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Dopamine transporter polymorphisms are associated with
short-term response to smoking cessation treatment
Colin O’Garaa,b,c, John Stapletona, Gay Sutherlanda, Camila Guindalinic,
Ben Nealec, Gerome Breenc and David Ballb,c
Objectives To examine the association between
polymorphisms in the dopamine transporter gene
(SLC6A3, DAT1) and treatment outcome in smokers
attempting to quit using either nicotine replacement therapy
or bupropion.
Methods The sample consisted of 583 smokers recruited
from a smoking cessation clinic, and followed throughout the
4 weeks of post-cessation treatment with behavioural support
and either nicotine replacement therapy or bupropion.

stop smoking early in a smoking cessation attempt. If the
effect is real, and is strongest in the very early stages
of smoking cessation, this suggests that the primary utility
of DAT1 screening in this field will be in the identification
of those most at risk of early relapse after quitting.
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Results At 1 week after smoking cessation, the 3
untranslated region (30 UTR) variable number of tandem
repeats (VNTRs) and the 30-bp intron 8 VNTR DAT1
genotypes were associated with the ability to stop smoking
(30 UTR VNTR, odds ratio = 2.0, 95% confidence interval = 1.2–3.5, novel intron 8 VNTR, odds ratio = 1.8, 95%
confidence interval = 1.0–2.9), controlling for potential
confounders. The results were weaker and no longer
significant at a 4-week follow-up.
Conclusions We find evidence, although modest, of a
medium-sized effect of DAT1 genotype on the ability to

Introduction
The enormous toll of tobacco smoking on mortality and
morbidity has prompted considerable research into
pharmacological treatments to overcome dependence on
inhaled nicotine in cigarettes and thereby to aid smoking
cessation. Nicotine replacement therapy (NRT) and
bupropion (Zyban, Glaxo Smith Kline, London, UK) are
currently the only medicines widely accepted and
licensed for smoking cessation treatment. Both have
proven efficacy and approximately double the likelihood
of cessation relative to behavioural treatments alone
[1,2]. NRT is the standard recommended treatment for
smoking cessation and is used by the majority of smokers
treated in clinical settings in the UK. It partially replaces
the nicotine obtained from cigarettes, but in a more
slowly absorbed form, without the high arterial bolus
doses achieved by tobacco smoke inhalation. Regardless
of the NRT preparation (patch, gum, lozenge, nasal spray,
buccal inhalator, sublingual tablet), smokers typically
obtain venous nicotine levels about half those from their
smoking. This is sufficient to partially relieve withdrawal
symptoms and desire to smoke, promoting a staged
progression away from smoking. The action by which
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bupropion relieves nicotine withdrawal symptoms and
aids cessation is not clearly understood. It appears to
increase dopamine and noradrenaline concentrations,
both of which are implicated in the maintenance of
smoking [3].
As even the best specialist behavioural counselling
achieves only B10% long-term abstinence, however, the
marginal effectiveness of these medicines is similarly
modest ( < 10%) and there remains an urgent need to
improve treatments. One option is to tailor existing
treatments by matching them more effectively to the
differing individual characteristics of smokers. Evidence
from twin studies suggests that inherited factors explain
about 50% of variation in smoking status and possibly 70%
of the variation in smoking maintenance [4,5]. Hence,
the possibility of using the genetic make-up of individuals
in tailoring treatment plans has recently received
considerable interest [6].
The reinforcing properties of nicotine have been
attributed to effects on dopamine transmission [7,8]. By
binding to acetylcholine receptors nicotine has been
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shown to stimulate dopamine release and to inhibit
reuptake, and the resultant pleasure induced is believed
to be at least partly responsible for smoking maintenance
[9,10]. It is therefore plausible that genes affecting
dopamine function and resultant endogenous dopamine
levels affect the degree of nicotine dependence and the
ability to stop smoking.

the confounding influence of prognostic characteristics
such as history of alcohol or drug problems, and history of
depression, for which there is either heuristic or direct
empirical evidence of a genetic link with tobacco
dependence [24].

