3.58) and ETS in vehicles (OR, 2.64; CI, 1.30–5.36) [163]. The workplace and other
public indoor settings are thus identified as important risk factors for the passive smoker in
terms of lung cancer development. One meta-analysis cites similar ORs for various ETSexposed groups [16].
In particular, several genetic components – polymorphisms of N-acetyltransferase
(NAT2) and glutathione S-transferase (GSTM1) – have been considered in the development
Table 9.7   Cotinine and PAH-albumin levels in mothers and their preschool children (mean ± SE) [162]

Active smoking women (n = 31)
Preschool children of active smoking women
Passive smoking womena (n = 32)
Preschool children of passive smoking women
Non-smoking women (n = 24)
Preschool children of non-smoking women

Cotinine (ng/ml)

PAH-albumin
level (fmole/µg)

170
4.14
1.64
0.87
0.96
0.25

0.80
0.35
0.49
0.18
0.31
0.15

(21.2)
(0.54)
(0.97)
(0.20)b
(0.79)
(0.12)

(0.15)
(0.07)
(0.08)
(0.04)c
(0.08)
(0.02)

Exposure to ETS at home from other household members and visitors
Levels in preschool children in households with ETS exposure were significantly higher ( p < 0.01)
than those in children in non-smoking households
c
Levels in preschool children in households with ETS exposure were not significantly higher than
those in children in non-smoking
a

b
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of lung cancer [164–170]. No differences in GST polymorphism have been discovered
between active smokers and passive smokers [171]. NAT2 slow acetylators evidently display reduced metabolism of carcinogenic arylamines. In addition, a significant association
has been demonstrated between GST M1 (allele 0: GSTM1-0) and lung cancer (OR, 1.41;
CI, 1.23–1.61) [172]. Smokers with the GSTM1(null) genotype have considerably higher
PAH–DNA adduct levels than smokers with the GSTM1(+) genotype [170]. Combination of
GSTM1-0 together with two allelic variants of cytochrome P4501A1 (m2/m2 and Val/Val)
further increases the risk of lung cancer (see Table 5.3 in Chap. 5). Combination of GSTM1-0
and NAT2 slow acetylation is associated with a 7.8-fold increase (CI: 1.4–78.7) in the risk
of bronchial carcinoma [172]. The non-smoker is at greater risk as a slow acetylator, whereas
the smoker is at a greater risk as a rapid acetylator, as a function of pack-years of smoking
[168, 173]. Other authors have disputed this association. NAT1 polymorphism is reported to
be important for the development of lung cancer [174]. p53 mutations are clearly increased
in smokers compared with ex-smokers and non-smokers (OR, 9.08; CI, 2.06–39.98),
whereas K-ras mutations displayed no differences between the various groups defined in
terms of smoker status [175].
Early studies on ETS exposure in women focused on countries in Asia and the Far East:
increased cancer risks were reported for ETS-exposed women who also inhaled carcinogens from cooking oils at high temperatures [176–178]. As an additional factor, these ETSexposed women may also themselves have been smokers in the past. Epidemiological
studies from the USA and other industrialised countries have shown a slight but detectable
risk increase for bronchial carcinoma in passive smokers: in New Zealand, for example,
relative risks of 1.3 (CI: 1.1–1.5) have been reported for both men and women exposed to
passive smoking at home, and of 2.2 (CI: 1.4–3.0) for both men and women exposed to
passive smoking in the workplace [179, 180]. In a further study, the risk of lung cancer
more than doubled for women who reported 40 or more smoke-years of household exposure during adulthood (OR, 2.4; CI, 1.1–5.3), or 22 or more-smoke-years of exposure during childhood or adolescence (OR, 2.4; CI, 1.1–5.4) [181]. Recent research has confirmed
that never-smoking women exposed to ETS from spouses are at increased risk of lung
cancer compared with unexposed never-smoking women (OR, 1.29; CI, 1.17–1.43) [161].
The possible association between ETS exposure during childhood and the development
of bronchial carcinoma in later years has been investigated in a multicentre case-control
study (Fig. 9.8). While the association was rejected on the basis of the results [182], weak
evidence emerged for a positive correlation emerged between the risk of lung cancer and
exposure to workplace and spousal ETS [182].
Other studies have reported lower lung cancer risk levels for passive smokers (OR, 1.3;
CI, 0.8–1.8) [183–185]. The risk of lung cancer was increased where ETS exposure
occurred at a young age: the risk was highest for children exposed below the age of 7 years
(OR, 3.46; CI, 1.80–6.65), but was also significant for children aged between 7 and 14
years (OR, 3.08; CI, 1.62–5.57) and for adolescents aged between 15 and 22 years
(OR, 3.10; CI, 1.52–6.31) [186]. Similarly, high risk rates have been recorded in women
whose husbands smoked particularly strong Russian cigarettes known as “papirosy” (OR,
2.12; CI, 1.32–3.40) [187]. The data recorded in ETS-exposed children were not confirmed in another study [182] or the lung cancer risk was increased only for women exposed
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Fig. 9.8   Risk of bronchial carcinoma (odds ratio (OR)) associated with passive smoking, based on
studies in various countries [170]. Upper panel: ETS exposure during childhood; heterogeneity
test between centres: c2 = 10.45, df = 11, p = 0.49. Lower panel: Exposure to workplace or spousal
ETS; heterogeneity: c2 = 6.76, df = 11, p = 0.82. Ov overall

to ETS in the workplace (OR, 1.5; CI, 0.8–3.0) [188]. In a comparison of 3,138 ETSexposed non-smoking women with 1,747 smoking women, death from bronchial carcinoma was recorded in 0.2% of non-exposed non-smoking women, 0.9% of the ETS-exposed
non-smoking women and 8.0% of the women who smoked, indicating that ETS-exposed
women had a 4.5-fold higher risk of lung cancer than non-exposed non-smokers [189].
Not all studies ever conducted to assess the risk of lung cancer with ETS exposure can
be accepted [190]. While an evaluation of numerous studies indicates that the excess risk
of lung cancer is 24% [190], it is recommended that all the data should be re-analysed with
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caution. Similar risk increases have been reported for ETS-exposed women (24%) and
men (34%) [191]. According to another meta-analysis of ETS exposure and lung cancer
based on 14 published studies, the increase in lung cancer risk is 39% for non-smoking
women whose husbands smoke 25 cigarettes/day, and 91% where ETS exposure occurs
predominantly in the workplace [192].
In ETS-exposed non-smokers, additional radon exposure is reported to be particularly
dangerous in terms of the development of lung cancer (maximal OR increase from 1.08
[0.8–1.5] to 1.44 [1.0–2.1]) [193].

9.6
Complications of Anaesthesia
In younger children, in particular, ETS exposure is associated with delayed growth of the
lungs, with reduced FEV1 and diminished respiratory capacity [194–196]. ETS exposure
causes an increase in children’s plasma cotinine levels [197–202]. Since cotinine has an
elimination half-life of 19–40 h, the plasma cotinine level reflects smoke exposure over the
preceding 3–4 days [199]. N2O/O2-halothane anaesthesia was implemented as indicated in
575 children aged between 1 month and 12 years who were free from respiratory tract and
cardiovascular disease. The children’s urine was collected for the determination of cotinine levels. At the end of anaesthesia, the recovery room nurse documented any airway
complications that may have occurred. Urinary cotinine levels (>40 ng cotinine/ml urine)
correlated with the number of unwanted complications of anaesthesia (OR, 2.3; CI, 1.2–
4.5; Fig. 9.9). Children whose parents smoked >30 cigarettes/day had a 44% airway complication rate, compared with only 25.5% in children whose parents were non-smokers
[203]. The urinary cotinine levels measured in the children were too low for them to have
been active smokers themselves. Ultimately, the incidence of airway complications following anaesthesia is doubled when the parents are smokers [203]!
A study by Reisli et al. evaluated the effects of ETS on onset and recovery time after
single dose of rocuronium in children. Forty children between 4 and 10 years were enrolled

80
Unwanted respiratory
complications [%]

Fig. 9.9   Unwanted
respiratory complications in
88 out of 365 children with
a urinary cotinine level
<10 ng/ml, in 30 out of 91
children with an intermediate
urinary cotinine level, and in
18 out of 43 children (42%)
with a urinary cotinine
level >40 ng/ml (significant
differences between the
groups; p = 0.01) [203]
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into the study [204]. Children who have no familial smoking history were included in the
first group whereas passive smokers included in the second group. Sevoflurane in 50% O2
and 50% N2O was used for induction of anaesthesia. Evoked adductor pollicis electromyography was used to monitor neuromuscular block. The T95 and T25 values were recorded. It
was shown that the T95 values (±SD) for rocuronium were 110.1 ± 39.3 s and 79.3 ± 35.6 s for
group 1 and group 2, respectively ( p < 0.05). The T25 value of group 2 was 40.1 ± 10.6 min;
compared with group 1 values (30.85 ± 7.02 min), it was significantly longer ( p < 0.01).
Therefore, it can be concluded that passive smoking children consume less rocuronium
than non-smokers during similar anaesthesia. A history of passive smoking must also be
taken into consideration during preoperative evaluation of paediatric patients [204].
Overall, it should be noted that:

•
•
•
•
•
•

Girls are more susceptible than boys to such complications [205, 206] because of the
more favourable ratio of respiratory tract to lung size in boys [206, 207].
Girls respond more sensitively than boys to cholinergic stimuli [208].
Low maternal socioeconomic status is associated with persistent lower respiratory tract
infections and influences the complication rate [209].
According to one retrospective study, laryngospasm is ten times more common in children exposed to ETS compared with non-exposed children [210].
Oxygen desaturation following anaesthesia was observed more frequently in the recovery room in ETS-exposed children than in non-exposed children [211].
By using a pre-anaesthesia questionnaire or by determining urinary cotinine-levels, the
paediatric anaesthetist should take steps to prevent those complications of anaesthesia
that are more likely to occur in ETS-exposed children.

9.7
Otitis Media
Otitis media affects up to 46% of young children up to the age of 3 years and is the condition most commonly prompting medical consultations in this age group (Table 9.8)
[213–217].
Table 9.8   Influence of maternal smoking on the risk of otitis media in young children. Calculations
based on a multivariate logistic regression model [212]
Variable

Odds ratio (95% CI)

p

Number of cigarettes smoked (<10 vs. ³10)
Child’s place of residence during the first year of life
(household vs. day care vs. private creche)
Maternal educational level (<12 vs. ³13 years)
Doctor visits (number during the past 12 months)
£3
4–10
³11

1.89 (1.22–2.91)
2.94 (1.55–5.54)

0.004
0.001

1.55 (1.05–2.30)

0.03

1.00
2.50 (1.70–3.67)
2.01 (0.96–4.18)

<0.001
0.06

Fig. 9.10   Correlation between
hair cotinine concentration
and number of smokers in
household, according to
parental self-report. Medians
including 25th and 75th
percentiles. Data outside the
confidence range. Significant
differences between the
groups ( p = 0.03) [212]
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Moreover, otitis media frequently marks the starting point for surgical intervention
[74, 213]. Since 38–60% of young children are exposed to ETS in their parents’ homes,
passive smoking is an important factor in the development of this condition [218–221].
The frequency of otitis media, surgery and antimicrobial therapy during the preceding 12
months was assessed (hair cotinine measurements, physician medical records, home visits)
in a study in 227 cases and 398 healthy controls who satisfied the inclusion criteria for the
study (Fig. 9.10) [212]. Otitis media developed in 23.9% of the children and 9.8% had to
undergo myringotomy. Children exposed to ETS had a 2–3 times higher risk of otitis
media than non-exposed children (Table 9.8). These results are consistent with those
reported in other studies [222–225] (OR, 1.80; CI, 1.1–3.0 [222]).
To estimate the relative risk for otitis media (OM) in children from ETS, maternal
smoking during pregnancy (gestational exposure), or both, a national cross-sectional
health survey was analysed by the use of questionnaire information and serum cotinine
measurements [226]. Children younger than 12 years (N = 11,728) were examined who
participated in the Third National Health and Nutrition Examination Survey (NHANES III),
conducted from 1988 to 1994. The outcome of the study was the occurrence and recurrence of ear infections. It was found that the cumulative incidence of ear infections was 69%.
Of all participants, 38% were exposed to passive smoke, 23% were exposed to gestational
smoke, and 19% were exposed to combined passive and gestational smoke. The occurrence
of any ear infection was not increased by passive smoke exposure (adjusted risk ratio [RR],
1.01; 95% CI, 0.95–1.06), but was slightly increased by gestational (adjusted RR, 1.08; 95%
CI, 1.01–1.14) and combined (adjusted RR, 1.07; 95% CI, 1.00–1.14) smoke exposures.
The risk of recurrent ear infections (³6 lifetime episodes) was significantly increased with
combined smoke exposure (adjusted RR, 1.44; 95% CI, 1.11–1.81). Other risk factors for
ear infection identified in multivariable analysis were race/ethnicity, poverty–income ratio
of 2.00 or more, attendance in day care, history of asthma and presence of allergic symptoms. From this study, it can be concluded that passive smoke exposure was not associated
with an increased risk of ever developing an ear infection. The increased risk found with
gestational and combined smoke exposures has marginal clinical significance. For recurrent ear infections, however, combined smoke exposure had a clinically and statistically
significant effect [226].
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9.8
Meningococcal Infections
Sepsis and meningitis caused by Neisseria meningitidis frequently have a fatal outcome,
and tobacco smoke should be regarded as a vehicle for the nasopharyngeal transport of the
bacteria [227–229]. In particular, NO2 from tobacco smoke increases the incidence of viral
respiratory tract infections [230]; by impairing defence mechanisms, the gas encourages
viral spread on the mucosa. Cigarette smoke inhibits mucociliary clearance, increases bacterial adhesion and ruptures respiratory tract epithelium [231–233]. In vitro experiments indicate that tobacco smoke harms neutrophil migration, and inhibits the phagocytic activity of
macrophages and the production of immunoglobulins [231, 232, 234].
Passive smokers are more likely than individuals not exposed to ETS to be infected by
pathogenic meningococci. Alongside numerous other causes [235], ETS is an important
factor in promoting meningococcal infection in young children [236–238]. In a comparison of 129 cases with 274 controls matched for age, sex, ethnic group etc., having a mother
who smoked was the strongest independent risk factor for invasive meningococcal disease
in children <18 years of age, compared with non-smoking mothers (OR, 3.8; CI, 1.6–8.9;
p < 0.01). This risk was additionally increased where the children were in school classes
of >30 pupils (OR, 5.7; CI, 1.3–24.2; p = 0.02). Similarly, the risk of meningococcal infection showed a dose–response relationship with increasing number of maternal pack-years
of smoking. Ultimately, according to this study the incidence of meningococcal infection
in ETS-exposed children was 37% higher than in non-exposed children. Younger children
(<5 years old) were at greater risk than older children (5–17 years old) [235].
In view of the risk of meningococcal infection, frequently a fatal condition, it is therefore recommended that mothers with young children should give up smoking.

9.9
Breast Cancer
Although a causal association between passive smoking and an increased risk of breast
cancer is not immediately evident [239] (see Sect. 7.8.4 in Chap. 7), initial findings indicate
that an association does exist. Evidently, in genetically “sensitive” individuals [240–242]
the inhaled ETS produces hormonal changes consistent with an anti-oestrogen effect and
oestrogen-induced mitogenesis [243, 244]. According to a study conducted in 334 women
with breast cancer, ever-active smokers had an OR of 2.0 (CI: 1.1–3.6) when compared
with never-active, never-passive smokers. Risk levels were higher in women who smoked
only before their first pregnancy (OR, 5.6; CI, 1.5–21) and in women who quit smoking
5–15 years before their index year (OR, 3.9; CI, 1.4–10). Passive-only smokers had an OR
of 2.0 (CI: 1.1–3.7). Among those women who were exposed to ETS before the age of
12 years, the ORs were 4.5 (CI: 1.2–16) for passive-only smokers, and 7.5 (CI: 1.6–36) for
ever-active smokers [245]. It is possible that ETS exposure needs to occur at a very early
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stage, shortly before the development of breast tissue, in order to induce mitogenic changes
consistent with carcinogenesis [246]. More extensive studies are certainly required in this
area before a definitive verdict can be given.
Johnson and Glantz compared the strength of evidence from epidemiologic studies of
second hand smoke of the US Surgeon General’s 1986 conclusion that secondhand smoke
caused lung cancer with the California Environmental Protection Agency’s (CalEPA)
similar 2005 conclusion on breast cancer in younger, primarily premenopausal women
[247]. They reviewed each report for criteria used to assess causality: number of studies,
statistically significant increases in risk, and pooled summary risk estimates. The authors
showed that both the Surgeon General and CalEPA used updated Bradford Hill criteria for
assessing causality and found that the evidence met those criteria. Six of 13 lung cancer
studies (46%) had statistically significant increases (one of three cohort studies). Pooled
risk estimates for lung cancer for spousal exposure were 1.53 for ten combined case-
control studies and 1.88 for seven studies with dose–response results. The CalEPA reported
10 of 14 studies (71%) had statistically significant increases in breast cancer risk (two of
four cohort studies). Pooled relative risk estimates for younger, primarily premenopausal
women were 1.68 (95% CI: 1.33, 2.12) for all exposed women and 2.19 (95% CI: 1.68,
2.84) for five studies with better exposure assessment. It was concluded that the evidence
from epidemiologic studies of passive smoke in 2005 for breast cancer in younger, primarily premenopausal women was stronger than for lung cancer in 1986.

9.10
Psychosocial Changes
Children exposed to ETS display behavioural changes that can be linked with ETS. Within a
family setting, lifestyle habits evolve (e.g. smoking, fat consumption, sedentary lifestyle
increased alcohol consumption) which in turn may be regarded as risk factors for the children
because they adopt these lifestyle habits [248, 249]. Body measurements were performed in
a study of 804 children aged 10–12 years; additionally, smoking behaviour and dietary characteristics were identified. Among the children from these families, 19% of boys and 10% of
girls were already smokers. Among the children who smoked, 57% (boys) and 68% (girls)
came from families in which at least one parent smoked (OR, 2.1; CI, 1.2–3.8). In the longer
term, however, girls were less likely to adopt the smoking habits of their parents (OR, 0.4;
CI, 0.2–0.6). Parental smoking behaviour was an additive predictor in children of lower
physical activity and more television watching, regardless of which parent smoked. Children’s
fat intake was significantly greater if either parent smoked, whereas children’s body mass
index and waist-to-hip ratio were significantly greater if mothers smoked [250].
Overall, children who grow up in “smoker households” take health risks upon themselves regardless of the risks already present as a result of smoking during pregnancy
[251]. Parental smoking is formative in encouraging an unhealthy lifestyle in children,
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expressed as a preference for sitting around [96], earlier alcohol consumption [252],
increased fat intake [252, 253] or an accumulation of these unhealthy behaviours [254].
The smoking habits of the children also correlate with those of their parents, as has been
demonstrated in several studies [255–257]. Readers are referred to Chap. 12 for further
discussion of this aspect.

9.11
Concluding Remarks
The data presented in the literature permit a range of conclusions, several of which are of
major importance in terms of public health policy:

•
•
•
•

•
•
•
•
•

Adult non–smokers exposed to ETS become ill more frequently than non-smokers
without ETS exposure, prompting the conclusion that smoking should be banned in the
workplace and in public buildings.
Non-smokers and smokers should be educated about the dangers of ETS, the objective
being to reduce or prevent ETS in their own homes.
Any study of the medical consequences of smoking and any comparison with the situation in non-smokers must always consider the role played by ETS because this factor
already leads to health-related changes.
Despite contradictory data, it has now been proved that extensive ETS exposure
(a minimum of 20–30 pack-years) increases the risk of bronchial carcinoma by at least
30%, and in extreme cases this risk may be increased two- to threefold. Ethnic differences appear to exist, with Asian populations being at even greater risk than those in
Western Europe or North America.
Female smokers planning to become pregnant or unexpectedly becoming pregnant
should make every effort to stop smoking either before pregnancy or during the first
weeks of pregnancy. They should also refrain from smoking during the first years after
their child has been born. The same applies for fathers living in the same household.
The mother is the key figure in determining a healthy lifestyle for the family, and this
should be the starting point increasingly for health education programmes in future.
Before infants and young children undergo a general anaesthetic, parental smoking
status should always be ascertained. Where parents are smokers, the risk of anaesthetic
complications during the recovery phase is doubled. Urinary cotinine measurements
can be helpful in this context.
If the health of the majority is not to be further endangered by ETS, there is an urgent
need to introduce strict legislation for the protection of non-smokers (Fig. 9.11).
The general population should also be kept aware of the latest findings on ETS: the
danger to health must be clearly communicated so that children and adolescents in
particular are protected effectively.
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Fig. 9.11   Poster from the
German Museum for Public
Health (Deutsches HygieneMuseum) encouraging
smokers to show
consideration for the
non-smoking majority
(source: DHM 1995-641)
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Non-Drug Treatments to Promote
Smoking Cessation

10

Smoking cessation should be the prime objective of medical treatment for people who
smoke, particularly since most smokers who require treatment are dependent on tobacco.
Statistics on readiness to quit smoking show wide variations. For some 20–30% of smokers,
an external event marks the starting point for giving up. Further undecided smokers – the
figures vary between 25 and 40% – may possibly be persuaded to quit by extensive education campaigns directed at the smoking public [1, 2].
Besides techniques employed worldwide in which patient education is combined chiefly
with the pharmacological approach (see Chap. 11), a wide range of counselling methods
have found application, ranging from physician advice through to psychological withdrawal
programmes, such as those used in other forms of dependence. Scientific assessment of
these techniques is only possible if they also adhere to defined standards. The technique
used must, therefore, also be scientifically justified or justifiable and the success of treatment must be quantifiable by measuring biochemical markers (e.g. CO in expired air or,
preferably, cotinine levels in plasma, urine or saliva). In addition, the consensus definition
of cessation is that the smoker remains abstinent for at least 6 (or preferably 12) months
after the start of treatment, i.e. the ex-smoker should no longer smoke any cigarettes. A
reduction in cigarette smoking (e.g. by 20 cigarettes/day) may be termed a partial success,
but does not qualify as smoking cessation in the sense defined above. Given the millions of
smokers who are potentially willing to quit, the techniques employed must be practicable
and economically viable, and this explains the dominant position of nicotine replacement
therapy (NRT) worldwide [3].
Smokers often set themselves the goal of giving up smoking and the factors prompting this decision may be a planned pregnancy [4], a sense of responsibility towards their
own children or even financial considerations [5]. A prerequisite for any intervention
intended to promote smoking cessation is the development of a strong determination to
quit smoking. It may take several weeks before these contemplative processes can be
transposed into a practicable reality. This is connected with a behavioural change vis-àvis smoking [6].
A study by Carlson et al., community-based cognitive-behavioural intervention,
evaluated the predictive value of aspects of the Transtheoretical model (TTM) of
behaviour change as applied to smoking cessation in a large group [7]. A cognitivebehavioural intervention was followed by a 3-month assessment of the smoking status in a regional outpatient cancer centre with a total of 2,069 participants in smoking
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_10, © Springer Verlag Berlin Heidelberg 2010
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cessation clinics. Eight 90-min sessions over 4 months utilizing education, self-
monitoring, a group quit date and behaviour modification techniques were performed,
and as main outcome measures, the cessation rates at 3 months post-quit date were
used. Also, differences were monitored between successful and unsuccessful participants on the baseline TTM variables of stages of change, processes of change, decisional balance and situational temptations, as well as of precessation demographic,
smoking history and smoking behaviour variables. It was shown that non-smokers at 3
months endorsed using more of only one of the processes of change (reinforcement
management) more than smokers prior to starting the programme. They also endorsed
more Cons of Smoking and had a more negative Decisional Balance score. When the
variables of tobacco tolerance on the Fagerstrom Test for Nicotine Dependence (FTND),
marital status, association with the Cancer Centre and amount of vigorous exercise
were first entered in a logistic regression model, Reinforcement Management and Cons
of Smoking continued to be predictive of smoking cessation success, but again none of
the other TTM variables added explanatory power. The authors concluded that TTM
variables measured prior to programme attendance added little predictive value for cessation outcome beyond that explained by demographic and smoking history variables.
Future studies may benefit from reassessing the TTM variables at the quit date and the
3-month assessment of smoking status to evaluate how the programme impacted these
variables [7].
A further study examined the association between stage of change and smoking cessation outcomes among youth receiving two interventions of varying intensity: a 10-min
brief self-help smoking cessation intervention (BI) or the American Lung Association’s
10-week Not-on-Tobacco (N-O-T) smoking cessation programme [8]. At baseline, the
participants were classified into three stages (e.g. pre-contemplation, contemplation and
preparation) based on their intention to change their smoking behaviour. Smoking behaviour, stage of change, self-efficacy and beliefs about smoking were assessed at baseline
and 3 months post-baseline. It was found that the relationship between stage of change and
cessation outcomes varied by treatment intensity. Logistic regression analyses revealed
that BI participants in the preparation stage were 25 times more likely to quit smoking at
post-baseline than participants in the contemplation or pre-contemplation stages. In contrast, N-O-T was effective for youth regardless of baseline stage. Additionally, N-O-T
participants demonstrated greater forward stage movement from baseline to post-baseline
than did BI participants [8].
Smokers who think about stopping smoking (“contemplation”; Stage II) have
already moved beyond contented unawareness of the problem (“pre-contemplation”;
Stage I). They next have to consider how they might handle quitting (preparation
phase; “deciding to try to quit”; Stage III). Once they stop smoking (“action”; Stage
IV), they have taken a decisive step, but initially they are short-term ex-smokers
(“maintenance”; Stage V) and are constantly at risk of slipping back into old ways
(“relapse”; Stage VI). Smokers may find themselves repeating the cycle from Stage II
or III to Stage VII several times, depending on how they cope with relapses (Fig. 10.1).
In many cases (Chap. 11), this short-term abstinence may become “sustained abstinence” (Stage VII). It is important for ex-smokers to extend their smoking cessation at

10.1

Indications and Diagnostic Considerations

Fig. 10.1   Smoking cessation
as a potentially protracted
process (see text) [6]
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least over a period of months or even 1 year or longer; they will then have a sense that
cessation is “tough to handle,” something which preferably they would not wish to go
through a second time.

10.1
Indications and Diagnostic Considerations
In principle, given the many and well-known harmful effects of smoking, any intervention
to achieve smoking cessation is to be recommended. There are the following four important indications for smoking cessation:
1. To prevent a wide range of diseases.
2. To allow treatment for smoking-related diseases, e.g. chronic obstructive pulmonary
disease (COPD), peptic ulcer, hypertension, coronary heart disease, peripheral arterial
occlusive disease (PAOD), hyper cholesterolaemia, diabetes, psychiatric illnesses, etc.
3. As a component of rehabilitation during recovery from smoking-related diseases (e.g.
myocardial infarction, stroke, limb amputation).
4. To protect non-smokers.
Before treatment starts, smokers should be questioned concerning the strength of their
resolve to quit smoking absolutely. Their degree of dependence should be assessed (using
the Fagerström test, Chap 4, Sect. 4.5.1) and, as a minimum requirement, measurements
should be taken of CO in expired air (see Table 10.1 and Chap. 11, Sect. 11.4).
An overview of the studies on the non-pharmacological treatment of nicotine dependence is provided in Haustein [9] and Table 10.2.
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Table 10.1   Diagnostic considerations in smoker counselling [113]
Daily cigarette consumption (regular or irregular consumption)
Cigarette brand (subsequently classified as light – medium – strong)
CO levels in expired air (specifying time of measurement)
Fagerström test for nicotine dependence
Interview to establish whether the smoker is dissonant (loathes smoking, cannot quit without
medical assistance: nicotine pre-abstinence syndrome) or consonant (unwilling to quit)
Tar exposure level (TEL): correlates with the risk of bronchial carcinoma; depends on the
number of years of smoking, daily cigarette consumption and the tar yield of the cigarette
brand (<15 mg, 15–24 mg or >24 mg)
Carbohydrate dependence (may be present additionally in dependent smokers)
Height and body weight (calculate body mass index: subsequent weight gain!)
Smoker’s past experience of attempted smoking cessation (number of successes/ failures)
Occurrence of nocturnal sleep disturbances and smoking while sleep is interrupted (nocturnal
sleep-disturbing nicotine craving: NSDNC)
Presence of additional cardiovascular or pulmonary disease (previous angina attacks, myocardial infarction, hypertension, chronic obstructive pulmonary disease, bronchial carcinoma,
etc.), concurrent psychoses or depressive illness (may complicate smoking cessation)
Concomitant medication (neuroleptics, clozapine, antidepressants, antihypertensive agents,
lipid-lowering drugs, etc)

10.2
Objective of Treatment
Treatment of the smoker should aim at complete cessation, and stopping smoking abruptly
is indicated. Only <1–2% of heavily dependent smokers achieve this goal without any
medical intervention and through willpower alone, and the number of cigarettes smoked/
day need not be a decisive factor. This (abrupt) method of smoking cessation can be
achieved with psychological support, but the outcome is more promising with pharmacological support.
It has subsequently become known that many smokers, because of their heavy dependence and/or considerable habituation, are unable to give up smoking completely, with the
result that “harm reduction” or partial cessation is then a necessary option. The goal here
is for smokers (simultaneously patients at risk) to cut their consumption to <10 cigarettes/
day with pharmacological support. After a longer period of reduced cigarette consumption, some smokers may possibly themselves recognise the sense of stopping completely,
though this does not automatically imply any change in dependence. According to the
AHQR (Agency for Healthcare Quality and Research) guidelines, the following five “A”s
should be used: Ask – Advice – Assess – Assist – Arrange (fragen, raten, beurteilen, helfen,
arrangieren) [10].
Reducing tobacco use is a leading goal of the nation’s Healthy People 2010. To improve
the health of all Americans during the first decade of the twenty-first century, tobacco control practices must also be a top priority in older adults [11]. Older adult smokers are often
less educated, have a low socio-economic status, are more likely to be female and have
reduced self-efficacy with the cessation process. Older adults suffer disproportionately

10.3 Self-Help Interventions by the Smoker
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Table 10.2   Assessment of non-drug treatment modalities to promote smoking cessation, compiled
from the Cochrane Database
Reduced smoking
Self-help interventions
Self-help intervention with
telephone counselling
Training by health care
professionals
Nurse-managed counselling
Physician counselling
Individual counselling (short
counselling session,
booklet, etc.)
Group therapy (behavioural
therapy)
Hypnotherapy
Aversion therapy (aversive
stimulation)
Aversion therapy (general)
Acupuncture

Odds ratio

Assessment

Reference

–
1.23 (1.01–1.49)
1.62 (1.33–1.97)

ßß
Û
Ý

–
[25]
[25]

1.48 (1.20–1.83)

Û

[56]

1.43 (1.24–1.66)
1.69 (1.45–1.98)
1.55 (1.27–1.90)

Ý
Ý
Û

[65]
[59]
[114]

2.10 (1.64–2.70)

ÝÝ

[70, 114]

+
2.08 (1.39–3.12)

Û
Ý

[115]
[77]

1.19 (0.77–1.83)
1.22 (0.99–1.49)

Û
ßß

[77]
[106]

ÝÝ Claim (e.g. on efficacy) supported by several suitable, valid clinical studies (e.g. randomised
clinical trials) or by one or more valid meta-analyses or systematic reviews. Positive claim clearly
confirmed
Ý Claim (e.g. on efficacy) supported by at least one suitable, valid clinical study (e.g. randomised
clinical trial). Positive claim confirmed
ßß Negative claim (e.g. on efficacy) supported by one or more suitable, valid clinical studies (e.g.
randomised clinical trials) or by one or more valid meta-analyses or systematic reviews. Negative
claim clearly confirmed
Û No reliable study results available to confirm a positive or negative effect. This may be due to the
absence of suitable studies, but also to the availability of several studies with contradictory results
+ No usable studies

from smoking-related diseases, yet experience physical, social and psychological rewards
from cessation. Clinicians managing the care of smokers can be effective in promoting
smoking cessation, regardless of the smoker’s age or duration of smoking history. The
AHRQ guideline recommends clinicians to ask, advice, assess, assist and arrange followup for all smokers. Pharmacological and behavioural therapies are recommended to assist
with the cessation process. Gerontological nurses can play a key role in optimizing health
and successful aging by reducing tobacco use in older adults [11].

10.3
Self-Help Interventions by the Smoker
Undoubtedly, the ideal situation is for the smoker to decide one day, more or less spontaneously, to give up smoking and from that time onwards never to smoke. This type of
decision is commonly taken on special days of the year (e.g. as a New Year’s resolution)
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and, more rarely, is also acted upon. Greater seriousness is attached to decisions that are
prompted by personal illness or by the illness or death of a family member or close friend.
From our own experience of counselling smokers, we know that even heavy smokers
(40–60 cigarettes/day) can carry through such decisions without major effort. The 6 studies published to date in which self-help interventions led to successful smoking cessation
for 6–9 months (OR = 1.08; CI: 0.81–1.44) or 12 months (OR = 1.0; CI: 0.75–1.34) are
of limited value because biochemical variables were measured in only isolated cases
[12]. The support of a partner was described as an increasing successful aspect for quitting in only 2 of the 6 studies [12]. Smokers whose partners are non-smokers or exsmokers are more likely to be successful at quitting [13, 14]. Currently married smokers
have a higher chance of success than divorced, widowed or never married smokers [15].
The support of the spouse may be beneficial for success [16, 17]. If smokers are constantly nagged, face complaints about their behaviour or are repeatedly criticised for
failed attempts to quit smoking, then their position becomes entrenched [18]. Studies
indicating the positive influence of the spouse/partner in this context are countered by
others which are critical of their role [19, 20]. Two systematic studies report the supportive effect of a partner in achieving smoking cessation [21, 22], in one case including the
recommendations of the AHQR [21].
However, numerous organisations also provide self-help manuals designed to assist
smokers who wish to quit [23, 24]. Consulting a therapist, in addition, may enhance the
effectiveness of the method [23]. Standard instructions have been found to be less effective
than personalised instructions tailored for a group of smokers (OR = 1.41; CI: 1.14–1.75)
[25]. Overall, instructions on smoking cessation are assessed as useful and more effective
than attempting smoking cessation without instructions.
Sporting activities are a key aspect of self-help to achieve smoking cessation [26].
Physical exercise has a beneficial effect on cravings [27], depressed mood [28], sleep disturbances [29], feelings of tension [30], stress situations [31] and on weight gain following
smoking cessation, an aspect that is especially important for women [32–34]. Sport also
has a positive effect on relapses [35], coping with the smoking problem [36] and selfesteem [37]. Overall, of course, physical activity confers health benefits on the ex-smoker
[38]; heavy smokers often already notice this just 2 or 3 weeks after stopping smoking and
they volunteer this information spontaneously during counselling sessions. Out of a total
of 8 studies of this aspect published to date, 6 could not be assessed because patient numbers were too small. In the final analysis, therefore, only 1 study provided positive evidence of the effect of vigorous exercise in terms of smoking cessation (OR = 2.36; CI:
0.97–5.70) [39], with a definite increase in continuous abstinence compared with controls
(11.9% vs. 5.4%; p = 0.05) [39].
To determine whether exercise-based interventions alone or combined with a smoking
cessation programme are more effective than a smoking cessation intervention alone,
Ussher searched the Cochrane Tobacco Addiction Group specialized register for studies
including the terms “exercise” or “physical activity” and MEDLINE, EMBASE,
PsycINFO, CINAHL, Dissertation Abstracts and SPORTDiscus. Randomized trials
which compared an exercise programme alone or an exercise programme as an adjunct
to a cessation programme with a cessation programme recruiting smokers or recent quitters, and with a follow-up of 6 months or more were included in the [40]. Eleven trials
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were identified, six of which had fewer than 25 people in each treatment arm. They varied in the timing and intensity of the smoking cessation and exercise programmes. Three
studies showed significantly higher abstinence rates in a physically active group vs. a
control group at the end of treatment. One of these studies also showed a benefit for
exercise vs. control on abstinence at both the 3 month and 12 month follow-up points.
One study showed significantly higher abstinence rates for the exercise group vs. a control group at the 3 month follow–up, but not at the end of treatment or at 12 month follow-up. The other studies showed no significant effect for exercise on abstinence. The
study concluded that only one of the 11 trials offered evidence for exercise aiding smoking cessation. All but one of the other trials were too small to conclude that the intervention was ineffective, or included an exercise intervention which was insufficiently intense
to achieve the desired level of exercise. Trials are needed with larger sample sizes, sufficiently intense exercise interventions, equal contact control conditions and measures of
exercise adherence [40].
The effectiveness of telephone counselling has been investigated in 23 studies, the
results of which are extremely heterogeneous. In 4 studies, telephone counselling was followed by face-to-face counselling. However, telephone counselling can help to prevent
further relapses or stabilise smoking cessation [41]. Since telephone counselling is usually
performed on an individual basis, it is preferable to group counselling, a modality that is
often rejected by smokers [42]. Counselling then becomes a hotline to request a wide range
of information. Counselling services have been set up specifically for smokers (e.g.
Quitline/Australia, Quit/England, Heidelberger Telefon/Germany) or they may operate
within the broader framework of an integrated smoking cessation support service [43].
Similarly, the Erfurt Smoker Counselling Centre provides free information and advice, but
also offers individual treatment free-of-charge over a period of weeks or months with the
goal of achieving smoking cessation (see Appendix).

