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Nikotinabhéngigkeit: Entwicklung, Mechanismen,
individuelle Unterschiede und Beziehungen zu
méglichen neurophysiologischen Korrelaten

Zusammenfassung. Neue Erkenntnisse zeigen,
dass die Mehrzahl der Tabakkonsumenten raucht, um die
psychopharmakologischen Eigenschaften des Nikotins
zu erleben, welches im Tabakrauch enthalten ist, und ein
signifikanter Anteil der Tabakkonsumenten abhéangig von
der Substanz Nikotin wird. In den USA wurden 80% der
Raucher, in Europa 39% der Raucher nach den diagnos-
tischen Richtlinien der American Psychiatric Association
als abhéngig klassifiziert. Als Resultat wird Nikotin selbst,
in diesem Fall auch Nikotinersatz genannt, von einer
steigenden Zahl von Rauchern als Entwéhnungshilfe ver-
wendet. Das Ziel dieses Reportes ist es, in einer relativ
einfachen Sichtweise, Mechanismen herauszuarbeiten,
die bei der Entwicklung und Aufrechterhaltung der Niko-
tinabh&ngigkeit beteiligt sind.

Schliisselworter: Nikotin, Tabak, Rauchen, Abhéan-
gigkeit.

Summary. There is now little doubt that the majority
of people who smoke tobacco do so to experience the
psychopharmacological properties of the nicotine present
in the smoke and that a significant proportion of habitual
tobacco users become addicted to the drug nicotine. In
the US some 80% and in Europe (Germany) 39% of
smokers have been classified as dependent according to
the diagnostic guidelines of the American Psychiatric As-
sociation. As a result, direct nicotine replacement is used
increasingly by many people who want to stop smoking.
The objectives of this review are to outline the mecha-
nisms involved in the development and maintenance of
nicotine dependence and to link behavioural observations
to possible neurophysiologic correlates.

Key words: Nicotine, tobacco, smoking, drug depen-
dency.

Introduction

There is now little doubt that the majority of people
who smoke tobacco do so to experience the psychophar-
macological properties of the drug nicotine present in the
smoke and that a significant proportion of habitual tobac-

co users become addicted to nicotine. In the USA 80% [1]
and in Europe (Germany) 39% [2] of smokers have been
classified as dependent according to the diagnostic guide-
lines of the American Psychiatric Association [3]. As a
result, direct nicotine replacement [4, 5] is used increas-
ingly by many people who want to stop smoking. It is
becoming clear, however, that nicotine and nicotine ana-
logues also influence neural systems in the brain that are
thought to be implicated in a range of psychiatric and
neurological disorders, and that the putative therapeutic
properties of these compounds therefore may extend be-
yond a treatment for tobacco dependence [6].

The objectives of this report are to outline the mech-
anisms involved in the development and maintenance of
nicotine dependence and to link behavioural observations
to possible neurophysiological correlates. Some of this
will be speculation, but it is hoped that new hypotheses
will guide our research and help further our understanding
of the reasons for nicotine use.

The pathophysiology of tobacco dependence

The fundamental pharmacological effect of nicotine is
its action on the nicotinic acetylcholinergic receptors
(nAChRs) (Fig. 1). These receptors are located primarily
in central nervous system (CNS) regions of cholinergic
transmission. Although nicotine directly activates only the
nicotinic and not the muscarinic receptors, the end result
is often a complex pattern of indirect effects on other
transmitter systems such as the dopaminergic and adrener-
gic systems. The effects of nicotine on the nAChRs in the
autonomic system are probably less involved in the sub-
jective pleasurable effects and production of dependence
than the effects mediated by the nAChRs in the brain.
Activation of central nAChRs may result in beneficial
effects of nicotine such as cognitive enhancement and
increased control over arousal and negative emotions [7].
An exception to the primary role of brain nAChR benefi-
cial effects may be the metabolic and lipolytic processes
involved in weight control, which seem to be more periph-
erally mediated [8].