Methods
Study participants and procedures

The SLC6A3 gene regulates synaptic dopamine through
coding for the reuptake protein known as the dopamine
transporter (DAT1) [11,12]. Genetic studies of DAT1
and smoking have concentrated on the variable number of
tandem repeats (VNTRs) polymorphism in the 30
untranslated region of the gene (30 UTR) [13–15]. The
initial two studies used retrospective self-reports of
smoking status as the target phenotype. Lerman et al.
[16] found that people with a variant 9-repeat allele were
less likely to be smokers and that those who did smoke
were less likely to have started before the age of 16 years
and to have had longer periods of abstinence. Ex-smokers
and smoking cessation rates were not recorded in this
study. In a study that also included former smokers, Sabol
et al. [17] found that among those who had ever smoked,
those with a 9-repeat allele compared with those with 10/
10 genotype were 1.5 times more likely to be ex-smokers.
Jorm et al. [18] reported a similar, but non-significant,
trend with an odds ratio (OR) of 1.2 in favour of quitting
with the 9-repeat allele. Vandenbergh et al. [19], however,
observed a significant trend in the opposite direction and
an OR of 0.7. In a meta-analysis of the three studies,
Munafo et al. [20] concluded that there was insufficient
evidence for an influence of 30 UTR VNTR on smoking
and cited somewhat disparate and potentially imprecise
phenotypes as a possible cause of the excessive variation
in results. More recently, Lerman et al. [21] conducted
the first prospective study of the 30 UTR VNTR in
relation to smoking cessation. In a trial of bupropion,
there was no evidence of a main effect on cessation,
although there was evidence that an interaction with the
dopamine D2 receptor (DRD2) was predictive [21]. To
date, there are no studies of the influence of DAT1
polymorphisms on outcome among those treated with
NRT or on differences between NRT and bupropion.
We conducted a prospective study of the influence of
DAT1 polymorphisms on the outcome of smoking
cessation treatment with either NRT or bupropion among
dependent smokers treated at a specialist clinic. Hence,
we were able to examine whether there is a different
relationship between DAT1 and smoking cessation
according to whether NRT or bupropion had been taken
to aid cessation, as has recently been observed in relation
to the DRD2 locus, – 141C ins/del [22]. Besides the
30 UTR VNTR, we also studied the intron 8 30-bp VNTR,
which has been found to be associated with cocaine abuse
[23], and three other haplotype tagging single nucleotide
polymorphisms (SNPs) between them. We also examined

Smokers attending a National Health Service smoking
cessation clinic at the Maudsley Hospital, London,
between October 2001 and June 2004 were invited to
take part in the study; 583 out of 1181 (49.4%) smokers
consented to give a DNA sample before stopping
smoking (Maudsley Smoking Cessation Clinic phase 1
sample). The treatment course was 7 weekly 1-h group or
individual support sessions over 6 weeks, plus NRT or
bupropion. Either NRT (all formulations) or bupropion
was chosen by the smoker, subject to contraindications
and clinical advice, 2 weeks (session 1) before attempting
to stop smoking, and were used according to the
manufacturers’ recommendations (for 12 and 8 weeks,
respectively). Smokers undertook to stop smoking from
session 3 (quit day), with previous sessions used for
assessment and preparation for quitting. DNA samples
were collected via buccal cell swabs at session 2. Clinic
staff were unaware of genotyping results.
All other data collection and treatment procedures were
as for normal clinic attendees. All participants completed
a baseline questionnaire giving details on demographics,
smoking history, degree of tobacco dependence and
medical history before DNA sampling. At all post-quit
sessions, participants reported number of cigarettes
smoked in the previous week and, if attending in person,
had expired air CO measured to verify self-reported
abstinence ( < 10 p.p.m. was confirmation).
Marker selection, DNA sampling and genotyping

The 30 UTR 40-bp repeat and the 30-bp intron 8 VNTR
[23] were genotyped. Following characterization of linkage
disequilibrium across the DAT1 gene [25], we also selected
three SNPs: I1 + 1036 (rs2963238; C/A), I1 + 478
(rs11564752; G/T) and I8 + 2086 (rs27048; A/G), two
located in intron 1 and one in intron 8, respectively.
Genomic DNA was extracted from buccal mucosa cells
[26]. The VNTRs were amplified by polymerase chain
reaction: 5 min at 951C, 35 cycles of 1 min at 951C, 1 min at
601C and 1 min at 721C. The oligonucleotide primers used
were 30 UTR-F, 50 TGGCACGCACCTGAGAG30 ; 30 UTR-R,
50 GGCATTGGAGGATGGGG30 ; Int8-F, 50 CTTGGGGA
AGGAAGGG30 ; and Int8-R, 50 TGTGTGCGTGCATGT
GG30 . Alleles of the 30 UTR were coded according to the
number of repeats they contained, whereas alleles of the
intron 8 were coded according to their relative size. All SNP
genotyping was performed by K-Biosciences, Cambridge,
UK [27], using an amplifluor assay (assay details are
available upon request).
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Measures
Smoking cessation outcome