10.4
Physician Advice for Smoking Cessation
Seventeen different studies used 5-min standard interviews to point out the dangers of
smoking and issued smokers with an information booklet without offering any further
consultation. Three of these 17 studies were conducted in a hospital setting. The studies
revealed no clear differences in terms of success, not even when biochemical markers were
measured (plasma nicotine levels or CO).
Where the studies were conducted with additional physician input (spirometry, CO
measurement, oral or written medical counselling, post-cessation support or a combination
of interventions), different success outcomes were achieved (p < 0.001), a fact that was
also attributable, among other things, to non-standardised methods and individually tailored physician input in the individual studies.
Group sessions with a medical expert to discuss the health consequences of smoking
also showed no significant success. In pregnant women attending three sessions, success
was reported in 9 independent studies in which biochemical markers were measured.
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Effectiveness was greater than in non-pregnant women undergoing the same procedure.
Higher success rates were recorded in 7 studies in pregnant women with self-help instructions (9%; p = 0.01) than in 11 similar studies in non-pregnant women (Table 10.2).
Hospital-based interventions for smoking cessation are not necessarily more successful
than interventions outside a hospital setting, even though a 30% increase in smoking cessation has been achieved (OR = 1.09; CI: 0.91–1.31) [44]. However, where these interventions are combined with after-care, a marked rise in effectiveness is reported (OR = 1.82;
CI: 1.49–2.22) [44].
Clinicians achieved a 35% success rate in group sessions with high-risk patients with
coronary heart disease who had survived a myocardial infarction [45]. Even higher success rates were recorded in one uncontrolled study [46]. In 4 further studies where
counselling was made available to high-risk smokers with no history of infarction [47–
49], differing success rates for smoking cessation were achieved (range: 7–31.3%).
Where smokers were simply counselled to stop smoking, success was no worse in comparison with the other 3 studies with additional interventions such as repeated reminders
of the risk of infarction, support for successful smoking cessation, etc. [47–49] (21%
success rate; p < 0.001). A change in smoking habits (cigar, pipe) was reported in 1
study [50].
Individual counselling [51–55] is more effective than no counselling at all (OR = 1.55;
CI: 1.27–1.90) and the extent of counselling does not appear to be decisive because brief
information (OR = 1.17; CI: 0.59–2.34) as well as group-counselling sessions (OR = 1.33;
CI: 0.83–2.13) have proved useful [56]. Follow-up telephone contact with patients has
been shown to be beneficial [54].
A study by Picardi et al. assessed the effectiveness of a behavioural group intervention for smoking cessation, which included the recommendation to participate with a
relative or close friend as its most original feature [57]. In this study, a total of 1,060
subjects took part in the programme, which consisted of nine group sessions over a
period of 5 weeks. The intervention consisted of a modified version of the Five-Day
Plan, the main differences being the use of behavioural therapy techniques and small
group work, and the addition of 4 weekly booster sessions. About two-thirds of the participants came with a relative or close friend. Long-term abstinence from smoking was
assessed with follow-up telephone interviews. It was also found that very few subjects
were lost to follow-ups (9.2% at 6 months, 9.7% at 1 year, 10.8% at 2 years). The
observed quit rates were 42.6% at 6 months, 35.5% at 1 year and 32% at 2 years. When
considering as smokers all subjects who were lost to follow-ups, quit rates were also
satisfactory (38.7% at 6 months, 32.1% at 1 year and 28.6% at 2 years). The main predictors of a good outcome were being male, smoking <20 cigarettes/day, having started
smoking after 18 years of age, having made previous quitting attempts, not having a history of unsuccessful participation to smoking cessation interventions and attending the
sessions with a relative or close friend. From this study, it was concluded that although
some limitations inherent in the design of the study suggested caution in interpreting the
results and in making comparisons, the long-term effectiveness of the intervention was
satisfactory. The inclusion of a relative or close friend appeared useful. This simple and
inexpensive strategy may deserve recommendation, though in the future it should be
tested in controlled trials [57].
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10.5
Nursing Involvement
Since nurses constitute a very much larger professional body than doctors worldwide,
training efforts are warranted to qualify nursing staff for involvement in smoking cessation
programmes, given the enormity of the task. The effectiveness of physician counselling for
smoking cessation is well-established [58, 59]. By contrast, counselling by nursing professionals is reported to be less effective [60]. The different [61, 62] studies should be regarded
as successful (OR = 1.50; CI: 1.29–1.73), though some investigators used NRT to promote
smoking cessation (see Chap. 11, Sect. 11.1). Nevertheless, counselling delivered by
nurses and respiratory care therapists etc. is viewed as useful [63]. Following the example
of the USA, this activity should be incorporated into nurse education programmes worldwide [64]. One recent analysis [65] summarising 17 studies indicates that the odds of quitting are increased by nursing intervention (OR = 1.43; 95% CI: 1.24–1.66) and this
improved effectiveness was found for both intensive (OR = 1.39; CI: 1.19–1.64) and less
intensive interventions (OR = 1.67; CI: 1.14–2.65). Where post-infarction patients took
part in nurse-managed programmes in a cardiology clinic, effectiveness was very much
higher (OR = 2.14; CI: 1.39–3.31) [33, 60, 66]. In 1 study, the effectiveness of nursemanaged counselling in non-hospitalised patients with cardiovascular health problems was
very low (OR = 0.19; CI: 0.08–0.46) [61]. However, this study should be viewed critically
in as much as the control group included more coronary artery bypass graft patients who
also quit smoking without counselling. In a further 8 studies, an 80% increase in effectiveness was reported in non-hospitalised patients (OR = 1.81; CI: 1.39–2.36) [67, 68].
Additional telephone contact increased the effectiveness of smoking cessation interventions in some studies (OR = 1.40; CI: 1.00–1.96) [59].
Overall, counselling by trained nursing professionals may be regarded as useful, with
statistically significant though moderate effects having been achieved to date [65]. In
selected hospitals and outpatient departments, nurses should, therefore, be included in the
system of patient education to promote smoking cessation [59].

10.6
Group Behaviour Therapy Programmes
Dependence experts and psychiatrists, in particular, consider that behaviour therapy programmes are also very effective to promote smoking cessation (OR = 2.10; CI: 1.64–2.70)
[62, 69]. The hypothesis that smoking is a learned and consolidated behaviour based on
many years of conditioning has prompted the development of treatment strategies using
the same practices to “unlearn” the resultant dependence.
Behaviours learned as a result of smoking (situations in which the smoker reaches for a
cigarette; the act of lighting up and smoking; automatisation and ritualisation of smoking)
have to be unlearned in the course of treatment. Self-monitoring of smoking behaviour (for
example, by keeping a smoker’s journal) is a commonly used method in which habits have
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to be broken down in stages (by recording them). Key aspects of the treatment strategy are
the initial boosting of motivation (non-smoking is better!), increased self-observation
(documenting cigarette consumption to make smoking habits transparent) and developing
individual techniques for coping with cravings. Smokers must gradually realise that abstinence is attractive and they must be prepared for the possibility of relapses. The system
also enables smokers to learn a relaxation technique that should always be used when cravings arise. Since the possibility of weight gain can undo the benefit of cessation, quitting
smokers should be prepared for this eventuality (Chap. 11, Sect. 11.5.3). It is important to
develop new behaviours and to set rewards for goals achieved. However, since the physical dependence also has to be treated, adjunctive NRT also alleviates the symptoms of
withdrawal (see Chap. 11, Sect. 11.1.1).
The treatment uses elements of behavioural therapy (sanctions or “punishments” [formerly also learning aversive responses such as nausea and vomiting], identifying alternative actions, support measures for quitting smoking) and may be conducted individually,
in a group or with a self-help manual. In 13 studies comparing a group programme with a
self-help programme, there was an increase in smoking cessation with a group programme
(OR = 2.10; CI: 1.64–2.70). Group programmes were more effective than no intervention
or minimal-contact interventions (OR = 1.91; CI: 1.20–3.04). There was no evidence that
manipulating the social interactions between participants in a group programme had an
effect on outcome [70]. In every case, however, biochemical markers should be included
when assessing success. Overall, interpretation of results is rendered difficult because the
study objectives were very differently defined. Behavioural therapy can be implemented in
weekly group sessions (10–15 smokers), particularly since individual treatment is far too
personnel-intensive and will, therefore, fail. For the most part, a 5–10-week course of
treatment is required [71, 72]. Shorter treatments often leave the ex-smoker to cope alone
with the late symptoms of withdrawal.

10.7
Aversion Therapy
Aversion therapy is based on pairing the “pleasurable” event with an unpleasant physical
stimulus. It may be regarded as a form of behavioural therapy designed to correct certain
behaviours such as dependence (e.g. on cigarettes) or excessive eating [73]. In this context,
the best-known technique is that of rapid and increased cigarette consumption [74], the
target being one puff every 6–10 s. After 3 min, generally, the smoker reaches the point at
which nausea develops. Some smokers need three cigarettes in this period. This “mild”
nicotine overdose (dizziness, nausea, vomiting) is intended to develop aversion. These
methods are hardly used at all today and they may even be dangerous for patients who are
at risk (coronary heart disease, etc.) [75], though the contrary view also exists [9, 26, 76].
As soon as the symptoms of overdose have resolved, the procedure may be repeated, with
3–10 such sessions being reported in different studies. As far as possible, smokers should
not smoke between sessions. One summary review of 35,000 smokers who have been
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treated with this technique did not detect any major negative effects [30]. In 10 studies of
rapid smoking, compared with control, the overall odds ratio for abstinence was 2.08 (CI:
1.39–3.12) [77]. However, this finding should be interpreted cautiously because the funnel
plot of included studies was asymmetrical due to the relative absence of small studies with
negative results (Table 10.2) [77]. The single trial using biochemical validation of all selfreported cessation did not show a significant result.
Other aversion methods (e.g. application of electric shocks, intensive puffing, holding the
smoke in the mouth for longer periods while continuing to breathe through the nose, cough
stimulus provocation, taking bitter pills before smoking a cigarette, silver acetate chewing
gum) are reported to be only marginally effective (OR = 1.19; CI: 0.77–1.83) [77].

10.8
Mass Media Communication Strategies
Over the past 10–15 years, several attempts have been made via the mass media to influence smoking behaviour among the wider population. The following media formats have
been utilised for this purpose: television, cinema, radio broadcasts, print media of all types,
posters, personal discussions, smoker helplines and even personal direct mailings. These
campaigns communicated factual information or they took the form of appeals; they also
employed a counter-advertising strategy, tantamount to a condemnation of the tobacco
industry’s marketing strategies. When assessing the usefulness of such methods, of course,
the decisive point is the achievement of smoking cessation (or at least a definite reduction
in smoking) over a period of several months (³6 months).
In citing a number of such campaigns from the past, attention here will focus primarily
on Australia and the UK [78]:

•

•

•

“Every cigarette is doing you damage” (Australia). This campaign gained international
recognition because it used hard-hitting TV adverts, in conjunction with radio broadcasts, billboards and full-page magazine adverts, to depict the adverse consequences of
tobacco consumption [79]. The initially positive results were seen most clearly among
adolescents (14–17-years old), even though this group was not part of the intended
target audience; nevertheless, 67% of them were motivated to quit smoking. The mean
national smoker prevalence was lowered by 1.7% (from 23.5 to 21.8%). The campaign
was run again in Singapore with slight modifications [80].
The John Cleese Campaign featured this celebrity comic actor to stimulate the interest of
smokers between the ages of 25 and 44 years; it sought to promote smoking cessation by
presenting serious messages (e.g. “Smoking can kill,” “Smoking harms your children,”
“Smoking is not the only way to enjoy yourself ”) in a humorous way. The campaign was
supported by a telephone helpline. Following the campaign, smoking prevalence fell by
1.2% (from 28.0 to 26.8%) over a 3-year period (1992–1995) [78, 81, 82].
The target group for the “Break Free Campaign” was smokers who were already seriously considering quitting smoking. The “You can be free” slogan was shown on TV
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and posters. This 2-year campaign had minimal success, reflected in the fact that a high
proportion of the key target audience no longer recalled the adverts and only 49%
believed they could be motivated to quit smoking by these campaigns [78, 82].
The “Quit for Life” campaign used TV and radio adverts to deliver messages designed
to encourage smoking cessation, primarily with practical tips on quitting. Despite positive pre-testing, the TV adverts were not sufficiently powerful to stimulate smokers into
taking action, whereas the radio adverts were received more favourably [78, 82].
Running from 1997–1999, the “Testimonials” campaign used older smokers to tell
younger smokers about their tobacco-related illnesses in the hope that for younger
smokers the future consequences of smoking would be brought into a more immediate
time frame. Special TV adverts also drew the attention of female smokers to these
problems. Surveys revealed that 72% of women agreed that the adverts were aimed at
people like them and 67% stated that the adverts made them realise the possible health
risks of smoking. The adverts were ineffective among younger (16–24-year old) female
smokers [78, 82].

As shown by data from the various campaigns (Table 10.3), the “John Cleese Campaign”
produced the most sustained effect (92% recognition). One year after the campaign ended,
90% of those surveyed could still remember it.
Smoking cessation programmes using a range of mass media were initiated almost
simultaneously in Holland (“Quit smoking together”) and in the USA (Bellingham,
Washington: “Broadcast cessation clinics”) [83, 84]; these showed initial successes in
terms of smoking cessation, with the combination of TV and radio proving to be beneficial
and having a lasting effect [84].
Population surveys indicate that the combined use of various mass media components
(TV, radio, billboards, print media), as in the California Tobacco Control Program, is

Table 10.3   Results reported from four UK anti-smoking campaigns and their associated media cost
[79–82]
Question

Prompted awareness of the
campaign
“Fed up with seeing the
adverts”
“Encouraged me to think
about giving up”
“More confidence to give up”
“Made me feel guilty about
smoking”
“Unfair to smokers”
Cost (in £ millions)

Campaign
“Cleese”
1992–1995

“Break”
1995–1996

“Quit”
1996–1997

“Testimonial”
1997–1999

92

54

63

66

20–22*

16

–

–

–

50

44

57–60*

35
42–43*

42
38

49
38

41
49–55*

20–24*
3,183

19
2,326

23
2,484

20–21*
4,886

– Question not asked; *Statistics from various surveys
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Table 10.4   Assumed effectiveness of various mass media messages [95]: survey of 1,500 adolescents
and adults in California, Michigan and Massachusetts
Message content

Adolescents

Adults

Tobacco industry manipulation
Passive smoking
Nicotine as a powerful addictive substance
Reasons for and information on quitting
smoking
Easy youth access to cigarettes
Short-term negative effects
Long-term health effects
Romantic rejection

++
++
+
±

++
++
+
+

−−
−
−−
−−

–
−−
–
−−

++ Very effective; + effective; ± uncertain; – minimally effective; −− not effective

advantageous: 6.7% of those surveyed quit smoking as a result of media-led motivation.
Among ex-smokers, 69.1% confirmed awareness of the campaign and 34.3% subsequently
cited this campaign as justifying their decision to quit smoking [85].
As shown by the survey results summarised in Table 10.4, only a very limited number
of messages communicated in the mass media have a positive effect, and this needs to be
borne in mind for future campaigns. Quit smoking TV campaigns (“television clinics”) in
the USA have been more successful and in Texas, an abstinence rate of 22% has even been
reported with one such campaign over a 6-week period [84]. Even though numerous professional groups work together in campaigns of this kind, the role of the physician in personal counselling assumes high importance [86].
Experience indicates that younger smokers are unreachable or very hard to reach with
such campaigns, whereas middle-aged smokers already have health issues related to cigarette smoking and also express a desire to quit smoking for the most varied reasons. Elderly
smokers are frequently heavily dependent: they are aware of this and know in some cases
that they already have major health problems. Left to their own devices, however, they are
not capable of achieving smoking cessation. This is where medical intervention comes into
its own, with extensive counselling being a necessary prerequisite for longer-term success.
For ex-smokers and non-smokers, mass media campaigns also strengthen their resolve not
to smoke in future.
Fewer than 10% of the numerous studies (6 out of 63) satisfy the criteria of evidencebased medicine [84, 87]. These 6 studies also used a controlled trial design. Two of the
studies underline the effectiveness of mass media campaigns also in terms of influencing
adolescents. On the one hand, these campaigns reach several tens or even hundreds of
thousands of people. On the other hand, given the considerable levels of media spend (see
Table 10.3), their effectiveness in terms of achieving smoking cessation is low to moderate,
as also shown by numerous studies in other countries. Mass media campaigns have been
conducted in Holland [83, 88], California [83, 89], Switzerland [90], the UK [91], and in
California with a centralised telephone counselling service [92], in Chicago with a mediabased workplace smoking cessation programme [93] and in Australia with a directly mailed
smoking cessation intervention [94]. The results of the studies were generally not very
encouraging, a finding revealed by the analysis performed by the Cochrane Group [87, 95].
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Thought also needs to be given to the messages communicated during these campaigns
because these determine success to a considerable extent in terms of motivating people to
quit smoking or to think about doing so. Several campaigns frequently failed to reach >2%
of the target audience, while others reached up to 10% [96]. In this context, the determining
factors were found to be the type of programme and the programme sponsor, as well as the
type of communication channel used (including TV, radio) and the segmentation of the
message by stage of change. In one campaign, the telephone was identified as being a particularly important recruitment channel: the number of smokers recruited was clearly
higher with the telephone than with passive recruitment strategies (42.5% vs. 10%) [96].

10.9
Hypnosis
Hypnosis is a suggestive technique that aims to overcome short-term withdrawal symptoms and to cancel out the cues for smoking. Hypnotherapy lacks any capacity to prevent
relapse and is of no consequence in coping with cravings.
Hypnotherapy was investigated in 10 studies, but none of them measured biochemical
markers (nicotine, cotinine, CO, etc.), with the result that success rates self-reported by
ex-smokers (in many cases the information was elicited only over the telephone) should be
categorised as uncertain [27].
In addition, the studies differ quite considerably in terms of design [97–99]. Older
uncontrolled studies have also repeatedly reported abstinence success rates as high as 50%
over 6–12 months, but here too no biochemical markers were included.
Over a follow-up observation period of 6 months, hypnotherapy to promote smoking
cessation did not prove more effective than programmes without interventions. Studies
reporting higher success rates for hypnotherapy, compared with no intervention groups,
displayed methodological defects, particularly since the effects of hypnotherapy may be
quite non-specific: overall, the assessment of such studies is complicated by the heterogeneity of the results (Table 10.2) [77]. The highly significant effects reported for hypnotherapy in an earlier study are due to the absence of a control group [100].

10.10
Acupuncture
In a review of 18 studies of the efficacy of acupuncture, only one showed a significant
effect after 12 months (OR = 2.44; CI: 1.15–5.20) [101]. In a comparison of 18 studies
using hard criteria, acupuncture was not superior to sham acupuncture in terms of achieving smoking cessation (OR = 1.22; CI: 0.99–1.49 after a few days; OR = 1.38; CI: 0.90–
2.11 after 6 months; and OR = 1.02; CI: 0.72–1.43 after 12 months) [102–105]. Also, in a
comparison with other smoking cessation methods, the odds ratios were similar (OR =
0.80–1.05) for the best and worst results. Comparison of acupuncture with other interventions for promoting smoking cessation did not reveal differences in outcome at any time
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point. Acupuncture appeared to be superior to no intervention in terms of early results
(OR = 5.88; CI: 2.66–13.01), but this effect could not be confirmed after 6-months (OR = 0.99;
CI: 0.30–3.24) (Table 10.2) [106]. Differences in acupuncture technique (auricular vs.
other body location) also had no effect on success rates. It remains to be seen whether
acupuncture is useful during the acute withdrawal phase [104].

10.11
Reduced Smoking
Gradual reduction of the nicotine dose administered in cigarettes has been tested as a
method of promoting smoking cessation. These studies were designed to investigate the
following:
1. Different filter sizes to reduce the absorbed nicotine dose
2. Cigarettes with differing nicotine yields
3. Gradual daily reduction in cigarette consumption [100, 107–109]
The statistically non-significant success rate associated with this technique was 5%
(2–11%) on average. Methods based on smokers’ intentions to quit smoking by a gradual
reduction in consumption or other related techniques (e.g. using filter tips of differing
lengths) are unusable and should be discarded.

10.12
Pregnancy
As is evident from the data reviewed in Chap. 9, pregnant women who smoke run a considerable risk for their children – and this risk increases as a function of the number of
cigarettes smoked daily. Since women ideally should not receive any medication during
pregnancy, numerous smoking cessation programmes have been designed, based solely on
the provision of counselling to women. Data obtained in 37 trials including 16,916 women
offer grounds for optimism: a significant reduction in smoking (smoking cessation) was
achieved by medical counselling in 34 studies (OR = 0.53; CI: 0.47–0.60) and the percentage of women continuing to smoke was lowered by 6.4% [105]. In 8 studies with validated
smoking cessation, high-intensity counselling and very stringent assessment criteria, the
percentage of women continuing to smoke fell by 8.1% (OR = 0.53; CI: 0.44–0.63) [105].
The subset of trials with information on fetal outcome revealed reductions in low birth
weight (OR = 0.80; CI: 0.67–0.95) and preterm births (OR = 0.83; CI: 0.69–0.99) and an
increase in mean birth weight of 28 g (9–49 g). Ultimately, therefore, these techniques may
be regarded as useful for reducing perinatal mortality [110].
Counselling guidelines for use in gynaecological practice have been published in
Germany, providing advice to pregnant women and indicating where additional information
can be purchased [23].
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10.13
E-Learning, Email and Internet for Smoking Cessation
In the past few years, internet or email-driven programmes for smoking cessation were
established [111]. A study by Riley et al. sought to test the feasibility of two self-help
behavioural interventions to reduce and maintain a 50% reduction in smoking among
those unable or unwilling to quit, and to evaluate the impact of smoking reduction on
subsequent quit attempts [112]. Ninety-three smokers who desired to reduce rather than
quit smoking were entered in the study and randomly assigned to either computerized
scheduled gradual reduction (CSGR) or a manual-based selective elimination reduction
(SER). Both groups produced significant reductions in smoking (approximately 10 cigarettes/day, during the 7-week treatment phase), which were maintained over 1 year. The
CSGR group reported greater mean percent reductions in smoking from pre- to posttreatment (37% for CSGR, 20% for SER) and a greater percentage of subjects meeting
the 50% reduction goal (30% for CSGR, 16% for SER) compared with the SER group.
The groups were comparable, however, on all other outcome measures at post-treatment
and at 6- and 12-month follow-up. Although subjects with a current desire for smoking
cessation were excluded from this study, one-third of the subjects reported a 24-h quit
attempt in the year following study initiation, and 8.6% of the subjects met 7-day pointprevalence criteria for abstinence (CO validated) at the 12-month follow-up. The results
of this study lend support to the feasibility of self-help behavioural interventions to produce sustained reductions in smoking rates without apparent negative impact on subsequent quit attempts [112].

10.14
Concluding Remarks

•
•
•
•

The counselling of smokers by a physician or other trained health care professionals is
an essential component of smoking cessation.
Behavioural therapy programmes have proved effective in terms of non-pharmacological counselling and treatment, and these should also be used in pregnant women.
Mass media campaigns reach larger segments of the population, but differ widely in
terms of their effectiveness, and the financial cost of the media spend can be considerable. Projects of this kind should, therefore, be discussed on a case-to-case basis before
the decision is taken to implement them.
Like many other interventions, hypnotherapy and acupuncture may be effective in individual smokers. Overall, however, the results of treatment in the published literature do
not satisfy the efficacy criteria of evidence-based medicine.
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Pharmacotherapy to promote smoking cessation has been studied in recent decades using
a variety of medicinal products: currently, the most commonly employed method (and the
one that is recommended by the World Health Organization) involves the use of nicotine
products (for review, see [1]). All other pharmacological agents have either not fully
proved their usefulness or else, like bupropion, whose efficacy has been demonstrated,
require further investigation because of a smaller risk-benefit ratio. Consensus papers on
the treatment of tobacco use and nicotine dependence have now appeared in the USA [2, 3]
and, like the publications of the Cochrane Group [4], these have formed the basis for treatment recommendations in other countries and have provided a major stimulus to the formulation of our own recommendations (Table 11.1).
In addition to general history-taking, specific information should be elicited from
patients concerning any concurrent illnesses of importance that may have resulted from
years or decades of tobacco consumption (see Chap. 10). The diagnostic considerations
summarised in Table 10.1 in Chap. 10 should be addressed in detail [18].
In principle, against the background of the many known harmful effects of smoking any
measures designed to help patients achieve smoking cessation are to be recommended.
Chapter 10 contains further details on the indications for and the objectives of treatment.
Reduced smoking can only be achieved in conjunction with pharmacotherapy (e.g. with
nicotine products).

11.1
Nicotine
In the past decades, nicotine replacement therapy (NRT) has been employed in some 40
million smokers: NRT has also been assessed scientifically in over 40,000 smokers in more
than 180 studies and these have been reviewed in several meta-analyses [19–21].
A Cochrane database review study by Stead and colleagues aimed to determine the
effect of NRT compared to placebo in aiding smoking cessation, and to consider whether
there is a difference in effect for the different forms of NRT (chewing gum, transdermal pat
ches, nasal spray, inhalers and tablets/lozenges) in achieving abstinence from cigarettes [22].
They also analysed whether the effect is influenced by the dosage, form and timing of use
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_11, © Springer Verlag Berlin Heidelberg 2010
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Table 11.1   Assessment of treatment methods to achieve smoking cessation (also based on the
treatment recommendations on smoking cessation issued by the Pharmaceutical Commission of
the German Medical Profession) [5]
Pharmacological methods
Nicotine replacement (total)
Chewing gum
2 vs. 4 mg chewing gum
Patch
Nasal spray
Inhaler
Sublingual tablet
Lozenge 2 mg
Lozenge 4 mg
Bupropion
Combined with nicotine
Lobeline
Clonidine
Buspirone
Anxiolytics and antidepressants
Nortriptylined
Aversion therapy with silver acetate
a

Odds ratio

Assessment

References

1.73 (1.60–1.82)
1.63 (1.49–1.79)
2.67 (1.69–4.22)
1.73 (1.56–1.93)
2.27 (1.61–3.20)
2.08 (1.43–3.04)
1.73 (1.07–2.80)
2.10 (1.59–2.79)
3.69 (2.74–4.96)
2.73 (1.90–3.94)
2.65 (1.58–4.40)
–
1.89 (1.30–2.74)
–
–
2.83 (1.59–5.03)
1.05 (0.63–1.73)

ÝÝ
ÝÝ
ÝÝ
ÝÝ
ÝÝ
ÝÝ
ÝÝ
Ýb
Ýb
ÝÝ
Ý
ßß
Ýc
Û
ßß
ÝÝ
ßß

[5]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[11]
[12]
[13]
[14]
[15]
[16]
[16]
[16]
[17]

ÝÝ Claim (e.g. on efficacy) supported by several suitable, valid clinical studies (e.g. randomised
clinical trials) or by one or more valid meta-analyses or systematic reviews. Positive claim clearly
confirmed
Ý Claim (e.g. on efficacy) supported by at least one suitable, valid clinical study (e.g. randomised
clinical trial). Positive claim confirmed
ßß Negative claim (e.g. on efficacy) supported by one or more suitable, valid clinical studies (e.g.
randomised clinical trials) or by one or more valid meta-analyses or systematic reviews. Negative
claim clearly confirmed
Û No reliable study results available to confirm a positive or negative effect. This may be due to
the absence of suitable studies but also to the availability of several studies with contradictory
results
–No usable studies
a
Additional counselling may increase efficacy
b
Twenty-eight-day abstinence at 6 weeks [11]
c
Efficacy after 1-year follow-up is even poorer (OR = 1.02; CI: 0.72–1.43)
d
Not used because of AEs

of NRT; the intensity of additional advice and support offered to the smoker, or the clinical
setting in which the smoker is recruited and treated. Finally, it was determined whether
combinations of NRT are more likely to lead to successful quitting than one type alone and
whether NRT is more, or less, likely to lead to successful quitting compared to other pharmacotherapies. As a result, a total of 132 trials were identified; 111 with over 40,000 participants contributed to the primary comparison between any type of NRT and a placebo or
non-NRT control group [22]. The analysis found out that the RR of abstinence for any
form of NRT relative to control was 1.58 (95% confidence interval [CI]: 1.50–1.66). The
pooled RR for each type were: 1.43 (95% CI: 1.33–1.53, 53 trials) for nicotine gum; 1.66
(95% CI: 1.53–1.81, 41 trials) for nicotine patch; 1.90 (95% CI: 1.36–2.67, 4 trials) for
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nicotine inhaler; 2.00 (95% CI: 1.63–2.45, 6 trials) for oral tablets/lozenges and 2.02 (95%
CI: 1.49–3.73, 4 trials) for nicotine nasal spray. The effects were largely independent of the
duration of therapy, the intensity of additional support provided or the setting in which the
NRT was offered. The effect was similar in a small group of studies that aimed to assess
the use of NRT obtained without a prescription [22]. In highly dependent smokers, there
was a significant benefit of 4 mg gum compared with 2 mg gum, but weaker evidence of a
benefit from higher doses of patch. There was evidence that combining a nicotine patch
with a rapid delivery form of NRT was more effective than a single type of NRT. Only one
study directly compared NRT to another pharmacotherapy. In this study, quit rates with
nicotine patch were lower than with the antidepressant bupropion. It was concluded that all
of the commercially available forms of NRT (gum, transdermal patch, nasal spray, inhaler
and sublingual tablets/lozenges) are efficient for smokers who make a quit attempt to
increase their chances of successfully stopping smoking. The different forms of NRT
increase the rate of quitting by 50–70%, regardless of setting. It was also concluded that
the effectiveness of NRT appears to be largely independent of the intensity of additional
support provided to the individual [22].
Treatment of the dependent smoker with nicotine replacement (in the form of patches,
chewing gum, nasal sprays, sublingual tablets, inhalers) can be implemented without any
major concerns over safety (for list of studies, see Table 11.1 and Fig. 11.1).
Smokers with severe “physical” dependence derive the greatest benefit from NRT.
However, a heavy smoker (e.g. 20–30 cigarettes/day) is not automatically a dependent
smoker. The following criteria should be applied when initiating treatment with nicotine
products:
1.
2.
3.
4.
5.

Daily cigarette consumption.
Deep and frequent inhalation on the cigarette.
Increased CO levels measured in expired air.
Difficulty in not smoking in response to “external compulsions”.
A score of ³3 points in the Fagerström test for nicotine dependence (FTND) (see Table 4.5
in Chap. 4).

Fig. 11.1   Efficacy of nicotine
products as aids to smoking
cessation, based on 6-month
abstinence from cigarettes.
Efficacy is at least twice as
great as that of behavioural
therapy alone. Data
summarised from [8, 9, 19,
20, 23]

Abstinent at 6 months [%]

40

Control (behavioral
intervention and placebo)
NRT

30

20

10

0

Inhaler

No. of studies 3
No. of patients 756

Nasal spray

Gum

Patch

4
887

39
14.708

13
2.727
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11.1.1
Evaluation of Nicotine Products
Nicotine products are licensed as aids to smoking cessation for the relief of withdrawal
from tobacco dependence. Cigarette smoking with its bolus-like input to the brain is
regarded as the most reinforcing and dependence-producing form of nicotine administration [24]. The rationale for NRT is that the various nicotine products alleviate withdrawal
symptoms by providing an alternative source of nicotine. Initially, smokers continue at a
reduced dose and speed of nicotine delivery while coping with the loss of the behavioural
side of their dependence (cf. Figs. 11.2 and 11.3). Several weeks later, smokers then break
the nicotine dependence by stopping their use of the various nicotine formulations.
In its analysis of the now numerous publications on the subject, the Cochrane Group
includes only trials which are placebo-controlled or comparator-controlled (pharmacotherapy or non-drug therapy) and which assess smoking cessation by stating the number of
“failures” over a follow-up period of 6 months or longer [5]. Out of 108 studies selected
on the basis of the defined criteria, 94 were performed with a control group (no nicotine
product), 51 with chewing gum, 33 with patches, 4 with nasal sprays, 4 with inhalers,
2 with sublingual tablets and 4 with two products administered in combination [5]. These
studies employed objective criteria (measurements of plasma nicotine concentrations, CO
etc.) (see Table 11.1).
All nicotine products are suitable for use in promoting smoking cessation. The 4 mg
nicotine chewing gum reportedly yields higher success rates (odds ratio [OR] = 2.67; CI:
1.69–4.22) than the 2 mg strength, but only in heavily dependent smokers (Table 11.1)
[26–29], and for this reason it is better to replace the 2 mg chewing gum with the 4 mg
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nicotine patches [25]

25
20
15
10
5
0

0

4

8

12
16
Time [h]

20

24

Nicotine

Fig. 11.3   Plasma nicotine
concentrations measured
after different nicotine
formulations [21]. The
curves illustrate that none
of the nicotine products
attains the plasma
concentrations or the rapid
delivery achieved by
cigarette smoking

315
25

Nicotine Plasma Level [ng/ml]

11.1

Cigarettes

20
Chewing gum 4 mg
15

Patch

10

5
Chewing gum 2 mg
0
9:00

15:00

21:00

3:00

9:00

Time of day

strength. To date, the prescribing information invariably recommends that the nicotine
replacement product should be administered singly. However, some studies [30] indicate
that combined administration, for example, of a nicotine patch + chewing gum or a patch
+ nasal spray in the more severe forms of dependence is more likely to achieve success
than administration of a single formulation (OR = 1.55; CI: 1.17–2.05) [24].
Additional individual counselling of patients helps to increase the success rate. One
study has shown that an 8-week course of treatment with nicotine patches was just as
effective as longer courses of treatment [31]. Stopping smoking abruptly was just as effective as gradual smoking reduction. Furthermore, success rates do not differ depending on
whether the patch remains on the skin for 16 or 24 h a day [23, 32, 33].

11.1.2
Nicotine Chewing Gum
Chewing gum was the first type of NRT to become widely available. Nicotine is absorbed
directly through the buccal mucosa, resulting in plasma concentrations which are approximately half those produced by smoking a cigarette [34] (cf. Figs. 4.5 in Chap. 4,
Fig. 11.3). Both 2- and 4-mg preparations are available in many countries and these are
sold over-the-counter (OTC) (2 mg more than 4 mg). Several factors, including oral and
gastric side effects, and dental prostheses etc., limit the usefulness of nicotine gum in
some smokers [35]. It has been reported that some smokers may be at risk of switching
their former cigarette addiction across to the nicotine gum [36]; however, we have
observed this addiction transfer extremely rarely. According to the Cochrane Group, 51
trials have been carried out with nicotine gum (cf. Table 11.1), and two trials have compared the gum with combination of patch plus gum [37, 38]. Apart from eight of the individual trials [5], the use of nicotine chewing gum (4 mg more than 2 mg) has been reported
to be more effective than placebo in promoting smoking cessation. The advantage of

316

11

Pharmacotherapy of Nicotine Dependence

n icotine chewing gum over the patch is that its dosage can be adjusted individually over
the course of a day in response to any cravings that may be experienced.

11.1.3
Nicotine Patch
Nicotine patches were developed as transdermal delivery systems to ensure constant
release of the active ingredient over a period of 16–24 h. These systems should be applied
to a dry area of hairless skin, and the application site should be varied daily. Nicorette®
patches are available in strengths of 15, 10 and 5 mg. The 15-mg patch contains 25 mg
nicotine. The Nicorette patch is intended to be worn for only 16 h, i.e. not during the night
(Figs. 11.2 and 11.3).
By contrast, NiQuitin® and Nicotinell® aim to administer nicotine over a 24 h period.
The three patch strengths of NiQuitin® and Nicotinell® deliver 7, 14 and 21 mg nicotine to
the body every 24 h. Thanks to the special pharmaceutical formulation of NiQuitin® (incorporating a membrane type that releases nicotine for transcutaneous delivery), they contain
36, 78 and 114 mg nicotine on patch areas of 7, 15 and 22 cm2 respectively. Nicotinell®
contains 52.5 mg nicotine on an area of 30 cm2. During the first 2 h after patch application,
differences have been detected in terms of body area selected (chest > leg > back > gluteal
region). One other study comparing absorbtion from hip and arm did not find any difference. The observed differences between application sites are without clinical relevance.
Nicotine attains maximum concentrations between 4 and 10 h following single application, and levels then plateau over 16–24 h. Significant differences exist between the area
under the curve (AUC) values and the mean plasma concentration curve between single
dose and steady state for the 24-h patches. The 16-h patch has similar plasma concentrations during steady state as after a single dose, as the plasma level decline over night.
Separate investigations have established that nicotine is not inactivated (metabolised) during transdermal passage, whereas minimal metabolism to the analogous N-oxide or
N-methyl compounds has been demonstrated under in vitro conditions following 6 day incubation [39, 40]. Overall, the metabolism of nicotine to cotinine during transdermal passage
is estimated to be minimal.
Nicotine release from patches has also been studied in terms of differences due to gender, age and obesity. While gender and age differences have been excluded, a correlation
with body weight has been confirmed, with AUC declining as body weight increases [41].
However, it was immaterial whether the patches were applied to the upper arm or upper
body. These investigations did not reveal any consequences for therapy.
Plasma nicotine concentrations rise if cigarettes are smoked in addition to patch application (see Fig. 11.4). Naturally, nicotine absorption from cigarettes is subject to numerous
influences already discussed, even where the smoker is required to smoke one cigarette at
30 min intervals over a 15 h experimental period [42, 43]. Mean nicotine concentrations at
all time points are almost doubled. Mean concentrations of approximately 40 ng/ml (day 3)
and 50 ng/ml (day 7) are achieved with the patch + smoking combination, whereas very
much lower concentrations (<30 ng/ml) are found with an ad libitum smoking option. In
practice, however, the differences in measured plasma nicotine concentrations are of minor

Nicotine

Fig. 11.4   Mean plasma
nicotine concentrations
following 2-day therapy
with a 21-mg nicotine patch
without (open circle) and
with additional cigarette
consumption at 30-min
intervals (open triangle)
(n = 14) under experimental
conditions. Vertical bars
represent the standard
deviations of the mean
(see [42])
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importance because external factors determine the smoker’s daily cigarette consumption.
Furthermore, experience shows that cigarette consumption is reduced when nicotine products are administered concurrently because the accustomed nicotine concentrations are
achieved by smoking fewer cigarettes.

11.1.4
Nicotine Sublingual Tablet
Two studies (one of which has been published [10]) have been conducted to date with
nicotine sublingual tablets, a formulation that is intended particularly for smokers who
want to give up smoking but who do not like chewing gum [10]. Approximately 50% of
absorption from the 2-mg tablet occurs through the buccal mucosa, but the tablet should be
left under the tongue. The plasma nicotine profiles were similar following repeated administration of the 2-mg tablet and a 2-mg gum although absorption of nicotine from the 2-mg
tablet at higher doses (2 or 3 tablets) was non-linear [44].

11.1.5
Nicotine Nasal Spray
Nicotine nasal spray is the formulation that allows the most rapid absorption of active
ingredient (through the nasal mucosa), thus enabling cravings to be relieved more effectively than with chewing gum. The nasal spray is a formulation that is commonly associated with adverse effects (see Sect. 11.1.9). Four published studies with nicotine nasal
spray alone [8, 45–47] and one study describing the combined application of nicotine nasal
spray + patch [30] confirm its high level of efficacy (Table 11.1).
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11.1.6
Nicotine Inhaler
The inhaler consists of a plastic housing with mouthpiece designed to hold a disposable
porous cartridge impregnated with 10 mg nicotine. When the patient draws air into the
mouth through the inhaler, nicotine from the cartridge is vaporised. At room temperature,
13 µg nicotine is released by one draw on the 10-mg inhaler [48]. In total, approximately
4 mg is absorbed from a 10-mg inhaler; a maximum of 50% is available to the systemic
circulation and the inhalation technique (buccal or pulmonary) is of marginal importance
in terms of the dose and steady-state plasma concentrations achieved (see Fig. 11.5).
Following the use of the inhaler for 20 min, bioavailability is not higher with pulmonary
inhalation (deep drawing) than with buccal inhalation (shallow puffing). Thus, the blood
nicotine levels produced with the inhaler are approximately 30% of those seen in chronic
cigarette smokers (see Fig. 11.5) [49, 50]. Details of the effectiveness of the inhaler in
smoking cessation are presented in Table 11.2.