Neuroadaptation

Like acetylcholine, nicotine stimulates the nAChRs,
but nicotine seems to keep the receptors depolarised for
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Fig. 1. Neuronal nicotinic receptor. This receptor gene family

is likely to be involved in release of multiple neuro-transmitters

in both brain and peri-phery that mediate sensitivity and toler-

ance to nicotine. Leonard S, Bertrand D (2001) Nicotine Tob
Res 3: 203-223

longer than acetylcholine. Nicotine therefore has a dual
effect: stimulation of the receptor—agonist function, fol-
lowed by a receptor blockade—antagonist function. Both
these effects interfere with normal functioning in nicotine
intolerance, therefore the nervous system, and particularly
the CNS, needs to adapt to the disrupting effects of nico-
tine. Blocking appears to be a more significant effect than
stimulation because the brain adjusts and overcomes
blocking, rather than stimulation, by upregulating the
number of nicotine receptors [9]. Neuroadaptation can be
seen as the organism’s means of defence against the toxic
effects of nicotine. Besides these qualitative changes,
there are also quantitative changes. It has been found that
new very-high-affinity subtypes of nicotinic receptors can
develop on polymorphonuclear blood cells [10]. To what
extent these findings from leucocytes reflect the nicotinic
receptors on neuronal tissues is not fully known.

A schematic and highly hypothetical illustration of
nAChR status as a function of the degree of addiction or
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neuroadaptation is shown in Figs. 2a—d. Under normal con-
ditions, a certain number of nAChRs are available for ace-
tylcholine transmission (Fig. 2a). After exposure to tobacco
smoke and initial stimulation, some of these receptors are
blocked, leaving the cholinergic system partially blocked
(Fig. 2b). With continued smoking this blockade serves as a
stimulus for upregulation to compensate for the antagonis-
tic effect of nicotine (Fig. 2¢). The upregulation is depen-
dent on the mode of administration. Chronic infusion of
nicotine has been associated with greater upregulation than
injections [11], and it is thought that those who smoke more
often and with shorter intervals are administering nicotine
in a way that is more conducive to receptor upregulation,
compared with those smoking just a few cigarettes per day
with long intervals between. If nicotine administration is
finally stopped, the system will have too many nAChRs,
which may result in hypercholinergic activity and with-
drawal symptoms (Fig. 2d). The objective for the cholin-
ergic nervous system when nicotine administration stops is
to readapt to a nicotine-free state: this readaptation will take
different times for different individuals. It is not known
how long readaptation takes, nor is it known how long it
takes to upregulate nAChRs. In rats and mice the initial
neuroadaptation has been found to vary with, for example,
the nicotine dose, route of administration and brain site
[11]. Upregulation, usually with an increase in receptor
density of ~50%, can occur from days to several weeks [11,
12]. In mice, readaptation seems to occur much faster than
the original upregulation [13].

Tolerance

The neuropharmacological correlates for tolerance
may have to do in part with the process of neuroadapta-
tion. Possibly the number of receptors or degree of upreg-
ulation is related to long-term tolerance, whereas acute
tolerance may be linked to the actual state of the receptor:
that is, whether it is in a sensitised or desensitised state.

The underlying process of neuroadaptation and de-
pendence may be illustrated by the development of smok-
ing in a naive smoker such as an adolescent. When smok-
ing the very first cigarette, a few puffs will cause mild
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Fig. 2 a-d. The status of the nicotinic acetylcholinergic receptors as a function of the degree of addiction or neuroadaptation.

Under normal conditions, a certain number of nAChRs are available for acetylcholine transmission (a). After exposure to tobacco

smoke and initial stimulation, some of these receptors are blocked, leaving the cholinergic system partially blocked (b). With

continued smoking this blockade serves as a stimulus for upregulation to compensate for the antagonistic effect of nicotine (c).