Two short-term measures of smoking cessation were
used. The primary ‘intent-to-treat’ measure, as outlined
in the Department of Health smoking cessation monitoring guidelines [28], was consistent with the Society for
Research on Nicotine and Tobacco guidelines. To be
classified as ‘abstinent’, participants had to report, in
person or by telephone or letter, not smoking during the
final 2 weeks of the course, from 2 weeks after quit day
onwards, and have this confirmed by CO verification. In
this cohort, no participant who self-reported abstinence
subsequently failed CO verification. Therefore, the
verified abstinent group consisted of all self-report
abstinent participants who also attended the final session.
Those who did not attend the last scheduled session and
who failed to respond to repeated requests to attend an
individual verification session were considered to be
smoking [29]. A second outcome measure was based on
the ability to quit for 1 week following quit day. Only
those smokers who attended session 4 (1 week after quit
day) were included in the sub-sample for this analysis
because, unlike for the final 2 weeks of treatment, during
this initial week all were encouraged to attend regardless
of whether they had yet achieved abstinence.
Genotype

Following all previous studies of DAT1 showing evidence
of a prognostic effect on smoking cessation, we tested in
our primary analyses the dominant variant allele model,
comparing two copies of the common allele with all other
genotypes. The co-dominant three-genotype model was
considered in secondary analyses. Genotypes for the five
markers were dichotomized for comparison according to
possession of one or more variant alleles (30 UTR VNTR:
10/10 vs. 10/9, 9/9; intron 8 VNTR: 3/3 vs. 3/2, 2/2; rs115
SNP: G/G vs. G/T, T/T; rs270 SNP: G/G vs. G/A, A/A;
rs296 SNP: C/C vs. C/A, A/A). We excluded from the
initial analyses the small number of participants with rare
VNTR genotypes for which there is no a priori evidence
of association in an attempt to gain a more precise
comparison of 10 vs. 9 and 3 vs. 2 repeats. Their effect
was considered separately in subsequent analyses.

checked by a clinician during an individual assessment at
the same session. Histories of alcohol and drug use
problems were not recorded separately, only as a single
combined checklist item.
Data processing and statistical analysis

Initial univariate comparisons of cessation rates and
background characteristics according to genotype were
made by the w2 test or the t test. As there are no existing
studies of the three SNPs in this context, to control for
multiple testing we used an effective significance level of
0.02 for each individual SNP. Confidence intervals (CIs)
for differences or ORs were also calculated. SPSS (v12)
software (Chicago, Illinois, USA) was used for statistical
analyses. Logistic regression models were fitted to control
for confounders, study interaction effects on cessation
between genotypes and type of medication used, and
between genotype and potentially linked prognostic
characteristics such as depression and drug use history.
Sample size

The sample size for the study was based on the results
observed among women by Yudkin et al. [31] when
studying DRD2 genotypes and smoking cessation. A
sample of at least 230 women using NRT was required
and this resulted in a total sample of 583 smokers (men
and women, NRT and bupropion), for the analysis of
DAT1. For the principal marker (30 UTR VNTR), the
genotyped sample gave 75% power to detect an OR of 1.5
in favour of stopping smoking with the 10/9 or 9/9
genotype, as observed in the original study by Sabol et al.
[17]. No viable power calculations were undertaken
regarding the direction of a possible interaction between
genotype and drug, given that this was the first study of
this type and because the action of bupropion is not
clearly understood.
Ethics

Ethical approval was obtained from the South London
and Maudsley and Institute of Psychiatry Research Ethics
Committee and all participants gave signed, informed
consent.

Nicotine dependence

The Heaviness of Smoking Index (HSI) is a two-item,
60% subset of the Fagerstrom Test for Nicotine
Dependence (FTND), combining the daily number of
cigarettes (scored 0–3) and latency to the first cigarette
of the day (scored 3–0). The HSI performs similarly to
the FTND in reliably predicting smoking cessation [30].
It was administered at session 1, 2 weeks before quit day.
Demographic and other background measures

Relevant demographics, smoking history, mental health
history and drug use history were recorded on a selfcompletion questionnaire at session 1. Responses were

