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Family and twin studies indicate that there is a substantial genetic contribution to the
risk of developing nicotine dependence. Heritability estimates for nicotine and other
types of drug dependence range from 39% to 80% [1-3], indicating that susceptibility
to these conditions is influenced by individual genetic makeup as well as
environmental factors. There also appear to be both unique and overlapping genetic
factors for initiation of drug use and progression to regular use and dependence [4].
Genes that affect drug metabolism and dopaminergic neurotransmission are plausible
candidates for genes that underlie the heritability of nicotine (and other types of drug
dependence) [5-7].

In 1999, Francis Collins, Director of the US Human Genome Institute, outlined an
optimistic vision of the future contribution of “genomic medicine”: the use of genetic
information to improve human health [8,9]. Collins foresaw genomic screening being
used preventively to identify healthy individuals who carry susceptibility alleles for
diseases, such as cancers and heart disease, and intervening with those at higher genetic
risk to either change their behaviour (e.g. exercise, eat a healthier diet) or to use drugs
(e.g. antihypertensives) that reduced their chance of developing these diseases. Collins
imagined, for example, screening smokers for genetic susceptibility to lung cancer and
counselling those at high risk to stop smoking. Similarly, optimistic projections have
been expressed by some addiction genetics researchers [10].

In this paper we consider the promise and the potential harms emerging from research
on genetic liability to develop nicotine dependence. We use nicotine dependence as a
case study for two reasons. First, tobacco smoking is the leading avoidable cause of
premature death globally and in developed countries [11]. Second, the genetics of
nicotine initiation and dependence is a very active research field and explicit attention
has been paid to its clinical and public health applications (e.g. [12-14]).

We begin by considering briefly what the available evidence suggests about the
genetics of nicotine dependence. We then consider the ethical and policy implications
that may arise from empirically plausible uses that may be made of genetic
information on susceptibility to nicotine dependence and response to different
pharmacotherapies for smoking cessation.

Challenges in Identifying Addiction Susceptibility Alleles

Single, autosomal dominant genes of high penetrance have been identified for some
human cancers (e.g. BRCAL and BRCAZ in breast cancer and FAP in colorectal
cancer) but these mutations account for very few cases of these diseases. It has proven
more challenging to identify alleles that predict susceptibility to common human
diseases and disorders [15,16]. Meta-analyses of association studies in common
disease have shown that most positive findings have not been replicated and the
minority of associations that have been replicated are very modestly predictive of
increased disease risk [17,18]. Typically persons who have these susceptibility alleles
are only 1.2 to 1.5 times more likely to develop these diseases than are persons who
do not [19].

These findings in general medicine have been replicated in addiction genetics [20].
Although adoption and twin studies provide good evidence of a genetic contribution
to addiction liability [20,21], specific alleles and chromosomal regions are only
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weakly correlated with addiction liability [20]. The exception has been the allele that
controls the enzyme, alcohol dehydrogenase: persons who have one form of this allele
are less likely to use alcohol and develop alcohol dependence [20].

In the case of smoking, genome-wide scans have identified associations between
nicotine dependence and loci near genes of biological relevance, such as the mu;-
opiod receptor (OPRML1), serotonin receptor 5A, alphas-nicotinic acetylcholine
receptor (CHRNA?2), alphaa-adrenergic receptor (ADRA1A) and dopamine receptor
(Dy) genes [22]. Few of these associations, however, have been replicated between
studies. This may reflect in part publication bias: journals are more likely to publish
early positive associations that are not subsequently replicated [17,18,23].

Studies of candidate genes have been similarly disappointing. Meta-analyses of the
most replicated genetic association (Tagl Al allele of the ANKK1 gene) demonstrate
that persons with this allele are only 1.3 to 1.5 times more likely to be regular smokers
[24,25]. Other associations (e.g. Cytochome P450 2A6 polymorphisms, a variable
number tandem repeat polymorphism in the dopamine transporter gene, and the 5-
HTTLPR polymorphism in the serotonin transporter gene) have not been confirmed
[24-26].

Optimists argue that predictive alleles will be identified by improved study designs,
attributing the failure to date to studies using small samples and poor designs [23].
More sceptical researchers argue that the lack of replication of genetic associations
reflects the complexity of the genetics of human behaviour [27,28]. While some
authors have suggested that addictive disorders may be influenced by a small number
of alleles that vary between individuals [5], the more popular view is that these
disorders are polygenic [10,20].

If addictive disorders are polygenic then we should only expect modest associations
between alleles and addiction. This is because there will be multiple susceptibility
alleles involved, each of which only marginally increases the risk of developing the
disorder because their effects depend upon interactions with other genes and with
environmental exposures [10,15,29]. Plausible estimates of the number of
susceptibility alleles for major disorders range between the tens, at the most optimistic
for autism [30], to the hundreds for common cancers [31,32]. In the remainder of this
paper we assume that nicotine dependence is a polygenic disorder.

The Prospects for Genomic Medicine in Nicotine Dependence
Genomic Prediction of Addiction Liability

Sceptics argue that it will not be feasible to screen populations for genes that predict
polygenic disorders like addiction [33]. Single alleles are poor predictors of disease
risk unless the lifetime risk of the disease is 5% or more, and the genotype is either rare
or it increases addiction risk 20 or more times [33-35]. And it will be very costly to
screen whole populations for alleles with either a low prevalence and high penetrance
or a high prevalence and low penetrance because there will be only a very small
number of people at high risk of developing these disorders [36].
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Testing for multiple genetic variants can potentially improve the prediction of
addiction risk [29,37]. Simulations suggest that the prediction of risk will be
substantially improved if multiple susceptibility alleles are tested and the results are
combined to produce a risk score [34,38]. Nonetheless, even on the most optimistic
variants of this scenario, large populations still need to be screened to identify the small
number of persons who will be at high risk because they carry multiple susceptibility
alleles [39].