If nicotine administration is stopped, the system will have too many nAChRs, which may result in hypercholinergic activity and
withdrawal symptoms (d)
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intoxication, whereas 10-20 years later the same person
can inhale the smoke from 40-50 cigarettes per day with
tolerance. The dose of nicotine delivered from 40-50
cigarettes per day for an intolerant subject could be very
serious and possibly fatal. For a dependent smoker the
problem comes when nicotine is not administered. Then
the system first signals craving — compulsion to use —
followed by various withdrawal symptoms, often resulting
in relapse for a smoker who may have the strongest inten-
tions to give up. It is in this situation that pharmacological
treatments such as nicotine replacement [14, 15] may be
needed, to provide some of the nicotine the dependent
individual needs to function properly. After some time the
nicotine dose can be decreased slowly with an accompa-
nying readaptation in the nAChRs. The mechanism for
bupropion treatment for tobacco dependence is largely
unknown; however, it may to some degree ‘cover’ and
protect the ex-smoker from the experience of withdrawal
symptoms while allowing time for the readaptation of the
nAChRs. Pharmacologically, bupropion is a weak inhibi-
tor of the neuronal uptake of norepinephrine and dopam-
ine and an antagonist of nAChRs. Its efficacy in smoking
cessation may be through the effect of the dopaminergic
activity on areas of the brain that are responsible for the
reinforcement properties of addictive drugs, together with
the effect of noradrenergic activity on nicotine withdrawal
[16]. Bupropion should be evaluated for its impact on the
primary target population (smokers who are interested in
quitting) [17].

The withdrawal symptoms (Table 1), of which the
most important are craving, irritability and anger, difficul-
ty in concentration, impatience, anxiety, dysphoria and
weight gain [3], usually peak within 2-3 days. However
some symptoms, like craving and weight gain, can last
much longer. It seems that some long-term tolerance can
last for a long time in some smokers. For example, some-
one may have been an ex-smoker for a number of years,
then one day may smoke a cigarette, followed by another
ten the same day. Without some residual tolerance, it is
difficult to understand how so many cigarettes could be
smoked in one day without intoxication. A study monitor-
ing nAChRs on polymorphonuclear granulocytes — which
may function differently from nAChRs in the CNS —
found that it took a year for highly dependent smokers to
downregulate the number of receptors. The smokers in
that study also had very-high-affinity receptor sites, which

Table 1. Nicotine withdrawal symptoms

Dysphoria

Insomnia

Irritability, frustration and anger
Anxiety

Difficulties concentrating
Restlessness

Decreased heart rate

Weight gain

Impatience

Craving
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are not observed in non-smokers [10]. This difference
took approximately a year to disappear. There is thus
evidence that upregulation and possibly tolerance to nico-
tine can be long lasting, and as long as there is remaining
tolerance it is possible that this will translate into subopti-
mal day-to-day performance and functioning.

An example of how acute tolerance or tachyphilaxis
relates to the state of nAChRs may be seen in the morning
smoking habit. After overnight abstinence, the smoker’s
nicotine concentrations in blood and brain tissue have
normally dropped considerably because of the relatively
short half-life of nicotine: approximately two hours. Thus,
most receptors are in a sensitive state and are readily
stimulated when the first nicotine binds to the receptors.
Many smokers — and particularly heavy smokers because
of their more profound upregulation — experience some
light headiness or dizziness from the first cigarette in the
morning. For most regular smokers, these effects are not
experienced with any other cigarette during the day be-
cause short-term tolerance builds up as the receptors rap-
idly become desensitised.

The half-life of tolerance probably varies in different
physiological measurements, but for cardiovascular ef-
fects it has been estimated to be approximately 35 min-
utes. This indicates that about two hours after smoking a
cigarette — approximately four half-lives — near full sensi-
tivity should have been regained for the cardiovascular
system [18]. This relatively short half-life of tolerance to
cardiovascular effects may be the reason for the fairly flat
dose-response curve for cardiovascular disease and the
amount of tobacco smoked [19]. However, the half-life of
tolerance is only 3.5 minutes for increases in energy ex-
penditure, and at the other extreme, no tolerance at all
develops to the free fatty acid concentrations that reflect
lipolysis [20].