Results
Of the 583 patients who gave consent and DNA samples,
578 were treated with either NRT or bupropion and were
considered for analysis. Participants with rare 30 UTR
VNTR alleles [17] or intron 8 VNTR alleles [20] were
excluded. Genotype frequencies for the analyses
were 30 UTR VNTR (n = 541; 10/10 = 306; 9/10 = 202;
9/9 = 33), intron 8 VNTR (n = 530; 3/3 = 292; 2/3 = 188;
2/2 = 50), rs115 SNP (n = 525; G/G = 433; G/T = 84;
T/T = 8), rs270 SNP (n = 516; G/G = 184; G/A = 231;
A/A = 101) and rs296 SNP (n = 501; C/C = 182;
C/A = 233; A/A = 86).
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The genotype distribution of the 30 UTR VNTR and the
three SNPs were in Hardy–Weinberg equilibrium in the
whole sample (30 UTR: w2 = 0.0019, P = 0.964; rs115:
w2 = 2.70, P = 0.101; rs270: w2 = 3.37, P = 0.066; rs296:
w2 = 0.59, P = 0.441). For the intron 8 VNTR, there was
evidence of disequilibrium in the whole sample (w2 = 5.5,
P = 0.019), but not when the subgroups with European
(w2 = 1.87, P = 0.171) and African (w2 = 0.65, P = 0.420)
ancestry were analysed separately. There was good
evidence of significant linkage disequilibrium for four of
the 10 marker–marker pairs (Table 1).
The demographic and key participant characteristics are
given individually by genotype in Table 2. For the 30 UTR
VNTR cohort, the mean age was 43.7 years, 41.6% were
male, 86% were of European ancestry, 44.4% had a history
of depression, 12.8% had a history of either alcohol or
drug problems, 15% were smoking cannabis, the mean
HSI score was 3.3 and 73.4% used NRT. Frequencies
were similar for the other markers under study and did
not differ across genotypes.
Relationship between genotypes and smoking cessation

Smoking cessation abstinence rates according to genotype
are displayed in Table 3. In simple univariate analyses,
there was no evidence of an association between smoking
cessation and SNP genotype. There was also no evidence
to suggest that the VNTR genotypes were associated
with the rate of complete cessation during the final 2
weeks of treatment. Cessation during the first week,
however, was clearly related to both VNTR genotypes.
For the 30 UTR VNTR, a 10% higher cessation rate was
observed among those carrying a 9-repeat allele (9/10,
9/9) than among those with 10/10 repeats (86 vs. 76%,
w2 = 6.3, P = 0.012). When the 17 participants with minor
genotypes were also included with those possessing a
9-repeat allele, the results were virtually identical.
A similar, but slightly smaller difference was observed
for the intron 8 VNTR. Those carrying a 2-repeat allele
Table 1

Pair-wise linkage disequilibrium measures for the DAT1

markers
Intron 8 VNTR rs115654752
30 UTR VNTR

Intron 8 VNTR

rs11564752

rs27048

r2 = 0.246
w2 = 102
P < 0.001

r2 = 0.005
w2 = 2.3
P = 0.13
r2 = 0.006
w2 = 2.6
P = 0.11

rs27048

rs2963238

r2 = 0.017
w2 = 7.3
P = 0.007
r2 = 0.075
w2 = 31.2
P < 0.001
r2 = 0.015
w2 = 6.2
P = 0.013

r2 = 0.004
w2 = 1.7
P = 0.19
r2 = 0.000
w2 = 0.06
P = 0.80
r2 = 0.109
w2 = 45.4
P < 0.001
r2 = 0.008
w2 = 3.45
P = 0.063

Analysis sample consists of 416 study participants with all markers typed. Results
for the maximum sample available for each pair were similar (mean n = 487).
DAT1, dopamine transporter 1; 30 UTR, 30 untranslated region; VNTR, variable
number of tandem repeat.

Table 2 Demographics, mental health history, drug use history,
severity of tobacco dependence, and treatment medication by DAT1
genotypes
Variant allele

Common allele

9/10, 9/9 (n = 235) 10/10
30 UTR VNTR
Age, mean years
43.9 (12.2)
43.5
(SD)
% Male (n)
38.7 (91)
43.8
% European (n)
90.6 (213)
82.4
% Hx depression (n)
45.1 (106)
43.8
% Hx alcohol/drug
10.2 (24)
14.7
use (n)
% Using cannabis
13.2 (31)
16.3
(n)
HSI score, mean
3.4 (1.6)
3.3
(SD)
% Treated with NRT
69.8 (164)
76.1
(n)
Intron 8 VNTR
2/3, 2/2 (n = 238) 3/3
Age, mean years
43.4 (12.1)
44.0
(SD)
% Male (n)
40.3 (142)
42.1
% European (n)
75.6 (180)
91.1
% Hx depression (n)
44.1 (105)
44.5
% Hx alcohol/drug
12.6 (30)
13.0
use (n)
% Using cannabis (n)
12.6 (30)
15.4
HSI score, mean
3.4 (1.6)
3.3
(SD)
% Treated with NRT (n) 72.3 (172)
75.7
rs115 SNP
G/T, T/T (n = 92) G/G
Age, mean years
43.8 (12.7)
43.5
(SD)
% Male (n)
38.0 (35)
42.3
% European (n)
91.3 (84)
82.4
% Hx depression (n)
51.1 (47)
43.0
% Hx alcohol/drug
18.5 (17)
12.2
use (n)
% Using cannabis
20.7 (19)
14.3
(n)
HSI score, mean
3.1 (1.8)
3.4
(SD)
% Treated with NRT
76.1 (70)
73.9
(n)
rs270 SNP
G/A, A/A (n = 332) G/G
Age, mean years
44.9 (13.0)
42.2
(SD)
% Male (n)
41.6 (138)
40.8
% European (n)
86.7 (288)
78.3
% Hx depression (n)
47.6 (158)
42.9
% Hx alcohol/drug
13.9 (46)
12.5
use (n)
% Using cannabis
16.0 (53)
14.1
(n)
HSI score, mean
3.3 (1.6)
3.3
(SD)
% Treated with NRT
75.0 (249)
75.5
(n)
rs296 SNP
C/A, A/A (n = 319) CC
Age, mean years
43.8 (12.6)
44.5
(SD)
% Male (n)
39.5 (126)
43.4
% European (n)
80.3 (256)
91.2
% Hx depression (n)
47.0 (150)
45.1
% Hx alcohol/drug
13.8 (44)
12.6
use (n)
% Using cannabis
15.4 (49)
15.9
(n)
HSI score, mean
3.2 (1.7)
3.5
(SD)
% Treated with
77.1 (246)
74.2
NRT (n)