The efficiency of genomic screening could be improved if screening was confined to
persons at high risk of the disease on the basis of a history of early onset disease among
first degree relatives, i.e. around 10% of the population [29,37,40]. Appropriate
preventive interventions could then be provided to this group [40]. Triaging genetic
screening on the basis of family history is nonetheless a substantial retreat from the
whole population screening envisaged by Collins. A critical policy question will be:
Will the addition of genetic information improve upon family history? Epidemiological
modelling of breast cancer genetics suggests that it may [38] but evaluations are
needed in the addictions field.

Effects of Genetic Information on Quitting and Initiation

Screening is only ethically justifiable if there is an effective intervention to prevent
the disorder in those who are identified as being at risk [15,40,41]. Since smoking is a
necessary condition for nicotine dependence, everyone should be advised not to
smoke regardless of their genotype [15,42,43].

Francis Collins assumed that people will be more likely to comply with advice not to
smoke if they have been given personalised feedback on their genetic susceptibility to
tobacco-related diseases. Randomised trials of personalised feedback about genetic
susceptibility to tobacco-related disease have failed to demonstrate improvements in
long-term smoking cessation rates [44-47]. Smokers who were advised they had a
positive test result for genetic susceptibility to lung cancer (CYP2D6 status) were no
more likely to attempt to quit, nor were they more likely to succeed in quitting, than
smokers who were not advised of their genetic risk [45,48]. In one study, smokers
who were told they had a greater genetic susceptibility to COPD (chronic obstructive
pulmonary disease) were more likely to attempt to quit and to use cessation aids than
those who tested negative [47]. Smokers who tested positive were more likely to be
abstinent at 3 months than those who tested negative, however the difference was not
substantial (12% versus 4%). Another study, which provided NRT (nicotine
replacement therapy) and telephone counselling for all participants, did not observe
any difference in cessation rates between smokers advised of a positive or negative
test result [46].

A further concern is that smokers who are told that they are at lower genetic risk of
tobacco-related diseases may be less motivated to quit [49,50]. Studies of smokers
presented with hypothetical genetic feedback have found less motivation to quit
among those presented with a “low risk’ result [51]. Similarly, randomised trials have
found that smokers who were told that they were at low risk of tobacco-related
diseases had lower smoking cessation rates than those not provided with any genetic
risk information [44].
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Genetic testing of children and adolescents to discourage smoking initiation has also
been proposed. Such testing poses additional ethical concerns. The potential impact of
‘labeling’ a child or adolescent as being at ‘high risk’ of addiction is unknown, but
could be damaging to self-image and future behaviour [50]. These issues require
careful consideration as some providers of adolescent medicine have already
expressed an interest in genetic testing of their patients for nicotine addiction
susceptibility [52], as have adolescents themselves [53,54].

Nicotine Pharmacogenetics

Genetic information could be used to select treatment for persons who are nicotine
dependent. For example, genetic information about nicotine metabolism or dopamine
response to nicotine could be used to match smokers to the treatment that was most
likely to produce abstinence [55]. This presupposes (1) that there are alleles that
predict different responses to smoking cessation treatments, and (2) that matching in
this way is more cost-effective than giving everyone the treatment that is the most
effective regardless of genotype [39]. For nicotine pharmacogenetics to be cost-
effective, the genotypes identified must reliably predict a differential response to
treatment that is of sufficient size to justify the additional costs of genetic testing [56].

To date, pharmacogenetic studies of smoking cessation have examined
polymorphisms in the DRD2 [57-62], OPRML1 [63,64], CYP2B6 [65], SLC6A3 [66],
SLC6A4 [67,68], DBH [69], FREQ [70] and COMT genes [71]. Some trials report a
differential response to treatment (typically NRT or bupropion compared to placebo),
but the differences are small, they weaken over time, and most of these findings have
not been replicated. Attempts to replicate one such finding, for example, produced a
null effect in two studies [67,68] and contradictory findings in the others [63,64].

The positive results are also of questionable utility because of the low prevalence in
the population of the polymorphisms tested [14]. For example, a polymorphism that
Berrettini et al. [71] found predicted a poor response to bupropion was found in only
11% of Caucasian smokers.

Because of the poor results with individual alleles, many pharmacogenetic studies
now examine combinations of multiple alleles in more than one polymorphism (e.g.
[57,70,71]). The studies to date have also found a low prevalence of predictive allele
combinations and also failed to replicate each others’ results.

Evaluations of pharmacogenetic tests will also need to evaluate the psychological
effects of giving smokers genetic information on their likelihood of quitting. Will
smokers interpret genetic risk information as meaning that smoking is an immutable
behaviour that can only be changed with great difficulty, if at all, by biological
interventions [49,72,73]? Two studies of smokers’ understanding of the implications
of information about genetic risk for cessation [74,75] have suggested that they may.
In these studies, smokers who accepted that genetic factors contributed to cigarette
smoking were less confident about their self-efficacy in quitting and were more likely
to believe that a biological intervention was required to help them become abstinent.
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Research will also need to examine the effects of providing genetic information on
future quit attempts. Smokers who fail to achieve abstinence despite having treatment
tailored to their genotype may be discouraged from trying again. This would be an
undesirable outcome because most smokers need to make a number of failed quit
attempts before achieving long-term abstinence [76-78]

It is also unclear whether pharmacogenetic strategies will reduce population smoking
prevalence. Despite their efficacy in clinical trials, bupropion and NRT have not had a
measurable population impact because of low uptake in the community [79]. It is
difficult to believe that pharmacogenetic tests will increase uptake rates given the
additional costs of genetic testing that are commonly cited as barriers to use of
existing treatments [79,80]. Disadvantaged groups, who typically have the highest
smoking prevalence, may find genetic tests particularly unappealing because of their
cost, and possibly, fears of discrimination [81].