Individual differences

So far we have described some general effects of
nicotine that are thought to be of relevance for the major-
ity of smokers. In the remainder of the paper we discuss
biological factors that might influence the acquisition of
the smoking habit and the development of dependence for
individual smokers, such as nicotine tolerance, genetic
influences and gender effects.

A ‘social’ smoker is usually less dependent on nico-
tine than the daily smoker who might have drug-induced
changes in affect and performance. A small number of
smokers are inconsistent users, smoking from one or two
cigarettes a day up to four or five packs a day. Such
smokers might even have their sleep interrupted by nico-
tine cravings [21]; however, most appear to smoke 10-30
cigarettes a day.

What makes some smokers more dependent
than others?

Nicotine tolerance

It has been suggested that the initial sensitivity to the
effects of nicotine when adolescents first experiment with
tobacco could be a factor that influences the course of fur-
ther smoking [22]. This theory postulates that those who
are most sensitive, i.e. those having the strongest intoxica-



158

tion effects, will be more likely to develop dependence be-
cause of pressure towards neuroadaptation to neutralise
these effects. In a study by Pomerleau et al., groups of
smokers with high and low-dependency, ex-smokers and
never smokers were questioned about their reactions to the
first cigarettes of their life. It was found that pleasurable
sensations, ‘rush’ and/or ‘buzz’, and relaxation were signif-
icantly more likely to have occurred in those who later
became smokers. The ratio of pleasant to unpleasant sensa-
tions, computed as an index of overall hedonic impact of
initial exposure, also favoured the likelihood of developing
a habit. Unpleasant effects, nausea and cough did not differ
significantly among the groups. People who became highly
dependent cigarette smokers had more pleasurable sensa-
tions at their initial exposure to tobacco, and unpleasant
reactions to the first cigarette did not seem to protect
against subsequent smoking [23]. These results were repli-
cated in a small study where questionnaires were given to a
number of smokers (n = 32) asking them to rate the effects
of their very first cigarette. When the smokers were cate-
gorised into high or low nicotine dependence using the Fag-
erstrom test for nicotine dependence [24], an insignificant
trend towards greater sensitivity for negative effects was
seen for the highly dependent smokers. These smokers re-
ported significantly stronger positive effects compared with
smokers with low dependence. However when nicotine
was given subcutaneously to current and former smokers
and to those who had never smoked, the results were incon-
clusive for the predictions of this theory [25]. A prospective
study on alcohol uptake [26] found results that contradicted
those of Pomerleau et al. [23], therefore findings on initial
sensitivity as a determinant of dependence development
must be taken as preliminary.

Data from experiments in animals suggest that con-
current release of adrenal cortex hormones might be relat-
ed to sensitivity to nicotine [27], and differences have also
been found in the gene for alpha-7 nicotine receptors [28].
Thus it is a paradox that those who initially experience
intense adverse effects will become more dependent
smokers than those who suffer less intense initial effects.
These preliminary findings suggest that the positive ef-
fects experienced from initial smoking are a stronger de-
terminant for development of dependence than the adverse
effects, to which tolerance seems to develop rapidly.

Genetic influences

The heritability index for smoking has generally been
found to be around 50% or about the same or higher than
the genetic influence for alcoholism and coffee drinking
[29]. Strong genetic influences have also been seen in the
way in which mice and rats react to nicotine [30]. Studies
on monozygotic and dizygotic twins have shown that
heredity influences the uptake of a smoking habit, being a
current smoker or ex-smoker and the amount smoked. The
strongest contribution of heredity seems to be on the
persistence of smoking: being more dependent and failing
to quit [31]. A recently published meta-analysis indicates
that genetic factors play a more significant role in smok-
ing initiation (SI) than in smoking persistence (SP) in
women compared with men. Significant gender differenc-
es were also detected in shared environmental factors for
SI and SP; however, no significant gender difference was
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detected for unique environmental effects for either phe-
notype [32]. It has been found that Afro-Americans — but
not Caucasians — with a defective gene responsible for
dopamine synthesis were at higher risk of becoming
smokers, having earlier onset with more difficulties in
stopping and shorter latency to smoking the first cigarette
after awakening in the morning [33]. The time to first
cigarette of the day is generally regarded as the best single
indicator of dependence [34].