Difference/odds
ratio (95% CI)

(n = 306)
(12.9)
0.33 ( – 1.8, 2.5)
(134)
(252)
(134)
(45)

0.83
2.1
1.1
0.67

(0.59, 1.40)
(1.2, 3.6)
(0.77, 1.49)
(0.38, 1.1)

(50)

0.74 (0.45, 1.2)

(1.6)

0.13 ( – 0.14, 0.41)

(233)

0.71 ( – 0.5, 1.1)

(n = 292)
(13.0)
– 0.67 ( – 2.8, 1.5)
(123)
(266)
(130)
(38)

0.91
0.30
1.0
1.0

(0.67, 1.3)
(0.19, 0.50)
(0.71, 1.4)
(0.59, 1.6)

(45)
(1.7)

0.77 (0.45, 1.3)
0.10 ( – 0.18, 0.38)

(221)
0.83 (0.55, 1.20)
(n = 433)
(12.4)
0.28 ( – 2.5, 3.1)
(183)
(357)
(186)
(53)

0.83
2.2
1.4
1.6

(0.53, 1.30)
(1.0, 4.80)
(0.91, 2.2)
(0.90, 2.9)

(62)

1.7 (0.97, 3.1)

(1.6)

– 0.25 ( – 2.5, 3.1 )

(320)

1.1 (0.67, 1.9)

(n = 184)
(11.6)

2.7 ( – 0.46, 4.9)

(75)
(144)
(79)
(23)

1.0
1.8
1.2
1.1

(26)

1.2 (0.71, 2.0)

(1.7)
(139)

(0.71, 1.5)
(1.1, 2.9)
(0.83, 1.7)
(0.67, 1.9)

0.02 ( – 0.27, 0.32)
1.0 (0.63, 1.5)

(n = 182)
(12.2)
– 0.75 ( – 3.0, 1.5)
(79)
(166)
(82)
(23)

0.83
0.39
1.1
1.1

(0.59, 1.2)
(0.22, 0.70)
(0.77, 1.6)
(0.63, 1.9)

(29)

0.91 (0.55, 1.6)

(1.5)

– 0.20 ( – 0.50, 0.09)

(135)

1.2 (0.77, 1.8)

DAT1, dopamine transporter 1; CI, confidence interval; 30 UTR, 30 untranslated
region; VNTR, variable number of tandem repeat; HSI, Heaviness of Smoking
Index; SNP, single nucleotide polymorphism; NRT, nicotine replacement therapy.
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Table 3 Percentage and numbers of smokers stopping smoking
by DAT1 genotypes
Outcome measure
30 UTR VNTR
% DH week 3/4
successesa
% week 1 successesb
Intron 8 VNTR
% DH week 3/4
successes
% week 1 successes
rs115 SNP
% DH week 3/4
successes
% week 1 successes
rs270 SNP
% DH week 3/4
successes
% week 1 successes
rs296 SNP
% DH week 3/4
successes
% week 1 successes

Variant allele

Common allele

Odds ratio
(95% CI)

9/10, 9/9
56.2 (132/235)

10/10
53.3 (163/306)

85.7 (144/168)
2/3, 2/2
55.0 (131/238)

75.8 (188/248)
3/3
52.4 (153/292)

84.7 (150/177)
G/T, T/T
47.8 (44/92)