Finally, pharmacogenetic research on smoking may distract researchers from
developing therapies that are more effective for all smokers. Nicotine vaccines and
varenicline are two new therapies that have shown promising early results [82,83].
The cannabinoid antagonist, rimonabant, whilst possibly no more effective than
bupropion and denied approval by the FDA as a smoking cessation aid, may be more
attractive to smokers because it may prevent weight gain [83,84]. New faster-acting
and stronger-dose preparations of NRT may also be more effective at relieving
withdrawal symptoms and more attractive to smokers [85].

Competing Public Health Strategies

Population-based tobacco control strategies such as taxing cigarettes and reducing the
opportunities to smoke have halved cigarette smoking rates in Australia [86] and the
USA [87] over the past three decades. These strategies contrast with the strategy of
using genetic information to identify and intervene with those at “highest risk” [41]
entailed by genomic medicine [34]. Population-based strategies are likely to be more
efficient than high risk strategies when smoking prevalence is high [41]. In this
situation it makes more sense to reduce cigarette smoking by increasing taxes on
tobacco products, banning cigarette advertising, and restricting opportunities to smoke
than it does to spend resources on identifying those at higher genetic risk of becoming
nicotine dependent, if they smoke tobacco [34,42]. A major challenge for advocates of
using genomic medicine to reduce nicotine dependence will be in obtaining any health
benefits from genetic screening without undermining effective public health policies
[13,34].

Tobacco Harm Reduction

A more controversial population health strategy is to encourage current smokers to
adopt less harmful ways of using nicotine [88,89]. Snus, or oral snuff, appears to have
substantially lower health risks compared to cigarettes. Because snus is a smokeless
product, it does not produce any of the combustion products of smoked tobacco and it
has low levels of tobacco-specific nitrosamines, the main carcinogens in tobacco.
Research in Sweden, where men have used snus for several decades, have so far failed
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to detect any increase in the risks of oral cancers or cardiovascular disease among
snus users [90-92].

The evidence of a substantially reduced risk with snus use compared to smoking is
convincing, but the potentially detrimental effect on other tobacco control policies
from its promotion also needs to be considered. Critics argue that the promotion of
snus may reduce tobacco-related mortality and morbidity in current smokers at the
cost of increasing tobacco use in the population by recruiting new tobacco users and
discouraging smokers from quitting. Epidemiological modelling indicates that for net
harm to result from snus use, many more non-smokers would need to take up snus for
each smoker who switched to snus [93]. If snus use is confined to current smokers,
switching from smoking tobacco to using snus would produce a net population health
benefit, as it appears to have done in Sweden [94].

Ethical and Policy Concerns
Medicalisation of Addictive Behaviour

A major concern expressed by critics of genetic studies of human behaviour is that it
will “medicalise” human behaviour [95-98], that is, it will lead to an overemphasis on
the biological, and particularly genetic, origins of behaviour, at the expense of social
and psychological explanations, in ways that will adversely affect people who engage
in stigmatised forms of behaviour like smoking [13]. If addictions are seen as genetic
disorders, critics argue that it could lead to a focus on medical interventions to the
detriment of social measures such as higher taxes, prohibition of access to under 18’s
and so on [13,43,99].

Medicalisation could also potentially affect the types of cessation treatments that are
made available. Pharmacological treatments and genetic tests could be marketed to
smokers for commercial rather than health gains, as some argue has happened with
NicoTest (www.nicotest.com), a commercially available pharmacogenetic test
marketed as a way of choosing either NRT or bupropion for smoking cessation
[100,101]. This is particularly relevant for the treatment of nicotine addiction, where
the consumer may be desperate to quit because of the social, health and financial
burden of smoking.

Critics argue that behaviour genetics may also change the way in which we think
about nicotine dependence, and the ability of smokers to quit [13,102]. Such a view
could lead to the further stigmatisation of those who possess particular genetic alleles
or mutations, or genetic markers associated with smoking [13]. On this view,
behaviour genetics could lead to both institutionalised discrimination, particularly by
courts, educators and employers, and health and life insurers, as well as intensifying
more informal stigmatisation [103-108]. These possibilities deserve to be investigated
[13,50,55,109,110].

Third Party Uses of Genetic Information

Genetic information on addiction risk may potentially be used by third parties such as
insurance companies, employers and educators, and the courts. Given the nature of
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genetic transmission, the implications of this information not only affect the
individual being tested, but also their close relatives. This raises ethical issues about
who should be able to access this information. What measures should be taken to
protect privacy? Under what circumstances should this information be shared and
with whom [103,111,112]?

Bioethicists’ concerns about the ethical and policy implications of genetic testing
have been strongly influenced by experiences with genetic testing for Mendelian
disorders, the paradigm case being Huntington’s disease [113]. Because the mutations
that cause this serious neurological disorder are strongly predictive of disease risk,
and there is no effective treatment, genetic testing creates serious ethical dilemmas for
affected individuals and family members [113]. Such testing also raises real concerns
about the discriminatory use of genetic risk information by health and life insurers
and employers [55,104,114].

But Huntington’s disease is a poor model of the situation that we face with the
addictive disorders. As argued above, since addictive disorders are most likely to be
polygenic disorders, genetic testing will probably only modestly improve upon the
prognostic value of family history. Any discussion of the ethical implications of the
predictive genomics of addiction has to take account of the most likely ways in which
genomics information will be used.

If the pessimists are right, the ethical and policy issues identified by bioethicists will
not arise because we will not identify predictively useful alleles for addiction. Even
on the most optimistic scenario, the predictive genomics of addition is unlikely to lead
to genetic screening of whole populations for the reasons outlined above. Rather,
predictive genetic testing is more likely to be offered to the minority of persons with a
family history of early onset addictive disorders, perhaps 10% of the population.