Two personality dimensions that are thought to have a
genetic component, namely novelty-seeking and extrover-
sion, have been linked to initiation and persistence of
smoking [35]. Much of the research on genetic influences
is directed at genes involved in regulating the dopaminer-
gic system. Lerman and Swan have recently updated this
area of very disparate findings [34]. Although the findings
are still equivocal, some studies have found an increased
prevalence of the Al and B1 alleles of the dopaminergic
receptor gene DRD2 among smokers [36].

Smoking may also be influenced by the way in which
nicotine is metabolised, as Europeans and East Asians
may metabolise nicotine differently [33]. Nicotine is me-
tabolised almost exclusively by the enzyme CYP2A6, the
gene for which can have full activity (‘wild type’) or may
be more or less defective. Smokers with defective
CYP2AG6 alleles metabolise nicotine more slowly and are
less likely to become smokers and, if they do smoke, tend
to smoke fewer cigarettes [37]. Nicotine dependence, as
assessed by the Fagerstrom test for nicotine dependence
[37], appears to correlate with the activity of the CYP2A6
system (Tyndale, Rachel, personal communication 1999).

Gender effects

In animals (rats and mice), males have higher densi-
ties of nicotine receptors, i.e. more upregulation [12], and
experience more arousal and exploration than females.
There also seems to be a stronger effect on anxiety and
energy expenditure [38].

Among humans, women seem to be less discriminat-
ing in their nicotine intake than men [39] and regulate
their nicotine concentrations less precisely [40]. Women
smoke more than men in response to negative effects [41]
and weight concerns [42], and the association between
smoking and depression seem to be stronger for women
[43]. Quitting seems to be somewhat more difficult for
women [44] and often they compensate by making more
frequent attempts. Desire to smoke to relieve negative
effects increases in the late luteal phase when women have
higher pre-menstrual symptomatology [45], thus it may be
advisable to recommend women to avoid quitting in the
late luteal phase and to try in the follicular phase. How-
ever, difficulties in stopping often last longer than a single
menstrual cycle, so the benefit of a timed attempt is likely
to be limited.

Is a smoker’s behaviour positively or negatively
reinforced?

The normal neurophysiological functioning for some-
one having undergone considerable receptor upregulation
and dependence development may be to keep some of the
receptors blocked or desensitised, and heavy smoking at
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regular intervals achieves this. Such smokers may not
admit to any positive effects from smoking; rather, they
cannot give it up because they suffer strong cravings that
can only be relieved by smoking. The neuropharmacolog-
ical objective for heavy smokers is to keep their nicotine
concentration sufficiently high so that withdrawal symp-
toms do not occur.

With less upregulation the smoker would become less
tolerant and therefore experience less withdrawal. Smok-
ers less sensitive to nicotine, with probably less receptor
upregulation and tolerance, may have their receptors in a
more sensitised state, making the brain more susceptible
to stimulation by nicotine. That may result in somewhat
different pharmacological effects. In mice, stimulation of
receptors by injection of nicotine produces an increase in
dopamine turnover in the mesolimbic brain centres, which
slower infusion does not [9]. Cigarette smoking habits that
cause sharp changes in nicotine concentrations in arterial
blood will affect the receptor stimulation that, in turn, may
be necessary for subjective positive effects such as mood
alteration and performance improvement. The rapid fall in
concentrations after smoking a cigarette makes receptors
sensitive again, a state necessary for restimulation.