11.1.7
Nicotine Lozenge

Nicotine Plasma level [ng/ml]

Fig. 11.5   (a) Mean arterial
(open circle) and jugular
venous (closed circle)
plasma nicotine level after
using one inhaler for 5 min
(n = 7). (b) Mean arterial
(open circle) and jugular
venous (closed circle)
plasma nicotine level after
smoking one cigarette over 5
min (n = 7). Note that the
AV difference is reversed for
the inhaler relative to the
cigarette [49]
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Table 11.2   Study results of smoking cessation with the nicotine inhaler
Inhaler

n

Parameter

Effectiveness (active
treatment vs. placebo)

References

3 months ad libitum
6 months
6 months
6 months ad libitum
4 months
12 weeks (combined with
nicotine patch)

222
286
223
247
400
30

CO, cotinine
CO
CO, cotinine
CO, cotinine
CO
Cotinine

21 vs. 6% (6 months)
15 vs. 5% (1 year)
13 vs. 8% (1 year)
35 vs. 22% (1 year)
9.5 vs. 3% (2 years)
30% (12 weeks)a

[48]
[51]
[9]
[52]
[53]
[25]

No placebo group

a

2- and 4-mg lozenge. Compared with the analogous gum formulations, the lozenges deliver
small amounts more nicotine than the gum formulations if the area under curves were
measured [54]. The efficacy of the 2- and 4-mg lozenge was tested in one multicentre and
placebo-controlled trial for smoking cessation over 52 weeks with lozenge use up to 12
and (ad libitum) 24 weeks [11]. The two lozenge strengths were distributed according to
the grade of dependency (FTND). The 28 day abstinence at 6 weeks dose-dependent (29
vs. 46.0 and 48.7% abstinence; OR = 2.10, CI: 1.59–2.79 and 3.69, CI: 2.74–4.96; p <
0.001; placebo vs. 2- and 4-mg lozenge) [11].

11.1.8
Treatment and Dosage
Treatment with nicotine products may be given over a period of 2–3 months. Nicotine
patches provide mean transdermal delivery over 16 or 24 h of 0.9 mg nicotine/h. Lower
strength patches (0.6 or 0.3 mg/h) may also be used optionally at a later stage in the treatment course. Up to 16 pieces of nicotine chewing gum (4 mg strength) may be used over a
24-h period. If it is to be used successfully and without producing unpleasant symptoms,
nicotine gum should be chewed slowly over a period of 30 min; the patient chews the gum
once or twice using the molars on one side, waits for 30 s and then repeats the process
using the molars on the other side. If the gum is chewed too rapidly, sufficient nicotine may
be released within a few minutes to cause nausea, salivation, retching and indigestion. In
future, instead of chewing gum, sublingual tablets may also be used, and this formulation
may be especially advantageous for people who wear dentures. Nicotine nasal spray
releases 0.5 mg per spray. One spray is recommended into each nostril (corresponding to
1 mg nicotine in total). Two (or a maximum of three) doses are recommended per hour. For
details of the inhaler, see Sect. 11.1.5. The medical management of the ex-smoker involves
estimating the extent to which the cravings diminish with time after smoking cessation in
order to ensure that NRT is not halted too early and that the nicotine dose is not reduced
too rapidly. As is evident from the data summarised in Fig. 11.3, no nicotine product generates the plasma nicotine concentrations achieved by cigarette smoking because the release
of nicotine from these products (while most rapid from the nasal spray) is slower than from
a cigarette [6]. It is therefore understandable that the daily nicotine doses administered
must be tailored to the individual patient’s level of dependence and the number of cigarettes
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Table 11.3   Stepwise schedule for smoking cessation with nicotine products (patch with transdermal
release of 0.9 mg/h, 4 mg chewing gum, nasal spray containing 0.5 mg/spray and sublingual tablets
containing 2 mg)
Level

Diagnostic criteria

1 Mild

FTND 1–2, 5–10 cigarettes/ Medical consultation to educate the smoker
day, CO: 10–15 ppm
about the harmful effects of smoking on
health and about his/her personal situation
based on individual findings,a one piece of
chewing gum, as required, when the urge to
smoke a cigarette is strong
FTND ³3; <15 cigarettes/
Initially, up to 12 pieces of nicotine chewing
day; CO: 10–20 ppm
gum or one nicotine patch, plus a few pieces
of nicotine gum only in the initial days of
treatment; depending how the ex-smoker
feels, continue the treatment for 2–3 weeks,
then reduce the dose as appropriate
One nicotine patch plus 6–12 pieces of nicotine
FTND ³5; 15–25 cigagum, depending on urge to smoke, or
rettes/ day; CO: 15–35
nicotine nasal spray (one spray into each
ppm
nostril every time there is an urge to smoke;
not more than two applications/h); continue
the treatment for 3–6 weeks, then reduce the
dose as appropriate; supply the ex-smoker
with a product (nicotine chewing gum or
nasal spray) as relief for craving or strong
urge to smoke during the ensuing months
FTNDb ³7; >25–40
One nicotine patch plus 10–12 pieces of
nicotine chewing gumd plus nicotine nasal
cigarettes/day; COc:
>30–45 ppm
spray (one spray into each nostril) as
required, until craving or the urge to smoke
is relieved; continue treatment for 2–4
weeks and then discontinue one nicotine
product (chewing gum); later halve the dose
administered by patch, retain the nasal spray
to relieve craving for up to 6 months (this
will not be required at all on various days)

2 Moderate

3 Severe

4 Very severe

Therapeutic schedule (daily doses)

FTND Fagerström Test for Nicotine Dependence; CO carbon monoxide concentration [1]. The
level of dependence is classified in four grades
a
These consultations are also compulsory at higher dependence levels
b
An internal correlation between the FTND and CO values has not been confirmed. The two values
are only approximately linked with each other
c
The CO levels measured are influenced by the time when smoking took place. An interval of 30
min should be observed between the last cigarette and the measurement of CO
d
Instead of the 4 mg chewing gum, the 2 mg sublingual tablet may also be used

smoked daily (see Table 11.3). Figure 11.1 summarises the efficacy of the various nicotine
products, based on published reports from the literature, with a 6-month period of abstinence from smoking being the criterion for success.
NRT is the appropriate instrument for helping the dependent smoker to achieve smoking cessation. Its effectiveness is increased 2–3-fold if the smoker wants to stop. While
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patches are more convenient to use than chewing gum or nasal spray, they are less effective
for the relief of cravings when compared with nasal spray, in particular. Although only a
few studies have been published on the combined use of two different nicotine formulations (patch + chewing gum or nasal spray, and chewing gum + nasal spray or patch +
inhaler), the suppression of cravings is the crucial issue with regard to failure in many dissonant ex-smokers once smoking cessation therapy has begun. Medical management has a
pivotal role to play during smoking cessation therapy [5].
Our own experiences with the treatment of several hundred smokers are set out schematically in Table 11.3. The schedule cannot be defined rigidly because while the level of
dependence can be identified – it is so shaped by the patient’s personality structure, including his/her own willpower – the therapist must repeatedly expect the unexpected.
Where the goal of therapy is total smoking cessation, it is important to warn patients
emphatically to stop smoking completely while taking nicotine products. If the objective
is reduced smoking (“harm reduction”), the number of cigarettes smoked should not
exceed 10/day. In this case, nicotine therapy should be tailored accordingly.
Gender differences may play a role in the efficacy of NRTs. This was analysed in a
meta-analytical review of 90 effect sizes obtained from a sample of 21 double-blind, placebo-controlled randomized studies [55]. It was shown that although NRT was more effective for men than placebo at 3-, 6- and 12-month follow-ups, the benefits of NRT for
women were clearly evident only at the 3- and 6-month follow-ups. Also, giving NRT in
conjunction with high-intensity nonpharmacological support was more important for
women than men. It was concluded that long-term maintenance of NRT treatment gains
decrease more rapidly for women than men [55].

11.1.9
Adverse Events Associated with NRT
The symptoms of nicotine toxicity range from nausea, abdominal pain and vomiting, dizziness and headache to dyspnoea, convulsions and respiratory failure. Regular cigarette
smokers develop tolerance to many of the effects of nicotine, and stopping smoking is
associated with various nicotine withdrawal symptoms including dysphoria, irritability,
anxiety, difficulty concentrating, restlessness, insomnia, decreased heart rate and increased
appetite. Withdrawal symptoms are often mistaken for adverse events (AEs) associated
with NRT products.

11.1.9.1
Nicotine Chewing Gum
The most frequently reported systemic AEs with nicotine 2- and 4-mg gum are headache,
dizziness, gastrointestinal discomfort, nausea and vomiting, while local AEs include sore
mouth or throat. Less frequent adverse reactions include palpitations, erythema and urticaria. Atrial fibrillation and allergic reactions have been reported, but these are rare
(Table 11.4). A slight throat irritation and increase in salivation may occur on commencing
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Table 11.4   Adverse effects reported during treatment with nicotine replacement therapy (NRT) (cf.
Sect. 11.1.9)
Formulation

Adverse effects

Patch

CNS: headache, dizziness, sleep disturbance
Gastrointestinal: nausea, vomiting
Local: erythema, itching
Circulation: palpitations
Skin: urticaria
Cardiovascular: atrial fibrillation
CNS: headache, dizziness
Gastrointestinal: hiccups, eructation, nausea, vomiting
Local: sore mouth or throat, aching jaw muscles
Circulation: palpitations
Skin: erythema, urticaria
Cardiovascular: atrial fibrillation
Hypersensitivity: such as angiooedema
CNS: headache, dizziness
Gastrointestinal: nausea, vomiting
Local: nasal and throat irritation, cough, nose bleed,
rhinitis, sneezing, watering eyes
Circulation: palpitations
Cardiovascular: atrial fibrillation
CNS: Headache, dizziness
Gastrointestinal: hiccups, dyspepsia, nausea, vomiting
Local: mouth or throat irritation, cough, pharyngitis,
rhinitis
Circulation: palpitations
Cardiovascular: atrial fibrillation
CNS: headache, dizziness
Gastrointestinal: hiccups, nausea
Local: sore mouth or throat, dry mouth, cough, burning
sensation in mouth
Circulation: palpitations
Cardiovascular: atrial fibrillation
Cf. Sect. 11.1.7

Chewing gum

Nasal spray

Inhaler

Sublingual tablet

Lozenge

Frequency (%)
a

>1

0.1–1.0
<0.1
>1

0.1–1.0
<0.1
>1

0.1–1.0
<0.1
>1

0.1–1.0
<0.1
>1

0.1–1.0
<0.1
b

With the 24-h patch, worn day and night
Data not yet available

a

b

treatment, and excessive swallowing of dissolved nicotine may cause hiccups. The unusual
taste of nicotine gum may initially be considered unpleasant. Some local effects are related
to chewing technique, and their incidence can be reduced with proper instruction.

11.1.9.2
Nicotine Patch
The most common adverse effects associated with the use of the nicotine transdermal
patch applied for 16 or 24 h are local skin reactions at the site of application, such as itching,
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erythema, edema and contact dermatitis [23, 56–58]. A meta-analysis of 35 trials reported
the overall incidence of localised skin reactions to be 25% in subjects in the active treatment group and 13% in the placebo group [59]. Skin reactions are usually transient. The
incidence of systemic AEs, including nausea, vomiting, dizziness, headache, insomnia and
gastrointestinal discomfort, is low and rarely causes discontinuation from treatment.
Several of these symptoms (dizziness, headache, sleep disturbances) may be attributable to
withdrawal symptoms. Sleep disturbance may also be attributable to therapy with the 24-h
nicotine patch, as it is more common than during placebo therapy (20 vs. 7%) [60].
However, use of nicotine patch during waking hours only does not appear to cause this
problem [60, 61].
Some concerns were initially raised about the safety of NRT for smokers with heart
disease when, following the introduction of the nicotine patch in 1992, a small number of
users experienced acute myocardial infarction. However, the US Food and Drug
Administration evaluated the issue using post-marketing surveillance data and concluded
that the nicotine patch did not contribute to an increase in the risk of myocardial infarction
[62]. Subsequent clinical studies have confirmed that patients with coronary heart disease
tolerate nicotine patches well, and no increase in either angina attacks or other cardiac
events has been noted in this population [59, 63, 64].

11.1.9.3
Nicotine Nasal Spray
The most common AEs with nicotine nasal spray are local irritant effects (nasal irritation,
runny nose, sneezing, throat irritation, watering eyes, cough) which occur most frequently
during the first few days of treatment. Nasal irritation and runny nose have been reported
by approximately 90% of users [9, 45, 47] but local irritant effects were also common in
the placebo groups (the placebo spray contained black pepper to maintain blinding). The
frequency of local AEs decreases within the first week of use [65] and despite the high
initial incidence of local irritant effects few subjects discontinue treatment because of such
effects. The most common systemic events in clinical trials were headaches or dizziness,
which initially occurred among 15–20% of subjects after commencing treatment [9, 45,
47] but decreased with time (to <10% after 3 weeks). Nausea, palpitations, sweating and
cold hands and feet occur infrequently. No serious cardiovascular effects have been
reported with nicotine nasal spray.

11.1.9.4
Nicotine Inhaler
Local AEs are common during the first few days of treatment, but these are generally mild
and diminish during repeated use. The most frequent are cough and irritation in the mouth
and throat [9, 48, 52]. In clinical trials, the most common systemic AEs were headache
(nicotine inhaler 26%, placebo 20%), gastrointestinal discomfort (14 vs. 8%) and nausea
(10 vs. 7%).
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11.1.9.5
Nicotine Sublingual Tablet
The nicotine sublingual tablet may cause irritation or soreness in the mouth or throat, hiccups, nausea, gastrointestinal discomfort, dry mouth or cough [66, 67]. Most AEs are
generally mild and occur soon after commencing treatment, and the incidence diminishes
as treatment continues. Use of nicotine sublingual tablets for 6 months has no adverse
effect on the oral mucosa or the floor of the mouth [67].

11.1.9.6
Nicotine Lozenge
The nicotine lozenge was tested in one study with 1,818 smokers [11]. 61.8% of participants reported one or more adverse effects during 6 months. Severe adverse effects were
experienced by 17% of the participants (headache, diarrhoea, flatulence, heartburn, hiccup,
nausea, coughing). However, detailed information about the frequency of adverse effects
will be available, if larger treatment numbers are reached.

11.1.10
Withdrawal Symptoms
Withdrawal symptoms vary in severity from person to person and may last for several
weeks to months. Like alcoholics, many ex-smokers are severely at risk because the least
cause (going to a restaurant and having an alcoholic drink, meeting up with smokers, stress
situations) may trigger a return to smoking. Many smokers, however, “merely” miss the
manual cues associated with the activity of smoking. Withdrawal symptoms are commonly
misinterpreted as AEs of nicotine products (Table 11.4), especially where the symptoms
are of a psychological nature.
Very rarely a drug-induced dependence reaction may also develop during the course of
smoking cessation therapy with nicotine preparations. In these circumstances, ex-smokers
become dependent on the nicotine preparations themselves (nasal spray > chewing gum)
and then frequently continue to use these products over a period of months.

11.1.11
Drug Interactions During Smoking Cessation
No systematic studies have been conducted on interactions between nicotine and other
concurrently administered medication. The metabolic processes in the liver are stimulated
principally by the combustion products of tobacco and not by nicotine. Tobacco smoke
induces the cytochrome P450 enzymes CYP1A1, CYP1A2 and possibly CYP2E1 [68].
Smokers therefore metabolise various drugs more rapidly, and the converse of this situation is that during smoking cessation the activity of the drugs in question may be increased
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because they are now metabolised more slowly [69]. “Overdoses” resulting from this phenomenon have been described for theophylline, imipramine, haloperidol, tacrine, caffeine,
phenacetin, phenylbutazone, oestradiol and pentazocine [68]. The absorption of insulin
given by subcutaneous injection is also reduced by smoking, with the result that higher
doses are required in smokers. After smoking cessation, this process is reversed (reduction
of the insulin dose). Similarly, because smoking is known to increase catecholamine secretion, the higher doses of b-receptor blockers required in smokers may need to be reduced
after smoking cessation. Clozapine, a neuroleptic drug used in psychiatric medicine, slows
the metabolism of nicotine, as has been demonstrated on the basis of raised plasma cotinine concentrations [70].

11.1.12
Contraindications for the Use of Nicotine Products
Sometimes, on the basis of misconceptions concerning the effects of nicotine on the cardiovascular system, the prescribing information for nicotine products lists numerous contraindications and warnings that require revision. The vasoconstrictor effects in the nicotine-dependent
smoker are attributable more to the inhaled combustion products, including CO, than to nicotine itself [71]. The same thinking also possibly applies for the administration of nicotine
products during pregnancy [72]. The contraindications listed include: recent myocardial
infarction, cardiac arrhythmias, recent stroke and unstable angina. The following are currently regarded as relative contraindications: stable angina, severe hypertension, cerebrovascular disease, vasospasms, severe heart failure, hyperthyroidism, insulin-dependent diabetes
mellitus, acute gastrointestinal ulceration and severe renal and hepatic impairment. Additional
relative contraindications listed for nicotine chewing gum include inflammation of the
mouth/throat/oesophagus. For the nicotine patch, the list includes chronic generalised dermatological disorders (psoriasis, chronic dermatitis and urticaria) and for the nicotine nasal
spray nose bleed and chronic diseases of the nose.
Nicotine products are not currently recommended for use during pregnancy and lactation, unless the woman is unable to stop without nicotine products, and only after consulting a physician (however, see [73]). It was stated in many expert reviews that NRT is the
agent of choice for smoking cessation in pregnancy as the safety of other therapies in pregnancy have not yet been proved [74]. However, it also needs to be mentioned that while
NRT avoids exposure to the myriad compounds present in tobacco smoke, nicotine itself
causes damage to the developing nervous system [75].

11.1.13
Nicotine Formulations as OTC Products
Various nicotine formulations are sold as OTC products in several European countries (e.g.
patch and gum in Germany). The rationale is that smokers absorb nicotine from cigarettes
in higher doses, developing higher blood levels than following administration of NRT
products (see Sects. 11.1.2–11.1.6; Figs. 11.2 and 11.3). The current regulatory framework
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restricts access to NRT without adequately considering that the likely consequence will be
the continued dependence on the use of nicotine-containing tobacco, which is extremely
harmful and universally available. With the aim of achieving harm reduction in smoking
children, pregnant women and patients with cardiovascular diseases or diseases of the
respiratory tract (e.g. COPD), all these categories of people should be permitted to use
NRT not only for smoking cessation, but also for reducing the daily cigarette consumption
to an optimum of <10 cigarettes/day. A critique of the current situation in the UK was
published in 2001 by McNeill et al. [76].
In one large meta-analysis, the effects of prescription and OTC settings were compared
in terms of their efficacy in achieving smoking cessation. The studies compared the use of
patch and gum formulations of nicotine. OTC success rates were consistently higher than
prescription rates at 6 weeks for both patch (OR = 1.45; CI: 1.05–1.98) and gum (OR =
2.92; CI: 1.58–5.40), and remained significant at 6 months for the patch (OR = 3.63; CI:
1.74–7.61) but not for gum (OR = 1.37; CI: 0.73–2.58) [73]. Among OTC and prescription
gum users, 16.1 vs. 7.7% were abstinent at 6 weeks and 8.4 vs. 7.7% at 6 months, respectively. Among OTC and prescription patch users, abstinence rates were 19.0 vs. 16.0%
after 6 weeks and 9.2 vs. 3.0% after 6 months [77]. The authors claim that NRT use within
clinical studies does not follow “real-world” prescription practices. Indeed, many physicians prescribe NRT products to their smoking patients with only a few comments concerning their administration and use. In this way, lower success rates will be achieved than
if physicians provide comprehensive advice to their smoking patients over several consultations (cf. Chap. 15). In contrast, the meta-analysis is correct in concluding that there is
no difference in efficacy between OTC and “real-world” prescribing. If the OTC method
of supplying NRT were to be spread across larger population segments, this would dramatically increase the number of abstaining smokers, and this in turn would have a substantial public health impact. In the United States, a 20% increase in quit rates was achieved
[78]. The OTC method resulted in fewer smoking-attributable deaths and in increased life
expectancy [79, 80]. Worldwide, NRT must become more accessible to smokers by removing regulatory barriers (e.g. France, Australia, Brazil), and early results suggest a favourable public health impact [81]. Differences between European countries concerning the
sale of nicotine formulations are listed in Table 11.5. While most nicotine formulations are
OTC products, bupropion is available only on prescription.
An interesting question is whether the change in NRT sales from prescription to OTC
status affected smoking cessation. To assess this issue, the 1993–1999 Massachusetts
Tobacco Surveys were used to compare data from adult current smokers and recent quitters before and after the OTC switch [83]. Interestingly, no significant change over time
occurred in the proportion of smokers who used NRT at a quit attempt in the past year
(20.1% pre-OTC vs. 21.4% post-OTC), made a quit attempt in the past year (48.1 vs.
45.2%), or quit smoking in the past year (8.1 vs. 11.1%). Fewer non-Whites used NRT
after the switch (20.7% pre-OTC vs. 3.2% post-OTC, p = 0.002), but the proportion of
Whites using NRT did not change significantly (20.6 vs. 24.0%). It was therefore concluded that there may be no increase in smokers’ rates of using NRT, making a quit
attempt, or stopping smoking after NRT became available for OTC sale. There appear to
be other barriers to the use of NRT besides visiting a physician, especially among minority smokers [83].

+
d.n.a.
+
d.n.a.
+
+
+
+
+
+
d.n.a.
d.n.a.
+
−
+
+
+

Austria
Belgium
Denmark
Finland
France
Germany
Greece
Iceland
Ireland
Italy
Luxembourg
Monaco
Netherlands
Portugal
Spain
Sweden
U.K.

+
d.n.a.
+
+
+
d.n.a.
+
+
+
d.n.a.
d.n.a.
d.n.a.
+
+
+
+
+

Cessation
clinics
+
d.n.a.
+
d.n.a.
+
+
−
+
+
+
d.n.a.
d.n.a.
+
−
d.n.a.
+
+

−
d.n.a.
+
d.n.a.
+
d.n.a.
−
+
−
d.n.a.
d.n.a.
d.n.a.
+
−
d.n.a.
−
+

Helplines Price incentive or
reduced cost for
treatment
+
+
+
+
+
+
+
+
+
+
d.n.a.
d.n.a.
+
+
+
+
+

Pharmacotherapies
available for cessation

+ yes; − no; d.n.a. data not available; B bupropion; op on prescription; NNS nicotine nasal spray;
NI nicotine inhaler; NP nicotine patch

Training of health
professionals and
medical students

Country

Table 11.5   Interventions to support smoking cessation in several European countries [82]

B + NNS op
NP + B op
B op
B + NNS op
−
B + NNS op
+
−
B, NNS, NI op
B op
d.n.a.
d.n.a.
B op
B op
B op
B + NNS op
B op

+
−
+
+
+
+
+
+
+
+
d.n.a.
d.n.a.
+
+
+
+
+

Pharmacotherapies available
On prescription only In pharmacies,
without prescription
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Hughes et al. determined whether OTC NRT is pharmacologically efficacious, whether
it produces abstinence rates similar to those in prescription settings, and to estimate the long
term (that is, greater than 6 month) abstinence rate with OTC NRT [84]. Using a metaanalysis approach, studies were analysed that compared OTC NRT vs.OTC placebo or studies comparing OTC NRT vs.prescription NRT that reported abstinence rates and for which
a full study report was available. Four studies were randomised trials of nicotine vs.placebo
patch with ORs of 2.1–3.2. These outcomes were homogenous and when combined resulted
in an OR favouring NRT of 2.5 (95% CI 1.8–3.6). Among the two randomised and two nonrandomised trials of OTC NRT vs.prescription NRT, one small study had an OR of 0.3, two
others had ORs of 1.0 and 1.4, and a fourth study had an OR of 3.6. These results were not
homogenous; however, when combined via a random effects model the estimated OR was
not less than 1.0 – that is, OR 1.4 (95% CI 0.6–3.3). The long-term (that is, greater than 6
months) quit rates for OTC NRT was 1 and 6% in two studies and 8–11% in five other studies. These results were not homogenous; however, when combined the estimated OR was
7% (95% CI 4–11%). It was concluded that OTC NRT is pharmacologically efficacious and
produces modest quit rates similar to that seen in real-world prescription practice [84].

11.2
Bupropion
Bupropion or amfebutamone, a drug belonging to the aminoketone class, is chemically
unrelated to other known antidepressants [85]. Bupropion is used in a sustained-release
form for smoking cessation.

11.2.1
Pharmacodynamics
The mechanisms by which bupropion acts as an aid in smoking cessation are not known.
Bupropion has been shown to block the antinociceptive, motor, hypothermic and convulsive effects of nicotine in in vitro tests and animal experiments [86]. It non-competitively
blocks [87] the activation of a3b2-, a4b2- and a7-neuronal nicotinic acetylcholine receptors
(nAChRs) with some degree of selectivity [86] and it functionally inhibits nAChR subtypes of human muscle type and ganglionic receptor subtypes (see Fig. 4.1 in Chap. 4)
[87]. Bupropion is thought to produce its therapeutic antidepressant effects by inhibiting
the neuronal uptake of dopamine and noradrenaline and, to a small degree, of serotonin
[88]. The metabolites of bupropion (hydroxybupropion and threohydrobupropion) are
active in vitro and in animal models of depression, and they may contribute to the therapeutic effects of the parent compound. Hydroxybupropion probably plays a critical role in
the antidepressant activity of bupropion, which appears to be associated predominantly
with long-term noradrenergic effects [89]. Bupropion neither inhibits MAO in the brain
nor increases the release of biogenic amines from nerve endings. In contrast to amphetamine or dexamphetamine, bupropion has low abuse potential [90, 91]. A few cases of
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drug dependence and withdrawal symptoms associated with immediate release bupropion
have been reported. Bupropion produces feelings of euphoria and drug desirability, and a
mild amphetamine-like effect has been observed (400 mg bupropion) [92].
Bupropion is devoid of cardiovascular effects (such as impaired intracardiac conduction, reduced myocardial contractility, decreased peripheral resistance, orthostatic hypotension) in both human and animal studies. However, a significant increased risk of
treatment-emergent hypertension has been reported in a small number of patients. The
drug is non-sedating and antagonises the effects of alcohol and diazepam. It does not produce weight gain. Activating effects may occur in susceptible patients [93].

11.2.2
Pharmacokinetic Properties
Maximum plasma concentrations (Cmax) of sustained-release bupropion of about 140 µg/l
were reached approximately 3 h after administration (150 mg) [94]. The drug is extensively degraded to three metabolites (hydroxybupropion, threohydrobupropion and erythrohydrobupropion) [94, 95]. Bupropion is converted in human liver slices in vitro to
hydroxybupropion by the cytochrome P450 isoenzymes CYP1A2, CYP2A6, CYP2C9,
CYP2E1 and CYP3A4; CYP2B6 is the major isoenzyme involved [92, 96]. In alcoholic
liver disease, the t0.5b values are increased approximately 1.5-fold with large interindividual differences (21.1 vs.32.2 h) [97]. According to data from a recently published study in
519 outpatients, sustained-release bupropion exhibits a statistically significant dose/plasma
level–response relationship for smoking cessation [98]. The efficacy of sustained-release
bupropion in facilitating smoking cessation was found to be related to dose and to the
mean metabolite concentration. The probability of smoking cessation increased with the
administered dose. Furthermore, the occurrence of AEs such as insomnia and dry mouth
was positively associated with the mean plasma concentration of erythro-amino alcohol.
The highest predicted probability of quitting was observed at the highest mean plasma
concentration of erythro-amino alcohol in combination with the lowest number of smoked
cigarettes at baseline [98].
Genetic polymorphisms in cytochrome P450 2B6 (CYP2B6) may cause variability in
bupropion pharmacokinetics since hydroxylation is known to be mediated by CYP2B6.
Therefore, bupropion pharmacokinetics were studied after a single oral dose of 150 mg in
121 healthy male volunteers [99]. The amino acid polymorphisms R22C, Q172H, S259R,
K262R and R487C were analysed and compared to the results of a pharmacokinetic analysis. A unimodal distribution of bupropion and hydroxybupropion kinetic parameters was
detected with a mean (range) AUC of 3.64 (0.89–8.14) µmol h/l for bupropion and 25.5
(6.72–75.3) µmol h/l for hydroxybupropion. Population kinetic analysis revealed that
bupropion total clearance via CYP2B6 alleles *1, *2, *5 and *6 did not differ, but clearance
via allele *4 was 1.66-fold higher compared to wild-type allele *1 (p = 0.001). Corresponding
to the high clearance of bupropion, carriers of the CYP2B6 genotype *1/*4 had significantly higher Cmax of hydroxybupropion compared to all other genotypes (p = 0.03). Only
a minor fraction of the variability in bupropion and hydroxybupropion kinetics could be
explained by the known CYP2B6 amino acid variants, in particular by the CYP2B6*4
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allele. The role of this allele should also be studied in other CYP2B6 substrates, including
cyclophosphamide, halothane, mianserin, promethazine and propofol [99].

11.2.3
Therapeutic Efficacy
The efficacy of sustained-release bupropion has been investigated in several double-blind
randomised trials involving administration of the drug over 7 or 9 weeks in daily doses of
150 or 300 mg [12, 13, 100–104]. One study investigated the dose range of sustainedrelease bupropion [12], while another used the combination of sustained-release bupro
pion + nicotine patch [13]. In one study, sustained-release bupropion was administered
over 45 weeks, after which the rate of relapse was estimated [105]. Smokers with an additional history of major depression or alcohol addiction were also included in a dose-ranging study [102]. In addition, preliminary results are available from a 12-month randomised,
placebo-controlled study for the prevention of smoking relapse (cf. [98]) [104, 105].
Most of the statistical analyses were performed on an intention-to-treat basis and
patients who were lost in the follow-up or who discontinued early were classified as smokers. The patients’ self-reports of abstinence were confirmed by CO concentrations £10
ppm in expired air [105], a level that is sensitive for validating self-reported smoking
abstinence [12–14, 106] during the previous 24 h [107]. Efficacy after 6 and 12 months has
been reported as 44.2 and −29.5% (placebo 19.0 and 14.4%) [12], 30 and 29% (placebo 20
and 17%) [100, 108] or 40.6 and 31.7% (placebo 12.9 and 11.8%) [100], respectively. The
observed point prevalence rates differed considerably, and in two studies [100, 103] no
differences between placebo and active treatment were observed after 52 weeks (OR =
1.16; CI: 0.76–1.77) [109] or 104 weeks [104]. Furthermore, sustained-release bupropion
treatment (300 mg/day) over 52 weeks improved the abstinence rate at week 78 (47.7 vs.
37.7%; bupropion vs. placebo), but not at week 104 of follow-up (41.6 vs. 40.0%; bupropion vs. placebo) [104].
A further study by Simon et al. analysed a total of 244 current smokers who were
enrolled in an outpatient randomized blinded smoking cessation trial conducted at the San
Francisco Veterans Affairs Medical Center, San Francisco [110]. Of the 244 participants,
121 received a 7-week course of bupropion and 123 received placebo. All participants
received 2 months of transdermal NRT and 3 months of cognitive-behavioural counselling. It was shown that during treatment with bupropion vs. placebo there was a trend
toward increased quit rates among participants randomized to bupropion; the self-reported
end-of-medication treatment quit rates were 64% for the bupropion group vs. 57% for the
placebo group (p = 0.23). The trend favouring bupropion persisted at 3 months of followup (p = 0.12) but was not apparent at 6 months and 1 year of follow-up (both p > 0.78). The
12-month quit rates, validated by either saliva cotinine or spousal proxy, were 22% in the
bupropion group and 28% in the placebo group (p = 0.31). On the basis of biochemical
validation, 19% of the bupropion group vs. 24% of the placebo group had quit smoking by
1 year (p = 0.36). The authors conclude that in this randomized blinded trial of mostly
veteran participants, the addition of a brief 7-week bupropion trial to treatment with NRT
and counselling did not significantly increase smoking cessation rates [110].
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A summary of several studies [12, 13, 111, 112] with regard to smoking cessation over
12 months revealed that treatment with bupropion was successful (OR = 2.54; CI: 1.90–
3.41) [16]. In one study, after 6 months of follow-up observation the success rates in the
four were 21.3% (nicotine patch), 34.8% (300 mg bupropion) and 38.8% (combination
bupropion + nicotine patch) compared with 18.8% (placebo) [13]. In comparison with
nicotine, a more powerful effect was reported for bupropion (OR = 2.07; CI: 1.22–3.53)
[13], although the study included smokers who had already had adverse experiences with
nicotine products [96]. The efficacy of repeated administration of NRT products for smoking cessation has been demonstrated in medical practice in several studies, and consequently the Jorenby study [13] should not be regarded as evidence of the lack of efficacy of
the nicotine patch. The combination of bupropion + nicotine patch was superior to the nicotine patch (OR = 2.65; CI: 1.58–4.40), but was not more effective than bupropion alone
[16] (see Table 11.1). While it is possible to treat alcohol-dependent and/or depressive
smokers with bupropion, these smokers very quickly relapse as depression increases.
Among smokers, women may be at greater risk than men for developing smokingrelated diseases. Collins et al. assessed wether bupropion would reduce this gender disparity among 314 women and 241 men enrolled in a placebo-controlled, randomized trial
using behavioural counselling plus 10 weeks of bupropion (300 mg) [113]. Prolonged
abstinence and biochemically verified point prevalence outcomes were measured at end
the of treatment (8 weeks after the quit date) and at 6-month follow-up. A logistic regression model of 6-month prolonged abstinence and a Cox regression (survival analysis)
model revealed a significant gender by smoking rate by drug interaction and a main effect
for marital status. This three-way interaction suggests that bupropion particularly benefited
men who smoked more than one pack of cigarettes per day at baseline and, conversely,
women who smoked a pack or less. The point prevalence logistic regression model showed
no evidence that either gender or smoking rate modified the effect of treatment. These
results suggest that bupropion treatment may reduce the gender disparity in prolonged
abstinence rates among lighter smokers [113].
In conclusion, a Cochrane analysis showed that when used as the sole pharmacotherapy, bupropion (31 trials, OR 1.94, 95% CI 1.72–2.19) doubled the odds of cessation
[114]. However, there is insufficient evidence that adding bupropion to NRTprovides an
additional long-term benefit. Three trials of extended therapy with bupropion to prevent
relapse after initial cessation also did not find evidence of a significant long-term benefit.
From the available data in this Cochrane analysis, bupropion appeared to be equally effective and of similar efficacy to NRT. By contrast, pooling three trials comparing bupropion
to varenicline showed a lower odds of quitting with bupropion (OR 0.60, 95% CI 0.46–
0.78). There is a risk of about 1 in 1,000 of seizures associated with bupropion use.
Concerns that bupropion may increase suicide risk are currently unproven [114].

11.2.4
Dosage
Unlike smoking cessation programmes with nicotine products, where it is agreed that smoking cessation should coincide directly with the start of nicotine administration for safety
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reasons, smokers treated with bupropion may continue to smoke initially while taking a daily
dose of 150 mg and then appoint a day for themselves to stop smoking during the second
week of treatment. Steady-state plasma concentrations are only achieved after 5–7 days’
ingestion [92]. At this point, the daily dose is then increased to 300 mg. The course of treatment lasts for 7–9 weeks. In the USA, treatment may be extended to 6 months if the product
is well tolerated [2, 92]. Total smoking cessation is naturally the objective of treatment.

11.2.5
Adverse Effects
Approximately 12% of patients complain of insomnia and approximately 8% of dry mouth
[12, 115]. In the second placebo-controlled multicentre study with 12-month follow-up,
the effects of bupropion were compared with those of a nicotine patch and a combination
of the two in 893 subjects over a 9-week treatment period [96]. Insomnia occurred as an
AE disproportionately more often in the two bupropion groups [12, 13] (42.4 and 47.5 vs.
19.5%). In both studies, however, five cases of severe depression occurred during treatment with bupropion (Table 11.6). The experiences to date with bupropion have been collected exclusively outside Germany; further research is required if its equivalent efficacy
is to be demonstrated [116]. Information on other AEs is presented in Table 11.6. The 450
AEs recorded in Canada over an 11-month period following the introduction of bupropion
Table 11.6   Adverse effects of bupropion [116, 117]
Organ system
Adverse effects

Frequency [%]

Central nervous system Insomnia, tremor, disturbed concentration,
headache, dizziness, depression,
and peripheral
restlessness, anxiety
nervous system
Confusion
Convulsive seizures [23], stroke

>1

Skin
Allergic reactions

Rash, pruritus, sweating, urticaria
Severe hypersensitivity reactions, including
angio-edema, dyspnoea/bronchospasm
and anaphylactic shock Arthralgia, myalgia
and fever in conjunction with skin rashes
(possibly serum sickness)
Erythema multiforme, Stevens-Johnson syndrome

>1

Cardiovascular system

Tachycardia, raised blood pressure (sometimes
severe), facial reddening, stroke (<0.01%)
Vasodilatation, orthostatic hypotension, syncope

>0.1–1

Gastrointestinal tract

Dry mouth, nausea, vomiting, abdominal pain,
constipation

>1

>0.1–1
>0.01–0.1

>0.01–0.1

>0.01–0.1

Metabolic disorders

Loss of appetite

>0.1–1

General reactions

Fever
Chest pain, asthenia

>1
>0.1–1

Sensory organs

Disturbed sense of taste
Tinnitus, visual disturbances

>1
>0.1–1
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come from spontaneous reports and require careful analysis in terms of establishing causality [116]. For further details, see [118]. Concerns that bupropion may increase suicide
risk are currently unproven [114].

11.2.6
Contraindications and Drug Interactions
Bupropion should not be used in patients with convulsive disorders or bulimia or in those
with diabetes treated with insulin or antidiabetic medication. It is also not suitable for use
in alcoholics, patients with alcohol or benzodiazepine withdrawal symptoms, or in those
who are dependent on opioids, cocaine or stimulants [92]. Bupropion overdosage (³450
mg/day) is associated with an increased incidence of convulsive seizures (0.4% of patients
at doses up to 450 mg/day) [119, 120].
Concurrent medication with MAO inhibitors is not permitted. Caution is also required
in patients simultaneously treated with antipsychotic drugs, antidepressants, theophylline
and systemic glucocorticoids. Potential interactions may arise in particular because of the
inhibition of CYP2D6 by bupropion and hydrobupropion. This affects agents such as
desipramine. However, slowing of metabolism may also be encountered with other antidepressants (imipramine, paroxetine), antipsychotic agents (risperidone, thioridazine),
b-receptor blockers (metoprolol) and class 1C anti-arrhythmic agents (propafenone, flecainide) [117]. Caution is also required when combining bupropion with antimalarials,
tramadol, quinolones and antihistamines with sedative activity [92]. Where appropriate,
these drugs should be administered in a reduced dose or discontinued. Alternatively, consideration should be given to halting bupropion therapy [117].
During pregnancy, bupropion should be used only where absolutely indicated. Since
bupropion and its metabolites pass into breast milk, with the resultant risk of triggering
seizures in the infant, discontinuation of bupropion or cessation of breastfeeding should be
considered [116].