76.1 (172/226) 1.7 (1.0, 2.9)*
G/G
55.0 (238/433) 0.75 (0.48, 1.2)

79.5 (62/78)
G/A, A/A
54.5 (181/332)

79.7 (259/325)
G/G
53.8 (99/184)

79.3(203/256)
C/A, A/A
54.9 (175/319)

79.4 (112/141)
C/C
53.3 (97/182)

1.1 (0.71, 1.5)

80.1 (197/246)

78.4 (105/134)

1.1 (0.67, 1.9)

backward-elimination step-wise logistic model, only the
main effect for the 30 UTR VNTR remained in the model.
Owing to the linkage between the 30 UTR and intron 8
VNTRs, however, a competing model containing the
intron 8 VNTR main effect is equally viable.

1.1 (0.77, 1.6)
1.9 (1.1, 3.2)*
1.1 (0.77, 1.6)

1.0 (0.53, 1.8)
1.0 (0.72, 1.5)
1.0 (0.59, 1.6)

*P < 0.05. DAT1, dopamine transporter 1; CI, confidence interval; 30 UTR,
30 untranslated region; VNTR, variable number of tandem repeat; SNP, single
nucleotide polymorphism.
a
Department of Health primary outcome measure. Self-report of no smoking
during last 2 weeks of treatment, validated by expired air CO < 10 p.p.m. at week
4. The intent-to-treat model with those failing to respond/attend regarded as
continuing smokers.
b
Self-report of no smoking during the first week of the quit attempt, validated by
expired air CO < 10 p.p.m, only among those who attended the treatment
session 1 week after quit day, with those not attending the session excluded from
the base sample.

(2/3, 2/2) had an 8.5% improved cessation rate during
week 1 (84.7 vs. 76.1%, w2 = 4.7, P = 0.03). Inclusion of
the 20 participants with rare genotypes gave virtually
identical results.
Of the uncontrolled participant characteristics shown in
Table 2, age, HSI and history of alcohol/drug problems
were the only predictors of treatment responses at week 1
and weeks 3–4 (results not shown). Adjustment of the
relationship between genotypes and the outcomes for
these characteristics had no material effect. At week 1,
there remained evidence of an effect for the 30 UTR
VNTR (OR = 2.0, 95% CI = 1.2–3.5, P = 0.011) and for
the intron 8 VNTR (OR = 1.8, 95% CI = 1.0–2.9) and no
evidence of an effect for the three SNPs (rs115:
OR = 0.959, P = 0.896; rs270: OR = 1.136, P = 0.635;
rs296: OR = 1.098, P = 0.728).
In extended multiple logistic regressions, there was no
evidence of predictive interactions between genotype
and age, sex, ethnic ancestry, depression history, alcohol/
drug problems, cannabis use and severity of tobacco
dependence. In the same models, there was also no
evidence for a differential effect of genotype according to
whether NRT or bupropion had been used for any marker
on either outcome measure. When modelling the joint
effect of all DAT1 markers and their interactions in a

Alternative genotype model

In addition to our primary dominant variant allele model,
we also considered the prognostic characteristics of the
three-category co-dominant genotype model. For cessation during the first week, the results were weaker than
previously seen in the primary model (30 UTR VNTR:
w2 = 6.1, P = 0.047; intron 8 VNTR: w2 = 5.6, P = 0.060;
rs115 SNP: w2 = 0.661, P = 0.719; rs270 SNP: w2 = 1.49,
P = 0.474; rs296 SNP: w2 = 3.5, P = 0.168). Although
marginally significant in the case of the two VNTRs, the
abstinence rates for each genotype indicated support for
the dominant variant allele model (30 UTR VNTR:
10/10 = 76%, 10/9 = 86%, 9/9 = 84%; intron 8 VNTR:
3/3 = 76%, 3/2 = 86%, 2/2 = 80%). When looking at
cessation after 4 weeks, there was no evidence of an
association between the three-category model and
success (30 UTR VNTR: P = 0.328; intron 8 VNTR:
P = 0.822; rs115 SNP: P = 0.456; rs270 SNP: P = 0.474;
rs296 SNP: P = 0.811).