Fear of genetic discrimination may nonetheless deter people with family histories of
addictive disorders from having genetic tests that may benefit them. Similar fears may
also deter individuals from participating in genetic research on addictive disorders,
thereby impairing the acquisition of scientific knowledge about the genetics of these
disorders. It remains to be seen whether community concerns about third party use of
genetic information prove to be a major impediment to addiction genomic research
and future medical applications.

We can, of course, eliminate the risks of third party use of genetic information by
banning all genetic tests. But this policy could prevent us from realising any benefits
that genetic testing may bring; it would also be an overly paternalistic policy. A better
approach would be to look for safeguards to prevent individuals’ privacy and
confidentiality being unfairly compromised. The challenge will be to develop policies
that allow for the use of genetic information to reduce the incidence of disease and
improve the health and welfare of individuals and society, while minimising
stigmatisation and discrimination.

Preventive Uses of Addiction Genetics

If we were able to predict genetic liability to nicotine dependence, we would need to
decide if we should use potentially coercive means to prevent adolescents from
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smoking [42]. For example, vaccines that are being developed against nicotine,
primarily for smoking cessation [115-118], could potentially be used in childhood to
prevent ‘high risk’ adolescents from smoking [116,119]. Children are unable to
consent to such interventions but parents may be able to consent on their behalf, as
they do for other childhood vaccinations and health care interventions.

In order to be ethical, the preventive use of a nicotine vaccine would need to
demonstrate (1) the long term benefits of the vaccine [116,117,119] and (2) that
genetic tests accurately predict the risk of nicotine addiction. Given the limited
predictive power of genes studied to date, and doubts about the long term efficacy of
preventive vaccination [39], it is unlikely that preventive vaccination would be an
effective or an ethical intervention [115].

Challenges for Public Education

Popular understandings of the role of genetics, at least as expressed in the media, are
often deterministic, suggesting that if you have “the gene for X” you are very likely to
develop that disorder, and conversely that you will be at low risk of doing so if you do
not have the “gene” for that disorder [120]. For example, popular media reporting of
NicoTest describes it as a test for “the smoker’s gene” or the “addiction gene”
[121,122].

These views probably reflect the media focus on Mendelian disorders like
Huntington’s disease, cystic fibrosis and Tay-Sachs disease, where modes of genetic
transmission are easier to understand [120]. If these views of genetics are indeed
widely held, the challenge for public education will be explaining the personal and
public health implications of polygenic disorders in which individual alleles weakly
predict risk, and interact with each other and with the person’s environment. If done
well, this type of public education may allay anxieties about the third party uses of
genetic information.

Public education will also need to avoid any unintended message that public health
tobacco strategies can be replaced by high risk genomic medicine strategies
[43,99,123]. The surest way for many individuals in developed societies to reduce
their disease risks remains to stop smoking, reduce caloric intake and increase
exercise [31,36,41,43]. In order to avoid blaming individuals for their risk status we
also need to modify physical and social environments in ways that facilitate desirable
changes in risk behaviour.

Conclusions

Despite good evidence from twin studies that genes contribute to addiction
susceptibility, substantial challenges remain before Francis Collin’s vision of genomic
medicine can be realised in nicotine addiction. A major challenge has been the failure
to date to identify commonly occurring, susceptibility alleles that are strongly
predictive for nicotine addiction. The susceptibility alleles that have been identified to
date only weakly predict addiction risk. Multiple alleles may better predict individual
risk but the costs of screening and counselling large numbers of individuals in order to
identify the small number at high risk may be difficult to justify, especially in the
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absence of any effective preventive strategies. Population health strategies such as
increased taxation and reduced opportunities to smoke are also more efficient in
reducing cigarette smoking. Tobacco harm reduction policies applied to populations
may also have an important role to play in reducing tobacco-related harm, although
this remains controversial.

Any future predictive use of genomic information on addiction risk will need to
address ethical and policy issues such as community concerns about privacy and the
third party use of genetic information (e.g. by insurers or employers). Public
education will be needed about the implications of the genetics of nicotine
dependence and research is needed on how best to present genetic information to
motivate desired behavioural change and avoid undermining successful public health
strategies for reducing disease risk.

References

1. Evans A, Van Baal G. C., McCarron P., DeLange M., Soerensen T. I., De Geus
E. J., et al. The genetics of coronary heart disease: the contribution of twin
studies. Twin Res 2003; 6: 432-41.

2. LiM.D. ChengR., MalJ. Z., Swan G. E. A meta-analysis of estimated genetic
and environmental effects on smoking behavior in male and female adult twins.
Addiction 2003; 98: 23-31.

3. Vink J. M., Willemsen G., Boomsma D. I. Heritability of smoking initiation and
nicotine dependence. Behav Genet 2005; 35: 397-406.

4. Fowler T., Lifford K., Shelton K., Rice F., Thapar A., Neale M. C., et al.
Exploring the relationship between genetic and environmental influences on
initiation and progression of substance use. Addiction 2007; in press.

5.  Goldman D., Oroszi G., Ducci F. The genetics of addictions: uncovering the
genes. Nat Rev Genet 2005; 6: 521-32.

6. Hiroi N., Agatsuma S. Genetic susceptibility to substance dependence. Mol
Psychiatry 2005; 10: 336-44.

7. Young R. M., Lawford B. R., Nutting A., Noble E. P. Advances in molecular
genetics and the prevention and treatment of substance misuse: implications of
association studies of the Al allele of the D2 dopamine receptor gene. Addict
Behav 2004; 29: 1275-94.

8. Collins F. S. Medical and societal consequences of the Human Genome Project.
N Engl J Med 1999; 341: 28-37.

9. CollinsF. S., Green E. D., Guttmacher A., Guyer M. S. A vision for the future of
genomics research. Nature 2003; 422: 835-47.

