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A9 ALLELE OF DOPAMINE TRANSPORTER GENE

Modification of Alcohol Withdrawal by the A9 Allele
of the Dopamine Transporter Gene
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Objective: Determinants of individual vulnerability to alcohol withdrawal symptoms are
largely unknown. Because of the substantial role of monoaminergic transporters in limiting
time and space effects of synaptic neurotransmission, the dopamine transporter gene (DAT1;
locus symbol: SLC6A3) was studied as a candidate gene possibly related to symptoms of
uncomplicated alcohol withdrawal. Method: In 48 chronically intoxicated alcoholics (diag-
nosed according to ICD-10), withdrawal symptoms were examined and the presence of a
variable-number tandem repeat in the 3′ untranslated region of the DAT1 gene was deter-
mined. Results: Withdrawal syndromes were more pronounced in the 22 patients carrying the
nine-copy repeat than in the 26 patients without this variant. Multiple regression analysis
revealed that 4% of the variance of withdrawal was explained by this genotype, whereas 16%
was due to the amount of alcohol the patients reported having consumed in the month before
detoxification. Conclusions: The A9 allele of the dopamine transporter gene is associated with
more severe effects of alcohol withdrawal, possibly because of modifications of the brain’s
capacity to compensate for long-term effects of ethanol on cerebral function.
 (Am J Psychiatry 1998; 155:474–478)

F amily, twin, and adoption studies have indicated
substantial heritability in the etiology of alcoholism,

but the mechanisms of transmission are still poorly un-
derstood (1). Genetic animal models have suggested that
components of the alcohol dependence syndrome can be
genetically and behaviorally separated (2). It is assumed
that interindividual differences in neurotransmitter func-
tions mediating rewarding, aversive, or neuroadaptive ef-
fects of drugs underlie individual susceptibility to addic-
tion. Neurobiological studies emphasizing the important
role of mesolimbic dopamine systems for reward and re-
inforcement (3, 4) have stimulated neurogenetic research
with addicted subjects generally focusing on the dopa-
mine D2 receptor gene (5).

However, the thesis, based on accumulated data, that
mutations of this single gene contribute significantly to
the addiction liability of individuals (6, 7) is still contro-
versial. Thus, variants of other genes involved in central
dopamine functions are also under investigation. The do-
pamine transporter gene (DAT1; locus symbol: SLC6A3)
was studied in several groups of addicts (8–11) because

of the role of the transporter protein in terminating do-
paminergic activity in synaptic transmission (12). Co-
caine addicts were of particular interest, as the reuptake
protein is known to be a direct target for cocaine (13). An
association of polymorphisms and cocaine dependence
could not be demonstrated, but a predisposition for para-
noia symptoms was found in a particular subgroup (8,
9). In alcoholics, the striatal density was shown to be ab-
normal in studies using single photon emission computed
tomography; the observation of opposite abnormalities
of receptor densities in violent and nonviolent subjects
(11) may imply that differences in the expression of the
genotype account for the phenotypic variation in person-
ality traits of the alcoholics studied.

We recently found a significantly higher prevalence of
the nine-repeat (A9) allele of a variable-number tandem
repeat in the 3′ untranslated region of the DAT1 gene
in alcoholics who reported histories of withdrawal sei-
zures or delirium than in comparison subjects (14). The
aim of this study was to determine whether this variant
is also related to symptoms of uncomplicated alcohol
withdrawal (15).

METHOD

The study was performed at the Department of Psychiatry of the
Free University of Berlin, where patients are offered outpatient con-
sultations, subsequent hospital detoxification treatment, and an out-
patient rehabilitation program. During the first consultation visit,
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each subject included in the study gave written informed consent re-
lating to documentation of data on personal history and course of
alcohol withdrawal for scientific purposes. After the withdrawal pe-
riod was completely terminated, additional informed consent was ob-
tained for the subsequent blood sampling for genotyping. The study
patients had to meet the criteria for ICD-10 alcohol dependence syn-
drome after they had been evaluated for demographic and psychiatric
history data, including information obtained by using the substance
abuse section of the Composite International Diagnostic Interview
(16). In accord with Cloninger’s neurobiological learning model, per-
sonality traits were assessed by means of the Tridimensional Person-
ality Questionnaire (17). The study was approved by the Ethics Com-
mittee of the Rudolf Virchow University Hospital.

On the day of admission to the inpatient unit each patient under-
went psychiatric, neurological, and medical examinations, including
biochemical tests for acute and chronic intoxication (blood concen-
trations of ethanol and carbohydrate-deficient transferrin [18]) and
liver function (e.g., γ-glutamyltransferase). We evaluated consecu-
tively admitted patients but restricted our study to men owing to our
experience that male alcoholics usually have a higher alcohol intake
than do women. Furthermore, for complete assessment of with-
drawal symptoms the design included only patients who reported
having had their last drink on the day of admission to the hospital
and had measurable ethanol blood concentrations. Patients with ma-
jor psychiatric or somatic disorders and those with histories of illegal
drug use were excluded.