11.2.7
Summary
The effectiveness of bupropion insignificantly exceeds that of nicotine products (OR = 2.1;
CI: 1.5–3.0 vs. 1.9; CI: 1.7–2.2; bupropion vs. nicotine patch) [16]. Placebo-controlled
long-term studies have revealed no convincing differences after 1 [109] or 2 years [105].
Relapses could not be prevented after treatment over 1 year [105], and the mean changes
in body weight differed from the placebo group by 1.3 kg after 2 years [105]. In terms of a
risk-benefit calculation, people who have smoked for 2 or 3 decades may feel “healthy”
and have to be convinced to stop smoking, or they may feel “ill” and are unable to stop
smoking because they are addicted. Where present, the risk of adverse effects and deaths
[113] with bupropion is more substantial and more serious than with NRT (cf. Tables 11.4
and 11.6). Because of the severe AEs encountered, bupropion should therefore be considered as second-line rather than first-line medication for promoting smoking cessation.
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11.3
Other Pharmacotherapies
11.3.1
Varenicline
Nicotine receptor partial agonists such as varenicline may help to stop smoking by reducing smoking satisfaction (acting as an antagonist) and also maintaining moderate levels of
dopamine to counteract withdrawal symptoms (acting as an agonist). In this respect, varenicline was developed as a nicotine receptor partial agonist from cytosine. It is a drug that is
widely used in Central and Eastern Europe for smoking cessation. The first trial reports of
varenicline were released in 2006, and further trials have now been published or are currently are underway. A Cochrane analysis published in 2008 assessed the efficacy and tolerability of nicotine receptor partial agonists, including varenicline and cytisine for smoking
cessation [121]. Together with other databases the Cochrane Tobacco Addiction Group’s
specialised register for trials was searched and randomized controlled trials which compared the treatment drug with placebo were analysed. Comparisons with bupropion and
NRT were also performed. Seven trials of varenicline compared with placebo for smoking
cessation were found; three of these also included a bupropion experimental arm. Also one
relapse prevention trial, comparing varenicline with placebo, and one open-label trial comparing varenicline with NRT were identified [121]. In total, the nine trials covered 7,267
participants, 4,744 of whom used varenicline. As a result, the pooled risk ratio (RR) for
continuous abstinence at 6 months or longer for varenicline vs.placebo was 2.33 (95% CI
1.95–2.80). The pooled RR for varenicline vs.bupropion at 1 year was 1.52 (95% CI
1.22–1.88). The RR for varenicline vs.NRT at 1 year was 1.31 (95% CI 1.01–1.71). The
two trials which tested the use of varenicline beyond the 12-week standard regimen found
the drug to be well-tolerated during long-term use. The main adverse effect of varenicline
was nausea, which was mostly at mild to moderate levels and usually subsided over time
[121]. Post-marketing safety data suggest that varenicline may be associated with depressed
mood, agitation, and suicidal behaviour or ideation. The labelling of varenicline has been
amended, and the FDA is conducting a safety review.The one cytisine trial included in this
Cochrane review found that more participants taking cytisine stopped smoking compared
with placebo at 2 years follow up, with an RR of 1.61 (95% CI 1.24–2.08).
It can be concluded from this Cochrane analysis that varenicline increases the chances
of successful long-term smoking cessation between two- and threefold compared with
pharmacologically unassisted quit attempts. Also, more participants quit successfully
with varenicline than with bupropion. The one analysed open-label trial of varenicline vs.
NRT demonstrated a modest benefit of varenicline. The main adverse effect of varenicline
is nausea, but mostly at mild to moderate levels and tending to subside over time. Possible
links with serious AEs, including depressed mood, agitation and suicidal thoughts, are
currently under review. It can be stated that there is a need for larger, independent
community-based trials of varenicline to test the efficacy of treatment extended beyond
12 weeks [121].
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11.3.2
Nortriptyline
In three studies [122], the antidepressant nortriptyline showed a significant increase in
smoking cessation over 6 and 12 months (OR = 2.77; CI: 1.73–4.44), and this result was
not altered where a previous history of depression was present. However, because of its
pronounced AE profile, nortriptyline should be regarded only as second-line therapy and
should be used only in situations where smoking cessation cannot be achieved by other
means [16] [see also [2]]. Nortriptyline has not been approved anywhere for use in smoking cessation (Table 11.1).
In a 2008 Cochrane analysis [114], eight trials of nortriptyline were assesed [114].
When used as the sole pharmacotherapy, nortriptyline (four trials, OR 2.34, 95% CI 1.61–
3.41) doubled the odds of cessation. There is insufficient evidence that adding nortriptyline
to NRT provides an additional long-term benefit. From the available data, nortriptyline
appeared to be equally effective and of similar efficacy to NRT. However, nortriptyline has
the potential for serious side effects, but none have been seen in the few small trials for
smoking cessation [114].

11.3.3
Clonidine
Clonidine, an a2 agonist with antihypertensive activity, is well known for its ability to
reduce the symptoms of opioid dependence. Cigarette smoking also increases plasma
endorphin levels, a phenomenon which supports the dependence-producing effects of nicotine; however, this has also stimulated interest in the effects of clonidine to promote
smoking cessation. Out of six validated studies, one achieved a significant effect [123].
Clonidine should be designated as effective (OR = 1.89; Table 11.1). The proportion of
smokers who achieve cessation is between 9 and 14% [15, 124]. These differences between
the studies, coupled with the fact that a study duration of less than 6 months does not permit any definitive conclusions regarding cessation therapy, mean that despite its demonstrated activity, clonidine does not appear to be a suitable agent for use in smoking
cessation, a view that is endorsed by the numerous reports of AEs (sedation, dry mouth)
[15]. Similarly, it has not been confirmed that clonidine is more effective in women than in
men [125].
The latest Cochrane analysis by Gourlay et al. included six trials which met the inclusion criteria. There were three trials of oral, and three of transdermal clonidine [126].
Some form of behavioural counselling was offered to all participants in five of the six trials.There was a statistically significant effect of clonidine only in one of these trials. The
pooled OR for success with clonidine vs.placebo was 1.89 (95% CI 1.30–2.74). There was
a high incidence of dose-dependent side effects, particularly dry mouth and sedation. It can
be concluded that on the basis of a small number of trials, in which there are potential
sources of bias, clonidine is statistically effective in promoting smoking cessation.
Prominent side effects limit the usefulness of clonidine for smoking cessation [126].
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11.3.4
Mecamylamine
The nicotine antagonist mecamylamine (see Sects 4.2 and 4.3.4 in Chap. 4) blocks the
effects of nicotine, and hence the reward system, by inhibiting nicotine-induced dopamine
release, thus reducing the urge to smoke. The efficacy of mecamylamine in combination
with nicotine patches has been investigated in two studies conducted by the same team.
The results of the first study in 48 subjects over 7 weeks showed superiority of the combination in terms of smoking cessation even after 12 months (37.5 vs. 4.2%; mecamylamine
+ nicotine vs. nicotine). In a second study with mecamylamine (2.5–5 mg twice daily) +
nicotine (21 mg/day), abstinence was achieved in 40% (mecamylamine + nicotine), 20%
(mecamylamine) and 15% of subjects (nicotine or placebo). The results were not significant [106, 127]. Daily doses up to 20 mg mecamylamine were well tolerated, and symptoms of constipation occurred in 40% of patients. The combined administration of
mecamylamine + nicotine proved beneficial, but a further study in a larger patient population should be conducted before this regimen is used on a more extensive clinical basis
[128]. Mecamylamine has not been approved for smoking cessation anywhere.

11.3.5
Tranquillisers and b-Receptor Blockers
Anxiety is one symptom of nicotine withdrawal, as is an increased incidence of depression. Alongside meprobamate and diazepam, the b-receptor blockers metoprolol, oxprenolol and propranolol have also been investigated for their anxiolytic properties. On the
basis of the criterion of 6 months of abstinence, the available studies (one study each) for
the two tranquillisers meprobamate [129] and diazepam [130] did not reveal any significant effects. The two b-blockers metoprolol (100 mg/day) and oxprenolol (160 mg/day)
exerted a slight effect on smoking cessation over 12 months (17 and 24 vs. 3%; metoprolol, oxprenolol vs. placebo), although the results were significant only for metoprolol
[130]. For metoprolol, at least, the results were unexpected [16].

11.3.6
Buspirone
The pharmacological properties of this atypical anxiolytic are still unclear. It is thought to
possess high affinity for the 5-HT1A receptors in the central nervous system (CNS), and to
display D2 agonist activity as well as enhancing noradrenaline metabolism in the locus
coerulus. Contradictory findings have been published concerning its use (30–60 mg daily)
as an aid to smoking cessation. After 4 weeks of treatment, placebo-controlled studies in
61 subjects [131] and 54 subjects [132] revealed a significant effect (47 vs. 16%, active
treatment vs. placebo) and no proven effect (62 vs. 52%, active treatment vs. placebo)
respectively, and the withdrawal symptoms of nicotine were not reliably reduced [131]. In
a further study in an even smaller patient population (37 subjects), cravings were reduced
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after 7 days of treatment, as well as anxiety symptoms, restlessness and excitability [133].
These and other studies are not conclusive, and a larger study over a more extended period
is required in order for efficacy to be demonstrated unequivocally [16]. Buspirone is not
approved anywhere for use in smoking cessation.

11.3.7
Rimonabant
Rimonabant hydrochloride represents the first drug in a new class of selective cannabinoid
type 1 (CB1) receptor antagonists. This compound is showing promise in clinical trials for the
treatment of obesity and related metabolic risk factors. Also, it may be of help in smoking
cessation therapy. The drug may assist with smoking cessation by restoring the balance of the
endocannabinoid system, which can be disrupted by prolonged use of nicotine. Rimonabant
also seeks to address many smokers’ reluctance to persist with a quit attempt because of
concerns about weight gain. Cahill and Ussher performed a meta-analysis to determine
whether selective CB1 receptor antagonists increase the numbers of people stopping smoking
[134]. Three trials that met the inclusion criteria, covering 1,567 smokers (cessation:
STRATUS-EU and STRATUS-US) and 1,661 quitters (relapse prevention: STRATUS-WW)
were included in the analysis. At 1 year, the pooled OR for quitting with rimonabant 20 mg
was 1.61 (95% CI 1.12–2.30). No significant benefit was demonstrated for rimonabant at 5 mg
dosage. The AEs included nausea and upper respiratory tract infections. In the one relapse
prevention trial, smokers who had quit on the 20 mg regimen were 1(1/2) times more likely
to remain abstinent on either active regimen than on placebo; the OR for the 20 mg maintenance group was 1.49 (95% CI 1.09–2.04, and for the 5 mg maintenance group 1.51 (95% CI
1.11–2.07) 8,131). There appeared to be no significant benefit of maintenance treatment for
the 5 mg quitters. Weight gain was reported to be significantly lower among the 20 mg quitters than in the 5 mg or placebo quitters. During the treatment, overweight or obese smokers
tended to lose weight, while normal weight smokers did not. Cahill and Ussher concluded
from the preliminary trial reports available that rimonabant 20 mg may increase the odds of
quitting approximately 1(1/2)-fold. Whereas the risk of serious AEs was reported to be low,
concerns were raised over rates of depression and suicidal thoughts in people taking rimonabant for weight control [134]. In summary, the present evidence for rimonabant in concerning
tobacco abstinence and its adverse effects is inconclusive and further research is needed.

11.3.8
Various Antidepressants
The antidepressants imipramine, doxepin, fluoxetine, venlafaxine and moclobemide have
also been investigated as aids to smoking cessation. Overall, while these compounds may
support efforts to achieve smoking cessation, no definitive cessation effect has been demonstrated [16].
Doxepin has been investigated only in one small 3-week study, and the participants were
additionally promised a financial bonus on stopping smoking. The initially good effect had
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disappeared within one further week [135]. Fluoxetine has been compared with dexfenfluramine and placebo in 97 subjects, but efficacy was poorer than with placebo [136]. Efficacy
was poor with imipramine when compared with lobeline and dextroamphetamine [137] and
with venlafaxine [138] when compared with placebo. Similarly, moclobemide was shown
to possess a slight degree of efficacy in one study [139] (25 vs. 16%, active treatment vs.
placebo), but the effect was no longer significant after 12 months.
The latest Cochrane metaanalsis screended six trials of selective serotonin reuptake
inhibitors; four of fluoxetine, one of sertraline and one of paroxetine. None of these
detected significant long-term effects, and there was no evidence of a significant benefit
when results were pooled. There was one trial of the monoamine oxidase inhibitor moclobemide, and one of the atypical antidepressant venlafaxine. Neither of these detected a
significant long-term benefit [114].

11.3.9
Opioid Antagonists
Opioid antagonists are used for the treatment of various forms of dependence (alcohol, cocaine,
opioids), and initial studies have also been published concerning the efficacy of naloxone and
naltrexone in smoking cessation. A reduction in the number of cigarettes smoked daily was
shown in two placebo-controlled studies with naloxone [140, 141], but this was not confirmed
in a further study [142]. Because of its longer half-life, naltrexone might be beneficial, but here
too the results have not been convincing (OR = 1.34; CI: 0.49–3.63) [143, 144]. Combination
of naltrexone with nicotine patches has yielded a slightly higher success rate [145]. On the
basis of the results available at present, no definitive assessment is possible [146], and the
effectiveness of both opioid antagonists needs to be verified in a larger patient sample.
David et al. performed a meta-analysis on opiod antagonists for smoking cessation and
found out that four trials of naltrexone met Cochrane inclusion criteria for meta-analyses for
long-term cessation [147]. All the four trials failed to detect a significant difference in quit
rates between naltrexone and placebo. In a pooled analysis, there was no significant effect of
naltrexone on long-term abstinence, and CIs were wide (OR 1.26, 95% CI 0.80–2.01). No
trials of naloxone or buprenorphine reported long-term follow-up. It can therefore be concluded that on the basis of limited data from four trials it is not possible to confirm or refute
whether naltrexone helps smokers quit. The CIs are compatible with both clinically significant
benefit and possible negative effects of naltrexone in promoting abstinence. Data from larger
trials of naltrexone are needed to settle the question of efficacy for smoking cessation [147].

11.3.10
Lobeline
Lobeline is an alkaloid possessing nicotine-like activity with attenuated central and
peripheral effects. Lobeline used to be employed to promote smoking cessation. However,
there are no controlled studies available [148]. Therefore, its use cannot be recommended
according to a Cochrane analysis [14].
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11.3.11
Silver Acetate
Silver acetate in the form of chewing gum or mouth spray has been compared with placebo
in four aversive smoking studies [149], but no significant results were reported. In one
triple-arm study, silver acetate and the 2-mg nicotine chewing gum formulation were compared with placebo (OR = 1.05; CI: 0.63–1.73) [150]. An additional 4% gain after 2 months
is too small to be deemed a success [17].

11.3.12
Nicotine-Vaccination
There are three different companies presently that have completed Phase II clinical studies
of their anti-nicotine vaccines. They are all rushing to obtain regulatory approval and to
bring their vaccine candidates to the market [151].
In general, nicotine vaccines are composed of a linkage between the nicotine molecule
and an adjuvant with a carrier protein. Preliminary results of the three Phase II clinical
studies are encouraging. In this respect, subjects who have a high anti-nicotine antibody
level also present high quit rates [152]. However, the data available are by far too preliminary to extrapolate for long-term quit rates. It can be expected that vaccines may appear on
the market in 2011.

11.4
Therapeutic Monitoring in Smoking Cessation
Most physicians use the self-report (SR) confirmed by carbon monoxide (CO) readings as the
method usually employed in clinical practice to determine whether “ex-smokers” are smoking tobacco during and following treatment. The combination of SR and CO was evaluated
in some studies, and a close relationship between CO readings and SR was found in exsmokers who had been informed beforehand that CO reading would be taken [153, 154]. A
relatively low average false-negative rate of 6% was reported in an analysis of 12 additional
intervention studies using CO confirmation [107]. Data such as these have been taken as
evidence that CO evaluation can detect under-representation of smoking in self-reports. If the
patient has been informed that CO reading will be taken, then the inconsistent smoking patient
may stop smoking for several hours before CO reading. On the other hand, the measurement
of CO in expired air may be problematic because increased values (>10 ppm) have been
recorded in ex-smokers or in smokers who quit smoking several days prior to measurement.
A second possibility to control smoking cessation is the analysis of cotinine in plasma,
urine, or saliva. In a sample of hospital outpatients self-report, CO and cotinine analyses
were used to validate the efficacy of smoking cessation [155]. Up to 20% of claimed exsmokers were classified as smokers by each test. The cotinine analyses were superior to CO
readings, although CO also worked relatively well [155]. Because of cost considerations,
the cotinine analysis should not be used routinely [155]. In only one 1-year study, the CO
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and cotinine monitorings were compared [156] in self-reported ex-smokers: While cotinine
monitoring detected 17% smokers, CO monitoring detected smokers in only 9.8% of the
reported non-smokers [156]. In a recently published smoking cessation study, the efficacy
of the three parameters was compared at three time points (9, 26, and 52 weeks) from treatment initiation [157]. The results suggested the cotinine analyses in urine may lead to more
accurate but lowered measured abstinence rates (49, 29, and 26 vs. 38, 26, and 25%, selfreport plus CO vs. self-report plus cotinine, respectively) [157].
ETS and other environmental factors (traffic pollution, fog) may also be possible explanations for elevated CO. If an ex-smoker has not smoked for >7 days previously, plasma
cotinine levels should not exceed 20 ng/ml; neither do cotinine determinations in plasma,
saliva or urine indicate previous cigarette smoking.

11.5
Special Therapeutic Situations
11.5.1
Ischaemic Heart Disease
The two controlled studies conducted to date in patients with stable angina point to a favourable influence on progression or on the course of the disease. In smokers (>20 cigarettes/
day) with coronary heart disease, blood flow in various myocardial regions is improved as
a sign of “smoking reduction” where cigarette consumption is replaced in part by nicotine
patches (14 and 21 mg strengths) [158]. With falling CO content of expired air, the underperfused myocardial regions were reduced in size and the patients’ exercise capacity was
increased despite higher nicotine levels (compared with controls) because cigarette consumption had fallen. One study indicated that nicotine had a “minimally harmful” effect on
the circulation, because even years of smokeless tobacco use did not increase either the risk
factors for the development of coronary heart disease or the atherogenic index [159].
When cigarette consumption in patients with stable angina using nicotine patches (14
and 21 mg) was gradually reduced from >20 to <7 cigarettes/day, only 3 out of 77 smokers
in the active treatment group compared with 8 out of 79 smokers in the placebo group had
to discontinue treatment because of cardiovascular events [64]. Transdermal nicotine
administration does not increase either the frequency of angina attacks or the occurrence of
nocturnal attacks, arrhythmias or episodes with ECG evidence of ST-segment depression
[64]. Smoking cessation was achieved in 36 and 22% of patients (active treatment vs. placebo) [64]. Thus, the usefulness of NRT has been confirmed in smokers with stable angina.
Recommendations have now also been published concerning the treatment of ischaemic
heart disease [160], indicating that nicotine patches clearly reduce the primary endpoints
(death, myocardial infarction, cardiac arrest, hospital admission, cardiac arrhythmias or
heart failure) in CHD patients within 14 weeks (5.4 vs. 7.9%, active treatment vs. placebo)
[160]. Nicotine treatment may thus be initiated as early as 2–3 days after an acute myocardial infarction, and NRT is indicated for smoking cessation in all patients with angina pectoris and cardiac arrhythmias. Dosage recommendations are available for nicotine patches
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Table 11.7    Recommendations on the use of nicotine products in patients with cardiovascular
disease [160]
Indication/Treatment
Indications
Myocardial infarction

Proposal

Proven use

Nicotine may be used 2–3
days after infarction
Nicotine may be used in all
patients

Nicotine was used up to 2–3 weeks
after myocardial infarction
Arrhythmias
To date, no experience in patients with
severe ventricular arrhythmias,
second and third degree AV blocks
or hospitalised for arrhythmias (up
to 2 weeks afterwards)
Treatment
³10 cigarettes/day
³15 cigarettes/day
Nicotine patch
15 mg/16 h (8–12 weeks)
21 mg/24 ha in CHD patients (proven
over 5–10 weeks)
Nicotine chewing gum 5–15 pieces (2 mg each)/day Not tested in CHD patients
(12–24 weeks)
a
Based on our own experiences, the use of nicotine patches overnight is not recommended because
of the occurrence of insomnia etc.

and chewing gum, whereas no findings have yet been published for the inhaler. Details are
presented in Table 11.7.

11.5.2
Pregnancy
Women who smoke during pregnancy must expect their neonates to display signs of embryotoxic and foetotoxic damage [70]. Since the prescription of drugs is quite properly restricted
during pregnancy and lactation, controversy surrounds the use of nicotine products because
the harmful effects of the combustion products of cigarettes cannot be clearly separated
from the effects of nicotine. The accumulation of nicotine in breast milk is well known, but
heavy metals, CO and numerous carcinogens also pass into the mother’s milk. In spite of
this, it has been argued that it is better for smoking mothers to breast-feed their babies than
solely to expose them to the effects of passive smoking [161]. Non-drug smoking cessation
programmes should be offered first (see Sect. 10.11 in Chap. 10), but NRT should be instituted very promptly where non-drug interventions are found to be ineffective [73]. Analysis
of the literature, including the results of experimental animal research, indicates that nicotine does not cause any teratogenic or embryotoxic effects. The carcinogens detected in the
urine of neonates are derived from tobacco and are not metabolites of nicotine [162].
Since pregnant women who smoke are heavily dependent, they incorporate the combustion products of tobacco as well as larger amounts of nicotine which reach the foetal brain
[163, 164], and the binding capacity for the alkaloid has been shown to increase in foetal
brain structures between weeks 12 and 19 of pregnancy. Nicotine binding in the brainstem
attains peak levels at mid-gestation, with a subsequent fall at the time of delivery, indicating
that adverse effects of nicotine may be expected to occur during mid-to-late gestation [164].
Since the risk of malformations and obstetric complications is demonstrably higher in
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women who smoke than during smoking cessation therapy with NRT, the women in question should agree to NRT if non-drug interventions fail to achieve smoking cessation.
Meticulous research into this question is required in the years ahead (see [71, 73]).

11.5.3
Weight Gain
For a variety of reasons, many smokers lose weight over the course of many years of
smoking (reduced appetite, increased fatty acid oxidation, deteriorating insulin resistance,
increased plasma insulin concentrations), although tobacco smoke does not appear to be an
anorectic agent [165]. Conversely, smoking cessation in response to nicotine administration brings an improvement in insulin resistance with a simultaneous weight gain. This
weight gain on smoking cessation is clearly associated not with the withdrawal of nicotine
but of other unidentified components of cigarette smoke [166]. Moreover, the presence of
nicotine has been shown to increase concentrations of leptin [167] which evidently acts to
reduce body weight [168]. While changes in body weight following smoking cessation are
a major concern for many smokers, the transient body weight fluctuations often balance
out again within a few years [169].
In particular, women who eat more in stress situations (frequently the reason for smoking) [170, 171] or who are going through the perimenopause [172] are predestined to gain
weight when they stop smoking. Dietary advice should be given at the start of smoking
cessation and efforts should be made to encourage greater physical activity, since this has
been shown to minimise weight gain in middle-aged women [173, 174].

11.5.4
Alcohol Consumption
A close association exists between alcohol dependence and nicotine dependence. The vast
majority of alcoholics also smoke, whereas only 5–10% of smokers are alcohol-dependent.
Combined dependence is associated with an increased incidence of head and neck tumours
[175]. It is thought that daily cigarette consumption is increased during recovery from
alcoholism [176]. In addition, tobacco is the more common cause of death in former
patients of drug dependence centres [177]. According to several studies (including two
controlled trials [175]), smoking cessation with/without NRT is reported to have no adverse
consequences on the (absence of) drinking behaviour in former alcoholics [16]. In this
context, there is evidence to suggest that NRT has no adverse consequences on simultaneously implemented alcohol withdrawal [177].

11.5.5
Organic Depression and Schizophrenia
A generally pro-smoker atmosphere dominates in psychiatric clinics [177]. The percentage
of patients who smoke increases with longer hospitalisation, although this tendency was
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only in evidence in non-schizophrenics [178]. Basically, smoking cessation is easier for
psychiatric patients, the more actively they cooperate and the more independent their
behaviour is. Accordingly, ex-smokers with mental illnesses have lower Brief Psychiatric
Rating Scale (BPRS) scores than smokers [179]. The analysis of data on 4,411 respondents
aged from 15 to 54 years demonstrated that smokers with any history of mental illness had
a self-reported quit rate of 37.1%, and smokers with past-month mental illness had a selfreported quit rate of 30.5% compared with smokers without mental illness (42.5%). The
ORs for current and lifetime smoking in respondents with mental illness in the past month
vs. respondents without mental illness, adjusted for age, sex and region of the country,
were 2.7 (2.3–3.1) vs. 2.7 (2.4–3.2). Persons with a mental disorder in the past month
consumed approximately 44.3% of cigarettes smoked by this nationally representative
sample [180]. In treatment with nicotine patches, the smoking withdrawal results for 208
psychiatric outpatients were no worse than for non-patients [181]. Patients treated with
antidepressants and neuroleptics consume more cigarettes than patients not treated with
these substances. Clearly, the anticholinergic effect of these medicines is also at least attenuated by increased nicotine administration, or else increased cigarette consumption accelerates the hepatic metabolism of neuroleptics, thus reducing the unwanted effects.
A no-smoking policy in psychiatric clinics, with the attendant withdrawal symptoms,
does not have a negative effect on mental illnesses [182]. Another compromise method is to
put restrictions on the smokers in these clinics, although this does not encourage them to stop
smoking [183]. It is certainly no easy matter to enforce a no-smoking policy in a psychiatric
clinic, although no threatening consequences result for the patients. What does make sense
is to couple smoking prohibition with NRT to facilitate smoking cessation [183].

11.5.5.1
Organic Depression
Co-morbidity of psychiatric illnesses, especially depression, in conjunction with the use of
illicit drugs, is more common than was previously assumed [184, 185]. This also applies
for nicotine dependence in the form of cigarette smoking.
Of a group of 120 chronic smokers, 62.3% were mentally ill (mood, anxiety, or substance abuse disorders). Although these smokers were more “stressed” at the time of treatment (high levels of nicotine dependence, depressive mood), they achieved the same level
of cessation success as the non-patients [186], so that it was not possible to establish an
association between smoking cessation and mental illness.
An existing depression diminishes the success of smoking cessation compared with
persons not suffering from this condition [187]. According to a large Finnish study [188],
the motivation for smoking cessation is reportedly stronger in depressive patients, suggesting a large pool of depressive smokers. Depressive symptoms that occur during withdrawal are of decisive significance in terms of relapses and should therefore be treated
concurrently [189]. Concurrent depression was the indication for smoking cessation therapy in elderly women [190]. In these patients, it proved possible to control smoking abstinence relatively arbitrarily by means of monetary rewards set for various time periods
[191]. Subsequently, however, the relapse rate was not determined by the duration of abstinence but rather by psychopathological criteria only.
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Considering the effects of mental illnesses on the type of withdrawal symptoms, anxious and depressive patients, as well as patients with eating disorders, tend to experience
withdrawal symptoms within the clinical framework of their illness, whereas patients with
stronger nicotine dependence frequently show craving, sleep disturbances and cognitiveaffective disturbances [192].

11.5.5.2
Schizophrenic Patients
Smoking cessation in schizophrenic patients is rendered difficult by a variety of affective,
cognitive and social problems [193], but it can be achieved using specially designed smoking cessation programmes [194] involving a combination of group therapy with nicotine
patches and neuroleptics (preferably olanzapine and risperidone). These two substances
have proved superior to the classic neuroleptics (success rates of 56 vs. 22%) [195].
According to other studies, clozapine was more effective in promoting smoking cessation
in schizophrenics than other typical as well as atypical neuroleptics [196, 197], besides
which the antipsychotic effect of clozapine was more pronounced in smokers [198]. The
reasons for these effects of clozapine [199] may involve inhibition of nicotine metabolism,
especially in view of the fact that raised plasma nicotine levels are measured in smoking
schizophrenics [199].
The spectrum of adverse effects of neuroleptics remains essentially unchanged in smokers. With increasing age, smokers require higher doses of neuroleptics, while non-smokers
require lower doses to achieve a sufficient level of efficacy [200], although smoking does
not alter plasma levels significantly. The incidence of neuroleptic-induced parkinsonism
and tardive dyskinesias was not higher among smokers despite considerably higher average dosage levels [201, 202]. Smoking was reported to have a protective effect against
incipient dementia in smokers [203]; cases of akathisia were observed frequently in women
smokers. Neuroleptic-induced parkinsonism was observed less frequently in smokers than
in non-smokers [203]. Another study found an association between high neuroleptic dosage and smoking in non-schizophrenics only [204]. Smoking reportedly does not alter
plasma clozapine levels, in spite of which the individual plasma levels vary under constant
dosage. Antipsychotic efficacy correlates with the dosage level [205]. Haloperidol treatment was initiated in ten smoking patients with acute schizophrenia. An increased desire
to smoke was observed in a 2-h ad libitum smoking phase [197].

11.5.5.3
Interactions Between Cigarette Smoking and Administration of Psychopharmaceuticals
Tobacco smoking affects the metabolism of numerous neuroleptics and antidepressants via
the cytochrome P450 system, complicating the therapy of smokers in psychiatric clinics
and out-patient facilities (cf. Table 11.8). Smokers require higher doses of neuroleptics
than non-smokers [198, 225–227]. The neuroleptic dosage increases with age in schizophrenic smokers [200], but decreases in schizophrenic non-smokers, apparently in association with an age-dependent reduction in D2 receptors in the corpus striatum. Increased
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Table 11.8   Pharmacokinetic interactions between smoking and drugs influencing the CNS
Drug
Interactive effects
Benzodiazepines (diazepam, No effect [206–208]
lorazepam, midazolam,
chlordiazepoxide)
Bupropion
No effect [94]
Chlorpromazine
AUC ß (−36%), serum concentration ß (−24%);
clinical significance? [209, 210]
Clorazepate
AUC ß, t0.5 of N-desmethyldiazepam ß [211]
Clozapine
Induction of CYP1A2, clearance Ý, plasma concentration ß
(−28%) [205, 212–215]
Fluvoxamine
Induction of CYP1A2, metabolic clearance Ý, AUC ß (−44%),
plasma concentration ß (−47%) [216]
Haloperidol
Clearance Ý (+44%), serum concentration ß (−70%). Clinical
significance?, no observed differences in dose [191, 217, 218]
Imipramine
Serum concentration ß, no clinical effect [219]
Nortriptyline
Unclear, no clinical effect [220, 221]
Olanzapine
Induction of CYP1A2, clearance Ý (+98%), great variability in
plasma clearance over a fourfold range [222–224]

cigarette consumption in schizophrenic and non-schizophrenic patients because of administration of haloperidol was measured on the basis of reliable parameters (CO, nicotine)
[200]. The combination of neuroleptics and smoking reduces the frequency of parkinsonism-like symptoms in these patients and can reduce the anticholinergic doses required
in some cases. On the other hand, the efficacy of haloperidol in these patients is reduced
because of raised elimination rates [228–230]. Unfortunately, this interaction is usually not
taken into account when calculating the haloperidol dosage. Similarly, smoking also
increases the elimination of antidepressants (amitriptyline, nortriptyline, imipramine and
desipramine) [220] by inducing the hepatic breakdown of these substances via-CYP1A2.
Plasma protein binding by nortriptyline is clearly reduced as a result [231].
Thus, smoking cessation can be expected to result in a paradoxical increase in the efficacy
of neuroleptics and antidepressants: this is manifested most particularly in an increase of
adverse effects (e.g. parkinsonoid effects of neuroleptics, seizures caused by clozapine) [232].

11.5.6
Pre-operative Smoking Cessation
Up to 10% of patients develop respiratory tract or cardiovascular complications during the
post-operative period. Men and women who smoke are especially at risk in this respect
[233]: they have a 3 to 6-fold increased risk of intra-operative pulmonary complications
[234] and there is a 2 to 5-fold increased risk of perioperative complications in smokers
with chronic cardiovascular or pulmonary disease. The consequences of cigarette smoking
on the various organ systems are discussed in Chaps. 5–7.
Smoking disturbs post-operative wound healing [235–237] and increases the risk of
anastomotic leakage in colorectal surgery [238]. To date, there exists only one evidencebased study confirming that pre-operative smoking cessation (1 or 6–8 weeks) eliminates
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the risks of peri- and post-operative tobacco-associated complications [217]. This study in
120 patients indicates that an effective smoking intervention programme 6–8 weeks before
surgery reduces postoperative morbidity: the overall complication rate was 18% in the
smoking intervention group and 52% in the control group (p = 0.0003). The median length
of hospital stay was 11 (7–57) vs. 13 (8–69) days (intervention vs. controls) [217].
According to estimates in one series of studies, smoking cessation should be implemented
8 weeks prior to surgery [218]. The period before and after surgery is a good time to institute interventional measures with regard to smoking cessation. In particular, peri-operative
complications can be reduced by pre-operative smoking cessation. Alongside behavioural
therapy interventions, NRT is probably the method of choice.

11.6
Concluding Remarks
It is assumed that, despite pharmacotherapy, medical counselling of the smoker is necessary but that this achieves independent smoking cessation in a fraction of smokers only.

•
•
•
•

Among the pharmacological options, numerous studies indicate that treatment with
nicotine products appears to be a reliable method, leading to successful smoking cessation in 30–40% of cases (see Table 11.9 for list of products).
The level of the nicotine dose administered initially is a critical problem area (simultaneous combination of two or three formulations may be required in the initial phase of
treatment).
Depending on the level of dependence, NRT should be continued for 4–12 weeks,
decreasing the nicotine dose over time.
Nicotine chewing gum (4 mg), nasal spray and inhaler are more suitable than the nicotine patch for the relief of craving.

Table 11.9   A selection of agents used as aids to promote smoking cessation, together with dosage
details
Agent

Formulation

Daily dose [mg]

Nicotine

Patch (maximum release 1.5 mg/h)
Chewing gum, 2 mg
Chewing gum, 4 mg
Sublingual tablet, 2 mg
Nasal spray (10 mg/ml)
Inhaler (10 mg cartridge)
Lozenge, 2 mg
Lozenge, 4 mg
Sustained-release tablets

Maximum 21a
Maximum 32a
Maximum 64a
Maximum 60a
1–2 mg/h, maximum 30a
20–40a
Maximum 18–30a
Maximum 36–60a
Maximum 2 ´ 150

Bupropion

Irrespective of bioavailability

a

References

•
•

•
•
•
•
•
•
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Treatment with nicotine products makes an independent contribution to smoking cessation,
and to a large extent is therefore effective independently of medical counselling. The two
interventions have an additive effect.
Currently available studies indicate that bupropion is not more effective than nicotine
[239], but the likely incidence of serious adverse effects has not yet been established
conclusively. Because of its smaller risk-benefit ratio, bupropion should be used as a
second-line option where NRT has failed or where the patient insists on bupropion
despite medical advice to the contrary.
On the basis of data currently available, other agents such as nortriptyline, clonidine,
lobeline, mecamylamine, opioid antagonists and antidepressants (including buspirone)
are not to be recommended for the treatment of people who wish to stop smoking.
In pregnant women, smoking cessation with NRT should be instituted if structured
counselling does not achieve the desired goal.
All smokers with cardiovascular disease should use NRT because nicotine in therapeutic doses does not cause vasospasm.
In the case of “hopeless” smokers who are simultaneously risk patients, consideration
should be given in the near future as to whether longer-term administration of NRT
preparations (“harm reduction”) might not help to lower daily cigarette consumption,
and thus reduce the risk of tobacco-associated morbidity and mortality.
Nicotine receptor antagonists increase the chances of successful long-term smoking cessation between two- and threefold compared with pharmacologically unassisted quit attempts.
However, there is a need for larger, independent community-based trials to test the efficacy
of treatment extended beyond 12 weeks and to assess potential adverse reactions.
Nicotine vaccines are still under development. Some preliminary studies were promising. First compounds might appear on the market in 2011.
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As already outlined in previous chapters, efforts to combat cigarette smoking must be
directed primarily at developing useful and effective future strategies to ensure that
children around the age of 10 years never start to smoke. In 1997, the Commissioner of
the US Food and Drug Administration wrote an important article on smoking, “Nicotine
addiction: a pediatric disease” [1], in which he described in graphic terms both the
tactics of the tobacco industry as well as the adverse consequences of smoking on
health. As long ago as the 1970s, two senior executives of the R.J. Reynolds Tobacco
Company stated: “Realistically, if our Company is to survive and prosper, over the
long term, we must get our share of the youth market” and “Evidence is now available
to indicate that the 14–18-year-old group is an increasing segment of the smoking
population” [1].
Essentially, if it is to dispel doubts about smoking and frustrate plans for smoking cessation, the tobacco industry has two time windows in which to generate smokers: (1) in
children around the age of 10–12 years and (2) in adolescents around the age of 15–18
years. The number one goal of primary prevention is to ensure that children and adolescents never start to smoke.
In this context, a wide variety of factors come into play:

•
•
•
•
•
•

The adolescent’s character, ability to take a stand, and position in the group
The parental home and its possible influence on smoking education
The function of the group to which the adolescent belongs and of which he/she wishes
to be a “respected” member
Teachers as role models
Tobacco industry initiatives (advertising)
Temptations such as cigarette vending machines, department stores etc.