10. Uhl G., Grow R. W. The burden of complex genetics in brain disorders. Arch
Gen Psychiatry 2004; 61: 223-9.

11. Ezzati M., Lopez A. D. Estimates of global mortality attributable to smoking in
2000. Lancet 2003; 362: 847-52.

12. Berrettini W. H., Lerman C. E. Pharmacotherapy and pharmacogenetics of
nicotine dependence. Am J Psychiatry 2005; 162: 1441-51.

13. Caron L., Karkazis K., Raffin T., Swan G., Koenig B. Nicotine addiction
through a neurogenomic prism: ethics, public health, and smoking. Nicotine Tob
Res 2005; 7: 181-97.

10



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 11
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Lee A. M., Tyndale R. F. Drugs and genotypes: how pharmacogenetic
information could improve smoking cessation treatment. J Psychopharmacol
2006; 20: 7-14.

Davey Smith G., Ebrahim S., Lewis S., Hansell A. L., Palmer L. J., Burton P. R.
Genetic epidemiology 7 - genetic epidemiology and public health: hope, hype,
and future prospects. Lancet 2005; 366: 1484-98.

Schork N. J. Genetic of complex disease: approaches, problems, and solutions.
Am J Respir Crit Care Med 1997; 156: S103-9.

Hirschhorn J. N., Lohmueller K., Byrne E., Hirschhorn K. A comprehensive
review of genetic association studies. Genet Med 2002; 4: 45-61.

loannidis J. P. A. Genetic associations: false or true? Trends Mol Med 2003; 9:
135-8.

loannidis J. P. A., Trikalinos T. A., Ntzani E. E., Contopoulos-loannidis D. G.
Genetic associations in large versus small studies: an empirical assessment.
Lancet 2003; 361: 567-71.

Ball D., Pembrey M., Stevens D. N. Genomics. In: Nutt D., Robbins T. W.,
Stimson G. V., Ince M., Jackson A., eds. Drugs and the Future: Brain Science,
Addiction and Society. San Diego, CA: Academic Press; 2007: p. 89-131.
Kendler K. S., Prescott C. A. Genes, Environment and Psychopathology:
Understanding the Causes of Psychiatric and Substance Use Disorders. New
York: The Guildford Press; 2006.

Ho M. K., Tyndale R. F. Overview of the pharmacogenomics of cigarette
smoking. Pharmacogenomics J 2007: 1-18.

Colhoun H. M., McKeigue P. M., Smith G. D. Problems of reporting genetic
associations with complex outcomes. Lancet 2003; 361: 865-72.

Munafo M. R., Clark T. G., Johnstone E. C., Murphy M. F. G., Walton R. T. The
genetic basis for smoking behavior: a systematic review and meta-analysis.
Nicotine Tob Res 2004; 6: 583-98.

Li M. D., Ma J. Z., Beuten J. Progress in searching for susceptibility loci and
genes for smoking-related behaviour. Clin Genet 2004; 66: 382-92.

Carter B., Long T., Cinciripini P. A meta-analytic review of the CYP2A6
genotype and smoking behavior. Nicotine Tob Res 2004; 6: 221-7.

Beckwith J. Whither human behavioural genetics? In: Parens E., Chapman A.
R., Press N., eds. Wrestling with Behavior Genetics: Science, ethics and public
conversation. Baltimore: John Hopkins University Press 2006; p. 74-99.
Turkheimer E. Mobiles: a gloomy view of research into complex human traits.
In: Parens E., Chapman A. R., Press N., eds. Wrestling with Behavior Genetics:
Science, Ethics and Public Conversation. Baltimore: John Hopkins University
Press 2006; p. 100-8.

Khoury M. J. Genetics and genomics in practice: the continuum from genetic
disease to genetic information in health and disease. Genet Med 2003; 5: 261-8.
Insel T. R., Collins F. S. Psychiatry in the genomics era. Am J Psychiatry 2003
160: 616-20.

Peto J. Cancer epidemiology in the last century and the next decade. Nature
2001; 411: 390-295.

Peto J. Breast cancer susceptibility: a new look at an old model. Cancer Cell
2002; 1: 411-2.

Holtzman N. A., Marteau T. M. Will genetics revolutionize medicine? N Engl J
Med 2000; 343: 141-4,

11



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 12
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Khoury M. J., Yang Q., Gwinn M., Little J., Flanders W. D. An epidemiologic
assessment of genomic profiling for measuring susceptibility to common
diseases and targeting interventions. Genet Med 2004; 6: 38-47.

Wald N. J., Hackshaw A. K., Frost C. D. When can a risk factor be used as a
worthwhile screening test? BMJ 1999; 319: 1562-5.

Vineis P., Schulte P., McMichael A. J. Misconceptions about the use of genetic
tests in populations. Lancet 2001; 357: 709-12.

Khoury M. J., Davis R., Gwinn M., Lindegren M. L., Yoon P. Do we need
genomic research for the prevention of common diseases with environmental
causes? Am J Epidemiol 2005; 161: 799-805.

Pharoah P. D. P., Antoniou A., Bobrow M., Zimmern R. L., Easton D. F.,
Ponder B. A. J. Polygenic susceptibility to breast cancer and implications for
prevention. Nat Genet 2002; 31: 33-6.

Hall W. D. A research agenda for assessing the potential contribution of
genomic medicine to tobacco control. Tob Control 2007; 16: 53-8.

Khoury M. J., McCabe L. L., McCabe E. R. Population screening in the age of
genomic medicine. N Engl J Med 2003; 348: 50-8.

Rose G. The Strategy of Preventive Medicine. Oxford: Oxford University Press;
1992.

Hall W. D., Madden P., Lynskey M. The genetics of tobacco use: methods,
findings and policy implications. Tob Control 2002; 11: 119-24.

Merikangas K. R., Risch N. Genomic priorities and public health. Science 2003;
302: 599-601.