Discussion
To our knowledge, this is the first prospective study of
the influence of DAT1 polymorphisms on the outcome
of smoking cessation treatment with either NRT or
bupropion in dependent smokers treated at a specialist
smoking cessation clinic. Hence, we were able to examine
whether there is a different relationship between DAT1
and cessation according to whether NRT or bupropion
had been taken to aid cessation, as recently reported for
the DRD2 – 141C ins/del [22].
We found modest but significant positive associations
between DAT1 30 UTR VNTR and intron 8 30-bp VNTR
genotypes and smoking cessation at 1 week after smoking
cessation. We found that the intron 8 VNTR was in
linkage disequilibrium with the commonly studied
30 UTR VNTR, and although the observed association
between these two markers was not strong enough to
indicate a co-linearity of effect, the two markers did give
similar significant results with regard to OR of cessation.
We were unable to construct a combined prognostic
measure from the two VNTRs better than considering
genotypes of either alone. As we were able to control for
the well-known demographic, smoking history and health
history determinants of smoking cessation, it is unlikely
that the relationships we observed between genetic
markers and outcome are purely statistical correlations
resulting from confounding factors. The possibility
remains, however, that a previously unidentified prognostic characteristic might also be associated with DAT1
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genotypes, and might be responsible for the association
we have attributed to DAT1. Perhaps more plausible is
the possibility that both VNTRs are associated with
cessation through linkage disequilibrium with one or
more other polymorphisms that were not studied.
Our cessation results for the previously studied 30 UTR
VNTR varied according to the time since quit day. The
OR in favour of the 9-repeat allele was 2.0 (1.20–3.50) at
the end of the first week of the cessation attempt, but
declined to 1.12 (0.77–1.60) by the end of the fourth
week. Alone, the latter result is not particularly compelling in terms of clinical utility. It is close to the average for
previous studies [17–19,21], however, and supports the
suggestion that less difficulty stopping smoking is
associated with the 9-repeat allele. From a clinical
tailoring perspective, we could find no evidence that
the relationship between 30 UTR VNTR (or intron 8) and
initial cessation was modified by whether NRT or
bupropion had been used to aid stopping. Although this
is only the first study of DAT1 smoking pharmacogenetics
involving two therapeutic drugs, it raises questions
regarding the prospect of tailoring these popular treatments according to DAT genotypes. There was no
suggestion of a relationship between any of the genotypes
under study and the severity of nicotine dependence as
measured by the HSI before stopping, although the HSI
was associated with cessation. This lack of an association
between genotype and HSI might indicate a weakness in
subjective questionnaire measures of tobacco dependence and that only when someone tries to stop smoking
do we get a true measure of the degree of their
dependence.
In conclusion, we found modest statistical evidence of a
medium-sized effect of DAT1 genotype on the ability to
stop smoking. If the effect is real, it is at its strongest in
the very early stages of smoking cessation, which suggests
that the primary utility of DAT1 pharmacogenetic testing
in this field will be in the identification of those most at
risk of relapse following initial abstinence.

Acknowledgements
We would like to thank the UK charity, Action on
Addiction, for their contribution to the funding of this
study and all the clinical staff at the clinic.

References
1

2
3
4

Silagy C, Lancaster T, Stead L, Mant D, Fowler G. Nicotine replacement
therapy for smoking cessation. Cochrane Database Syst Rev 2004;
CD000146.
Hughes J, Stead L, Lancaster T. Antidepressants for smoking cessation.
Cochrane Database Syst Rev 2004; CD000031.
Warner C, Shoaib M. How does bupropion work as a smoking cessation
aid? Addict Biol 2005; 10:219–231.
True WR, Heath AC, Scherrer JF, Waterman B, Goldberg J, Lin N, et al.
Genetic and environmental contributions to smoking. Addiction 1997;
92:1277–1287.