Discussion of the different preventive programmes will be preceded by a brief review of
current knowledge on the problems of smoking initiation in adolescents because prevention programmes must be tailored to age at initiation.
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12.1
Smoking Initiation
Smoking initiation is the term used to describe the stage when the adolescent has gone
beyond the experimentation phase and has started to smoke cigarettes regularly. The
tobacco industry avoids clear definitions so that the influence of advertising on the different age groups cannot be demonstrated (see Chap. 13). According to one analysis conducted in 1,462 students aged between 11 and 14 years from New York State, the influence
of the parental home, friends and acquaintances was the commonest reason for starting
smoking (32.2%), followed by tobacco advertising (18.6%) [2].
In England 23% of 11-year-old children have already experimented with smoking
and by the age of 15 years, 59% of boys and 63% of girls have tried smoking. In 1994,
among 11–15-year olds, 10% of boys and 13% of girls were smokers [3]. Within a 2-year
period (1994–1996), smoking prevalence in 16–24-year-old females increased by 5%
and that in males of the same age rose by 2% [4]. Those children who try smoking at a
young age are predestined to become smokers subsequently [5]. Nicotine dependence
therefore sets in at a very early age, making smoking cessation extremely difficult to
achieve [6].
A comprehensive survey of age at smoking initiation was conducted in the USA in
1995 [7]: in calculating the initiation rate per calendar year, the numerator was the sum of
the weights for adolescents who reported starting smoking in a given year, and the denominator was the sum of the weights for those at risk to start smoking in that year.
As shown by the data presented in Fig. 12.1, from about 1920 onwards the number of
female smokers has risen continuously, with a dramatic surge in smoking recorded in
14–17-year-old girls since 1967 [7]. Educational level (college education: yes or no) was
found to be a substantial determinant of the initiation rate in 10–17-year-old girls who
smoked (Fig. 12.2) [8]. Figure 12.2 also depicts expenditure on four well-known brands of
US cigarettes preferred by female smokers. The differences in smoking initiation based on
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Fig. 12.1   Smoking initiation
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more than 60 years. See text
for comment on the time
periods shown [7]. The
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of adolescents who reported
starting smoking in a given
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of those at risk to start
smoking in that year
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Fig. 12.2   Annual initiation rate among 10–17-year-old smoking girls as a function of educational
level (college education: yes or no). Also shown, financial expenditure on “women’s” cigarettes
(Virginia Slims, Silva Thins and Eve) [7]

educational level are impressive. The same team has now published its findings on smoking behaviour among 14–17-year-old US adolescents for the period 1979–1989 [9].
According to the final report from the Bundeszentrale für gesundheitliche Aufklärung
(BZgA; Federal Central Office for Health Education) published in 1998, 7% of 12–13-yearold children in Germany and as many as 28% of 14–15-year-olds were smokers. Among
16–17-year-old students, the figure reaches 47% [10]. Despite this trend among adolescents,
the percentage proportion of never-smokers among 12–25-year-olds more than doubled from
20% in 1973 to 42% in 1997 (applies only to the former West German Länder) [10]. The
percentage proportion of never-smokers among 12–17-year-olds has risen from 31 to 56%. In
total, 20% of adolescents describe themselves as ex-smokers [11].
According to a BZgA survey among adolescents, the reasons for not smoking were
related primarily to the adverse effects of smoking on health (79%), followed by responses
such as “Tastes bad” (55%), “Too expensive” (47%), “Smells bad” (37%), “Makes you
less fit” (36%), “Doesn’t look good” (9%) and “Not allowed” (5%) [10].
Compared with the MODRUS I Study of 1998, the MODRUS II Study [12] conducted
in Saxony-Anhalt in 3,087 students, 851 adults (parents) and 153 teachers revealed a further reinforcement in many respects of adolescents’ tendency to be “adventurous” and
“oriented towards the big wide world”. The study also found a deterioration of attitudes
towards sport and healthy lifestyle, while reporting that relationships with parents had
become an area of increased tension. Compared with 2 years previously, greater criticism
was levelled at the social environment within schools. The mean initiation age for smoking
was reported to be 12.52 years, followed by 13.03 years for alcohol and 14.1 years for
ecstasy. In common with numerous other studies, one particularly critical note sounded by
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Table 12.1   Consumer types from the MODRUS II Study in the year 2000 [12]
Consumers of

Cigarettes

Alcohol

Cannabis

Ecstasy

Cocaine/heroin

Cigarettes
Alcohol
Cannabis
Ecstasy
Cocaine/heroin

100
55
71
84
80

32
100
44
41
46

31
34
100
70
77

7
6
13
100
74

4
4
8
42
100

All data are shown as percentages (rounded up). Example: For every 100 students who smoke,
32% drink alcohol etc.

MODRUS II was that tobacco smoking (cigarettes) is viewed as the commonest entrylevel drug, potentially leading on to others ranging from alcohol to heroin (see Table 12.1)
[12]. In those terms, it is essential that preventive measures be implemented to establish a
smoke-free environment in schools.

12.2
Reasons for Smoking
One study in schoolchildren [13–15] indicates that smoking initiation in most European
countries occurs at the age of 11 years and that by this age some 20% of boys have gained
their first experiences [14]. Girls start smoking slightly later but then make up ground on
boys very quickly [16], so that by the age of 15 years both sexes have the same levels of
experience, with more girls than boys smoking in some countries (including Germany)
[17]. It has been reported that students attempt to gain their first experience of smoking
during the first 4 years in school [13, 18–20], although substantial ethnic and hence social
differences have been found [21].
Initiation into tobacco consumption is initially an attempt to face up to the problems (just
as much as the challenges) of daily living, to derive pleasure and to provide a coping mechanism for conflict with parents and for experiences of failure at school (being kept back a year,
lack of peer recognition). Tobacco is seen as helping to eliminate symptoms of stress. Even
though the (inhaled) cigarette smoke may not taste pleasant for the first 1 or 2 years, budding
smokers force themselves to “enjoy” it because they need to “prove” something to friends or
adults. During this initiation phase, tobacco consumption has instrumental character in psychological and sociological terms [22]. At this stage, but also over the ensuing months,
tobacco consumption may be important to the adolescent for a range of reasons [11]:

•
•
•
•
•
•
•

It challenges parental and social norms and values.
It is a deliberate act against the notion of parental control.
It demonstratively anticipates parental behaviour.
It reflects the search for consciousness-expanding experiences.
It gives rapid relaxation and pleasure.
It opens up access to a circle of friends.
It marks the smoker out as belonging to a subculture.

12.3 Primary Prevention Programmes

•
•
•
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It is a distraction from poor performance at school.
It takes the smoker’s mind off his/her psychological problems.
It masks poor self-confidence and provides a boost to a vulnerable sense of self-worth.

By contrast, students who attain a higher educational level more rapidly adopt a healthconscious attitude towards cigarette smoking. People who are “smoke-free” up to the
age of 20 have an overwhelming chance of remaining non-smokers for life [23]. Those
who smoke in their youth are only rarely able to quit smoking during the next 2–3
decades of life. Smoking initiation in childhood is determined by external factors
(instrumentalised) and is based upon the child’s or adolescent’s insuperable problems
with self-worth [24–27].
Behavioural stabilisation increases with distance from age at initiation; people who
take up smoking after the age of 20 years are relatively rare [28, 29], and conversely
schoolchildren who embark on a smoking career at the age of 13–15 years are at risk of
continuing to smoke for decades [23, 30–34]. The lower the age at cigarette smoking initiation, the greater the probability that the individual will become a dependent smoker
before the age of 20 years [28, 29]. Early smoking initiation is the best single predictor of
smoking continuity [32, 33]. This illustrates the wisdom of implementing primary tobaccouse prevention programmes as early as possible [35–37].
The perception of smoking by smokers and non-smokers is revealing. In one youth
survey conducted in 1993 in 12–16-year-old students of both sexes, ten pairs of opposite attributes were each scored on a scale from 1 to 5 [38]. The results, calculated separately for female and male adolescents, revealed only quantitative differences. Some
47% of the adolescents had never smoked, while those who had tried smoking accounted
for some 38%. For many of the attribute pairs, non-smokers were more critical than
smokers in their perceived image of smokers (“Someone who regularly smokes cigarettes is …”): significant differences were reported for the pairs “attractive/repulsive”,
“in/out”, “relaxed/stressed” and “interesting/boring” [38]. Compared with smoking
girls, smoking boys rated regular smokers as more interesting, more relaxed and performing better [38].

12.3
Primary Prevention Programmes
The several programmes developed for primary tobacco-use prevention in schools are
designed to ensure that children:

•
•
•

Never start to smoke in the first place.
At least defer the time of smoking initiation by 2–3 years or longer and thus in future do
not become heavily dependent smokers like those who start at the age of 10–12 years.
Are fully informed about the health consequences and social repercussions of smoking
and also feel psychologically strengthened to resist temptations arising in the group or
in other settings.
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Opportunities to influence young people in this way invariably fail when scare tactics are
used. Showing pictures of a bronchial carcinoma tends to make children and adolescents
think that:

•
•
•
•

This will not affect everyone in later life.
Two, three or even four decades may pass before this happens.
Their parents/grandparents have smoked for decades without any harm.
Life is not much fun anyway and they do not want to live to a ripe old age etc.

Further discussions on this basis tend to remain unproductive and do not lead to the desired
goal of smoking prevention.

12.3.1
Prevention Programmes for Schools
Most studies concentrate on the behaviour of children in school years 5–8 because it is
during this period that children show an increasing desire to gain experience with tobacco,
alcohol and illicit drugs – a finding that has also emerged from studies in other countries
[12, 13, 18, 19]. As a result, prevention programmes are very much needed during the early
years at school (see also [20]).
Adolescent smokers in school year 6 tend to be characterised as the self-defined type
[39, 40] who can be described as “matured early, independent of authority, orientated
towards peer group, risk takers” [41]. There probably needs to be fresh discussion as to
whether adolescent smokers are tempted or even compelled at all to smoke as a result of
group pressure. More probably, adolescents actively seek out groups whose values and
norms they share. They enter into a commitment to the group that is evident in terms of
externals (e.g. style of dress, shared activities etc.). If smoking is one of the shared norms
of the group in this sense, it is likely that group members or adolescents, who find (generally informal) group membership attractive or wish to become members, will also
smoke.
The view that children and adolescents are led astray into smoking by their peers or are
driven or compelled to do so by group pressure fails to recognise that affiliation to a group
is an active process of seeking out and bonding that is initiated by the attractiveness of the
group based on shared norms (frequently, also based on externals such as cigarette smoking) [42]. The influence of siblings, and especially of best friends (male or female) as well
as of the whole group, is relatively high and outweighs that of parents.
Adolescents should be supported in the general development of a healthy sense of
self-worth [40], but it is debatable to what extent these measures contribute to smoking
prevention. When imparting the requisite skills, it might be more useful as part of the
programme to address pupils or class groups in a targeted manner and to communicate
specific medical-psychological information designed to promote a healthy lifestyle, with
particular reference to smoking [42].
According to ideas developed in the USA, effective tobacco-use prevention programmes
in schools depend on the establishment of seven recommendations [43]:
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1. Develop and implement a school policy on tobacco use.
2. Provide instruction about the short- and long-term negative consequences of tobacco use,
social influences on tobacco use, peer norms regarding tobacco use and refusal skills.
3. Provide tobacco-use prevention education in kindergarten through 12th grade, with particularly intensive instruction in the early school grades.
4. Provide programme-specific training for teachers.
5. Involve parents and families in support of school-based programmes to prevent tobacco
use.
6. Support smoking cessation efforts among students and all school staff who use
tobacco.
7. Assess the tobacco-use prevention programme at regular intervals.
As well as banning tobacco advertising within schools and in school publications, efforts
should be made to encourage implementation of the programme by all students and to
popularise the school-based prevention scheme with parents, students and the wider community. In addition, provisions must be in place to translate the policy into action. The
long-term unwanted biological, cosmetic and social consequences of tobacco use should
be presented, with smoking students being criticised by non-smoking peers. The purportedly positive social image of tobacco use should be rejected. Increasing the intensity and
duration of adolescents’ training or instruction in terms of tobacco-use prevention enhances
its effectiveness [44, 45]. Effective tobacco-use prevention should be integrated into a
broader programme of prevention related to alcohol and drug abuse [46]. Over and above
this, the prevention programmes should also involve the family, community organisations,
anti-tobacco advertising and the adolescents’ social environment. By exercising social
skills [47] and using a teacher-led approach [48], the instructors of these courses can help
to counteract the social pressure on adolescents to use tobacco. Seminars of this kind are
time-consuming if they are to be really effective. As schools and parents work together, the
subject of smoking should also be discussed at home, the ideal end result being that the
adults also quit [49]. Prevention programmes for adolescents should aim at immediate
smoking cessation, with attainable goals formulated and rewards also defined by agreement.
Social support, coping with stress, refusal skills and avoidance of the temptation trap – all
these are learnable skills [50–52]. Students should rehearse these situations in role-play sessions so that they also remain tobacco-abstinent [51, 53]. In the USA, prevention programmes already exist for kindergartens, but interventions that are too early may have an
effect that is the opposite of what was intended (risk of early drug use) [54, 55].
Programmes of this type are offered in the USA by the local health departments or other
health agencies (e.g. the American Cancer Society, American Heart Association or
American Lung Association). Programmes with the same or similar content have also been
developed in Europe (Sects. 12.4 and 12.5); for example, the “Schule 2000” programme is
intended principally for school years 4 and 5 [20] and the “Be smart – don’t start” programme, a project originally conceived in Finland and now used in many European countries, is intended for school years 6–8. The “Be smart – don’t start” competition is sponsored
by the European Commission as part of the European Union (EU) action plan “Europe
Against Cancer” and is implemented in cooperation with the European Network on Young
People and Tobacco (ENYPAT, Helsinki).
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Prevention programmes should focus special attention on girls because their health is not
merely an individual but also a social problem. Such programmes must emphasise the social
role of women, their self-respect and their image in society. Younger women have a stronger
tendency towards smoking cessation than older women [56]. Compared with men, it is very
much more common for women to discuss social norms in regard to starting smoking.
The theory of “reasoned action” forms a constructive framework for preventive strategies
to-address sets of beliefs and attitudes which influence smoking by teenage girls [57].
As far as possible, primary tobacco-use prevention programmes in schools should build
upon existing course work designed to promote healthy living as below:
1. In addition to the aspects of physical health, teaching should also cover psychological
well-being.
2. Health education must not satisfy itself with ad hoc lessons, but must become an integral part of various curriculum subjects.
3. As well as communicating knowledge, the programme should develop a “healthy
school” climate where the students can also take the facts they have been taught about
health education and translate them into life skills [11].
When communicating knowledge on the subject of tobacco (and drugs, in general), it is
crucial to emphasise the psychological and social consequences of use and to rehearse
skills with the students (role-play, experiments, handling group pressure, awareness of
personal desires and ideas about life, handling conflict, personal relaxation exercises,
encouraging social responsibility). Ultimately, these instructional activities must generate
a reasoned “distance from tobacco”.
This mental distance from tobacco needs to attain a high threshold that will enable the
individual to resist the temptation to smoke and prevent a few failures from turning into
habitual use. Smokers tend to trivialise tobacco and nicotine, and while they do not consider
the “product” to be non-hazardous they do “like it” very much. Distance from tobacco is built
up on three levels [11]:

•
•
•

Cognitively – by presenting the hazardous nature of tobacco to the extent that this
aspect is perceived by the individual
Affectively – by addressing the emotional assessment of tobacco
Behaviourally – by communicating the idea that tobacco should not be used in the first
place

Follow-up surveys in schools have in fact revealed that students with a labile, irresolute,
uncertain attitude towards tobacco derived the greatest benefit from these teaching sessions,
whereas hardly any influence at all was possible in students who showed less distance from
tobacco [58]. Number of non-smokers in classes undergoing these instructional programmes
were higher than in classes without such instruction. “Behavioural change” is therefore
achieved only to a small extent.
The instructional measures only become properly effective where an entire school and
not just individual classes take up and implement these programmes; it then becomes possible to create a climate in which the teaching can be “lived out”. Teachers and parents also
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benefit from this climate, and the teachers at least should become ex-smokers themselves
(see Sect. 12.8).
Two strategies have proved successful in the USA and subsequently also in Germany;
the Social Influence Inoculation Strategy and the Life Skills Strategy, and these have also
found expression in the projects described in later sections below [59].

12.3.1.1
Social Influence Inoculation Strategy
In the Social Influence Inoculation Strategy, adolescents are made to feel antagonistic towards
social influences that encourage drug consumption; expectations and hopes linked to drug
consumption are dismantled while attitudes are generated that will enable students to handle
and counter group pressure. These “Say ‘No’ Strategies” are practised not as behaviour in
isolation but as an integral part of general training in social skills in which students listen to
the arguments of others but are enabled constructively to implement their own beliefs.
Programmes using this social inoculation approach have been and remain successful and also
produce behavioural changes [59].

12.3.1.2
Life Skills Strategy
In the Life Skills Strategy, general and specific personal and social skills are communicated,
discussed and rehearsed (e.g. in role-play) so that adolescents gain a sense of social responsibility and with it develop the resources to handle the stresses of school and everyday life
other than by turning to drugs. The use of drugs is viewed as a response by the student for
coping with responsibilities, and the goal is to replace this attitude by other coping strategies [60, 61]. One instructional programme designed for all ages (from kindergarten through
to grade 12) and used in the USA for many years now is presented in Table 12.2 [43].
The life skills programme developed in the USA is regarded as a very valuable and
influential approach for health promotion in schools [60, 61]. A pivotal ingredient in this
programme is the development of coping behaviours as part of the acquisition of general
social skills (e.g. saying “No” when cigarettes are handed around). Although frequently
used in the past, schemes to limit smoking behaviour exclusively by communicating information on smoking have not been successful [62–64].

12.4
“Be Smart: Don’t Start”
The “Be smart – don’t start” programme consists of three training modules for school
years 1/2, 3/4 and 5/6, each comprising 20 teaching manuals: these manuals do not crossrefer to each other so that individual class years can also be instructed separately. The
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Table 12.2   Instructional concepts (kindergarten through grade 12) for school health programmes to
prevent tobacco use and addiction [43]
Early elementary school
Knowledge: students will learn that

Later elementary school
Knowledge: students will learn that

A drug is a chemical that changes how the
body works
All forms of tobacco contain a drug
called nicotine
Tobacco use includes cigarettes and
smokeless tobacco
Tobacco use is harmful to health

Stopping tobacco use has short- and long-term
benefits*
Environmental tobacco smoke is dangerous to
health*
Most young persons and adults do not use
tobacco*
Nicotine, contained in all forms of tobacco, is
an addictive drug
Tobacco use has short-term and long-term
physiologic and cosmetic consequences
Personal feelings, family, peers, and the media
influence decisions about tobacco use
Tobacco advertising is often directed toward
young persons
Young persons can resist pressure to use tobacco
Laws, rules, and policies regulate the sale and
use of tobacco

Stopping tobacco use has short-term and
long-term benefits
Many persons who use tobacco have
trouble stopping
Tobacco smoke in the air is dangerous to
anyone who breathes it
Many fires are caused by persons who smoke
Some advertisements try to persuade
persons to use tobacco
Most young persons and adults do not use
tobacco
Persons who choose to use tobacco are not
bad persons
Attitudes: students will demonstrate
A personal commitment not to use tobacco
Pride about choosing not to use tobacco

Skills: students will be able to
Communicate knowledge and personal
attitudes about tobacco use
Encourage other persons not to use tobacco

Middle school/junior high School
knowledge: students will learn that
Most young persons and adults do not
smoke*
Laws, rules, and policies regulate the sale
and use of tobacco*
Tobacco manufacturers use various
strategies to direct advertisements
toward young persons, such as
“image”advertising*

Attitudes: students will demonstrate
A personal commitment not to use tobacco*
Pride about choosing not to use tobacco*
Support for others’ decisions not to use tobacco
Responsibility for personal health
Skills: students will be able to
Communicate knowledge and personal attitudes
about tobacco use*
Encourage other persons not to use tobacco*
Demonstrate skills to resist tobacco use
State the benefits of a smoke-free environment
Develop counterarguments to tobacco advertisements and other promotional materials
Support persons who are trying to stop using
tobacco
Senior high school knowledge: students will
learn that
Most young persons and adults do not smoke*
Tobacco use has short- and long-term physiologic, cosmetic, social, and economic
consequences*
Cigarette smoking and smokeless tobacco use
have direct health consequences*
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Table 12.2   (continued)
Early elementary school
Knowledge: students will learn that

Later elementary school
Knowledge: students will learn that

Tobacco use has short- and long term
physiologic, cosmetic, social, and
economic consequences*
Cigarette smoking and smokeless tobacco
use have direct health consequences*
Maintaining a tobacco-free environment
has health benefits
Tobacco use is an unhealthy way to manage
stress or weight*
Community organizations have information
about tobacco use and can help persons
stop using tobacco
Smoking cessation programs can be
successful

Community organizations have information
about tobacco use and can help persons stop
using tobacco*
Smoking cessation programs can be successful*

Tobacco contains other harmful substances
in addition to nicotine
Attitudes: students will demonstrate
A personal commitment not to use tobacco*
Pride about choosing not to use tobacco*
Responsibility for personal health*
Support for others’ decisions not to use
tobacco*
Confidence in personal ability to resist
tobacco use

Tobacco use is an unhealthy way to manage
stress or weight
Tobacco use during pregnancy has harmful
effects an the foetus
Schools and community organizations can
promote a smoke-free environment
Many persons find it hard to stop using tobacco,
despite knowledge about the health hazards
of tobacco use

Attitudes: students will demonstrate
A personal commitment not to use tobacco*
Pride about choosing not to use tobacco*
Responsibility for personal health*
Support for others’ decisions not to use
tobacco*
Confidence in personal ability to resist tobacco
use*
Willingness to use school and community
resources for information about, and help
with, resisting or quitting tobacco use
Skills: students will be able to
Skills: students will be able to
Encourage other persons not to use tobacco* Encourage other persons not to use tobacco*
Support persons who are trying to stop
Support persons who are trying to stop using
using tobacco*
tobacco*
Communicate knowledge and personal
Communicate knowledge and personal attitudes
attitudes about tobacco use*
about tobacco use*
Demonstrate skills to resist tobacco use*
Demonstrate skills to resist tobacco use*
Identify and counter strategies used in tobacco
Identify and counter strategies used in
advertisements and other promotional
tobacco advertisements and other
materials*
promotional materials*
Develop methods for coping with tobacco use
Develop methods for coping with tobacco
by parents and with other difficult personal
use by parents and with other difficult
situations, such as peer pressure to use
personal situations, such as peer
tobacco*
pressure to use tobacco
Request a smoke-free environment
Use school and community resources for
information about and help with, resisting or
quitting tobacco use
Initiate school and community action to support
a smoke-free environment
*These concepts reinforce content introduced during earlier grades.
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subjects “Smoking” and “Taking a stand” are not covered in years 1/2. The following life
skill areas are covered in a manner commensurate with the children’s age: self-image and
ability to understand the situation, handling stress, communication issues, critical thinking and taking a stand, problem-solving and health-related knowledge. From school year
3 onwards, students learn about the harmful constituents of tobacco smoke and their
implications for health are presented. Extensive and varied study and exercise materials
are made available to the students. The programme’s mascot is “Igor the Hedgehog” who
says “No” to cigarettes [65].
The study was conducted in particular to establish whether students show positive
changes in terms of smoking behaviour and whether they also show positive development
in terms of expectations, attitudes and knowledge with regard to smoking. On the basis of
a questionnaire score, the students were assessed for smoking behaviour and for its personal consequences on them. Since the teaching activities were easy to implement, the
programme was very positively assessed by students and teachers [65]. A positive influence has been assumed on the psychosocial behaviour of the students: aggressive behaviour among the younger students was reduced and there was a decline in social problems
among the older students in terms of delinquent and anxious, aggressive behaviour patterns [65]. However, it is important to note that only the short-term effects of the intervention were studied and that consequently no conclusions can be drawn concerning the
permanence of the resulting behaviour patterns (self-worth, strength of resistance), particularly since the frequency of tobacco consumption will increase [34].

12.5
Class 2000 Health Promotion Programme
This programme also aims at the primary prevention of addiction during the early
school years. Its objectives are to promote a positive attitude to health at an early stage
and, by strengthening life skills, to exert an addiction-preventing influence on the children’s behaviour [66], with teaching in school focusing primarily on feelings of selfworth, communication of positive body awareness, and a critical appraisal of legal
drugs and substances that are harmful to health. The ability to say “No” in tempting
situations is the key point. In order for this ability to be in place, knowledge has to be
imparted before the first contact with the addictive substance, and the children and adolescents also have to be mentored over a longer period. Teachers take 5–10 h and specialist health educators 2–3 h in each of the first four academic years; the students are
given study files, and the teachers and specialist health educators are issued with prepared lesson outlines [66]. The year groups are mentored continuously by a member of
the teaching staff and parents are encouraged to become involved in the work of the
school; this results in greater health awareness and this is of benefit to the children. The
programme is financed through sponsorship. These “Say No” effects are reinforced during information sessions designed to prevent addiction (“advertising and happiness”),
and advertising agencies have not succeeded in breaking down this attitude on the part
of the students [67].
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12.6
Trier University Health Programme
For the past 3 years, a programme designed to prevent cigarette smoking has been implemented in year 6 students (aged 11–12 years) from various secondary schools in the Trier
region. In eight teaching sessions, the prime objective is to motivate the students not to
start smoking at all. At the same time, social and personal determinants of early smoking
initiation are identified so that consequences can be drawn for the programme content,
which is constantly refined in the light of new data. The programme has already been
described in various publications [39, 40, 68, 69] and is based on the most up-to-date
social skills approaches designed primarily to modify specific social behavioural patterns
of children and adolescents with regard to smoking. The programme has been integrated
into the school curriculum and it comprises complementary scientific research as well as
parental collaboration and public relations work. The teaching sessions have revealed that
students with smoking experience are more prepared to take risks than non-smokers of the
same age. They also have a considerably more positive image of smokers.
Alongside encouraging results, however, this study also revealed a fall in the number of
non-smokers, although no educational or scare programme was used for which such an
effect has been demonstrated. It may be that this reflects a development effect in as much
as the developmental tasks facing adolescents (e.g. leaving the parental home, peer orientation) coincide with trial consumption (exploratory behaviour) [70, 71]. Clues to this may
be early smoking initiation, and the connections between smoking behaviour and a tendency towards risky (forbidden) activities [42].

12.7
Long-Term Studies
Within the past 8 years, three large-scale studies have been performed to investigate the
prevention of smoking initiation among adolescents: a drug abuse prevention trial in a
middle-class population [60], a follow-up of smoking prevention effects in the North
Karelia project [72] and the Hutchinson Smoking Prevention Project [73]. The first of
these studies was a randomised trial involving 56 public schools (3,597 predominantly
white, 12th grade students who represented 60.4% of the initial 7th grade sample). The
schools received the prevention programme with annual provider training workshops and
ongoing consultation, the prevention programme with videotaped training and no consultation, or “treatment as usual” (i.e. controls). The intervention consisted of 15 classes in
7th grade, 10 booster sessions in 8th grade, and 5 booster sessions in 9th grade. The programme taught general “life skills” and skills for resisting social influences to use drugs.
The follow-up data were collected 6 years after baseline using school, telephone and
mailed surveys. Six tobacco, alcohol and marijuana use self-report scales were recorded.
Reductions in drug and polydrug use were found, and the strongest effects were produced
for individuals who received a reasonably complete version of the intervention, resulting
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in 44% fewer drug users and 66% fewer polydrug (tobacco, alcohol, marijuana) users
[60]. It is concluded from this study that reductions in tobacco and drug use can be
achieved by teaching social resistance and general life skills, including at least 2 years of
booster sessions.
The second major study described the results of a 15-year follow-up of a school- and
community-based smoking prevention project in North Karelia, Finland [72]. Four intervention schools from this district and two control schools from another province were
chosen for the evaluation, beginning in 1978 with 7th grade students and running through
1980, with a 15-year follow-up. In North Karelia, a community-based smoking cessation
programme for adults was organised in addition. In the intervention schools, health educators and trained peer leaders led 10 sessions (3 in the 7th grade, 5 in the 8th grade, and 2 in
the 9th grade). In 1993, the subjects completed a questionnaire at home and a trained nurse
carried out a cardiovascular risk factor survey in a local health centre. Cohort participation
was still 71% after 15 years. The prevalence of all smokers in the four intervention schools
was between 28 and 32%, while that in the control schools was 36 and 41%. After 15
years, cumulative exposure to tobacco in the intervention group was 22% lower than in the
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Fig. 12.3   Cumulative lifetime
cigarette smoking, in packs,
among male and female
students in the intervention
and control schools in the
North Karelia Youth Project
[72]. A total of 640 subjects
(71% of the original cohort)
participated in the final
survey. Analyses of variance:
school group, p = 0.027; sex,
p = 0.000; school and sex
interaction, p = 0.28
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Table 12.3   Results of the Hutchinson smoker prevention programme
Control classes (n = 20)
“Treated” classes (n = 20)
Difference

Girls

Boys

24.7% (0–41.9%)
24.4% (15.5–34.2%)
0.25% (p = 0.91)

26.7% (14.2–46.3%)
26.3% (10.3–41.7%)
0.33% (p = 0.89)

Smoking prevalence among adolescents at the end of the study [73]

control group (p = 0.017) when missing data points were ignored. The preventive effect
measured in terms of lifetime tobacco consumption was slightly more pronounced among
men than women (cf. Fig. 12.3). Men tended to smoke more heavily than women [72].
Between the ages of 13 and 28 years, the smokers in the intervention group smoked 5,500
fewer cigarettes than those in the control group. According to this study, long-term smoking prevention effects can be achieved by a prolonged but expensive social influence model
in combination with community and mass media interventions [72].
The third recently published long-term study [73] reveals less optimistic results for
school programmes of this type. The Hutchinson Smoking Prevention Project included
8,388 students from school years 3–12 who were mentored through a training programme
with a total duration of 2,805 min, corresponding to 225–435 min per academic year. In
total, 640 teachers from 72 schools were available. The social influences programme
included discussions, media activities (TV, videos), social resistance skills, avoiding the
temptation trap, as well as the accurate interpretation of social norms and the development
of self-confidence. The smoker status of the students was verified by cotinine determinations in saliva or urine. As shown by the results at the end of the study, summarised in Table
12.3, the effect on the adolescents over several years in terms of smoking cessation was not
successful when the results were compared with those in a parallel control group. Smoking
prevalence at the study end was the same in all groups regardless of gender. This result gives
pause for thought because exogenous factors evidently determine smoking behaviour more
strongly than short-, medium- or long-term educational or training programmes [73].

12.8
Role of Teachers in Primary Prevention
Compared with other EU countries, smoking laws in Germany are very liberal [74]. The
rules for students and teachers concerning smoking on school grounds are widely discrepant [75]. Smoking outside the classroom is hardly monitored at all. Infringement of
the rules by students does not trigger disciplinary measures in all cases. In this respect,
verbal instruction to students is provided in the minority of schools, but this has become
a focal point of interest in individual schools, thanks to campaigns such as “Be smart –
don’t start”. One major barrier to implementing school rules about tobacco use is the
inclusion of tobacco consumption by the teaching staff [76]. Regulations on smoking in
schools vary widely for teachers and students, as well as for students in different year
groups. Teachers are permitted to smoke in almost every school and also believe that this
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does not influence their students’ behaviour. Inconsistency such as this in any single
institution can only have a negative effect on the credibility of tobacco-use prevention in
the school and may even condemn such programmes to failure [74, 77]. Ultimately,
teachers should act as role models for their students, and therefore tobacco consumption
by teachers inevitably becomes a key determinant of student behaviour [78]. Many students report that their teachers smoke and this provides them with an alibi for their own
smoking behaviour.

12.9
Prevention by Restricting Sales of Tobacco Products to Minors
In addition to health education for students, another possibility of delaying smoking initiation among minors is the statutory regulation of cigarette sales to young people below the
age of 16 years by the enforcement of youth-protection legislation. Campaigns using posters (such as those depicted in Figs. 12.4 and 12.5) can also be effective in a school setting.
At the same time, the numerous cigarette vending machines sited close to schools should
be removed and, in conjunction with new legislation, retailers should be “educated” to
recognise that the sale of cigarettes to children and adolescents (<16 years of age) is both
illegal and immoral. Such action could ultimately bring about changes in adolescent smoking behaviour. Studies examining this issue have been reviewed in the USA [79]. In connection with the sale of tobacco products, the US studies showed that three questions were
important: (1) whether, in response to appropriate interventions, retailers comply with the
request no longer to sell cigarettes to adolescents; (2) whether adolescents quit cigarette
smoking or at least cut down to some extent; and (3) whether such interventions produce a
decline in smoking prevalence among adolescents.
Overall, attempts to influence retailers by verbally advising them of the legal situation
have been minimally effective [80, 81]. Availability from other sources may be a decisive factor, as demonstrated by a study in 700 communities in Massachusetts [81]. More
favourable results were only achieved when the interventions included personal visits to
the retailers and mobilisation of assistance from the community [82]. Only a permanent
warning to retailers was found to be effective, and efficacy was reduced when 4–6 checks/
year were made [83]. Penalties have an important part to play where violations are found
but these must be set at the right level because excessive leniency merely serves to
harden retailers to the issue. The threatened withdrawal of tobacco sales licences would
carry more weight if retailer compliance were to be monitored continually [84]. Where
legal circumstances permit, a graduated system of warnings and fines through to licence
withdrawal would be effective. Similarly, a warning system with graduated fines targeted
at smoking adolescents in Woodridge was highly effective but did not meet with very
wide acceptance [85]. The sanctions directed at offending tobacco retailers only hit home
where a uniform policy existed in the states surrounding Woodridge [86]. Likewise, adolescent lockout devices on cigarette vending machines, such as are currently also being
tested in Germany, have been less effective than removal of the vending machines altogether [87].
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Fig. 12.4   Anti-smoking
poster: “That’s real strength”
(DHM 1995-668)

One major methodological problem is that retailers’ attitudes to selling cigarettes to
minors cannot be revealed even by undercover checks. Retailers recognise undercover purchasers because they behave unusually and tend to be are slightly older. In cases of doubt,
they claim to sell cigarettes only to children who are known to them; alternatively, they argue
that children ask grown-ups to buy the cigarettes for them [88]. The campaigns conducted to
date reduce smoking behaviour among children by restricting youth access to cigarettes.
A fall in the sales of tobacco products to minors must necessarily also be reflected in a
fall in sales figures. Trends such as these have been demonstrated in some communities.
The study conducted in Woodridge confirms this trend when the policy is applied consistently. Also, according to data from Massachusetts, it is clear that a high inhibitory threshold has to be established in order to achieve a measurable reduction in tobacco consumption
among children. The density of the retail network is also an important factor in these considerations. In the USA, despite the enactment of the Synar Amendment by Congress in
1992, not all individual states (90% so far) have yet passed appropriate legislation prohibiting the sale of tobacco products to minors [89]. Similar problems exist in the developing
countries because, over and beyond the differently structured social situations, it is essential to protect children from the sale of tobacco products.
If the youth initiation rate could be reduced or completely eliminated, smoker numbers
would be clearly reduced after 20–40 years [90]. According to one simulation model, if
initiation among 18-year-olds had been reduced by 50% starting in 1993, the smoking rate
would have fallen from 19% (48.1 million smokers) to 16.4% (44.1 million smokers)
10 years later in 2003 (Fig. 12.6), and this would have been only 3.7 million smokers fewer
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Fig. 12.5   Antismoking poster:
“Cancer is not a
disease of old
age” and
“Cancer can
strike anyone”
(Chiron-Behring
8A.6.99)

than without any policy to reduce initiation. Effective reductions in smoking prevalence
would only have become apparent 20–30 years later [90]. In order to halve the number of
smokers in the general population within 30 years, initiation would have to be eliminated
completely, causing the smoking rate to fall from 19% (48.1 million smokers in 1993) to
about 9% (25.9 million smokers in 2023) (Fig. 12.6) [90].

12.10
Role of the Mass Media in Sales of Tobacco Products to Adolescents
The mass media (TV, newspapers, radio, posters) have been recruited increasingly to
deliver preventive health warnings (Fig. 12.7), particularly since they can be used to reach
a high proportion of the population [91]. Children and adolescents in the USA spend twice
as much time on watching TV as on their school education [92], with the result that by the
age of 18 an adolescent has spent more time exposed to the media (TV) than on any other

Role of the Mass Media in Sales of Tobacco Products to Adolescents

Fig. 12.6   Effect of initiation
policies on the number of
smokers in the United States
within 50 years. (a) Status
quo; (b) 50% reduction;
(c) 100% reduction; (d)
100% reduction plus 25%
delayed initiation [90]
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activity apart from sleeping [93]. The TV is therefore be a useful means of influencing
children and adolescents with regard to acceptable social behaviour, cultural norms, issues
of daily living and health-related matters [94]. In fact, several mass media campaigns have
been run in the past in attempts to influence smoking behaviour among young people [95].
Specific programmes have been used for some schools [34, 79, 96, 97]. Information programmes prepared specifically for the mass media have been very much less common
[98, 99], although such campaigns can actually lead to a (transient) reduction in smoking
prevalence (see also Fig. 12.7) [98].
An analysis recently published by the Cochrane Group [100] warns that the results of
different campaigns cannot be evaluated from a single viewpoint because the baseline situation in one study is not necessarily comparable with that in another study or campaign.
Generalisation of the information obtained is complicated by a wide range of individual
factors arising out of the characteristics of a community and the location of the particular
school [101]. Similarly, according to a meta-analysis of other school-based prevention
programmes only 16% (21 out of 131 studies) analysed their data on a statistically sound
basis [102], the common failing being that changes in the control group were not consistently included in the analysis. Furthermore, the level of impartiality of the media agencies
or periodicals was not always clearly defined.
According to one analysis from the USA of the impact of magazine articles on health
education topics over the period from 1950 to 1983, it is clear that print media may in fact
influence the initiation rate in the general population [25]. The number of educational
articles on the harmful effects of smoking correlated with smoking cessation in adults but
not with smoking initiation in adolescents because this latter group was not the target readership for these magazines, and greater emphasis on this aspect needs to be made in future
[25]. Without doubt, broad-based PR campaigns of this type are appropriate instruments
for educational purposes in those countries with a high smoking prevalence, e.g. Southern
and Southeastern Europe.
According to the analysis published by the Cochrane Group [100] on the influence of
mass media interventions on smoking behaviour among young people, six mass media campaigns were suitable for preventing smoking initiation in this target population, and two of
these six media interventions also caused a reduction in smoking prevalence among adolescents [103–105]. Overall, efficacy has been assessed as only moderately positive to date.
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Fig. 12.7   Population beliefs on the harmfulness of smoking (left axis), and annual number of
articles on smoking and health indexed in The Reader’s Guide to periodica l Literature (right axis)
[25]. In the early 1950s, there were less than 20 magazine articles on smoking and health each year.
The highest peak in magazine coverage was 75 articles, which occurred surrounding the release of
the 1964 Surgeon General’s report. The percentage of the population believing that smoking is
hazardous to non-smoker’s health was below 50% in 1974, but had approached 70% by the early
1980s

In summary, media campaigns to encourage smoking cessation and discourage smoking
initiation can be useful and effective provided that they are not influenced by the tobacco
industry. However, the campaigns must utilise previously validated material and the programmes themselves must be designed specifically to include children as the target audience.
Wherever possible, programmes should be screened on children’s TV channels at the right
time of day and they should be of an appropriate duration to ensure acceptance by children.

12.11
Role of Government and Community in Primary Prevention
Central government is hardly involved in the regulation of cigarette sales in the various
countries within and outside Europe, not even when the issue at stake is the protection of
young people from the hazards of smoking. One exception is the UK government with its
“Smoking kills” campaign that has been running now for 10 years [106]: £100 million has
been allocated to achieve three main goals within the next 3 years. One of these goals is to
reduce smoking among adolescents (<16-years old) from 13 to 9% or less by the year
2010, with a fall to 11% by the year 2005. This is linked to a bundle of measures, such as
minimal tobacco advertising in shops, tough enforcement on under-age sales, proof-of-age
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cards, and strong rules on the siting of cigarette vending machines. “We want children to
be able go into shops without being faced with tobacco adverts or promotional materials”
[106]. To ensure the achievement of these goals, the White Paper describes detailed measures that are to be implemented by central and local governments.
Since tobacco consumption is a socially determined phenomenon, changes in the social
environment and social norms could become important [107]. It is entirely conceivable
that a change in norms, values and behavioural patterns would increasingly discredit
tobacco consumption, and that this would then be further mirrored in the social environment. This objective can be assisted by charitable organisations in many countries dedicated to the struggle for a smoke-free environment – a goal that would also include schools.
School curriculum-based smoking prevention programmes might well prove highly effective [108] and local communities should help to create a positive non-smoker image [109].
A combined school- and community-based tobacco-use prevention programme clearly has
the potential to reduce smoking initiation rates, as demonstrated by studies in 28-year-old
non-smokers [72]. Analysis of the data by the Cochrane Group also indicates a positive
result [110].
A restriction on the sale of tobacco products to minors is an important aspect of prevention. Sales to minors must be reduced in accordance with the following stipulated recommendations of the WHO: (a) minimum age 18 years, (b) licence system for tobacco
retailers, (c) threat of penalties for illegal sale of tobacco goods, through to revocation of
licence, (d) statutory prohibition on sales to minors, (e) no sales in health service buildings,
schools or sports facilities and (f) no sales from cigarette vending machines or self-service
stores [34, 111].