Ito H., Matsuo K., Wakai K., Saito T., Kumimoto H., Okuma K., et al. An
intervention study of smoking cessation with feedback on genetic cancer
susceptibility in Japan. Prev Med 2006; 42: 102-8.

Lerman C., Gold K., Audrain J., Lin T. H., Boyd N. R., Orleans C. T., et al.
Incorporating biomarkers of exposure and genetic susceptibility into smoking
cessation treatment: effects on smoking-related cognitions, emotions, and
behavior change. Health Psychol 1997; 16: 87-99.

McBride C. M., Bepler G., Lipkus I. M., Lyna P., Samsa G., Albright J., et al.
Incorporating genetic susceptibility feedback into a smoking cessation program
for African-American smokers with low income. Cancer Epidemiol Biomarkers
Prev 2002; 11: 521-8.

Carpenter M. J., Strange C., Jones Y., Dickson M., Carter C., Moseley M. A, et
al. Does genetic testing result in behavioral health change? Changes in smoking
behavior following testing for alpha-1 antitrypsin deficiency. Ann Behav Med
2007; 33: 22-8.

Audrain J., Boyd N. R., Roth J., Main D., Caporaso N. F., Lerman C. Genetic
susceptibility testing in smoking-cessation treatment: one-year outcomes of a
randomized trial. Addict Behav 1997; 22: 741-51.

Marteau T. M., Lerman C. Genetic risk and behavioural change. BMJ 2001; 322:
1056-9.

Wilfond B. S., Geller G., Lerman C., Audrain-McGovern J., Shields A. Ethical
issues in conducting behavioral genetics research: the case of smoking
prevention trials among adolescents. J Health Care Law Policy 2002; 6: 73-88.
Hoff N., Evers-Casey S., Weibel S., Patkar A., Leone F. Impact of genetic risk
information on smokers' motivation to quit. 11th Annual Meeting of the Society
for Research on Nicotine and Tobacco- Prague, Czech Republic 2005.

12



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 13
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Tercyak K. P., Peshkin B. N., Abraham A., Wine L., Walker L. R. Interest in
genetic counseling and testing for adolescent nicotine addiction susceptibility
among a sample of adolescent medicine providers attending a scientific
conference on adolescent health. J Adolesc Health 2007; 41: 42-50.

Tercyak K. P., Peshkin B. N., Wine L. A., Walker L. R. Interest of adolescents
in genetic testing for nicotine addiction susceptibility. Preve Med 2006; 42: 60-
5.

Tercyak K. P., Nicolas M., Councill T., Prahlad S., Taylor K. L. Shad A. T.
Brief report: Health beliefs among survivors of childhood cancer. J Ped Psychol
2004; 29: 397-402.

Munafdo M. R., Shields A. E., Berrettini W. H., Patterson F., Lerman C.
Pharmacogenetics and nicotine addiction treatment. Pharmacogenomics 2005; 6:
211-23.

Flowers C. R., Veenstra D. The role of cost-effectiveness analysis in the era of
pharmacogenomics. PharmacoEconomics 2004; 22: 481-93.

Lerman C., Jepson C., Wileyto E. P., Epstein L. H., Rukstalis M., Patterson F., et
al. Role of functional genetic variation in the dopamine D2 receptor (DRD2) in
response to bupropion and nicotine replacement therapy for tobacco dependence:
results of two randomized clinical trials. Neuropsychopharmacology 2006; 31:
231-42.

Johnstone E. C., Yudkin P., Griffiths S. E., Fuller A., Murphy M., Walton R.
The dopamine D2 receptor C32806T polymorphism (DRD2 TaglA RFLP)
exhibits no association with smoking behaviour in a healthy UK population.
Addict Biol 2004; 9: 221-6.

Cinciripini P., Wetter D., Tomlinson G., Tsoh J., De Moor C., Cinciripini L., et
al. The effects of the DRD2 polymorphism on smoking cessation and negative
affect: evidence for a pharmacogenetic effect on mood. Nicotine Tob Res 2004;
6: 229-39.

David S., Niaura R., Papandonatos G., Shadel W., Burkholder G., Britt D., et al.
Does the DRD2-Tagl A polymorphism influence treatment response to
bupropion hydrochloride for reduction of the nicotine withdrawal syndrome?
Nicotine Tob Res 2003; 5: 935-42.

Swan G. E., Valdes A. M., Ring H. Z., Khroyan T. V., Jack L. M., Ton C. C., et
al. Dopamine receptor DRD2 genotype and smoking cessation outcome
following treatment with bupropion SR. Pharmacogenomics J 2004; 5: 21-9.
Berlin I., Covey L. S., Jiang H., Hamer D. Lack of effect of D2 dopamine
receptor TaglA polymorphism on smoking cessation. Nicotine Tob Res 2005; 7:
725-8.

Munafo M. R., Elliot K. M., Murphy M. F. G., Walton R. T., Johnstone E. C.
Association of the mu-opioid receptor gene with smoking cessation.
Pharmacogenomics J 2007; in press.

Lerman C., Wileyto E. P., Patterson F., Rukstalis M., Audrain-McGovern J.,
Restine S., et al. The functional mu opioid receptor (OPRM1) Asn40Asp variant
predicts short-term response to nicotine replacement therapy in a clinical trial.
Pharmacogenomics J 2004; 4: 184-92.

Lerman C., Shields P. G., Wileyto E. P., Audrain J., Pinto A., Hawk L., et al.
Pharmacogenetic  investigation  of  smoking  cessation  treatment.
Pharmacogenetics 2002; 12: 627-34.

13



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 14
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

66.

67.

68.

69.

70.

71.

72,

73.

74.

75.

76.

77,

78.

79.

80.

Lerman C., Shields P. G., Wileyto E. P., Audrain J., Hawk L. H., Pinto A, et al.
Effects of dopamine transporter and receptor polymorphisms on smoking
cessation in a bupropion clinical trial. Health Psychol 2003; 22: 541-8.