How may these two types of smoker differ? It is
reasonable to distinguish smokers who experience posi-
tive reinforcement (PR) from those with negative rein-
forcement (NR) according to the strength of any positive
effects. It seems likely that smokers with PR will report
smoking as more pleasurable, and that smokers who main-
tain a sufficient blood nicotine concentration to keep some
receptors blocked are smoking predominantly for with-
drawal relief; i.e. negative reinforcement. Those smokers
who achieve sharp increases in nicotine concentrations
may experience more stimulation or positive effects from
the nicotine; i.e. positive reinforcement. This implies that
smokers with PR would have fewer withdrawal symptoms
when quitting smoking than smokers with NR who smoke
mainly to avoid withdrawal symptoms. Smokers with PR
may smoke at less regular time intervals than smokers
with NR. If gradients (peaks) were important for subjec-
tive positive effects, it would be natural to smoke fewer
cigarettes per day, to achieve a lower trough level from
which it would be easier to obtain a peak. Further, to
experience peaks it may be more common for smokers
with PR to smoke several cigarettes sequentially. The
Michigan nicotine reinforcement questionnaire has recent-
ly been proposed as a measure of PR and NR smoking
[46].

Implications

Nicotine is probably the world’s second most-used
drug after caffeine. It has generally met very little resis-
tance when introduced into our societies and was not
regarded as a drug until recently. In psychoactive and
dependence-producing drug use, people normally see be-
havioural changes in individuals, both when they take the
drug and when try to abstain from it. Nicotine’s psy-
chotoxic effects — stimulating and tranquilising — are so
mild that they are difficult to observe. Unlike most other
drugs, it does not impair performance in judgement, cog-
nition or motor behaviour. On the contrary, nicotine may
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slightly improve some performances and help people to
cope with daily stress; it is possible that use of nicotine
will diminish but unlikely that nicotine use can be totally
abandoned. Our societies are fighting against illegal drugs
with more profound psychotoxicity. It is therefore impor-
tant that societies adopt regulatory systems [47] for safer
administration of forms of nicotine, alternative nicotine
delivery systems [48] and restrict tobacco smoking [49].

References

1. Woody GE, Cottler L, Caggiula J (1993) Severity of de-
pendence: data from the DSM-IV field trials. Addiction
88: 1573-1579

2. Meyer C, Rumpf H-J, Hapake U, John U (2001) Preva-
lence of DSM-IV psychiatric disorders including nicotine
dependence in the general population. Results from the
Northern German TACOS study. Neurol Psych Brain Res
9: 75-80

3. American Psychiatric Association (1993) Diagnostic and
statistical manual of mental disorders, 4th edn. DSM-IV,
Washington, pp 242-247

4. Haustein K-O (2002) Tobacco or health. Springer, Berlin
Heidelberg New York Tokyo

5. Etter JF, Perneger TV (2001) Attitudes toward nicotine
replacement therapy in smokers and ex-smokers in the
general public. Clin Pharmacol Therapeut 69: 175-183

6. Westman EC, Levin ED, Rose JE (1995) Nicotine as a
therapeutic drug. NCMJ 56: 48-51

7. Sherwood N (1993) Effects of nicotine on human psycho-
motor performance. Hum Psychopharmacol 8: 155-184

8. Perkins KA (1993) Weight gain following smoking cessa-
tion. J Consult Clin Psychol 61: 768-777

9. Benwell MEM, Balfour D, Birrell CE (1995) Desensitiza-
tion of nicotine-induced mesolimbic dopamine response
during constant infusion with nicotine. Br J Pharmacol
114: 454-460

10. Lebargy F, Benhammou K, Morin D, Zini R, Urien S, Brée
F, et al (1996) Tobacco smoking induces expression of
very-high-affinity nicotine binding sites on blood poly-
morphonuclear cells. Am J Respir Crit Care Med 153:
1056-1063

11. Ulrich YM, Hargreaves KM, Flores CM (1997) A compar-
ison of multiple injections versus continuous infusion of
nicotine for producing up-regulation of neuronal [*H]-epi-
batidine binding sites. Neuropharmacology 36: 1119-1125