12.12
Concluding Remarks

•

•

•

The issues surrounding primary tobacco-use prevention programmes designed to deter
students from smoking in their youth need to be revisited. Children try tobacco just as
they try alcohol or illicit drugs. Even though it may sound surprising, these facts cannot
be altered overnight because adolescents typically want to discover what the world has
to offer. Consequently, this experimentation phase can only be suppressed.
Attempts to limit tobacco consumption by using school-based programmes, mass media
campaigns or restrictions on tobacco sales to minors have been effective principally in
the context of research studies. However, some of the studies conducted to date are
highly complex and would be impractical in a real-life setting. The ease with which
minors can obtain illicit drugs demonstrates the futility of seeking to prevent the supply
of these substances. The only possible guarantee of success might be through the worldwide coordination of such efforts [97].
Advertising encourages smoking initiation and sustains smoking (see Chap. 13),
whereas advertising bans reduce the number of smokers, although the factors involved
in smoking behaviour are very difficult to identify individually. The burden of proof for
the effectiveness of advertising bans, however, lies with public health authorities.
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Moreover, in view of the hazardous nature of tobacco, society should accept no advertising or promotion by the tobacco industry until the absolute safety of tobacco has been
confirmed beyond doubt – something that is inherently impossible. Since comprehensive advertising bans cannot currently be implemented, price increases and media campaigns should be launched to further publicise the harmful effects of smoking. In
particular, heavy price rises for cigarettes in conjunction with other financial disincentives could be a key to prevention.
The tobacco-use prevention programmes presented in this chapter are useful and effective in small groups or settings but, because they are costly in terms of time and personnel, they would be difficult to implement in a large country such as Germany, for
example. Moreover, cigarette smuggling should be mentioned in this context because
the cigarette companies can also earn revenue by this route. Harsh penalties should be
imposed on the tobacco industry when these illegal transactions are detected. The revenue thus earned could also be funnelled back into prevention programmes, as has
happened in the UK [112]. Overall, effective primary prevention will only result: (1) if
a general ban is placed on advertising for tobacco products; (2) if tobacco products can
only be obtained in specialist tobacco retail outlets; and (3) if sales are only made to
persons over the age of 18 years, backed up by tough legislation to protect young
people.
With any tobacco-use prevention programme, it should always be remembered that it
will take decades before success becomes effective and apparent in terms of a dramatic
reduction in the number of smokers (Fig. 12.6).
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Tobacco Industry, Advertising
and Advertising Bans

13

By 2020 the burden of disease due to tobacco is expected to outweigh that caused by any single
disease. From its 1990 level of being responsible for 2.6% of all disease burden worldwide,
tobacco is expected to increase its share to close to 10%.
G. Brundtland, World Economics Forum 1999

Over the past century, the tobacco industry has consistently been successful in advertising its
products – a fact testified to ultimately by annual turnover figures of US $400 billion and annual
profits of thousands of millions [1]. A slight dip in the normally stable share prices was recorded
on 22 August 1997 when Geoffrey Bible, the CEO of Philip Morris, stated in a case for damages before a US court that he would halt cigarette production if a link could be proved between
smoking and cancer [2]. The link is incontrovertible and yet cigarettes continue to be produced
and aggressively advertised, even with apparently warning slogans [3]. It might be thought that
the tobacco industry enjoys special favour with politicians in numerous countries [4].
The phenomenon of economic globalisation is a fait accompli in the tobacco industry and
its globalised marketing and promotion of tobacco represents a threat to public health in all
countries: in 1986, a total of 61% of the world’s tobacco consumption was in developing
countries, and by the year 2000, this figure had risen to 71% [1, 5]. By 2020, 70% of the
expected 8.4 million deaths caused by tobacco will be in developing countries [6]. At present,
since 70% of tobacco is grown in developing countries [5], tobacco control programmes need
to be the highest priority.
If the world were a village of 1,000 people, it would include 584 Asians, 150 Europeans
(of whom 55 would be from the former Soviet Republics), 124 Africans, 84-Latin Americans,
52 North Americans and 6 Australians and New Zealanders. In this 1,000-person village,
173 men and 56 women are smokers. Further, 115 of the smokers are Asian, 28 are European
and 28 are African [1]. Of the 124 children in this model, 40% are exposed to environmental
tobacco smoke (ETS) [7]. Of the 10 million tobacco-related deaths forecast to occur annually
by 2,030, 70% will be in developing countries [7]!
In Germany, a total of DM 38.900 million was spent on smoking in 1998, representing
an increase of DM 1.531 million (4.1%) over the previous year. Consumption of cigars/
cigarillos and pipe tobacco plays a minor role [8]. Tobacco products are sold least commonly through specialist retail tobacconists. Instead, cigarette sales are generated predominantly in grocery stores (Fig. 13.1) [8]. In 1999, the German government received
EUR 11.500 million in revenue from taxes on tobacco and this figure has increased steadily
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_13, © Springer Verlag Berlin Heidelberg 2010
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Fig. 13.1   Cigarette sales in Germany in 1998 (data from [8])

Fig. 13.2   Tax as a
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price of cigarettes in
different European
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year on year. The percentage tax share of the retail price is 69.4% in Germany and >80%
in countries such as Portugal and Denmark [8]. Compared with Germany, most European
Union (EU) countries impose higher taxes on tobacco (Fig. 13.2) [8].

13.1
Tobacco Advertising Strategies
The tobacco industry derives considerable advantage from its advertising campaigns for
cigarettes (cinema and sporting events, sponsorship, poster campaigns, etc.; see Fig. 13.3),
which help to recruit 10,000 new smokers across Europe every day. In June 1998, the EU

13.1 Tobacco Advertising Strategies
Fig. 13.3   Percentage
breakdown of promotional
expenditure by the tobacco
industry in 1997: total
expenditure DM 682
million. (*) Because of the
advertising ban in these
media, only diversification
products (e.g. Camel
footwear) were taken into
account [8]
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Council of Ministers issued a directive on the phased restriction of tobacco advertising and
tobacco controls to prohibit promotional activities from mid-2001 onwards [9]. The directive foresees that, from 2006 onwards, tobacco advertising will only be permitted in tobacconist and kiosk outlets. It is incomprehensible that Germany, along with Austria, has done
everything possible to evade this ban, alleging that it “violates the advertising industry’sfreedom of speech and right to exercise its profession, and contravenes the ownership
rights of the brand manufacturers.” The largest sums of money are spent on outdoor advertising and sponsorship (Fig. 13.3) [8], whereas advertising spend in magazines and newspapers has seen a continuous decline over several years. In practical terms, tobacco
advertising no longer plays a major role on the radio or in specialist periodicals, but continues to do so in popular magazines [8].
Increasingly, there are demands for the tobacco industry also to adopt manufacturer and
product liability. There are initial signs that product liability experts are also being trained
to monitor the tobacco industry and the prevailing climate of market manipulation [10].
The tobacco industry pursues several objectives in its cigarette advertising as follows:

•
•
•
•

To encourage children and adolescents wherever possible to start smoking (and subsequently to become habitual smokers)
To undermine smokers’ motivation to quit smoking
To encourage ex-smokers to take up the habit again
To counteract declining sales [11, 12]

In addition, the tobacco industry wants to portray a positive image of smoking and enhance
its social acceptability [11, 13].
The tobacco industry claims unjustifiably that all its advertising activities are targeted
at adults and that its campaigns focus exclusively on “distribution battles” between different cigarette brands.
As illustrated in Fig. 13.4, which summarises the findings of a US group based on smoking initiation rates (calculated from the number of adolescents who started smoking regularly during a given year divided by the number of those at risk to start smoking in that year),
the rise in cigarette consumption among adolescents is determined by major advertising
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Fig. 13.4   Initiation rates (%) for adolescent smokers for the period 1979–1989, based on a study
from the USA, in comparison with promotional expenditure by the tobacco industry, corrected for
inflationary increases [14]

events. Overall, the initiation rate among adolescent girls correlates with the tobacco industry’s advertising spend (Fig. 13.4) [14].
Direct promotion takes the form of advertisements, posters, promotional films, camouflaged advertising and Internet campaigns (such as the Philip Morris Wavenet campaign in
Australia [15], which has tie-ins with dance events and nightly fashion shows for the relatively large number of registered Wave members), sales promotions and distribution of
sample packs and sample cigarettes, for example, at political party meetings, many of
which may be at least partly financed.
Indirect promotion (brand stretching) is evident in the appearance of cigarette brand
names on other products, for instance, in the financial support provided for sports and
music events and in the distribution of promotional items. In currency terms, Formula One
motor racing alone swallows up 9-figure sums each year: a single grand prix event is
expected to attract some 73,000 adolescents, of whom more than 9,000 will become cigarette smokers [16, 17]. The combined use of posters, cinema adverts (depicting scenes of
outstanding natural beauty) and printed ads in a wide variety of magazines achieves longterm effects in future users. Furthermore, tobacco products in shops tend to be displayed in
prominent positions [18]. All these activities serve to create a pro-tobacco industry attitude
in politicians and the general public (see Chap. 14).
In the USA, expenditure on ads has fallen markedly since 1970s, whereas expenditure
on added-value promotion (smokers purchasing a pack of cigarettes receive a second pack
free or a credit voucher) has actually increased [19]. The following list summarises the
principal changes in marketing forms used by the tobacco industry:

13.1 Tobacco Advertising Strategies

•
•
•
•
•
•
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Incentive payments to tobacco retailers [18]
Promotional allowances in outlets in prime locations, where appropriate, using special
display cabinets or stands at the point of sale [18, 20]
Adverts in journals or daily newspapers and in cinema commercials or films with or
without actors [21, 22]
Adverts on free-standing hoardings (sometimes oversized; outdoor advertising)
As transit system signs, financial support for sports events (Formula One motor racing;
currently symbolised by Marlboro Man Michael Schumacher; sponsorship) [23]
Using attractive model girls to distribute free sample packs either on the street at specially
erected stands or, in Germany, for example, at political party meetings [10, 24–26]

In contrast with the energy and drive that characterise its advertising efforts, the tobacco
industry does virtually nothing to educate people about the health hazards of continued
smoking [9, 27, 28]. The industry has identified women as a prime target for its advertising: a study of 316 magazine-years has reported that women’s magazines carrying cigarette advertisements have only a 5% probability of publishing an article educating their
readers about the hazards of smoking [29]. The probability of smoking hazard coverage
was still only 11.7% in magazines that did not carry cigarette advertisements [29].
Cigarette advertising with its large-format posters is targeted primarily at young, future
smokers because older dependent smokers do not need advertising. According to comments
from the R.J. Reynolds Tobacco Company: “Kids don’t pay attention to cigarette ads … (our
advertising) purpose is to get smokers of competitive products to switch … (which is) virtually
the only way a cigarette brand can meaningfully increase its business” [30]. Even previously
non-smoking groups have become preferred targets, for example, in Asia where women are
starting to smoke after intensive promotion of exclusively female brands [31]. The industry
does not engage in major price struggles that lead to redistribution among the various brands.
The cigarette industry does not appear to be encountering a saturated market because
there is no evidence to indicate falling sales or reduced promotional expenditure [30, 32].
Advertising campaigns for cigarettes have never been directed against a fellow competitor
or against a specific brand, signs that would be indicative of attempts to capture a market
segment [33]. In this context, it should be recalled that the cigarette market is dominated
by a small number of companies across the world, who appear to have reached agreement
among themselves [33].
The compulsive need to advertise is the result of several processes as follows:

•
•
•

Smokers quit the habit daily, either because they simply decide to stop or out of necessity on health grounds
Smokers die (1,096 people/day in the USA and 309 people/day in Germany)
New smokers have to be recruited [34] and these are to be found only among (underage) adolescents (in Germany, about 1 million annually) [33]

In Germany, approximately 75 million EUR was spent on cigarette advertising in 1996
[35]. In the USA, the tobacco industry has spent US $6,000 million on advertising and
promotion. Sums such as these are not spent if no new smokers are to be recruited.
According to estimates from 1987, the aggregate profitability of brand switching was
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approximately US $382 million, i.e. 16% of the total promotional spend [36]. Smokers
remain loyal to the same cigarette brand for years or merely switch from a stronger to a
milder type of the same brand [36], so there is no reason to assume changes in the market.
Fewer than 10% of smokers in the USA switch cigarette brands; moreover, since these
tend to be older smokers and are beginning to report health problems, they hold little
attraction in market terms. By contrast, the tobacco industry’s priority is to recruit adolescents, who are just embarking on their smoking career, to make them dependent smokers
who will show loyalty to the brand [30, 37]. According to internal memos from the cigarette industry: “Young smokers represent the major opportunity group for the cigarette
industry” and “If the last 10 years have taught us anything, it is that the industry is dominated by the companies who respond most effectively to needs of younger smokers” [38].
The tobacco industry is extremely interested in getting its message through to adolescent consumers by siting billboards near their schools (and, if possible, by combining these
with cigarette vending machines) [32, 38–40]; this is equally true in the USA, Germany
and the developing countries. Radio and TV commercials in the USA are scheduled to run
at times that are particularly popular with adolescents [41]; fortunately, this is not permitted in Germany [42]. Over the past 2 or 3 decades, the developing countries have become
the target for the tobacco industry’s promotional endeavours [43].
The cigarette industry also manufactures “youth-oriented” cigarette brands (starter
brands), e.g. by including a high cocoa content (see Table 3.7) or by producing strawberryflavoured cigarettes [44] that are certain to encourage smoking initiation [25]. In this context, mention may also be made of the popularity with young people of the Old Joe Camel
ads, based on RJR Nabisco’s new, specially created cartoon character [13, 45]. A smoker
who is already conditioned to the habit no longer needs such advertising.

13.2
Advertising Messages
It has been found consistently that advertising messages are particularly effective when
they have a visual impact within a few seconds and are consistent with the addressee’s own
thinking. This avoids any internal conflict with the message that might perhaps give rise to
doubts. Advertising messages such as these may be directed at individuals as well as groups
(peers) [11, 46, 47].
Adolescents are addressed by the following themes in advertising messages [13]:

•
•
•

Independence, self-confidence, social acceptance, freedom from pressure: all these are
typified by the Marlboro Man [33] and this applies equally for adolescents of either sex.
Ritual: Smoking is depicted by the cigarette industry itself as a mark of adulthood; as
such, it is associated with pleasure and with the opportunity to imitate adults [33, 38, 48]
and the youthful-looking Marlboro Cowboy is often used to portray this.
Normal behaviour: In its advertising messages, the tobacco industry links smoking with
everyday living, generating the impression of something entirely normal when people smoke
in familiar surroundings, e.g. drinking coffee after a work shift (a kind of self-reward).

13.3 Effect of Tobacco Industry Advertising Messages
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As an ingrained activity, the combination of coffee and cigarette, in particular, is often
the hardest to check in smokers who want to quit.
Social interaction: When two or more people smoke at the same time, this makes it
easier for them to socialise because the cigarette helps to create a shared identity (this
situation can be compared with dog-walkers in the park who fall into conversation
much more easily by means of this “vehicle” than people who are simply out walking).
Adolescents find this situation pleasant because they then belong and are accepted.
Health: While the tobacco industry cannot begin to claim that smoking is healthy in any
way, it manages to create the illusion of positive associations in that cigarette ads employ
actors who are young, dynamic, glowing with health and shown smoking in wonderful,
visually stunning locations. The intention is to depict smoking as relatively harmless.
In addition, the cigarettes are glamorised using epithets such as “mild”, “light”, “pure”,
“natural” and “fresh” (possibly with added menthol).

Many psychologists have developed theoretical models on the effectiveness of advertising
in encouraging smoking initiation: problems of communication theory naturally arise in
this area and these can be used to develop a deeper understanding of the reception and
intellectual processing of advertising messages. The key stages are stimulus reception,
stimulus processing and production of a resultant action [49].
Conversely, anti-smoking TV campaigns can achieve a marked decline in the number of
smokers if they continue to be broadcast over a prolonged period (e.g. for 18 months). A
series of interviews was conducted in 2,997 smokers and 2,471 ex-smokers before the intervention: after the campaign started, interviews were conducted again in 3,610 and 2,381
subjects after 6 and 18 months, respectively [50]. At study end, 9.8% of smokers had stopped
smoking and only 4.3% of ex-smokers had relapsed. Applying these results to a typical
control population suggests that the 12-month campaign would lead to a 1.2%-reduction in
smoking prevalence [50]. Consideration is, therefore, being given in the UK to organising
anti-smoking TV campaigns of this kind more frequently.

13.3
Effect of Tobacco Industry Advertising Messages
In Germany, people are exposed on all sides to tobacco industry advertising messages. Given
the ubiquitous presence of these ads, many people believe that cigarette should be regarded
as an essential part of common culture and that the possible harmful effects on health are
exaggerated [33]. Children, in particular, are unprotected in their exposure to cigarette
advertising, with the result that children and adolescents in our society experiment with cigarettes, the intensity of advertising allegedly correlating with the frequency of experimentation [51]. Figures 2.6, 2.7, 6.3 and 12.6 demonstrate the long-term effects of 20–40 years of
smoking, after which the harmful effects on health can also be demonstrated epidemiologically. Nevertheless, in the future, it will still be difficult to establish reliable correlations
between advertising and smoking. In particular, children and adolescents are very much
more familiar with advertising messages than adults [52] who simply let many advertising
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messages “wash over them” as they grow older. Adolescents absorb these messages very
much more avidly because, while en route to developing their adult identities, they monitor
very much more sensitively everything that occurs in the adult world [13, 53].
A sample of 229 children aged 3 to 6 years was tested with ads featuring “Old Joe Camel”:
30% of the 3-year olds and 91.3% of the 6-year olds correctly matched the “Old Joe” logo
to the Camel cigarette brand [54]. It is concluded that intensive promotion of this cigarette
brand resulted in this high recognition rate [54]. In a similarly designed study, recognition of
the “Old Joe” logo was compared in adolescents and adults: the children were better able
than adults (97 vs. 58%) to match the logo to the cigarette brand [45]. However, of much
greater interest is the promotional effect of the 3-year advertising campaign: Camel’s share
of the children’s cigarette market was initially 0.5%, rising to 32.8% 3 years later [45].
Similarly, interviews conducted in 5,040 adolescents and 24,296 adults from California
revealed that perception of cigarette advertising was higher among adolescents than adults
[55]. Whereas only 47% of adults named Marlboro and Camel as the most advertised brands,
the figure was 70% among adolescents. The 12–13-year olds recognised Camel most often,
whereas the 16–17-year olds recognised Marlboro most often [55]. Adolescent non-smokers
from the same setting were interviewed about tobacco industry advertising messages. Even
though they had no involvement in smoking, 84% of the sample was also able to remember
one or more advertising messages [56]. The Camel advert depicted in Fig. 13.5 is directed
at adolescents and adults who are already attuned and receptive to sexual innuendo.
Nevertheless, this advertising message operates at a thought provoking level.
One recent study sought for an association between the number of cigarette promotional
items (CPIs) owned and smoking behaviour. The two variables were studied in 10–19-yearold students, using multivariate regression analysis. Smokers were defined as students who
had previously smoked 100 cigarettes or more in their lifetime, while other students were
classed as never-smokers or experimental smokers [57]. Out of the 1,265 students, 406
owned CPIs: 211 owned one, 82 owned two, 57 owned three, 24 owned four, 23 owned five
and 7-owned six CPIs. The study also investigated associations with educational level and
family smoking behaviour. Smoking prevalence was 11.2% for students not owning a CPI,
41.5% for those owning two CPIs (OR = 3.4; 95% CI: 1.9–5.9) and 58.5% (OR = 8.4; 95%
CI: 5.0–14.2) for those owning four CPIs [57]. From this, it is evident that promotional

Fig. 13.5   “Camel – a
pleasure whatever the
position”: blending smoking
with sexual innuendo?
Camel advert, issued in
Germany in 2000
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items supplied by the tobacco industry encourage smoking behaviour [57]. Conversely,
consistently implemented tobacco control programmes clearly reduce the smoking behaviour
of children, as has emerged from analyses in various US states [58].
Furthermore, susceptible adolescents tend to overestimate the social benefits of smoking and underestimate its risks [59], a phenomenon that may also be termed the “invulnerability syndrome” [60] and is not unknown in adults. The sheer weight of advertising is
virtually bound to pre-programme misconceptions into adolescents’ thinking so that they
start to smoke and then are unable to free themselves from the habit [32]. Adolescents are
not as capable as adults at effectively resisting these attempts of persuasion (see Chap. 12,
life skills techniques) and consequently are more vulnerable than many adults to advertising strategies and sales tactics [33]. Adolescents are always looking for something novel
and are also willing to try new experiences [61]. Adolescents’ own insecurity and their
tendency to look to a group or a leader figure provokes an opportunistic response because
their recognition within, or sense of belonging to, the group may depend on this [11, 62].
A great many films from the USA and Germany portray actors smoking. One US study
scrutinised every scene from 25 cinema box-office hits per year between 1988 and 1997.
Those actors who smoke on screen encourage the current tobacco epidemic among young
people. Cigarette and cigar smoking in the movies contribute to the characterisation of
certain types: actresses who smoke often portray disreputable women embroiled in sexual
affairs, involved in illegal activities and/or driving automobiles recklessly; male actors
who smoke tend to portray tough guys who are frequently violent and relish dangerous
situations [63]. One surprising finding was that these numerous smoker scenes account for
only 2–3% of the footage [63].
According to another analysis of US films, 42% of actresses in starring roles smoked,
whereas only 24% of 18–44-year-old US women are smokers. Movie smoking prevalence was just as high in films for young people as in films intended for adult viewing.
The actresses generally use cigarettes in stressful situations that they wish to keep under
control [64]. This movie exposure encourages young girls to accept and imitate these
actresses as role models. Even Disney studio cartoon films intended solely for children’s
viewing depict tobacco and alcohol scenes just as frequently as ever, to judge from a
comparison with a report from 1964. In 1996 and 1997, all cartoon films featured scenes
of tobacco use. No film offered any verbal message highlighting the harmful effects of
smoking [63].
In October 1999, British Telecom (BT) apologised for its error of judgement in supplying pagers for a Marlboro cigarette promotion aimed at young people. BT has subsequently
condemned such campaigns designed to promote sales of tobacco products [65]. The background to BT’s decision was that the Marlboro Company, in its promotional campaign
“Found on the Streets” targeted at young people, was offering them leisure goods if they
purchased 80-packs of cigarettes within a specified period [65]. In return for their names and
addresses, young people (age > 18 years) at nightclubs were offered a free pack of Marlboro
cigarettes, and later were sent glossy brochures on cigarette lighters, Lorus wristwatches,
White Stuff leisure wear, Sanyo CD players and Nikon cameras [65]. Marlboro invited
participants to “look around town” and “find themselves something useful.” The young
people were also encouraged to get their friends to telephone the Marlboro customer service
department. The callers had to confirm their age in writing and attach proof of purchase
to the order form. In some cases, the companies supplying the products on offer only
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discovered via the press that the campaign had been linked with Marlboro [65]. In terms of
reprehensible advertising campaigns aimed at young people, it is my personal opinion that
this represents the tip of the iceberg: after smoking 1,600 cigarettes there is a high degree of
certainty that many participants in the scheme would have become dependent smokers.

13.4
Tobacco Advertising and Adolescent Smoking Initiation
It is evident from the preceding remarks that the critical time window determining whether
a person will become a smoker or remain a non-smoker is the period between 10 and 12
years of age. Cigarette advertising has to impact this age group if it wishes to generate future
customers. According to a survey conducted in 571 7th-grade students (13-years old), the
likelihood of experimenting with smoking was 2.2 times greater among those who owned
CPIs and 2.8 times greater among those who received mail from a cigarette company [66].
Adolescents also start smoking in response to social events and the media have a pivotal
role to play here [21, 22]. Adolescents in the USA spend 2–3 h daily watching TV
50
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Fig. 13.6   Association between exposure to use of tobacco in films and prevalence of trying smoking
by age [22]. Included were middle schools in New Hampshire and Vermont. The average
participation by school was 92.5%. The final sample consisted of 4,919 schoolchildren (9–15 years
of age). The authors counted occurrences of smoking in each of 601 popular contemporary films,
and they asked respondents whether they had seen 50 films randomly selected from the larger pool.
On the basis of the films that adolescents reported seeing, the number of occurrences of smoking
seen by each survey respondent was calculated
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programmes and films (Fig. 13.6). Watching just 3 films/week gives an annual total of
150 films [22]. These films include a large number of smoker scenes featuring film stars of
both sexes, and adolescents are also enticed into cigarette smoking by these role models
(Fig. 13.6) [22], with socio-demographic factors and social influences determining future
behaviour.
Susceptibility to tobacco advertising was determined in a telephone campaign in 3,536
adolescent never-smokers. The survey was designed to discover the adolescents’ attitudes
towards possessing tobacco-related promotional items and their recognition of advertising
messages and preferred brands. The survey also examined the extent to which the adolescents were exposed to a smoking environment [56]. The key finding was that adolescents
are twice as likely to start smoking if they grow up in a smoking environment (own family
members or peers) as in a smoke-free environment. The extent of their own receptivity,
e.g. to advertising, was a reinforcing factor (see Fig. 13.7) [56].
One Scandinavian study has impressively demonstrated the role of the social environment (parents, siblings, friends) for the future smoking behaviour of 15-year olds: 90% of
the adolescents smoked where those around them smoked, compared with only 3% where
those around them did not smoke [67]. According to another study, the risk of becoming a
smoker was dependent on factors such as ownership of promotional items (catalogues,
coupons), and increased 22-fold if adolescents were given free sample packs [68]. An
assessment of non-susceptible and susceptible non-smokers has also clearly shown that
tobacco advertisements are similarly liked by smokers and by susceptible non-smokers,
suggesting that the tobacco industry’s advertisements should seek to convert uncommitted
non-smokers into smokers [69].

Fig. 13.7   Susceptibility to smoking initiation as a function of receptivity to advertising and exposure
to smokers [56]
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The available studies indicate that it is primarily adolescents who are enticed to become
smokers because of advertising campaigns. The intensity of advertising increases cigarette
consumption.
In each year between 1988 and 1998, advertising and promotional activities by the US
tobacco companies generated 193,000 additional adult smokers who began smoking as
adolescents. That decade of tobacco advertising and promotions also resulted in 46,400
smoking-attributable deaths per year and 698,400 years of potential life lost, which translates into approximately US $21.7–US $33.3 billion in total medical, productivity and
mortality-related costs [70]. If all tobacco industry advertising and promotional activities
were banned for the next 25 years, 60,000 smoking-attributable deaths per year could be
avoided, saving 900,000 life-years, US $2.6 billion in excess medical expenses and
between US $28 billion and US $43 billion in mortality costs [70].

13.5
Advertising with “Light” Cigarettes
Following the advent of light and ultralight cigarettes, many smokers who were ready to quit
smoking switched to these brands because they believed that this represented a (albeit poor)
compromise between health-consciousness and cigarette dependence. On the other hand,
young men and women are enticed to start smoking with these “much milder” cigarettes.
However, the fact remains that these cigarettes are implicated in many additional deaths [71].
Tobacco manufacturers encourage women to smoke, based on promises of glamour and
attractiveness and the assurance that such behaviour is desirable [72]. In its attempts to
reach women, the tobacco industry uses women’s magazines as channels for its unbelievable messages in which smoking is associated with glamour, cultivated lifestyle, enjoyment, romance, sexual attractiveness, sport, sociability, relaxation, youth, emancipation,
femininity, readiness to take risks and a slim figure [73]. In the EU, promotional campaigns for light cigarettes are overwhelmingly successful with middle-aged women.
Light cigarettes are sold mainly to health-conscious smokers because they are looking
for less harmful cigarettes [74]. These cigarettes are most popular with women (Table 13.1).
The tobacco industry (Marlboro) also believes that women associate these cigarettes with
“independence” and “zest for life.” In Germany, the market share for Marlboro-Light is
10.5%, though these cigarettes are less widely smoked by younger women.
In the report, “The Changing Cigarette,” smoking cigarettes with low condensate
values was classified as reducing the risk of lung cancer, but only on the assumption that
Table 13.1   Percen
tage proportions of
smokers of light
cigarettes in the EU,
classified by age
(1995) [76]

Age group

Men

Women

15–24
25–44
45–64
65–
Total

29
29
33
46
31

36
48
60
57
48
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the number of cigarettes smoked did not increase [75]. According to one survey in the
USA, only 1 smoker in 10 knows that light cigarettes contain just as many toxic substances as “regular” cigarettes [74]. Despite this, these cigarettes can be marketed more
easily to “health-conscious” smokers and are more readily accepted by women [74].
Nevertheless, surveys have revealed that where smokers are aware of the true information regarding light and ultralight cigarettes, the decision to quit smoking is taken more
rapidly [74].
The market share of these low-condensate and low-nicotine cigarettes will not increase
markedly, and yet action must be taken to counter the misleading advertising. According
to the European Commission report [76], more than 50% of female smokers in seven EU
countries (Sweden, Austria, Italy, Denmark, Ireland, Finland and France) smoke light
cigarettes, and in Sweden, the percentage figure is actually 75% [76].

13.6
Tobacco Smuggling

Fig. 13.8   Exports of
cigarettes (smuggling) from USA
and from Brazil to
Belgium. Source:
US Department of
Agriculture [80]

Billion of cigarettes

Tobacco smuggling is “worthwhile” because the taxes on tobacco products are high
(Fig. 13.8), even though considerable differences exist between the various European
countries (range: 57–82%). Quasi-legal trade takes the form of sales in duty-free shops
where cigarettes are available tax-free. In total, 45,000 million cigarettes (corresponding
to 0.8% of all cigarettes worldwide) were sold through these channels in 1997 [77]. The
European region led the way with 69%, followed by the Asia-Pacific region with 18%. The
World Health Organization is extremely interested in suppressing or abolishing this form
of sales (Protocol of the International Convention on the Simplification and Harmonization
of Customs Procedures, 1999).
Illegal forms of “tobacco trade” are bootlegging and large-scale organised smuggling.
Bootleggers limit themselves to buying cigarettes in countries with lower tobacco taxes
and driving them by car to countries with higher tobacco tax levels without declaring these
cigarettes when crossing national borders [78]. Large-scale organised smuggling is typical
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of the situation in certain countries, e.g. the UK, where it accounts for 80% of total cigarette smuggling [79]. This smuggling benefits from transit trade because tax is not paid in
the transit country on the assumption that the goods are being transported onwards. Within
the EU, Belgium (port of Antwerp) is the most important receiving centre for cigarettes
from the USA and Brazil where Philip Morris and BAT have built cigarette factories
(Fig. 13.8) [80]. Excluding those intended for duty-free shops, these cigarettes are destined
for the Third World. Here intermediate traders can buy cigarettes: the estimated total value
of 100,000 million tax-free cigarettes in transit is US $14,000 million. It is these transit
cigarettes that end up being sold illegally in Europe. Generally, the cigarettes are first
transferred from Antwerp to Switzerland, at which point they are outside EU law. From
there, they are moved to the Czech Republic, Hungary or one of the former Soviet Republics
[81–83].
Over the 5-year period from 1990 to 1995, cigarette smuggling increased by 73% [84],
a situation that was contributed to by the break-up of the former Soviet Union. According
to reasonably reliable estimates, 303,000 million cigarettes were smuggled in this way in
1997 [85, 86]. BAT estimates that of 5.4 trillion cigarettes sold worldwide, 6% (324,000
million) are duty not paid (DNP) sales [87]. In addition, in developing countries in particular, counterfeit cigarettes are being manufactured and sold, e.g. more than 50,000 million
in China each year [88].
It has now been established that the multinational tobacco companies sell their cigarettes to dealers, and there “their responsibility ends.” The dealers for their part allegedly
know nothing about the country of destination of the cigarettes sold in this way. Since a
gap exists between import and export, the tobacco companies and the dealers really
should know something of the whereabouts of the goods. Switzerland may be thought of
as a hub of the trade: Philip Morris and RJ Reynolds have their European headquarters
there. And in the USA, for example, an executive of Brown and Williamson was responsible for trafficking in contraband cigarettes: the cigarettes were transported from a warehouse in Alabama to a private warehouse in Louisiana, were marked for off-shore vessels
and thus, were tax-free and then sold to a Vietnamese organisation that smuggled them
into Canada [89].
The scale of cigarette smuggling constitutes an enormous threat to general public
health because (1) cigarette consumption is increased and (2) governments are deprived
of thousands of millions of US$ or in tax revenue. The only possible counter-strategy
depends on internationally agreed systems for regulation and tracking, and the tobacco
companies should be required to operate through the prescribed trade channels. The penalties for tobacco smuggling should be dramatically increased by law and tobacco products should carry a visible symbol to indicate that tax has been paid: “An effective response
to smuggling would be to keep taxes high and crack down on smuggling. Prominent tax
stamps, serial numbers, special package markings, health warning labels in local languages and better tracking systems are effective against smuggling” [90]. Intermediate
traders (often dealers) should have no role to play, and there should be a total ban on
transit trade in tobacco products. In this regard, the World Health Organization must be
even more proactive than its previous endeavours to break the resistance shown by numerous governments and by the tobacco companies themselves (International Framework for
Tobacco Control) [91].
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13.7
Effect of Advertising Bans
Although the very thought of advertising bans on its products is anathema to the tobacco
industry, absolute bans should be imposed on its advertising, promotional and sponsorship
activities in terms of:

•
•
•
•

Direct and indirect advertising (the latter covers, for example, Camel footwear, Marlboro
leisure clothing, Peter Stuyvesant travel, etc.).
Advertising in all media (radio, TV, press, posters, cinema and Internet adverts, etc.).
Financial sponsorship for national and international sporting and cultural events, etc.
A worldwide ban on advertising which should be intensified progressively, taking
account of national features in particular countries [86].

Within and outside Europe, four countries have now introduced general advertising bans
on tobacco products: Norway, Finland, New Zealand and France.
These advertising bans are more extensive than the 1974 ban imposed in Germany on
tobacco advertising on TV and radio. A strict ban on advertising has also existed in Poland
since 1998. The advertising ban introduced in Canada has subsequently been lifted by the
Supreme Court, while the existing ban on advertising in Italy cannot be assessed because
of lack of data [92]. The control programmes developed in various US states [58], including restrictions on outdoor advertising [93, 94], point in the same direction with regard to
a decline in smoking behaviour among children.
Community bans on advertising have also been implemented in various countries, with
restrictions imposed on self-service outlets to reduce in-store advertising. Reducing consumer tobacco accessibility also has the effect of reducing shoplifting [95].
Bans on tobacco advertising in various countries have supported or encouraged several
other initiatives: for example, restrictions on sales to minors, health education and health
campaigns, tobacco-use prevention programmes for children and adolescents, creation of
smoke-free zones, setting of legal limits for toxic substances in tobacco and pro-rata use of
tobacco taxation revenue for research and health education (see Tables 13.2 and 13.3).
Table 13.2   Relationships between advertising bans in different countries and the decline in tobacco
consumption, compared with Germany (D) where there is no advertising ban
Country

Introduction of
advertising ban

Reference year
for evaluation

Reduction
in consumption
by 1996

Reduction
in consumption
in Germany
by 1996

Norway
Finland
New Zealand

1.7.1975
1.3.1978
17.12.1990

−26%
−37%
−21%

−13%
−11%
−14/–13%

France

1.1.1993

1974/1975
1977
1990; for D:
1989/1991
1992

−14%

−4%

Reduction in per-capita consumption of tobacco products in g (cigarettes, fine cut tobacco, pipe
tobacco; in France, cigarettes only) [92]
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Table 13.3   Reduction in percentage of adolescents who smoke daily in five countries (in Germany,
the reference index shown is the percentage of adolescents who smoke regularly) [35]
Country

Introduction of
advertising ban

Reference year
for evaluation

Reduction in consumption among
adolescents by 1996; in Germany
by 1993

Norway
Finland
New Zealand
France
Germany

1.7.1975
1.3.1978
17.12.1990
1.1.1993
–

1975
1978/1979
1990
1992
1993

−15.8% (boys); −15.4% (girls)
−12% (boys); −14% (girls)
−2.1%
0%
−5.4%

Fig. 13.9   Mean per-capita
consumption of tobacco in
eight different countries
(Canada, USA, Norway,
Finland, Sweden, Austria,
France, Germany [D]) during
the period 1964–1990
(adapted from [114])

Within 15 years following the general ban on tobacco advertising that has existed in
Norway since 1975, there was a decline in the number of adolescent smokers of 5–10%,
depending on age group and sex, with total smoking prevalence reductions of 10% among
16–24-year-old men and 20% among women of the same age [96, 97]. Smoking prevalence also fell among older people within 15 years, with figures of 35% for men and 32%
for women being reported in 1995 [98]. Overall, per-capita tobacco consumption fell from
2,100 to 1,553 g during the period from 1975 to 1996 (Fig. 13.9) [99].
In Finland, the ban was implemented in two phases (in 1977 and 1994): in the second
considerably more stringent phase, cigarette advertisements were also prohibited in foreign magazines, which are extremely popular in Finland. The greatest decline in smoking
prevalence was recorded among men [100]. During the period 1978–1996, per-capita
tobacco consumption fell from 2,134 to 1,350 g (Fig. 13.9) [99, 101].
The advertising ban introduced in New Zealand in 1990 resulted in a reduction in percapita tobacco consumption from 1,957 to 1,553 g (1990 vs. 1996). Over the same period,
the number of adolescent smokers fell by 1.9% [99].
In France, a ban on tobacco advertising has been in place since 1993. Within 4 years,
per-capita tobacco consumption fell from 2,970 to 1,834 g; despite this fall, no reduction
in smoking has been reported among 12–18-year olds (Table 13.3) [99].