5

6

7

8
9
10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
28

Heath AC, Martin NG. Genetic models for the natural history of smoking:
evidence for a genetic influence on smoking persistence. Addict Behav
1993; 18:19–34.
Munafo MR, Shields AE, Berrettini WH, Patterson F, Lerman C.
Pharmacogenetics and nicotine addiction treatment. Pharmacogenomics
2005; 6:211–223.
Di Chiara G, Imperato A. Drugs abused by humans preferentially increase
synaptic dopamine concentrations in the mesolimbic system of freely moving
rats. Proc Natl Acad Sci USA 1988; 85:5274–5278.
Henningfield JE, Heishman SJ. The addictive role of nicotine in tobacco use.
Psychopharmacology (Berlin) 1995; 117:11–13.
Wise RA, Rompre PP. Brain dopamine and reward. Annual Rev Psychol
1989; 40:191–225.
Dani JA, Heinemann S. Molecular and cellular aspects of nicotine abuse.
Neuron 1996; 16:905–908.
Vandenbergh DJ, Persico AM, Hawkins AL, Griffin CA, Li X, Jabs EW, et al.
Human dopamine transporter gene (DAT1) maps to chromosome 5p15.3
and displays a VNTR. Genomics 1992; 14:1104–1106.
Giros B, el Mestikawy S, Godinot N, Zheng K, Han H, Yang-Feng T. Cloning,
pharmacological characterization, and chromosome assignment of the
human dopamine transporter. Mol Pharmacol 1992; 42:383–390.
Michelhaugh SK, Fiskerstrand C, Lovejoy E, Bannon MJ, Quinn JP. The
dopamine transporter gene (SLC6A3) variable number of tandem repeats
domain enhances transcription in dopamine neurons. J Neurochem 2001;
79:1033–1038.
Fuke S, Suo S, Takahashi N, Koike H, Sasagawa N, Ishiura S. The VNTR
polymorphism of the human dopamine transporter (DAT1) gene affects gene
expression. Pharmacogenomics J 2001; 1:152–156.
Miller GM, Madras BK. Polymorphisms in the 30 -untranslated region of
human and monkey dopamine transporter genes affect reporter gene
expression. Mol Psychiatry 2002; 7:44–55.
Lerman C, Caporaso NE, Audrain J, Main D, Bowman ED, Lockshin B, et al.
Evidence suggesting the role of specific genetic factors in cigarette
smoking. Health Psychol 1999; 18:14–20.
Sabol SZ, Nelson ML, Fisher C, Gunzerath L, Brody CL, Hu S, et al.
A genetic association for cigarette smoking behavior. Health Psychol 1999;
18:7–13.
Jorm AF, Henderson AS, Jacomb PA, Christensen H, Korten AE, Rodgers B,
et al. Association of smoking and personality with a polymorphism of the
dopamine transporter gene: results from a community survey. Am J Med
Genet 2000; 96:331–334.
Vandenbergh DJ, Bennett CJ, Grant MD, Strasser AA, O’Connor R, Stauffer
RL, et al. Smoking status and the human dopamine transporter variable
number of tandem repeats (VNTR) polymorphism: failure to replicate and
finding that never-smokers may be different. Nicotine Tob Res 2002;
4:333–340.
Munafo M, Clark T, Johnstone E, Murphy M, Walton R. The genetic basis for
smoking behavior: a systematic review and meta-analysis. Nicotine Tob Res
2004; 6:583–597.
Lerman C, Shields PG, Wileyto EP, Audrain J, Hawk LH Jr, Pinto A, et al.
Effects of dopamine transporter and receptor polymorphisms on
smoking cessation in a bupropion clinical trial. Health Psychol 2003;
22:541–548.
Lerman C, Jepson C, Wileyto EP, Epstein LH, 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; 31:231–242.
Guindalini C, Howard M, Laranjeira R, Collier D, Ammar N, Craig I, et al.
A dopamine transporter gene functional variant associated with cocaine
abuse in a Brazilian sample. Proc Natl Acad Sci USA (12):4552–4557.
Kendler KS, Neale MC, MacLean CJ, Heath AC, Eaves LJ, Kessler RC.
Smoking and major depression. A causal analysis. Arch Gen Psychiatry
1993; 50:36–43.
Greenwood TA, Alexander M, Keck PE, McElroy S, Sadovnick AD,
Remick RA, et al. Segmental linkage disequilibrium within the dopamine
transporter gene. Mol Psychiatry 2002; 7:165–173.
Freeman B, Smith N, Curtis C, Huckett L, Mill J, Craig IW. DNA from buccal
swabs recruited by mail: evaluation of storage effects on long-term stability
and suitability for multiplex polymerase chain reaction genotyping. Behav
Genet 2003; 33:67–72.
http://www.kbioscience.co.uk/
Department of Health for England and Wales. NHS smoking cessation
services service and monitoring guidance 2001–02. Crown Copyright
2001. Available at: http://www.dh.gov.uk/PublicationsAndStatistics/
Publications/PublicationsPolicyAndGuidance/

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Dopamine transporter and smoking cessation treatment O’Gara et al. 67

29

PublicationsPolicyAndGuidanceArticle/fs/
en?CONTENT_ID = 4008602&chk = SYvQYW
Hughes JR, Keely JP, Niaura RS, Ossip-Klein DJ, Richmond RL, Swan GE.
Measures of abstinence in clinical trials: issues and recommendations.
Nicotine Tob Res 2003; 5:13–25 [Erratum in: Nicotine Tob Res 2003;
5:603].

30

31

Kozlowski LT, Porter CQ, Orleans CT, Pope MA, Heatherton T. Predicting
smoking cessation with self-reported measures of nicotine dependence:
FTQ, FTND, and HSI. Drug Alcohol Depend 1994; 34:211–216.
Yudkin P, Munafo M, Hey K, Roberts S, Welch S, Johnstone E, et al.
Effectiveness of nicotine patches in relation to genotype in women versus
men: randomised controlled trial. BMJ 2004; 328:989–990.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