12. Koylu E, Demirgoren S, London ED, Pogiin S (1997) Sex
difference in up-regulation of nicotinic acetylcholine re-
ceptors in rat brain. Life Sci 61: 185-190

13. Pietild K, Lédhde T, Attila M, Ahtee L, Nordberg A (1998)
Regulation of nicotinic receptors in the brain of mice
withdrawn from chronic oral nicotine treatment. Naunyn-
Schmiedeberg’s Arch Pharmacol 357: 176-182

14. Batra A (2002) Tobacco dependence — evidence based
treatment strategies (in German). Z Arztl Fortbild Quali-
titssich 96: 281-286

15. Schoberberger R, Kunze M (1999) Nikotinabhingigkeit.
Diagnostik und Therapie. Springer, Wien New York

16. Ascher JA, Cole JO, Colin JN, Feighner JP, Ferris RM,
Fibiger HC, et al (1995) Bupropion: a review of its mech-
anism of antidepressant activity. J Clin Psychiatry 56:
395-401

17. Groman E, Bayer P, Kiefer I, Eckl-Dorna J, Schoberberger
R (2000) Bupropion (Zyban): first results of an indepen-
dent clinical management study. Sucht 46: 408—413



160

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Groman and Fagerstrom, Nicotine dependence

Porchet HC, Benowitz NL, Sheiner LB (1987) Pharmaco-
dynamic model of tolerance: application to nicotine. J
Pharmacol Exp Ther 244: 231-236

Zevin S, Jacob P III, Benowitz N (1998) Dose-related
cardiovascular and endocrine effects of transdermal nico-
tine. Clin Pharmacol Therapeut 64: 87-95

Fattinger K, Verotta D, Benowitz NL (1997) Pharmacody-
namics of acute tolerance to multiple nicotinic effects in
humans. J Pharmacol Exp Ther 281: 1238-1246

Rieder A, Kunze U, Groman E, Kiefer I, Schoberberger R
(2001) Nocturnal sleep-disturbing nicotine craving: a new-
ly described symptom of extreme nicotine dependence.
Acta Med Austriaca 28: 21-22

Pomerleau OF (1995) Individual differences in sensitivity
to nicotine: implications for genetic research on nicotine
dependence. Behav Genet 25: 161-177

Pomerleau OF, Pomerleau CS, Namenek RJ (1998) Early
experiences with tobacco among women smokers, ex-
smokers, and never-smokers. Addiction 93: 595-599
Jarvis MJ, Sutherland G (1998) Tobacco smoking. In:
Bellack AS, Hersen M (eds) Comprehensive clinical psy-
chology. Pergamon Press, New York

Foulds J, Stapleton J, Bell N, Swettenham J, Jarvis MJ,
Russell MAH (1997) Mood and physiological eftects of
subcutaneous nicotine in smokers and never smokers.
Drug Alcohol Depend 44: 105-115

Schuckit MA, Smith TL (1997) Assessing the risk for
alcoholism among sons of alcoholics. J Stud Alcohol 58:
141-145

Caggiula AR, Epstein LH, Antelman SM, Saylor S, Knopf
S, Perkins KA, et al (1993) Acute stress or corticosterone
administration reduces responsiveness to nicotine: impli-
cations for a mechanism of conditioned tolerance. Psy-
chopharmacology (Berl) 111: 499-507

Collins A, Stitzel J (1999) Animal models SYM 3D. Soci-
ety for Research on Nicotine and Tobacco Conference
True WR, Heath AC, Scherrer JF, Waterman B, Goldberg
J, Lin N, et al (1997) Genetic and environmental contribu-
tions to smoking. Addiction 92: 1277-1287

Marks MJ, Campbell SM, Romm E, Collins AC (1991)
Genotype influences the development of tolerance to nico-
tine in the mouse. J Pharmacol Exp Ther 259: 392-402
Gorrod JW, Aislaitner G (1998) Preliminary indication of a
genetic influence on nicotine metabolism in smokers.
Society for Research on Nicotine and Tobacco. Annual
conference in New Orleans