13.8 Smoking Bans in Public Buildings and Public Spaces
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13.8
Smoking Bans in Public Buildings and Public Spaces
The range of preventive measures should include government regulations enforcing smoking
bans in public buildings, such as health centres, workplaces, schools, academic institutions,
waiting rooms, restaurants, businesses and on public transport. Alongside general bans,
partial bans may also be announced using appropriate signage. People wishing to smoke can
be referred to special areas, a partial solution that has been employed in the USA, for example. These non-smoking policies can be supported by health education campaigns [102,
103]. Comparable regulations differ very markedly from country to country. In the USA,
Australia and the countries of Northern Europe, changes have taken place as a result of
legislation and general attitudes towards smoking. In other countries, the regulations are
considerably more moderate [104–107].
The most effective means of achieving a smoking ban in public buildings is to issue an
absolute decision on the matter, accompanied by educational programmes, dissemination
of information, manager training and provision to help smokers achieve smoking cessation
[102, 103]. Two studies in Baltimore hospitals have convincingly confirmed the efficacy
of this approach. These models have been successfully continued in various health institutions in the USA [108], and instructions for similar campaigns are now available on the
Internet [108]. In projects of this nature, it is crucial that the organisation’s management
takes responsibility and talks with those affected by the ban to provide education and information. It has also been found that only comprehensive measures are successful in the
workplace [60, 109]. Stands displaying “No smoking” signs in public areas are minimally
successful. Similarly, discussions with smokers about the harmful effects of tobacco use
on health were less successful than face-to-face dialogue sessions between smokers and
non-smokers. According to some studies, successful “No smoking” campaigns in the
workplace have actually persuaded smokers to quit [110, 111]. In this context, it is evidently important, particularly in Germany, to issue appeals to the medical profession to
ensure that there is first a reduction in the high proportion of doctors who smoke (approximately 20%). One possibility is to establish “smoke-free” hospitals, an approach that is
now also being attempted in Germany (e.g. the “Berlin Heart Centre”).
The implementation of “No smoking” laws is only useful if such legislation is supported by detailed regulations on enforcement [104, 106]. In France, for example, the ban
on smoking in restaurants and other public buildings is largely ignored.
It remains to be established whether smoking bans in public buildings will bring about
behavioural change at the individual level. Charitable organisations and anti-smoking associations must certainly strive to achieve gradual behavioural change across the whole of society,
and the enforcement of existing regulations is an important challenge that must be solved.
A reduction in smoking among adolescents was reported following a concerted campaign combining restrictions on smoking at home with strict bans in public places and at
school. The study, which was conducted among 17,287 students from 200 schools over 30
days, concluded that teenage smoking was reduced chiefly through restrictions on smoking
at home and in public places, and to a lesser extent, in schools, and then only if the ban was
strongly enforced (Table 13.4) [112].

404

13 Tobacco Industry, Advertising and Advertising Bans

Table 13.4   Logistic regression analysis for association of restrictions with 30-day smoking
prevalence [112]
Public restrictions
Total home ban
Some home restrictions
School ban
Enforced school ban

Odds ratio (95% CI)

p value

0.91 (0.83–0.99)
0.79 (0.67–0.91)
0.85 (0.74–0.95)
0.99 (0.85–1.13)
0.86 (0.77–0.94)

0.03
<0.001
<0.01
0.86
<0.001

2logL = 16 271.0, (df = 16), intracluster correlation = 0.038, cluster variance = 0.131, p < 0.0001. Odds
ratios are adjusted for school grade, sex, race, adult smokers in home and sibling smokers; n = 14 746

13.9
Concluding Remarks

•

•
•
•

A survey of the facts and data presented by the tobacco industry and (necessarily)
supplemented by government agencies (to ensure a true picture) reveals that the number
of adolescent smokers can be reduced only by tough international legislation [113] to
regulate a variety of issues: manufacture, trade (including cigarette smuggling), advertising and distribution of tobacco products (and promotional items), especially to young
people.
In particular, the international community and its politicians must ensure that economically weak countries do not become a target for the activities of the tobacco industry.
Every single day, 3,000 adolescents in the USA are recruited to the ranks of smokers. If
the number of smokers is not reduced in the years ahead, the lamentable fact is that 10
million people annually will die from tobacco-attributable causes worldwide by the
year 2025.
The medical profession and politicians must not stand idly and watch this trend unfold.
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The question arises if the death toll from tobacco does not constitute a crime against humanity,
susceptible to prosecution in the international criminal court of the United Nations.
N. Francey, Tobacco Control 1999

When people speak of the globalisation of industry, they usually mean worldwide
networking between firms, in many cases involving the merger of complete sectors of industry. The consequences of these economic processes are not always beneficial. Some typical
examples of globalisation are brand names such as Coca-Cola® or McDonald’s®, and the
cigarette industry can also be added to this list, being led by a small number of worldwide
tobacco groups (e.g. Philip Morris, British American Tobacco (BAT), RJ Reynolds, Brown
& Williamson). Especially in the case of the cigarette industry, globalisation is seen by many
as a double-edged sword; for instance, causing Gro Harlem Brundtland, the Director General
of the WHO, speaking in February 1999 in Davos, to describe the “operations” of the tobacco
industry as a serious threat to the health of nations [1].
In the light of currently around 800,000 smoking-related deaths in the European Union, a
majority of doctors in the EU frequently ask themselves what is preventing a majority of politicians from (1) imposing a ban on advertising for tobacco products in the EU, (2) gradually
putting an end to the subsidies for tobacco cultivation in the EU of currently EUR 1 billion
and (3) using this money to establish primary and secondary prevention programmes [2].
The Europeans, including the Germans, “tolerate” the damage to health caused by smoking because the cigarette industry in Germany alone not only provides a number of jobs (in
1996, 13,794 [3] out of a total 10.995 million people employed in manufacturing industry),
but also brings the German state annual tax revenues from the sale of cigarettes totalling 11.5
billion [4]. With 192.46 billion cigarettes produced in 1996, domestic sales revenue amounted
to EUR 13.32 billion [3]. In other words, each employee in the tobacco industry accounted
for sales revenue of EUR 1.1 million [3], a figure which is unattainable in any other industry.
With their hazardous side effects, cigarettes would have long since been taken off the market
if they were classified as a pharmaceutical rather than as a foodstuff.
Even compared with the other main causes of death, alcoholism and obesity, smoking
is the front runner by a long way (Table 14.1). The damage to health caused by smoking is
therefore a problem of highest priority, and should be accorded the same priority by the
politicians (dealing with health).
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Table 14.1   Comparison of mortality for known risk factors, and economic cost analysis [97]
Risk factor

Mortalitya

Smoking
Obesity
Alcohol

416,829
162,191
105,000

Years of
life lostb
5.3
2.1
1.0

Costs of illness
Directc
Indirectd
20.8
23.0
6.8

6.9
5.6
27.4

Loss of
earningse
40.3
13.4
27.5

Total costs
68.0
41.0
66.5

All premature deaths in a year because of risk factors
Based on US live statistics data and years of life lost through illnesses due to the risk factors
c
Costs caused by illnesses due to the risk factors (billion US $)
d
Equivalent for working hours lost or time lost in the household (billion US $)
e
Future income lost through premature death (billion US $)
a

b

Cigarette smoking causes extremely severe damage to the health of a large proportion of
the population. According to a study by the Atomic Research Centre in Karlsruhe, smokers
in Germany exhale 7,500 tonnes of hydrocarbons annually, equivalent to the maximum
permitted emission figure for ten new waste incineration plants [5].

14.1
Tobacco Industry, Governmental and Non-governmental Organisations
In the past years, the tobacco industry has consistently avoided agreements with the state
or other relevant organisations aimed at making redress for the harm caused by smoking
through specific future measures or through financial compensation for the victims.
With the “Master Settlement Agreement,” which was signed by the tobacco industry in
1998, 46 US states brought legal action, seeking to obtain recompense for tobacco-related
health spending and to hold the tobacco industry to account for the decades of harm it had
caused. The aim of the agreement was (1) to restrict the contact of young people with
tobacco marketing, (2) to implement comprehensive smoking prevention programmes,
and (3) to counter the marketing effects of the tobacco industry on children. Under the
agreement, the tobacco industry was supposed to pay US $206 billion over a period of 25
years if the advertising restrictions were to be observed and a national institute for public
health information on smoking was to be established [6]. In fact, however, the agreement
was never implemented, and advertising by the tobacco industry has, if anything, even
been intensified.
In a separate move from this agreement, the WHO in Geneva, together with representatives from 150 countries, put forward a proposal in October 2000 for a first international Framework Convention on Tobacco Control (FCTC), which is supposed to be in
place by 2003. The goal of this is to put a brake on the increase in tobacco consumption
by a range of national and international measures [7]. The tobacco industry has already
announced that it will put up heavy opposition to this and seek to prevent or delay implementation of the FCTC [8]. In the year 2000, a meeting was held with people from the
overwhelming majority of countries, representing 92% of the world population, to
discuss this document.
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Because of its huge profits, the tobacco industry is able to support a wide range of sporting and cultural activities of the state. It remains questionable whether the state or other
bodies should accept such money, for which a “return” is naturally expected from politicians and state institutions. In 2002 the German government reached an agreement with the
tobacco industry, under the terms of which the latter is to make a “no strings” payment of
12.6 million to the government over a period of 3 years for the implementation of prevention programmes among children to discourage them from taking up smoking at an early
age. This form of collaboration is always suspect: the scientists engaged in future work of
this kind are free only to a limited extent because they are “taking tobacco research Euros.”
An analogous situation existed when BAT announced that it would fund an International
Centre for Corporate Social Responsibility at Nottingham University in the UK for the
sobering sum of £3.8 million [9, 10] (see Sect. 14.3).
A few years ago, a very far-reaching law, the so-called “Tobacco Deal,” was planned in
the USA. This law proposed to increase tobacco duty (from $1 to $10 per pack over a
period of 5 years), to impose sharp restrictions on tobacco advertising, and to set up a
special fund for the treatment of smoking-related diseases ($20 billion per year). In return,
the tobacco industry would be “sheltered” by the state from individual legal actions.
However, in connection with elections in the year 1998, the tobacco industry gave $50
million in campaign donations to the Republicans, who at that time held a majority in
Congress, and at the same time ran an advertising campaign on television, all of which had
the desired effect. The law was brought down by the votes of the Republicans [11].
According to internal discussions of the German Cigarette Industry Association (VdC),
the tobacco industry is pursuing several strategic goals to secure its sales markets [12]. One
of its primary goals is to prevent a ban on tobacco advertising worldwide, in the EU and
Germany by, for instance, obstructing the discussion and passage of bills in the European
Parliament and/or preventing laws from coming into force through court action. To do this,
the tobacco industry conducts talks with politicians of all parties and also seeks to exert
pressure, through business and trade union representatives, on the members of the EU
Parliament, with the aim of bringing 314 members of the European Parliament “onto the
tobacco industry’s side.” The ostensible argument used against a ban on advertising was the
“freedom of (advertising) information,” backed by large-scale placard and advertising
activities prior to the vote [13].
In a recently published comprehensive report [14], the WHO has documented in detail
that the tobacco industry

•
•
•
•

Is seeking to distract attention from tobacco abuse through sidetracking activities
Has tried to reduce the WHO’s tobacco-related budgets and mobilise other UN organisations against the WHO
Has sought to convince developing countries that the WHO’s anti-tobacco programme
would be at their expense
Has misrepresented the results of important scientific studies [14]

The tobacco industry has also laid down a strategy in a confidential document (position
paper) – though this has now been published on the Internet – on ways of influencing the
activities of the WHO [15].
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14.2
Politicians and Their Attitude to Smoking
Smoking is seen by many people as a demonstration of strength and superiority, and cigars
even as a symbol of power (as evidenced by caricatures of capitalists). Some typical examples of cigar smokers are Churchill, Clinton, Erhard and Schröder. Politicians are supposed
to be independent people who decide solely according to their conscience; in fact, however,
they are usually embedded in social lobby groups, who also generate the voter potential for
future elections [16, 17]. Most studies on smoking, and the statements made in them on the
“more or less significant risks” caused by smoking, come from the laboratories and advertising agencies of the cigarette industry, which in terms of influence on public opinion have
even more importance in the USA than in Germany [18–20]. Despite an appeal by the
Medical Advisory Board of the Bonn organisations to the German chancellor to abandon
the government’s opposition to the EU directive banning cigarette advertising, the government felt it necessary to fight the “resolutions of the EU Commission as they would put
jobs at risk” and to put a brake on the “witch hunt” against advertising by the tobacco
industry [21].
In 1998, the British government launched a nationwide “Smoking kills” campaign,
with the aim of reducing smoking among juveniles from 13 to 9%, among adults from
28 to 24%, and especially among women from 23 to 15%, within a period of 10 years
[22]. For the first 3 years of this campaign, the British government has made £60 million
available [22].
In Germany, as in many other EU countries, there is still a kind of “stalemate” situation,
with “powerless” politicians and journalists – a lot of whom smoke – on the one side, and
the social security contributors, who ultimately have to pay for-the costs of smokingrelated disease, on the other side, including a potential majority of the population who
would vote in favour of tough measures to protect non-smokers and for a complete ban on
cigarette advertising. This scenario indicates failure on the part of many politicians [23].
Depending on whether they decide “for” or “against” a ban on advertising and the protection of non-smokers, politicians stand to lose credibility among their respective voter
groups. The refusal of politicians to take a clear stand on these issues is a misrepresentation of the will of the people [24]. The politicians prefer to accept the proven damage to
health caused by smoking, which can add up to billions in only a few years, rather than
make a clear decision. Also, the politicians in Germany have so far adopted no effective
measures to protect children at home. At present, there might exist some improvement
concerning public protection for non-smokers, but research into this field still receives
hardly any support.
Where specialist advice is called in prior to taking legislative decisions, the cigarette
industry is always able to present “experts” from a range of disciplines who cast doubt on
the findings of studies, generating a general atmosphere of uncertainty and in this way
ultimately exercising an inhibiting effect on the intended legislative measures [25–27].
The tobacco industry is also able, by threatening to claim for damages – including court
costs running into millions – to paralyse any activity, as happened in the case of CBS, the
radio and TV broadcaster, in the USA [28].
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14.3
Scientists and the Tobacco Industry
One perennial important issue is whether scientists should accept money from the tobacco
industry for their work. Ignaz Semmelweis, director of the Gynaecology Clinic in Budapest
in the mid-nineteenth century, once made the famous statement, on being asked whether
he had accepted money from a condom firm, which was after all immoral: “This is no
cause for reproach: I have a machine into which I put dirty money at the top and take out
clean money at the bottom.” But it is surely evident that a scientist cannot take the view
that it is not where money comes from that counts, but only what it is used for.
In 1954, the US tobacco industry founded the Council for Tobacco Research (CTR),
which provides large sums of money for research work: US $83 million for 865 research
projects in 279 medical facilities at universities, hospitals and research institutes [29].
While initially the funding was given for work on the subject of “smoking and health,” a
research group was formed which was devoted to biomedical research without any reference to smoking. The influence of the CTR on research projects has been variously
assessed, with no bias being found in many instances. In these cases, the aim of the CTR
was to appear as a donor of equal standing with the American Cancer Society, the National
Science Foundation, the National Institutes of Health and other leading research bodies
[29], and in this way to acquire equal status with them by riding “piggy-back,” as it were.
It is ultimately a question of conscience whether money can be accepted from an industry
which is responsible for >1,000 smoking-related deaths a day in the USA alone.
In Germany, the “Smoking and Health” research council, the “Rauchen und Gesundheit
mbH” research company in Hamburg and the “Verum” (Behaviour and Environment)
foundation in Munich, advised by the physiologist K. Thurau and/or the clinical medical
specialist F. Adlkofer, have sought to do scientific work in this field [30, 31]. Their results
have been the subject of very severe criticism [30]. The Danish physician T. Voss was paid
US $3,500–6,500 a month by Philip Morris for speaking publicly against anti-smoking
groups. The Swedish physician T. Malmfors of the Karolinska Institute also worked for
Philip Morris, presenting the risks of passive smoking as unproven, for which they received
the equivalent of DEM 60,000 [32].
Around the year 1990, INFOTAB, a think tank supported by the tobacco industry, published “A guide for dealing with anti-tobacco pressure groups” [33], in which an early
warning system was established for setting up WHO bureaux and for holding regional
workshops of anti-smoking groups and non-smoker organisations and coalitions. These
initiatives were accompanied by activities aimed at delaying the establishment of antitobacco programmes. After BATCo had studied the WHO programmes, scientists were
enlisted and paid by BATCo who, acting as private persons, cast doubt on the WHO programmes. These scientists included, for instance, Paul Dietrich, at that time president of
the Institute for International Health and Development, and Bob Tollison from the Centre
for Study of Public Choice. The former played down the tobacco issues in a publication
planned for the New York Academy of Sciences, and the latter wrote similar articles for
the International Herald Tribune. The essence of these articles was that the WHO should
concern itself more with combating infectious diseases (malaria and cholera) in the Third
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World, rather than with issues such as safety belts or cigarettes and alcohol [34]. If these
misrepresentations of the WHO are repeated internationally often enough, they come to be
accepted as facts.
The questionable sponsoring of researchers at universities for studies sympathetic to
the tobacco industry should be reconsidered. Also in the USA, readers’ letters on the low
or non-existent risks of passive smoking have, according to the journal Science, been paid
for with sums up to US $10,000 and evidenced on the payrolls of the tobacco industry [35].
The Munich medical journal (Münchner Medizinische Wochenschrift) carried, in a supplement, a study on passive smoking by the well-known statistician K. Überla, entitled
“Liberty and responsibility – discussed with special reference to passive smoking,” which
was funded by the Peutinger-Collegium, a body closely affiliated to the tobacco industry
[35]. This institute has, since its foundation, been run by G. B. Gori, an adviser to the
tobacco industry, who also acts as its adviser in public. In the years 1992/1993, Gori
received over US $20,000 for five letters to scientific journals (J Natl Cancer Inst) and
daily newspapers (Wall Street Journal) [36–39].
Critical notice has also been drawn to the University of Nottingham, which opened an
International Centre for Corporate Social Responsibility with financial support from BAT
[40]. This decision by the university aroused considerable protest and controversial discussion in scientific quarters and raised the question as to whether an action of this kind was
ethically and morally justifiable in view of the major damage to health caused by the
tobacco industry’s products [41, 42]. It ought to be impossible for physicians to conduct
research work with the aid of subsidies from the tobacco industry (see Sect. 14.1)!

14.4
“Subsidised” Tobacco Growing
The cultivation of tobacco as a lucrative business for farmers is shown by a US list
of income that can be obtained by the cultivation of various agricultural products (see
Fig. 14.1) [12].
The world’s best tobaccos are grown outside of Europe; in the European Union, only
Greece (3% share) is able to produce tobacco of superior quality [43]. The EU subsidises
the tobacco industry to the tune of >1 billion annually, including 25.6 million for the
German tobacco growers [44]. In 1997, European tobacco farmers earned approximately
4,090 per hectare, a price which is below the average income for European farmers.
However, as this production is subsidised, it nevertheless continues. In the Greek part of
Macedonia, the farmers used to grow wheat, but because of the subsidies they switched to
tobacco, especially as the annual subsidies in Greece rose, between 1986 and 1995, to >409
million [43], i.e. approximately five times the market value. The costs of smoking to the
national economy (health care, social security, illness-related loss of production), on the
other hand, are about three times higher than the profit earned from tobacco growing [43].
Altogether, the tobacco industry employs some 200,000 people in the EU, whereby the
tobacco processing plants are also located in rural regions and support the economy there.

14.4 “Subsidised” Tobacco Growing

417

136

Wheat

190

Hay

228

Soybeans

306

Corn

478

Cotton

760

Peanuts

1,627

Sweet potatoes

4,191

Tobacco
0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

US-$ per acre [thousands]

Fig. 14.1   Agricultural value of selected crop products for the year 1995 [12]. Tobacco ranked
seventh in terms of frequency throughout the USA, behind the crops shown above. Tobacco
earned income of US $2.3 billion in the USA [12]

On the other hand, the value of the harvested tobacco only amounts to about 20% of the
subsidies paid for it [45] – a state of affairs which cannot be tolerated indefinitely.
If these jobs were “destroyed” through abolition of the subsidies, the result would be
high social costs. At the same time, however, the EU tobacco is either exported as “inferior” quality or is only used to make up bulk. The EU (and especially Germany) imports
80% of the tobacco it needs for production. In other words, a product is having to be subsidised which cannot even be subsequently used properly. The only solution to this problem would be

•
•
•

For the employees to be gradually moved to other jobs
To pay compensation to the tobacco growers for them to give up cultivation and so
reduce the amount of land under production (purchase of quotas; see also EEC Directive
No. 2,079/92)
To intensify controls on the amount of land under cultivation so as to ensure compliance
with EC laws

The goal of achieving quality improvements in the tobacco grown (“non-harmful” tobacco
qualities) is likely to be a long way in the future [45]. At best, tobacco plants should be used
to extract the nicotine for medicinal purposes. As other branches of industry in the EU have
also had to be restructured, it should be possible for the politicians to develop practicable
concepts in this field. The WHO has, however, stated, that the claimed effects on employment are exaggerated and that it is prepared to initiate aid measures for tobacco growers in
poor countries; in other words, there should be no obstacles to restructuring [46].
Paradoxically, world food aid programmes are supporting tobacco growing in various
countries with financial donations, e.g. Ghana. The arguments used to justify this run more
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or less as follows: “Tobacco is a traditional source of enjoyment and brings a little luxury
and pleasure into life.” In order to be able to grow tobacco in these countries, it is necessary to clear woodland. Moreover, because of the poor quality of the soil and the shortage
of fertiliser, the land obtained in this way can only be used for a few years and then has to
be replaced by new land [47]. According to UNO calculations, one tree has to be felled for
every 300 cigarettes produced.
The British government has rejected a report by the Commission, which was co-initiated
by the tobacco industry, to the Council on the joint marketing organisation for raw tobacco
[48] and spoken out against further subsidies for tobacco growing. Its proposals were,
however, not accepted [48].
An altogether indefensible attitude towards tobacco growing is that of the Swiss government: the federal government charges a kind of special tobacco duty of 2.6 rappen per
packet of cigarettes. The SFr 20 million of revenue this generates is not put into smoking
prevention, however, but is paid in subsidies towards tobacco cultivation [49]!

14.5
Governmental Control of Toxic Tobacco Constituents
In most countries in Europe (38 countries), national regulations specify maximum yields for
tar and nicotine in tobacco products. In 12 countries regulations for additives exist, while the
content of CO is regulated in only six countries. The limits for tar and nicotine are 12 and
1.2 mg per cigarette, respectively [50]. A 2001 EU directive will reinforce the regulation of
the constituents and ingredients of tobacco products and tobacco smoke (for details, see
Chap. 3.4, Tables 3.1–3.3). The data summarised in Table 14.2 indicate that there are still a
few EU countries that are lagging behind because they have not yet produced any national
Table 14.2   National action plans and coordinating bodies in selected European countries [50]
Country

National tobacco
control action plan

Specific targets on
tobacco in action plan

National coordinating
body for tobacco control

Austria
Belgium
Denmark
Finland
France
Germany
Greece
Ireland
Italy
Netherlands
Portugal
Spain
Sweden
United Kingdom

No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
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action plan for tobacco control and also have no organised national body for the coordination of such action plans [50].
By 2004 the new standards will stipulate yields for tar and nicotine of 10 and 1 mg per
cigarette, respectively. By 2003 all EU member states will require manufacturers and
importers to submit a list documenting all ingredients and their quantities used in the
manufacture of tobacco products, by brand name and type. The list of all ingredients will
be published.
The proposal, discussed within the EU since 1999, concerning the harmonisation of the
legal and administrative requirements relating to the manufacture, packaging and sale of
tobacco products (1999/0244 COD; KOM 1999-594) [50] envisages that, with effect from
2003, the yields of tar and nicotine per cigarette will be lowered to 10 and 1 mg respectively, and that the CO content per cigarette will be <10 mg with effect from 31 December
2003. It is also planned to include other constituents of cigarette tobacco in this control
system. The warnings printed on cigarette packs are also to be regulated. The manufacturers and importers of tobacco products will be required to list for their cigarette brands the
non-tobacco ingredients and constituents with quantitative details. The use of misleading
labels such as “light,” “mild” and “ultralight” will be prohibited. It is a recurring complaint
that inadequate information and the lack of toxicology data make it impossible for the
appropriate authorities in EU countries to arrive at a meaningful estimate of the health risks
of tobacco products for the consumer. The lack of such information prevents the bodies
responsible from ensuring a high level of health protection. It is to be hoped that this directive will also be implemented in all EU countries in the near future.

14.6
Tobacco Taxes
There have been duties and taxes on tobacco consumption in some countries for over 200
years (cf. Chap. 1). Today, the taxes on tobacco products are much higher than the actual
sales value of the products themselves. Price increases are one effective instrument for
reducing tobacco consumption, at least temporarily. As the data summarised in Fig. 13.2
shows, the various tobacco taxes and duties levied in the EU are equivalent to about 66%
of the consumer prices [51]. In the European Union, the aim is for a minimum tax rate of
about 70% of the retail end price [52]. Germany is just below this level, lying in secondlast place (Fig. 13.2). While the cigarette price in Germany, allowing for inflation, rose by
4.1% from 1987 to 1993, it has risen in Great Britain by 25% since May 1997. The example of the United Kingdom illustrates that as tobacco tax rises, revenue rises too over 2–3
decades (Fig. 14.2).
There is an inverse relationship between the cigarette price and the level of consumption, with the latter falling as the former rises. On average, a 10% increase in price causes
cigarette consumption among adults to drop by 3–7% [53]. Naturally, such price increases
have a far bigger effect on consumption among children and juveniles, allowing a 2–3
times higher decrease in cigarette consumption to be reckoned with [54]. A doubling of the
cigarette price would trigger a significant drop in cigarette consumption, provided tobacco
smuggling could be effectively stopped. A price increase on this scale would also result in
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substantial health gains among the socially weaker groups [55]. Initial experience with an
approach of this kind could be gained in Canada in the years from 1982 to 1991: the sharp
rise in tobacco duty during this period resulted in a 40% decrease in tobacco consumption,
smuggling included [56]. An even bigger drop was observed in New Zealand [57].
However, such measures only take effect after several years [58]. In the case of juveniles,
such tax increases can be seen to produce a decreasing interest in cigarettes over an extended
period of time [59, 60]. Initial fears of loss of revenue by the state and an increase in smuggling prove only limited, because the tax revenue per pack increases considerably [61].
However, these increased revenues should be devoted to tobacco-related health projects.
Small rises in tobacco duty of the kind that came into force in Germany at the start of the
year 2002 have only little effect. Moreover, the German finance minister justified the tax
increase by stating that the revenue would be devoted to “improving internal security”
– a highly immoral argument as it could make smokers think that by consuming heavily,
they are performing a public duty.

14.7
Regulations on Smoking
A primary goal of tobacco regulation is to reduce smoking-related diseases and the general
harm to society arising from smoking. This includes the earlier mortality of smokers, the
damage to the health of non-smokers, and ultimately also the costs to business and the
economy as a whole. Tobacco regulation therefore has three important objectives:

•
•
•

To stop people from starting smoking
To help people to stop smoking or to at least substantially reduce their tobacco
consumption
To protect non-smokers from the risks of passive smoking (ETS)

The results achieved in many industrialised countries, including Germany, have so far
been unsatisfactory and inadequate [62].
In March 2000, the International Society Against Cancer and the Association of
European Leagues to Combat Cancer put forward a further proposal for an EU directive on
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the control of tobacco products (COM (99) 594) which contains several crucial points on
tobacco regulation:

•
•
•
•
•
•
•
•
•
•

Restrictions on advertising and effective warning of the health risks
Deglorification of the image of smokers
Regulation of the substances contained in tobacco to limit damage to health
Protection of minors by restricting their access to tobacco products
Increase in the retail prices through higher duties and taxes
Combating the influx of cheap smuggled cigarettes
Eliminating the subsidies for tobacco growers
Requiring the industry to pay compensation for damage to smokers’ health
Support for special lifestyle campaigns to dissuade young people from smoking
Advice, assistance and treatment to help people who want to stop smoking

How this directive can be implemented is as yet unclear [63]. However, many countries
have implemented a variety of restrictions.
In England, smoking was banned in indoor public places, including workplaces, bars,
clubs and restaurants, on 1 July 2007. Some places, such as certain smoking hotel rooms,
nursing homes, prisons, submarines, offshore oil rigs, and stages/television sets (if needed
for the performance) were excluded. Palaces were also excluded. Members of the House
of Commons and the House of Lords agreed to ban all smoking in the Palace of
Westminster. The on-the-spot fine for smoking is varying and smoking will be allowed to
continue anywhere outdoors.
With some of Europe’s highest smoking rates, Germany has a patchwork of smoking
bans because of its federal structure with 16 states. In general, smoking is banned on public
transport, hospitals, airports and in public and federal buildings, including the parliament.
Italy was one of the first countries in the world to enact a nationwide smoking ban.
Since January 10 2005 it is forbidden to smoke in all public indoor spaces, including bars,
restaurants and clubs/discos. However, special smoking rooms are also allowed but only
1% of all public establishments have opted for setting up a smoking room. The ban turned
out to be very popular. It is strictly enforced.
France tightened an existing ban on smoking in public places on 1 February 2007.
Smoking is banned in all public places (stations, museums, airports). However, there is an
exception for special smoking rooms fulfilling strict conditions. Also, special exemptions
were made for cafés and restaurants, clubs, casinos, bars, etc. until 1 January 2008. Opinion
polls suggested that 70% of people support the ban.
Since all the United Nations properties are not the subject of any national jurisdiction,
the United Nations have their own smoking and non-smoking policies. Following the
gradual introduction of partial smoking bans between 1985 and 2003, Secretary General
Kofi Annan introduced in 2003 a total ban on smoking at UN Headquarters.
In the USA and Australia, the number of smokers and the number of cigarettes smoked
at the workplace has been observed to decline when workplaces are declared smoking-free
[64]. In the USA, the smoking policy is determined at the state or at the municipal level,
but not by the federal administration. Therefore, smoking policies are clearly instituted at
the state or local level. Over 50% of Americans are covered by a ban ordinance of some
degree. The bans vary from total smoking bans (even outdoors), to no ban at all.
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President Obama has an impressive legislative record concerning tobacco control prior
to the presidential election. In this respect, as a senator Obama joined nine U.S. Senate
colleagues in calling on President Bush to send to the Senate for ratification the FCTC, the
world’s first public health treaty. Obama was also one of the original cosponsors of pending landmark legislation providing the Food and Drug Administration with authority to
regulate tobacco products and tobacco marketing.

14.8
Bans on Advertising in Various Countries
In some countries, there are increasing numbers of people who advocate a ban on smoking
and on tobacco advertising and who are gaining growing public support. Some related
facts have already been discussed in Chap. 13. However, there are already restrictions on
tobacco advertising in all 24 OECD countries, which in the course of 20 years have resulted
in a measurable reduction in tobacco consumption (Fig. 13.9). But only six countries have
prohibited advertising completely: Iceland (1972), Norway (1976), Finland (1979),
Portugal (1984), Italy (1984) and Canada (1989) [23].
A list has been published showing the average consumption in grams per person in
most European countries for the years 1964 to 1990 [23]. Those countries with a ban on
advertising can also record a decline in tobacco consumption (Fig. 13.9).
In many big cities of China, including Beijing, smoking has been restricted or prohibited in public buildings and on public transport since the 1980s [65] and, in view of the
growing number of cancer cases, the Medical University of Zhejiang will no longer accept
students who smoke [66]. In Norway, the “Anti-Nicotine Act,” which was passed in 1995
and came into force at the beginning of 1996, seeks to reduce smoking in public, with bans
on smoking in schools and other public places (restaurants, cafes, shopping centres, airports, cinemas; Fig. 14.3). The high price for cigarettes (4.75 for 20 cigarettes) is also a
deterrent to purchase, while juveniles have to provide proof of age when buying cigarettes.
Cigarette vending machines are prohibited, as is advertising [67]. Also in Israel there are
now restrictions in place on tobacco advertising, and adverts may not show either people
or animals. In addition, every cigarette packet must bear a health warning [68]. In Poland,

Fig. 14.3   Time-dependent
differences in the increase of
the mean price and in the tax
revenue of one cigarette
(cent) in Germany. The
portion of the mean tax
revenue decreased from
1984 to 2000 continuously
from 66.7 to 59.5% (data
from the Statistisches
Bundes-amt, Wiesbaden)
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an anti-tobacco law was passed almost unanimously in August 1995; this prohibits the sale
of tobacco products to young people (<18) as well as in schools, hospitals and at sporting
events, makes cigarette vending machines illegal, bans smoking in public places, except in
special designed areas, and at the workplace, and contains a general prohibition on advertising for tobacco products in public buildings, in the media and at health, cultural and
sporting events [69]. Anyone found smoking in a hospital or a school can be fined up to
1,250 [70]. Since 1998, health warnings have been required to be placed on cigarette packets and must cover 30% of the total area on each side [71].
In Great Britain, a ban on tobacco advertising in the press and on hoardings came into
force in December 1999. This prohibition also includes shops and newspaper kiosks.
Additionally, all sponsoring by the tobacco industry is banned from July 2003 [72].
Smokers who are caught dropping a cigarette in the street in the London borough of
Westminster are subject to on-the-spot fines in an amount equivalent to 40 [73]. Moreover,
several British insurance companies offer a special discount for non-smoking drivers who
can give a declaration that they have not smoked for at least 1 year [74]. The thinking
behind this is that the eyes of drivers who smoke water more; the drivers therefore blink
more often, which reduces their attention to the road [74]. They also suffer from chronic
CO intoxication, with all its consequences (cf. Chap. 6). In Italy, a government decree
came into force in January 1996 that prohibits smoking in all public buildings, meaning in
this case ministries, local government offices, post offices, railway stations, etc. [75].
At its recent meeting in Seville, the International Automobile Federation (FIA) adopted
a general ban on tobacco advertising, including a prohibition on sponsoring, with effect
from the end of 2006 [76]. This decision is remarkable insofar as an FIA resolution of this
kind was considered unthinkable as recently as only a year ago, but has now been taken in
consultation with the WHO.
A resolution to ban tobacco advertising had been adopted at EU level, but the governments of Germany and Austria have launched – on the instigation of the tobacco
industry – legal action against this at the European Court of Justice in Luxembourg. In
the meantime, this EU directive had been declared void by the Irish Attorney General,
N. Fennelly, on grounds that “the EU has quite simply no jurisdiction to issue a ban on
tobacco advertising.” Advertising spending worth 200 million and sponsoring worth
100 million was dependent on this decision [77]. However, tobacco advertising bans
spread to a large number of countries meanwhile. In this respect, these advertising bans
parallel the increasing number of public smoking bans (see Sect. 14.7).

14.9
Tobacco Industry: Playing Down the Risks of Smoking and Passive Smoking
At the start of each year, many people adopt a resolution to lead a healthier life and stop
smoking, and at exactly the same time, the tobacco industry intensifies its advertising
[78, 79]. According to unofficial figures, worldwide spending on cigarette advertising in
1987 amounted to nearly 1 billion EURO. In Germany, tobacco advertising has for some
years involved slogans such as “I just enjoy smoking,” “The best thing about temptation is
giving in to it” or “Every cigarette you don’t consciously enjoy is one too many” [80]. One
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message of the cigarette industry that is especially dangerous is that people should “smoke
in moderation.” How is an alcohol addict, for instance, supposed to drink in moderation?
The nicotine in cigarettes leads many people to increase their intake, with all the hazards
associated with the combustion products. In this context, attention is once again drawn to
the confidential position paper issued by the tobacco industry, which has been mentioned
before [15].
In light of the various legal actions against the tobacco industry, Philip Morris has now
adopted a new policy. The Department of Justice wishes to claim compensation for the
costs incurred annually by Medicare for the treatment of smoking-related disease. “For
over 45 years, the cigarette firms have been conducting their business with no regard for
the truth, the law, or the health of the American population,” as Janet Reno, the former US
Attorney General, put it [81]. For this reason, Philip Morris is now using the slogan:
“Smoking can make you ill” [82]. The company’s advertising also adopts a similar vein:
“Don’t smoke our cigarettes” is one advertising message that has even been shown on US
television [83]. The director of BAT, Martin Broughton, stated in March 2002 to The Times
newspaper: “I think smoking does involve health risks.” He himself does not smoke, he
said, apart from an occasional after dinner cigar, because he is afraid of the risk of illness
through smoking. He has also advised his two children against smoking cigarettes [84].
A highly typical example for the obfuscation of scientifically substantiated facts is the
activities of the tobacco industry concerning the harmfulness of environmental tobacco
smoke (ETS) [85]. In this case, the tobacco industry has got together a network of scientists who claim that ETS has not been proved to cause damage to health. The tobacco
industry has set up ostensibly independent research institutes which concern themselves
with the ETS problem. Examples of such institutes are the “Project Viking,” the Tobacco
Action Committee (TAC), the “Whitecoat,” the Centre for Indoor Air Research (CIAR),
the Occupational Health and Safety Association (OHSA) etc. Between 1965 and 1993
alone, these and various other bodies organised 11 symposia on ETS, of which six were
overtly funded by the tobacco industry [86].

14.10
Smoking and Non-smoking: Weighing the Benefits
One claim that smokers and sympathisers of the tobacco industry have been making for
decades is that smokers are the cheapest citizens because they die younger, tend to contract
illnesses that quickly lead to death, and therefore cost less in the way of pension payments.
This often used argument is untrue and needs refuting [87]. As long ago as 1999, the World
Bank showed that while the life of a smoker is shorter, it is also more expensive than that
of a non-smoker if the costs of health care and the loss of working days are also taken into
account [88].
According to the calculations of a group working in Heidelberg, the costs for reproduction and loss of resources caused by smoking are significantly higher than those caused by
alcohol, obesity and even road traffic (Table 14.3) [87]. On conservative estimates, the
costs to the economy caused by smokers amount to 40 billion (11.75 through work
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Table 14.3   Costs to the economy through damage to health in Germany, with attribution to the
various causes
Cause
Smoking
Alcohol
Sugar, meat animal fats
Road traffic
Total

Reproduction costsa

Costs of lost resourcesb

15.7
0.9
7.1
5.6
29.2

19.6
4.2
4.1
25.2
53.2

Total
35.2
5.1
11.2
30.8
82.4

Figures in billion € per year [87]
a
Costs of medical treatment, including administrative costs
b
Loss of economic production because of illness, injury or death

disability, 6.75 through excess mortality and 21 through premature invalidity), while the
revenues of the state from tobacco duties and taxes amount to only 11.5 billion. It should
also be taken into account in this context that

•
•

Considerable portion of the cigarettes smoked were smuggled into the country, thereby
reducing the state’s revenues
The treatment of smoking-related diseases is paid for not out of tobacco tax revenues
but by the health insurance funds into which everybody pays contributions [62]; the
costs for such treatment from tobacco duties and taxes by 6–7 billion [89]

The state uses the money from tobacco tax for all kinds of activities, but not for the health
system. According to a study by the Umwelt-Prognose-Instituts Heidelberg e.V., an environmental forecasting body, the costs for the treatment of smoking-related diseases
amounted to 15.65 billion in 1997 [90]. In view of this, the demands of the health insurance funds that part of the tobacco tax revenues should be used to finance the treatment of
smokers appear highly justified: the Deutsche Angestelltenkasse (German Health Insurance
Fund for Salaried Employees), for instance, has demanded that 30% of the revenues from
the duty on tobacco and spirits tax should be put towards the treatment of smoking-related
diseases [91]. If health levies were imposed on alcoholic beverages and tobacco, they
would, even at moderately rising rates, be able to generate revenues of up to 65 billion per
year, which would even allow the contribution rates to the health insurance funds to be
reduced from 14% of wages to 8.5% [90]. At the same time, this would mean a reduction
in ancillary wage costs of 40% [90]. With 192.5 billion cigarettes produced in the year
1996 [3], a “cigarette penny” would already produce revenues of 98.42 million, which
could be put towards health expenditure.
If the costs for the treatment of a patient with ischaemic heart disease or lung cancer are
compared with the costs of therapy to enable people to stop smoking, the difference in is
considerable. Even including several consultations with a doctor, nicotine replacement
therapy could amount to at most 650 a head, while the costs for treating a patient with
coronary heart disease or lung cancer, who will then probably die anyway, is estimated at
49,340 (heart attack) and 41,785 (lung cancer) [92]. If patients were themselves to pay for
the nicotine instead of for the cigarettes they smoked, the costs for medical consultation in
Germany would amount to 200–250 at most.
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Each employee in the tobacco industry accounts for annual sales revenue of 1 billion
[3]. If the purchasing power of smokers was diverted from cigarettes-to other products of
our economy, many times the number of jobs would be created in other industries, because
these generate much less sales revenue per employee: according to 1996 figures, the
amount of purchasing power volume that would have to be diverted would be at most
15.13 billion [3].
At the end of this section, here are just a few remarks on an analysis of a kind which
will certainly already have been done before by health insurance funds, insurance companies and politicians, with the aid of actuaries: namely, the study carried out in the Czech
Republic by Philip Morris in the year 2000. The aim of the study, conducted by the firm of
A. D. Little on behalf of Philip Morris, was to find out whether, taking the revenues from
tobacco tax and duties and the expenditure on health and social costs into account, the
Czech state makes a “profit” or a “loss” from smokers. For the period of the study, the year
1999, the study shows the Czech state to have made a profit of  ± 5,815 million Czech
crowns (CZK) (confidence interval: CZK ±1,347 to ±13,650 million, equivalent to US
$147.1 million). In the analysis, it is shown that the negative effects of smoking (increased
health and social costs) are outweighed by the positive effects (tobacco duty and value
added tax on tobacco products). This therefore means that smoking has a positive effect on
the state balance sheet. “This conclusion would hold even if the indirect positive effects of
smoking were neglected.” After being submitted to the government of the Czech Republic,
this study was immediately analysed and several accounting errors found [93, 94]. The
central message of the Philip Morris study, namely that “smoking has a positive effect,” is
indicative of the unethical character of the study with its unacceptable disregard for fundamental human values, and Philip Morris ought to make a public apology for it [95].