David S. P., Munafo M. R., Murphy M. F. G., Walton R. T., Johnstone E. C. The
serotonin transporter 5-HTTLPR polymorphism and treatment response to
nicotine patch: follow-up of a randomized controlled trial. Nicotine Tob Res
2007; 9: 225-31.

Munafo M. R., Johnstone E. C., Wileyto E. P., Shields P. G., Elliot K. M.,
Lerman C. Lack of association of 5-HTTLPR genotype with smoking cessation
in a nicotine replacement therapy randomized trial. Cancer Epidemiol
Biomarkers Prev 2006; 15: 398-400.

Johnstone E. C., Yudkin P. L., Hey K., Roberts S. J., Welch S. J., Murphy M. F.,
et al. Genetic variation in dopaminergic pathways and short-term effectiveness
of the nicotine patch. Pharmacogenetics 2004; 14: 83-90.

Dahl J. P., Jepson C., Levenson R., Wileyto E. P., Patterson F., Berrettini W. H.,
et al. Interaction between variation in the D2 dopamine receptor (DRD2) and the
neuronal calcium sensor-1 (FREQ) genes in predicting response to nicotine
replacement therapy for tobacco dependence. Pharmacogenomics J 2006; 6:
194-9.

Berrettini W. H., Wileyto E. P., Epstein L., Restine S., Hawk L., Shields P., et
al. Catechol-o-methyltransferase (COMT) gene variants predict response to
bupropion therapy for tobacco dependence. Biol Psychiatry 2007; 61: 111-8.
Marteau T. M., Weinman J. Self-regulation and the behavioural response to
DNA risk information: a theoretical analysis and framework for future research.
Soc Sci Med 2006; 62: 1360-8.

Marteau T. M., Croyle R. T. The new genetics: psychological responses to
genetic testing. BMJ 1998; 316: 693-6.

Cappella J. N., Lerman C., Romantan A., Baruh L. News about genetics and
smoking: priming, family smoking history, and news story believability on
inferences of genetic susceptibility to tobacco addiction. Communic Res 2005;
32: 478-502.

Wright A. J., Weinman J., Marteau T. M. The impact of learning of a genetic
predisposition to nicotine dependence: an analogue study. Tob Control 2003; 12:
227-30.

Prignot J. A tentative illustration of the smoking initiation and cessation cycles.
Tob Control 2000; 9: 113.

John U., Meyer C., Hapke U., Rumpf H.-J., Schumann A. Nicotine dependence,
quit attempts, and quitting among smokers in a regional population sample from
a country with a high prevalence of tobacco smoking. Prev Med 2004; 38: 350-
8.

Farkas A. J., Pierce J. P., Gilpin E. A., Zhu S. H., Rosbrook B., Berry C., et al. Is
stage-of-change a useful measure of the likelihood of smoking cessation? Ann
Behav Med 1996; 18: 79-86.

Cummings K. M., Hyland A. Impact of nicotine replacement therapy on
smoking behavior. Ann Rev Public Health 2005; 26: 583-99.

Park E. R., Kleimann S., Shields A. E., Pelan J. A. Anticipating clinical
integration of genetically tailored tobacco dependence treatment: Perspectives of
primary care physicians. Nicotine Tob Res 2007; 9: 271 - 9.

14



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 15
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.
98.

Catz D. S., Green N. S., Tobin J. N., Lloyd-Puryear M. A., Kyler P., Umemoto
A., et al. Attitudes about genetics in underserved, culturally diverse populations.
Community Genet 2005; 8: 161-72.

Maurer P., Jennings G. T., Willers J., Rohner F., Lindman Y., Roubicek K., et
al. A therapeutic vaccine for nicotine dependence: preclinical efficacy, and
phase | safety and immunogenicity. Eur J Immunol 2005; 35: 2031-40.
Fagerstrom K., Balfour D. J. Neuropharmacology and potential efficacy of new
treatments for tobacco dependence. Expert Opin Investig Drugs 2006; 15: 107-
16.

Hall S. M., Ginsberg D., Jones R. T. Smoking cessation and weight gain. J
Consult Clin Psychol 1986; 54: 342-6.

Ebbert J. O., Dale L. C., Patten C. A., Croghan I. T., Schroeder D. R., Moyer T.
P., et al. Effect of high-dose nicotine patch therapy on tobacco withdrawal
symptoms among smokeless tobacco users. Nicotine Tob Res 2007; 9: 43-52.
White V., Hill D., Siahpush M., Bobevski I. How has the prevalence of cigarette
smoking changed among Australian adults? Trends in smoking prevalence
between 1980 and 2001. Tob Control 2003; 12: 1167-1i74.

Pierce J. P., Gilpin E. A., Emery S. L., White M. M., Rosbrook B., Berry C. C.
Has the California Tobacco Control Program reduced smoking? JAMA 1998
280: 893-9.

Stratton K., Shetty P., Wallace R., Bondurant S., eds. Clearing the Smoke:
Assessing the Science Base for Tobacco Harm Reduction. Washington, DC:
National Academy Press; 2001.

Shiffman S., Gitchell J. G., Warner K. E., Slade J., Henningfield J. E., Pinney J.
M. Tobacco harm reduction: conceptual structure and nomenclature for analysis
and research. Nicotine Tob Res 2002; 4: S113-S29.

Asplund K. Smokeless tobacco and cardiovascular disease. Prog Cardiovasc Dis
2003; 45: 383-94.

Foulds J., Ramstrom L., Burke M., Fagerstrom K. Effect of smokeless tobacco
(snus) on smoking and public health in Sweden. Tob Control 2003; 12: 349-59.
Critchley J. A., Unal B. Health effects associated with smokeless tobacco: a
systematic review. Thorax 2003; 58: 435-43.