Li MD, Cheng R, Ma JZ, Swan GE (2003) A meta-
analysis of estimated genetic and environmental effects on
smoking behavior in male and female adult twins. Addic-
tion 98: 23-31

Shields PG, Lerman C, Audrain J, Bowman ED, Main D,
Boyd NR, et al (1998) Dopamine D4 receptors and the
risk of cigarette smoking in African-Americans and Cau-
casians. Cancer Epidemiol Biomarkers Prev 7: 453-458
Lerman C, Swan GE (2002) Non-replication of genetic
association studies: is DAT all folks? Nicotine Tob Res 4:
247-251

35. Heath AC, Madden PAF, Slutske WS, Martin NG (1995)
Personality and the inheritance of smoking behavior: a
genetic perspective. Behav Genet 25: 103-117

36. Comings DE, Ferry L, Bradshaw-Robinson S, Burchette
R, Dino M, Chiu C, et al (1993) Role of variants of the
dopamine D, receptor (DRD2) gene as genetic risk factors
in smoking. Paper presented at the First Annual Scientific
Conference 1993, Tobacco-Related Research Program,
University of California, San Francisco

37. Pianezza ML, Sellers EM, Tyndale RF (1998) Nicotine
metabolism defect reduces smoking. Nature 393: 750

38. Faraday MM, Scheufele PM, Rahman MA, Grunberg NE
(1999) Effects of chronic nicotine administration on loco-
motion depend on rat sex and housing condition. Nicotine
Tobacco Res 1: 143-151

39. Perkins KA (1995) Individual variability in responses to
nicotine. Behav Genet 25: 119-132

40. Perkins KA (1996) Sex differences in nicotine versus non-
nicotine reinforcement as determinants of tobacco smok-
ing. Exp Clin Psychopharmacol 4: 166-177

41. Livson N, Leino EV (1988) Cigarette smoking motives:
factorial structure and gender differences in a longitudinal
study. Int J Addict 23: 535-544

42. Grunberg NE (1990) The inverse relationship between
tobacco use and body weight. In: Kozlowski LT, Annis
HM, Chappel HD, et al (eds) Research advances in alco-
hol and drug problems. Plenum Press, New York, pp 273—
315

43. Glassman AH, Covery LS, Dalack GW, Stetner F, Rivelli
SK, Fleiss J, et al (1993) Smoking cessation, clonidine,
and vulnerability to nicotine among dependent smokers.
Clin Pharmacol Therapeut 54: 670-679

44. Benowitz NL, Hatsukami D (1998) Gender differences in
the pharmacology of nicotine addiction. Addict Biol 3:
383-404

45. Allen SS, Hatsukami DK, Christianson D, Nelson D
(1999) Withdrawal and pre-menstrual symptomatology
during the menstrual cycle in short-term smoking absti-
nence: effects of menstrual cycle on smoking abstinence.
Nicotine Tob Res 1: 129-142

46. Pomerleau OF, Fagerstrom K, Marks JL, Tate J, Pomerleau
CS. Development and validation of a self-rating scale for
positive- and negative-reinforcement smoking. Nicotine
Tobacco Res (in press)

47. Fagerstrom KO (1998) An alternative tobacco control sys-
tem. Wien Klin Wochenschr 110: 809-810

48. Kunze U, Schoberberger R, Schmeiser-Rieder A, Groman
E, Kunze M (1998) Alternative nicotine delivery systems
(ANDS) — public health-aspects. Wien Klin Wochenschr
110: 811-816

49. Aigner K (2002) [Smoking: a poor choice] (in German).
Wien Klin Wochenschr 114: 742-743

Correspondence: Doz. Dr. Ernest Groman, Institute of
Social Medicine, University of Vienna & Nicotine Institute
Vienna, Rechte Wienzeile 81/1, A-1050 Vienna, Austria,
E-mail: ernest.groman@univie.ac.at

(Received September 2, 2002, accepted after revision March 3, 2003)