14.11
Concluding Remarks
On the basis of the problems outlined above, the following measures are necessary:

•
•
•
•
•

Ban on all advertising for tobacco products.
Effective primary and secondary prevention measures, taking into account the fact that
the majority of smokers are to be found among people with lower intellectual ability or
lower school qualifications, so that the programmes must therefore be designed
accordingly.
Increase in tobacco duty, which has always been an important regulative for reducing
tobacco consumption among the population (see Fig. 14.4) and may be more effective
than public health information programmes [87].
Ban on the sale of cigarettes to young people under 18 years, and abolition of cigarette
vending machines.
Increase in health insurance premiums for smokers, taking the latest developments in
the health system into account.
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Financial support for the activities of the health insurance bodies towards preventing
smoking among young people and helping adults to give up smoking.
Commitment by members of the medical profession to reduce smoking among their
own ranks and to update their own knowledge about smoking and the substances contained in nicotine, with their effects on the human body.
Urgent appeal to politicians to reconsider their attitude towards the tobacco industry, to
take a stand against smoking in public and to adopt measures to benefit non-smokers,
who form the majority of the population.
Implementation of directives on tobacco control and full recognition of deleterious
effects.
Recognition of nicotine as an addictive substance.
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Appendix: Experiences
from a Smoker Counselling Centre

15

The following procedures were established at the Smoker Counselling Centre in Erfurt,
Germany. The Smoker Centre aims to provide free counselling to smokers and, upon
request, to help them achieve smoking cessation. The Counselling Centre, which may be
seen as a model for centres, provides a phased service as follows:

•
•
•

Individual counselling, free of charge over several consultations, to smokers who wish
to quit.
Smoking cessation discussions and therapy on a group basis, and telephone counselling
of smokers.
Smoker education in public lectures, specifically for adolescents in schools and for
pregnant women.

15.1
Treatment Strategy
The strategy to promote smoking cessation is based on physician advice combined with
administration of nicotine replacement therapy (NRT). Our experience indicates that nicotine is the drug that smokers have been taking anyway through cigarettes over a period of
several decades. They may, therefore, also continue to receive it in a pure, but low-dose
form for a further maximum period of 3 months (see Chap. 11). The success rates achieved
in the Centre clearly surpass those reported from many other sources using non-drug methods as well as pharmacotherapy. The benefit–risk ratio is high because, in contrast to other
medications, the adverse effects of treatment are invariably kept within manageable limits.
Treatment of the smoker should aim at complete cessation, and stopping smoking abruptly
is indicated. Some 20–40% of smokers achieve this goal without any medical intervention,
through willpower alone and without outside help. Because of their heavy dependence and/
or considerable habituation, many smokers are unable to give up smoking completely, with
the result that “harm reduction” or partial cessation is then a possible option. The goal here
is for smokers (simultaneously patients at risk) to cut their consumption to <10 cigarettes/
day with pharmacological support. After a longer period of reduced cigarette consumption,
some smokers may possibly themselves recognise the sense of quitting completely.
K.-O. Haustein, D. Groneberg, Tobacco or Health?
DOI: 10.1007/978-3-540-87577-2_15, © Springer Verlag Berlin Heidelberg 2010
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The smoker’s own determination to quit is the crucial prerequisite for success in smoking cessation therapy. Discordant smokers are more suitable as patients. In principle, given
the many and well-known harmful effects of smoking, any intervention to achieve smoking
cessation is to be recommended (for details of indications, see Sect. 10.1 in Chap. 10).

15.2
The Counselling Process
During the initial consultation, the patient’s history is taken and information is elicited
concerning any concurrent illnesses that might be relevant in terms of smoking cessation.
The Fagerström Test is administered to determine the degree of nicotine dependence
(Table 4.5 in Chap. 4). Smokers undergo a situational analysis to determine how easily
they can be provoked to smoke, and the CO content in expired air and forced expiratory
volume in 1 s (FEV1) are measured. They are informed in detail about the harmful effects
of smoking, and the effects of nicotine and those of tobacco smoke and its constituents are
discussed separately. The mode of action of the various nicotine products is then explained.
Once smokers have consented to NRT, one or perhaps two nicotine products are prescribed, depending on the extent of smoking, the Fagerström Test score and CO levels in
expired air.
Future ex-smokers are issued with an information booklet written in the Institute and are
referred to the nearest pharmacist with a private prescription and precise instructions on
how the nicotine products are to be used. Patients are told to start using the nicotine products that same day in the form supplied. A date is also fixed for the next appointment. The
initial consultation lasts for 1-h, giving smokers the opportunity to outline their motives for
smoking. Information sessions in dialogue format have been assessed positively.
The appointment schedule for individual smokers who wish to quit depends on the
progress made. Weekly appointments are made initially, followed later by appointments
every 2 weeks and then every 4 weeks. Interim telephone counselling is often considered
helpful. In all cases, the target is for the ex-smoker to report an outcome of tobacco abstinence after 6 months. The number (n = 6–12) and duration of subsequent counselling sessions will depend upon the success of therapy.
Contrary to what is stated in the prescribing information, nicotine products are used in
double or triple combinations, depending on the assessed severity of dependence (see
Table 11.3 in Chap. 11). Additional individual counselling for smokers is essential and
boosts the success rate. The duration of treatment is guided by the active and successful
cooperation of the ex-smoker and may range from 4 to 12 weeks. The nicotine dose administered initially is reduced as rapidly as possible: this means that the patient’s cravings
should be extremely minimal or abolished altogether. Nicotine patches with a nicotine
release rate of 1.5 mg/h are prescribed to be worn only for 16 h during the day. The patch
dose is reduced by halving the patch – though this is only possible with Nicorette patches.
Nicotine chewing gum and/or nasal spray are used in addition, with treatment supplemented by both products together in exceptional cases only (see Table 11.3 in Chap. 11).

15.3 Experiences with Outpatient Smoker Counselling
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If smokers who wish to quit do not receive NRT with nicotine doses that are similar to
those obtained from cigarette smoking, they relapse at once. Naturally, these high initial
doses must be reduced as rapidly as possible, but in a way that reliably prevents relapses.
The risk of adverse effects through to intoxication exists only if ex-smokers additionally
smoke larger quantities of cigarettes during this period.

15.3
Experiences with Outpatient Smoker Counselling
In the 2.5 years since the Centre has been in existence, a total of >1,000 smokers, primarily from Thuringia (but also from other regions of Germany), have enrolled with the
intention of quitting smoking. History-taking revealed that these patients were highly dissatisfied with their smoker status, and many of them admitted that for years they had
wanted to quit the habit, but had been prevented from doing so by their degree of dependence. Over the intervening period, smokers for whom smoking cessation is an urgent
necessity on medical grounds have also been referred to the Centre by their doctors. After
an initial consultation, patients from other German regions have then undergone telephone counselling and successfully achieved smoking cessation. Among the patients at
the Centre, five had already withdrawn from alcohol and successfully remained tobaccoabstinent for 6 months.
On average, female smokers have smoked 20 cigarettes/day for 17 years, while male
smokers have smoked 25 cigarettes/day for 20–25 years. The very heaviest smokers consume
80–100 cigarettes/day. Attempts at smoking cessation initiated by the smokers themselves
have lasted for a maximum 4 weeks in women and generally for only 1 week in men.
The Fagerström Test in women has revealed scores of 4–6 for the most part, with scores
of 7–10 in isolated cases only, whereas in men scores of 4–6 or 7–10 were recorded with
equal frequency. At the start of treatment, the smokers had an average CO level in expired
air of 21 ppm. On the completion of successful treatment, levels of 5 ppm were recorded.
CO levels of 80 ppm were measured initially in four cases. For ex-smokers, the measurement of this variable was an important marker of success in cases where smoking cessation
was achieved.
Further appointments with ex-smokers at weekly or fortnightly intervals are useful,
particularly at the start of treatment. Approximately 25% of smokers who attend a first
appointment fail to return subsequently. A further 25% give up the treatment after 4–8
weeks because they have relapsed. Also of importance is the patients’ experience of leaving the first consultation – supplied with NRT products – without having the craving to
smoke. This abstinence from smoking was also confirmed by virtually all ex-smokers
(97%) during the following week and should be interpreted as a key experience: “The feeling that it is not necessary to smoke.” In this context, it is important that smokers obtain
their nicotine products immediately from a nearby pharmacy. If the continuous supply of
nicotine is not guaranteed immediately after the first consultation, patients turn back to
cigarettes and thus, start to smoke again.
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15.4
Success in Smoking Cessation
An analysis of the 116 smokers attending our Centre during the first 6 months of 2,000
reveals that, of those seen for the first time, a total of 86 smokers returned for further consultations after the first session. These 86 individuals evidently intended to undergo smoking
cessation therapy, whereas the remaining 30 patients attended simply to obtain information
and were not included in the analysis because they did not even attempt smoking cessation.
In a specific telephone interview, 21 male and 17 female patients reliably stated that they had
been abstinent from cigarettes for at least 6 months (corroborated by CO measurements). The
calculated success rate was, therefore, 44.7% for males (21 out of 47) and 43.6% for females
(17 out of 39). These percentages are clearly higher than the success rates of 20–30% reported
in the literature. In the meantime, we included 200 smokers into a controlled study to evaluate the efficacy of NRT under standardized conditions. The results will be evaluated in the
beginning of 2003.

15.5
Concluding Remarks

•
•

•

PR campaigns and notices in the press should be used repeatedly to reinforce the existence and availability of Smoker Counselling Centres.
Smoking cessation therapy is successful particularly if the physician simultaneously
shows “strong support” for the patient (in terms of counselling input) and initiates NRT
with sufficiently high nicotine doses. It is also important for smokers to realise that they
can leave the counselling session in the afternoon without smoking a cigarette
afterwards.
In addition, patients should be supplied promptly with nicotine replacement drugs from
a nearby pharmacy to ensure that the decision to quit smoking is not frustrated right at
the outset by an organisational obstacle.

15.5
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Initial consultation (Day 0):
Family name: ........................................... First name: ........................................
Patient no.: [_I_I_]
Date of birth: [_I_].[_I_].[_I_]
Address: ...........................................
Height [cm]: [_I_I_]

Tel.: ............/...................

Body weight [kg]: [_I_I_]

Health insurance scheme: .................................
Medical history
Yes* No

Angina pectoris
Myocardial infarction
Hypertension
Cardiac arrhythmias
Peripheral vascular disease
Recent gastrointestinal ulceration
Skin disease
Chronic infection (tuberculosis, hepatitis)
Metabolic disease (diabetes mellitus, gout)
Allergic reactions
Diseases of internal organs (liver, kidneys)
Other diseases, elective hospitalisation
Receiving regular medication*
Abuse of alcohol and other drugs
Use of smokeless tobacco (snuff or chewing tobacco)

* If yes, provide details.
Medication history (with dosage details):

Not
known
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Blood pressure (BP) and heart rate (HR) readings:
yes
(Readings to be taken after the patient has sat quietly for 10 minutes)
Reading

BPsys
[mmHg]

BPdia [mmHg]

HR [1/min]

1

[_I_I_]

[_I_I_]

[_I_I_]

2

[_I_I_]

[_I_I_]

[_I_I_]

3

[_I_I_]

[_I_I_]

[_I_I_]

Mean readings:

ECG

[_I_I_]/[_I_] mmHg

[_I_I_]/min

(o p t io nal)

Conduction times
(mean of 3 R-R intervals)

ye s / n o
PQ
QRS
QT

[__I__I__] ms
[__I__I__] ms
[__I__I__] ms
Ye s

No

Abnormalities?
If yes , sp e cify d e t a ils:

Smoker history
For how many years have you smoked?
How old were you when you started smoking?
How often have tried to quit smoking?

never
once
several times

[_I_]
[_I_]
[_]
[_]
[_]

What method did you use? ...........................................................................
Discordant smoker: ...................................................... . yes: ....... no: .......
Carbohydrate dependence: .............................................. yes: ....... no: .......
.............................................................................................................
Chronic bronchitis or COPD:............................................ yes: ....... no: .......
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Fagerström Test for Nicotine Dependence
Qu e st io n s

Re sp o n se s

Scores

1

How soon after you wake up do you
smoke your first cigarette?

Within 5 minutes
6---30 minutes
31---60 minutes
After 60 minutes

3
2
1
0

2

Do you find it difficult to refrain from
smoking in places where it is forbidden?
(e.g., in the cinema, in meetings etc.)

Yes
No

1
0

3

Which cigarette would you hate most
to give up?

The first in the morning
Any other

1
0

4

How many cigarettes per day do
you smoke?

10 or less
11---20
21---30
31 or more

0
1
2
3

5

Do you smoke more frequently during
the first hours after awakening than
during the rest of the day?

Yes
No

1
0

6

Do you smoke if you are so ill that you
are in bed most of the day?

Yes
No

1
0

To t a l sco re :

[_I_]

Cravings
Situational analysis: I can go without smoking … (How certain are you?)
1
1.

When I feel anxious

2.

When I get annoyed

3.

When I’m with smokers

4.

When I have cigarette cravings

5.

When I drink wine or beer

6.

After eating

7.

When I’m nervous

8.

When I’ve done something great

9.

When I’m occupied with difficult problems

10.

2

3

4

5

When I’m ‘‘down’’

1: Not certain at all, 2: Rarely certain, 3: Often certain, 4: Mostly certain, 5: Absolutely certain
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Taste
Smell
Performance (physical)
Subjective mood produced by smoking
Cough
Mucus
Degree of impairment/presence: 1: Extreme, 2: Considerable, 3: Moderate, 4: Hardly any,
5: None (i.e., symptom-free or not present)
CO content in expired air
Reading [ppm]: [_I_]
(measured with Bedfont Micro II Smokerlyzer)
FEV1 [l]: [_],[_][_]
Standard information provided on the hazards of smoking:

yes/no

Treatment proposal discussed with patient:

yes/no

Medication issued during the consultation after informing the patient about the effects of nicotine:
Patient given
[__] nicotine patches, each containing 24.9 mg,
plus
[__] pieces of nicotine chewing gum, each containing 4 mg,
or/plus
[__] spray doses of nasal spray totalling ..... mg.
Patient intends to stop smoking immediately:
Patient intends to stop smoking within 2--3 days:
Patient intends to stop smoking after 1 week
Patient does not intend to stop smoking and is unable to decide
wh e t h e r t o h a ve t h e t re a t m e n t

yes/no
yes/no
yes/no
O

The following have been prescribed or recommended for subsequent treatment:
[__] [__] Nicorette chewing gum 2 mg (O) or 4 mg (O)
[__] [__] Nicorette membrane patch 16.6 mg (O) or 24.9 mg (O)
[__] [__] Nicorette nasal spray 10 ml
Further treatment measures: ........................................................................
Date of next appointment: ...........................................................................

Follow-up appointments after 1, 2, 3 weeks on ........ ........ ........
(Use the same forms for all consultations)
Patient attended appointment
yes/no
yes/no
Patient telephoned to cancel
Smoking history: smoked: yes ( ) --- no ( ); number of cigarettes: ........ per day

15.5

Concluding Remarks

Feels: very well --- well
Cravings:

441
--- satisfactory

CO in e xp ire d a ir:

--- unwell
ye s ( ) --- no ( )
. . .. . ... p p m CO

Situational analysis: I can go without smoking … (How certain are you?):
1
1.

When I feel anxious

2.

When I get annoyed

3.

When I’m with smokers

4.

When I have cigarette cravings

5.

When I drink wine or beer

6.

After eating

7.

When I’m nervous

8.

When I’ve done something great

9.

When I’m occupied with difficult problems

10.

2

3

4

5

When I’m ‘‘down’’

1: Not certain at all, 2: Rarely certain, 3: Often certain, 4: Mostly certain, 5: Absolutely certain
Adverse effects during treatment with nicotine products (underline):
Patch:
Skin redness, tingling, inflamed skin, itching, burning;
Chewing gum: Nausea, mucosal redness, bleeding in the mouth, irritation at back of throat;
Nasal spray: Sneezing, runny nose, nosebleed, watering eyes, headache.
To b acco wit hd raw al s ymp t o ms :

ye s

no

Depression

ye s

no

Concentration disturbances

ye s

no

Reduced performance

ye s

no

Bad mood

ye s

no

Irritable reactions

ye s

no

Worried, anxious

ye s

no

Insomnia

yes

no

Increased appetite

ye s

no

Body weight increase

ye s

no

by ........ kg in ........ weeks/months
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Blood pressure (BP) and heart rate (HR) readings:
(Readings to be taken after the patient has sat quietly for 10 minutes)
Reading

BPsys [mmHg]

BPdia [mmHg]

1

[_I_I_]

[_I_I_]

[_I_I_]

2

[_I_I_]

[_I_I_]

[_I_I_]

3

[_I_I_]

[_I_I_]

[_I_I_]

HR [1/min]

[_I_I_] / [_I_] mmHg

Mean readings:

yes

[_I_I_] / min

The following have been prescribed or recommended for subsequent treatment:
[__] [__]
[__] [__]
[__] [__]
Further treatment measures: ........................................................................

Final consultation (after 6 months): on ......... ......... .........
Patient attended appointment
yes/no
Patient telephoned to cancel
yes/no
Sm o kin g h ist o ry: sm o ke d :
yes/no
Patient feels: very well
well
satisfactory
unwell
Cravings: yes/no; Number of cigarettes smoked: .................. per day
CO in e xp ire d a ir:
FEV1 [l]:

.. .. .. .. . p p m CO
[_],[_][_]

Fagerström Test for Nicotine Dependence
Questions

Responses

Scores

1

How soon after you wake up
do you smoke your first
cigarette?

Within 5 minutes
6---30 minutes
31---60 minutes
After 60 minutes

3
2
1
0

2

Do you find it difficult to
refrain from smoking in
places where it is forbidden?
(e.g., in the cinema, in
meetings etc.)

Yes
No

1
0

3

Which cigarette would you
hate most
to give up?

The first in the morning
Any other

1
0

4

How many cigarettes per day
do you smoke?

10 or less
11---20
21---30
31 or more

0
1
2
3
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5

Do you smoke more
frequently during the first
hours after awakening than
during the rest of the day?

Yes
No

1
0

6

Do you smoke if you are so ill
that you are in bed most of
the day?

Yes
No

1
0

To t a l sco re :

[_I_]

Situational analysis: I can go without smoking … (How certain are you?)
1
1.

When I feel anxious

2.

When I get annoyed

3.

When I’m with smokers

4.

When I have cigarette cravings

5.

When I drink wine or beer

6.

After eating

7.

When I’m nervous

8.

When I’ve done something great

9.
10.

2

3

4

5

When I’m occupied with difficult problems
When I’m ‘‘down’’

1: Not certain at all, 2: Rarely certain, 3: Often certain, 4: Mostly certain, 5: Absolutely certain

Taste
Smell
Performance (physical)
Subjective mood produced by smoking
Cough
Mucus
Degree of impairment/presence: 1: Extreme, 2: Considerable, 3: Moderate, 4: Hardly any, 5: None
(i.e., symptom-free or not present)
Occasional use of nicotine replacement drugs:
Patch:
Chewing gum (2 mg):
Chewing gum (4 mg):
Nasal spray:
Other drugs:

yes/no
ye s/ n o
ye s/ n o
ye s/ n o
ye s/ n o
ye s/ n o
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Tobacco withdrawal symptoms:

yes

no

Depression

yes

no

Concentration disturbances

yes

no

Reduced performance

yes

no

Bad mood

yes

no

Irritable reactions

yes

no

Worried, anxious

yes

no

Insomnia

yes

no

Increased appetite

yes

no

Body weight increase

yes

no

by ........ kg in ........ weeks/months

The following have been prescribed or recommended for emergency prophylaxis:
[__] [__]
[__] [__]
Further treatment measures: .....:..................................................................

Succe s s fu lly ab s t in e n t o ve r 6 mo nt hs :

ye s / n o

date ....../....../ 200...

Doctor’s signature

Index

4-(methylnitrosamino)-1(3-pyridyl)-1-butanone
(NNK) 37, 51, 53, 54, 93, 177
A
Abortion 224, 225, 227, 233, 236
ACE gene
polymorphism 135
Acetaldehyde 37, 40, 47
carcinogenesis 166
Acetone 36
Acetylcholine 68, 125, 131
Acetylcholine receptor 61, 64, 80, 328
Acne vulgaris 187
Acroleine 36, 38, 40, 46, 120, 248
Acrylonitrile 36, 37
Acupuncture 239, 302
Advertising bans 379, 380, 387, 423
Advertising messages 392
Alcohol 18, 78, 94, 99, 150, 158, 162, 166,
174,, 178, 180, 191, 222, 229, 248,
342, 362
Alzheimer disease 159, 160
Amfebutamone see Bupropion
Aminobiphenyl 36, 37, 94, 177
Ammonia 38
Amphetamine 76, 328, 329
Anaesthesia, complications 270
Angiotensin converting enzyme see ACE
Angina pectoris 340
Aniline 36, 38
Antidepressants 157, 312, 328, 337, 344, 345
Antioxidants 168
Anxiolytics 312
Aortic aneurysms 124, 125
Aortopulmonary septal defects 228
aromatic amines 36, 37, 93, 177, 178

Arrhythmias 121, 154, 340, 341
Arsenic 37, 99
Arteriosclerosis 120, 129, 135, 137, 170,
253, 260
Attention deficit hyperactivity disorder
(ADHD) 151, 153
Aversion therapy 298
B
β-Receptor blockers 325, 336
Behavioral therapy 297
Benz[a]anthracene 36, 37, 120
Benzene 36, 37, 38, 107, 190, 223
Benzo[a]pyrene 36, 38, 43, 47, 93, 107, 177,
178, 224
Benzodiazepines 345
Birth weight 190, 223, 234, 257
Bladder cancer 179, 180
Blood coagulation 119, 135
Bone density 182
Brain tumour 180, 190
Breast cancer 180, 188
Breastfeeding 234
Bronchial asthma 103, 104, 266
Bronchial carcinoma 88, 89, 90, 91, 99
genetic factors 93, 94, 98, 107
passive smoking 267, 268, 269, 275
Bronchitis, obstructive 106, 264
Bupropion 66, 312, 328, 334, 345
adverse effects 332
contraindications 333
dosage 331
pharmacodynamics 328
pharmacokinetics 329
therapeutic efficacy 330
Buspirone 312, 336, 337, 347
Butadiene 37
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C
Cadmium 36, 37, 38, 162, 175, 177, 182, 183,
223, 224, 236
Calcium hydroxide 47
Calcium metabolism 182
Cancer
acute lymphoblastic leukaemia 189, 190
acute myeloid leukaemia 189, 190
adenocarcinoma 49, 55, 88, 89, 90, 91,
92, 93, 95, 96, 97, 99, 107, 174,
175, 267
bladder cancer 179, 180
brain tumor 180, 190
breast cancer 180, 188, 273
bronchial carcinoma 88, 89, 90, 91, 99, 267
cancer of the cervix 178, 179, 180
cancer of the colon 180
gastric cancer 175, 180
kidney Cancer 178, 179, 180, 187
laryngeal carcinoma 166, 167
leukaemia 189, 190
liver cancer 52, 180
lung cancer 88, 90, 267
lymphoma 180, 190
melanoma 164, 180, 188
myeloma 180, 190
non-Hodgkin-lymphoma 180, 190
oesophageal cancer 173, 180
oral cavity cancer 166, 180
pancreatic cancer 175, 176
prostatic cancer 180, 181
small cell carcinoma 91
squamous cell carcinoma 89, 90, 91, 92,
93, 95, 96, 97, 98, 107, 186, 188
tongue cancer 8, 166
undifferentiated carcinoma 91, 92
Cancer incidence 180
Carbon monoxide see CO
Carbonyl sulphide 36
Carcinogenesis 97
α1-antitrypsin 97
CYP 94
GST system 94
peptide receptors 97
Carcinogens, tobacco-specific 93
Cardiovascular disease 20, 24, 55, 119, 258
Carotid intima-media thickness 260
Cataract 162
Catechol 37, 38
Cellulose acetate filter 40
Central Nervous System 149
Cerebral vessels 124

Index
Chewing tobacco 18, 55, 70, 94, 121, 165,
166, 233
Child behaviour 229
Chlorpromazine 345
Cholesterol metabolism 167
Choline 62
Chromium 37, 38
Chronic obstructive pulmonary disease
see COPD
Cigar, development 5
Cigar smoking 25
Movies 395
Cigarette
development 5
nicotine release 41, 44
reduced health risk 43
reduced tar 48
women 8, 398
Cigarette consumption 6, 18, 154
mental disorders 154, 155, 157, 159
Cigarette factory 6
Cigarette sale, tax revenue 411, 420, 422,
425, 427
Cigarette smoke 5
bacterial toxins 40
Cigarette smoking
adrenergic mechanisms 125
allergic processes 102
antiprotease deficiency 102
anxiolytic effects 152
aortic aneurysm 124
arteriosclerosis 120, 170, 260
birth weight 226
blood pressure 123, 176, 260
bone density 182
breastfeeding 234
bronchial asthma 103
bronchial asthma, adults 103
bronchial asthma, children 104
bronchitis 106
catecholamine release 126
cerebral vessels 124
changes in sperm quality 181
cholesterol 167
cleft-lip/palate 228
cognitive impairment 150
CO-haemoglobin 121, 129
conception 181
COPD 99, 102
C-peptide 170
coronary artery disease 119
damage to health 411

Index
dementia 159, 160
depressive adolescents 154
diabetes mellitus 169
diabetic nephropathy 170
diabetic retinopathy 161, 171
DNA adducts 90
down syndrome 225, 227
drug metabolism 324
educational level 360
elastase level 101
endothel damage 128
facial colouring 133
facial wrinkling 186
fertility disorders 181
foetotoxic Effects 232
fibrinogen 129
fibrinolytic potential 136
forced expiratory volume 102
genetic inheritance 154
glaucoma 164
graves’ ophthalmopathy 163
haemorheologic variables 130
hearing loss 165
heart rate 176
helicobacter pylori 174
hip fracture 185
immunological reactions 87
infant death 224
influenza pneumonia 106
initiation rate 360, 375
insulin resistance 170
intellectual development 152
ischaemic heart disease 119
learning process 151
lens opacity 162
lipid metabolism 167
lung emphysema 101
lung tissue 101
macular degeneration 163
malformations 225, 227
MAO B 157
medical care costs, pregnancy 236
memory 150, 151
microcirculation 129, 130
mineral metabolism 182
mood-enhancing effect 149
movies 395
myocardial infarction 119
nephrotoxic substances 177
neuroleptic-induced parkinsonism 160
neuroleptics 343
neurosis 155
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neutrophil elastase activity 187
O2 supply 130
O2 supply/consumption ratio 121
ocular diseases 161
oral cavity 165
osteoporosis 183
panic attacks 154
parkinson’s disease 160
penis carcinoma 188
peptic ulcers 174
perception 363
pharmacokinetic interactions 345
placenta 222
plasminogen activity 129
platelet aggregation 128
pneumonia 106
pre-eclampsia 225
pregnancy 221
prostatic hyperplasia 180
protease-antiprotease imbalance 101
psychopharmaceuticals 344
reasons 362
regulations 420
reinfarction 19
renal function 176
renal microangiopathia 169
respiratory bronchiolitis 101, 107
revascularisation 130
role of politicians 414
schizophrenia 157
skin changes 186
skin, lysyl oxidase 187
social benefits 395
stroke 124, 160
sudden infant death syndrome 226, 230, 256
systemic vascular changes 123
tooth lost 165
triglycerides 167
trophoblast growth 224
urinary incontinence 177
weighing the benefits 424
wound healing 344
Cigarette vending machines 359, 374
Cigarette, nicotine
absorption rate (release) 41
Cigarettes
hand-rolled 167
low-tar content 49
nicotine content 39
tar content 39
Cigarillos 26
Cigaritos 5
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Circulating intercellular adhesion molecule
170
Cleft defects 225
Cleft-lip/palate 228
Clorazepate 345
Clonidine 312, 335
Clozapine 325, 344
Clubfoot 225, 228
CO 36, 38, 43, 120, 133, 222, 232, 339,
340, 418
animal experiments 232
end-tidal values in neonates 232
exposure 134
foetotoxic effects 232
teratogenic effect 232
CO-haemoglobin 69, 71, 129
CO poisoning, pregnant women 233
Cobalt 37
Cocaine 75, 362
Cognitive impairment 150
Coniine 61
Conotoxins 65
Convulsive disorders 333
COPD 87, 99
cigarette smoking 99
genetic factors 102
pathophysiology 100
pulmonary muscular artery wall 101
risk factors 102
Copper 224
Coronary heart disease 26, 119
haematocrit 121, 129
Cotinine 69, 71, 73, 235
hair concentrations 257, 272
half-life 69
indicator for smoking 235, 339
plasma level 248, 249
urinary excretion 235, 270
Coumarin 47
Craniosynostosis 228
Cravings 46, 69, 73, 74, 79, 158, 294, 298,
320, 321, 336, 344
Crotonaldehyde 36, 94
Crystalline silica 248
CYP isoenzymes 329
CYP1A1 93, 95, 225, 324
CYP1A2 95, 324, 329
CYP2D6 95
CYP2E1 93, 95, 324
Cytosine 61, 62, 65, 334
Cytochrome P450 enzymes see CYP

Index
D
D2 dopamine receptor 78, 79
DDE 37
DDT 37
Decamethonium 65, 66
Dementia 159
Dependence
alcohol 79, 342
amphetamine 75, 76
brain regions 76
cocaine 75, 76
cytochrome P450 2A6 78
dopamine D2 receptor 78
genetic aspects 77
genome fragment 78
transporter gene (SLC6A3) 78
Depression 155, 342
cigarette consumption 155, 156
nicotine-dependence 157
smoking, comorbidity 157
Desipramine 333, 345
Diabetic nephropathy 170
Diabetic retinopathy 161, 171
Diazepam 336, 345
Dibenzacridine 36
Dibenzcarbazole 36
Diesel exhaust 248
Dihydro-β-erythroidine 65
Dimethylnitrosamine 248
Dimethylphenylpiperazine 62
DNA adducts
Promutagenic 90, 94
Dopamine release 75
Dopaminergic neurons 66
Down syndrome 225, 227
Doxepin 337
d-Tubocurarine 65, 66
Duodenal ulcers 174
E
Ears 165
Endothelial function 126, 129
Endothelin-1 129, 223
Environmental tobacco smoke see ETS
Epibatidine 61, 65
Erythrohydrobupropion 329
Ethenyl pyridine 250, 251
Ethylene oxide 37, 46
ETS 247, 423
asthma bronchial, children 104
arteriosclerosis progression 260
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Index
blood platelets 253
breast cancer 273
bronchial carcinoma 267
bronchial obstruction 265
cholesterol level 253
complications, anaestesia 270
coronary heart disease 258
criminal behavior 153
drug metabolism 256
endothelium 253
eosinophil cells 255, 265
exposure 248
FEV1 263
fibrinogen 253
fluorescing particles 250, 251
hair nicotine 251, 257
home 250
hypoplastic lungs 258
hypoxia 258
immune system 267
intercontinental flights 251
leucocyte count 254
lung cancer 267
lung disease, children 263
markers 250
markers of Inflammation 254
meningitis 273
mucociliary clearance 267
obstructive bronchitis 257
otitis media 271
oxygen desaturation 271
paediatric development 258
parental atopy 265
platelet aggregation 254, 259
pregnancy 256
psychosocial changes 274
respiratory tract 255, 263
restaurant and bar workers 251
stroke 262
TC/HDL-C ratio 254
vasodilator response 257
wheezing 264
workplace 250
Eugenol 6, 47
F
Factor VII 135
Factor XIII 130
Fagerström Test 27, 74, 75, 439, 442
Federal Trade Commission 42, 44
Fertility disorders 181

Fibrinogen 129, 253
Fibrinolysis 119, 135
Fibrinolytic activity 136
Films, smoking actresses 395
Flecainide 333
Fluoxetine 337
Fluvoxamine 345
Forced vital capacity 263
Formaldehyde 36, 37, 248
Framework Convention on Tobacco Control
412
Framingham CHD Risk Index 122
Framingham Study 119
FTC machine 42
Furan 37
Furfural 47
G
Gastrointestinal tract 173
Gastrointestinal tract cancers 175
Gastrointestinal ulcers 174
Gastroschisis 228
Genetic factors 93, 94, 102, 134, 154, 178
Gingivitis 165
GISSI-2 Trial 122
Glaucoma 164
Globalisation
economic 387
industry 411
Glucose metabolism 167
Glutathion-S-transferase system see GST
system
Glycyrrhizin 47
Goodpasture’s syndrome 107
Governmental Control, tobacco 418
Graves’ ophthalmopathy 163
Group 1 carcinogens 248
Growth retardation 224, 226
GST System 94, 97
GSTM1 93. 95, 97, 267
GSTT1 97, 224
H
Haemangioma 227
Haematopoietic system 189
Haloperidol 325, 344, 345
Harm reduction 292, 321, 326, 433
Harmane 36
Health education 366
Heroin 73, 77, 362
Hexachlorobenzene 223

450
Hexamethonium 66
Hexosaminidase- (β) 178
Hip fracture 185
Hippocampus 67, 76
Holoprosencephaly 229
Human papilloma virus 178
Hydrazine 37
Hydrobupropion 328, 333
Hydrocele 227
Hydrogen cyanide 38
Hydrogen sulfide 38
Hydroquinone 36, 182
Hydroxybupropion 328
Hydroxypyrene adducts 92
Hydroxytryptamin receptors 73
Hyperinsulinaemia 170
Hypertension 123
Hypnosis 302
I
Idiopathic pulmonary fibrosis 107
IL-1β 230
Imipramine 325, 333, 337, 345
Indeno(1,2,3-cd)pyrene 37
Initiation rate 360
adolescents 390
print media 377
Insulin 171
Insulin resistance 170
Integrins 134
Intercellular adhesion molecule: ICAM-1 134
Intragastric epidermal growth factor 174
Ischaemic heart disease 119, 340
ISO method 42
K
Ketamine 66
Kidney Cancer 178, 179, 180,187
L
Laevulinic acid 47
Larynx 165
Lead 37
Lens opacity 162
Leukaemia 189, 190
Leukoplakia 166
Lickint, Fritz 12
Life Skills Strategy 367
Light cigarette 42, 127
women 398
Limb defects 228

Index
Lipid metabolism 167
Liquorice 47
Lisinopril 125
Lobeline 61, 62, 312, 338
Lung cancer 8, 88, 90, 267
alcohol 99
asbestos 99
CYP subenzymes 94
DNA adducts 90
exogenic factors 98
types 91
uranium mining 99
Lymphoblastic leukaemia 189
Lymphoma 180, 190
M
Macular degeneration 163
Mainstream smoke 36, 38, 247
Maleic hydrazine 38
Malformations 225, 227, 228
Malondialdehyde 94
Maltol 47
MAO B 157
MAO inhibitors 333
Marketing, cigarettes 43
Mass media 376
Mass media communication strategies 299
Master Settlement Agreement 412
Maternal smoking
child behavior 229
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pharmacokinetics 61, 73
pharmacology 61, 66, 67
psychotoxic avtivity 73
snuff 70
Sublingual tablet 317, 322, 324, 346
symptoms of dependence 73
ulcerogenic effect 68
urinary excretion 235
withdrawal symptoms 79, 324
Nicotine agonists, binding affinities 65
Nicotine binding, brainstem 67, 234
Nicotine dependence 17, 40, 68, 73, 155
consensus papers 311
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role of media 393, 395, 396
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advertising 387
advertising bans 387

455

Index
advertising messages 392, 393
brand stretching 390
Council for Tobacco Research 415
governmental organisations 412
non-governmental organisations 412
outdoor advertising 389
Peutinger Collegium 416
risks of smoking 423
role of politics 411
role of scientists 415
role of society 411
Smoking and Health 415
sponsorship 389
starter brands 392
Tobacco plant 1
nicotiana major 1
nicotiana rustica 1, 50
nicotiana sylvestris 1
nicotiana tabacum 1, 61
nicotiana tomentosifosa 1
Tobacco products
manufacture 419
mass media 376
restricting sales 374
sale 374, 376, 379, 419, 423
Tobacco smoke
alkaline range 6
CYP2E1 induction 178
hexosaminidase (b) 178
mainstream 39
p53 gene 173
side stream 36
trophoblast gene expression 224
wound healing 345
Tobacco smuggling 399
Tobacco-specific nitrosamines 40, 51, 52, 53,
54, 93, 179
Tobacco taxes 387, 411, 419, 422
Tocopherol-α 168

Toluene 36
Toluidine 36
Total cholesterol 167
Tourette syndrome 62, 79
Tramadol 333
Tranquillisers 336
Transforming growth factor α 229
Transforming growth factor β3 229
Triglycerides 167
U
Urinary tract diseases 176
Urinary tract malformations 228
V
Varenicline 334
Varicella pneumonia 107
Vascular cell adhesion molecule 134, 146
VCAM-1 128, 134
Vascular tone 125, 129
Venlafaxine 337
Ventricular septal defects 227
Vinyl chloride 36, 37
Vinylpyridine 36
Vitamin C 168
Vitamin D metabolism 182
Von Willebrand factor 130
W
Weight Gain 342
WHO
framework Convention on Tobacco Control
412
report about tobacco industry 413
Wood dust 248
World Bank 424
Z
Zinc 36, 224