Gartner C. E., Hall W. D., Vos T., Bertram M. Y., Wallace A. L., Lim S. S.
Assessment of Swedish snus for tobacco harm reduction: an epidemiological
modelling study. Lancet 2007; 369: 2010-4.

Furberg H., Lichtenstein P., Pedersen N. L., Bulik C., Sullivan P. F. Cigarettes
and oral snuff use in Sweden: prevalence and transitions. Addiction 2006; 101:
1509-15.

Ashcroft R., Campbell A., Capps B. Ethical aspects of developments in
neuroscience and drug addiction. In: Nutt D., Robbins T., Stimson G., Ince M.,
Jackson A., eds. Drugs and the Future: Brain Science, Addiction and Society.
London: Academic Press; 2007, p. 439-66.

Press N. Social construction and medicalization: behavioral genetics in context.
In: Parens E., Chapman A. R., Press N., eds. Wrestling with Behavioral
Genetics: Science, Ethics and Public Conversation. Baltimore: Johns Hopkins
University Press; 2006, p. 131-49.

Conrad P. Medicalization and social control. Ann Rev Sociol 1992; 18: 209-32.
Verweij M. Medicalization as a moral problem for preventive medicine.
Bioethics 1999; 13: 89-113.

15



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 16
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Carlsten C., Burke W. Potential for genetics to promote public health: genetics
research on smoking suggests caution about expectations. JAMA 2006; 296:
2480-2.

De Francesco L. Genetic profiteering. Nat Biotechnol 2006; 24: 888-90.
GeneWatch UK. Three reasons not to buy the NicoTest genetic test. Buxton,
Derbyshire; 2004. Available at::
http://www.genewatch.org/uploads/f03c6d66a9b354535738483c1c3d49e4/Nico
est_brief_final.pdf (accessed 27 April 2007

Backlar P. Genes and behavior: will genetic information change the way we see
ourselves? Community Ment Health J 1996; 32: 205-9.

Anderlik M. R., Rothstein M. A. Privacy and confidentiality of genetic
information: what rules for the new science? Annu Rev Genomics Hum Genet
2001; 2: 401-33.

Billings P. R., Kohn M. A., de Cuevas M., Beckwith J., Alper J. S., Natowicz M.
R. Discrimination as a consequence of genetic testing. Am J Hum Genet 1992;
50: 476-82.

Geppert C. M. A., Roberts L. W. Ethical issues in the use of genetic information
in the workplace: a review of recent developments. Curr Opin Psychiatry 2005;
18: 518-24.

Greely H. Genotype discrimination: The complex case for some legislative
protection. Univ PA Law Rev 2001; 149: 1438-505.

Hall M. A., Rich S. S. Laws restricting health insurers’ use of genetic
information: impact on genetic discrimination. Am J Hum Genet 2000; 66: 293-
307.

Rothenberg K., Fuller B., Rothstein M., Duster T., Kahn M. J. E., Cunningham
R., et al. Genetic information and the workplace: legislative approaches and
policy challenges. Science 1997; 275: 1755-7.

Bennett P., Smith S. Genetics, insurance and participation: how a citizen's jury
reached its verdict. Soc Sci Med 2007; in press.

Condit C., Parrott R., Harris T. Laypeople and behavioural genetics. In: Parens
E., Chapman A. R., Press N., eds. Wrestling with Behavioral Genetics: Science,
Ethics and Public Conversation. Baltimore: Johns Hopkins University Press;
2006.

Rothstein M. A. Genetic privacy and confidentiality: why they are so hard to
protect. J Law Med Ethics 1998; 26: 198-204.

Rothstein M. A., Anderlik M. R. What is genetic discrimination, and when and
how can it be prevented? Genet Med 2001; 3: 354-8.

Marteau T. M., Richards D., eds. The Troubled Helix: Social and Psychological
Implications of the New Genetics. Cambridge: Cambridge University Press;
1996.

Taylor S. A case study of genetic discrimination: social work and advocacy
within a new context. Aust Soc Work 1998; 51: 51-7.

Hall W. D. Will nicotine genetics and a nicotine vaccine prevent cigarette
smoking and smoking-related diseases? PLoS Med 2005; 2: e266.

Ashcroft R. E., Franey C. Further ethical and social issues in using a cocaine
vaccine: response to Hall and Carter. J Med Ethics 2004; 30: 341-3.

Harwood H. J., Myers T. G. New Treatments for Addiction: Behavioral, Ethical,
Legal, and Social Questions. Washington, D.C.: National Academies Press;
2004.

16



Wayne D. Hall, Coral E. Gartner, Adrian Carter (2008) The genetics of nicotine addiction liability: ethical and social policy 17
implications Addiction 103 (3), 350-359. doi:10.1111/j.1360-0443.2007.02070.x

118.

119.

120.

121.

122.

123.

Kosten T., Owens S. M. Immunotherapy for the treatment of drug abuse.
Pharmacol Ther 2005; 108: 76-85.

Hall W. The prospects for immunotherapy in smoking cessation. Lancet 2002;
360: 1089-91.

Khoury M. J., Thrasher J. F., Burke W., Gettig E. A., Fridinger F., Jackson R.
Challenges in communicating genetics: a public health approach. Genet Med
2000; 2: 198-202.

Doyle C. DNA test can identify ‘the smoker's gene'. The Telegraph 2004 3
December. Available from:
http://www.telgraph.co.uk/news/main.jhtmI?xml=/news/2004/12/02/nfag02.xml
&sSheet=/news//12/02/ixhome.html. (accessed 23 April 2007)

bbc.co.uk. 'DNA test' to help smokers quit. BBC News 2004 2 December.
Available from: http://news.bbc.co.uk/2/hi/health/4061137.stm (accessed 23
April 2007).

Willett W. Balancing life-style and genomics research for disease prevention.
Science 2002; 296: 695-8.

17