Withdrawal symptoms were recorded with the revised Clinical In-
stitute Withdrawal Assessment for Alcohol Scale (19), a 10-item clini-
cal rating scale focusing on subjective and objective symptoms of
withdrawal (each item is rated on a scale ranging from 0 to 7 or 0 to
4). The scale was administered by a nurse every 2 hours. If the score
was higher than 12, the patient received 500 mg of clomethiazole
orally to treat or prevent dramatic withdrawal symptoms. Symptom
check and administration of medication were repeated in a 2-hour
scheme until the scores were consistently below 12. For the assess-
ment of the duration of withdrawal, the number of days with clear
withdrawal symptoms (i.e., score above 6 on the withdrawal scale)
was recorded. Severity of withdrawal was characterized by the total
score, defined as the highest per-day scores summed for all days with
clear withdrawal symptoms. Intensity of withdrawal was indicated by
the peak score, i.e., the highest score that had ever been achieved on
a withdrawal day. Amount of withdrawal medication was defined as
the accumulated dose of clomethiazole (in milligrams) administered
to a patient.

Genotyping

After venous blood samples were drawn, genomic DNA was ex-
tracted from anticoagulated or lymphoblastoid cell lines by using a
salting-out method (20). Allelic variants were characterized by deter-
mining a 40-base-pair variable-number tandem repeat in the 3′ un-
translated region on chromosome 5p15.3 (21). DNA amplification
by polymerase chain reaction of the 40-base-pair repeat was per-
formed as described elsewhere (22). The polymerase chain reaction
products were separated by 10% polyacrylamid gel electrophoresis
and were then silver stained, and fragment sizes were determined by
comparison with molecular weight standards. The numeric designa-
tion of each allele referred to the number of repeats (An) it contained.
Genotyping was carried out without knowledge of the clinical status
of the patients.

Subjects

A total of 48 patients were included in the study. Twenty-six of sub-
jects were typed A10/A10, and 22 were characterized A9/A10. All subjects
were men aged 22–58 years and had primary alcoholism (23).

Statistical Analysis

Differences in patient variables (i.e., history data and single symp-
tom scores on the Clinical Institute Withdrawal Assessment for Alco-

hol Scale) between the two subgroups were tested by means of chi-
square statistics and Student’s t test by SPSS (24). For full utilization
of the withdrawal data and avoidance of multiple testing, variables
indexing withdrawal, i.e., withdrawal severity, intensity, duration,
and medication, were factor analyzed (principal component analysis
and varimax rotation) by SPSS (24). Composite factor scores based
on the weights assigned by factor analysis to each of the four clinical
variables indexing withdrawal were then subsequently tested for sig-
nificant differences by means of Student’s t test by SPSS (24). For
further assessment of the relevance of the genotype in comparison to
that of three clinical variables (i.e., age at onset of alcoholism, ex-
pressed as the time of first loss of control over alcohol intake; amount
of alcohol per day in the month preceding hospital admission; ethanol
blood concentration at hospital admission), withdrawal (defined as
the general factor resulting from factor analysis) was examined as the
main outcome criterion (and dependent variable) by means of multi-
ple regression analysis (stepwise) by SPSS (24). Results are presented
for the 0.05 level of significance.

RESULTS

The patients in the two genotypically defined sub-
groups did not differ significantly in any demographic
or personal variable (including family history of alco-
holism). However, alcoholic delirium or seizures were
reported in the patient histories of significantly more of
the patients carrying the A9 allele (50.0%, N=11) than
those without the A9 allele (19.2%, N=5) (χ2=3.78, df=
1, p=0.05 with Yates’s correction). The groups did not
differ significantly in biochemical indices of acute and
chronic intoxication at time of admission for hospital
detoxification (table 1). The values for all variables in-
volving withdrawal symptoms were higher in the group
of A9 carriers, reaching significance for withdrawal se-
verity and duration (table 1).

Factor analysis of the data indexing withdrawal se-
verity, intensity, duration, and medication resulted in a
one-factor solution (general factor “withdrawal”) with
an eigenvalue of 3.02 explaining 75.7% of the total
variance; subsequent testing of factor scores revealed a
significant difference between the patients with the A10/
A10 genotype and those carrying the A9/A10 genotype
(–0.29 versus 0.34) (t=–2.20, df=46, p=0.03), indicat-
ing a more severe withdrawal syndrome in the A9 car-
riers than in the patients without this variant.

Analysis of single symptoms in the revised Clinical
Institute Withdrawal Assessment for Alcohol Scale also
revealed higher scores on all symptoms for the A9 car-
riers than for the comparative group; significant differ-
ences, however, were obtained only for the symptoms
“paroxysmal sweats” and “orientation and clouding of
sensorium” (table 2).

Multiple regression analysis performed to assess the
relevance of the genotype in comparison to that of ma-
jor clinical variables yielded a significant model (ad-
justed R2=0.20, F=8.63, df=1, 39, p=0.005). The step-
wise procedure resulted in beta weights only for
amount of alcohol (β=0.42, p=0.005) and DAT1 geno-
type (β=0.24, p=0.10), thus indicating that about 20%
of the variance in withdrawal symptoms could be ex-
plained by drinking style (16%) and the allelic variant
(4%) studied in our patients.
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DISCUSSION

The main finding of the study is that different with-
drawal syndromes emerged in two genetically deter-
mined subgroups of alcoholics. The withdrawal syn-
dromes were more pronounced in subjects carrying the
nine-copy variable-number tandem repeat of the DAT1
gene than in individuals without this variant. After the
variables predicting withdrawal were ranked, however,
the amount of ethanol consumption was the most infor-
mative data source, as indicated by the significance of
ethanol consumption in our model; this finding also fits
well with general clinical experience (25). The genotype
was revealed to be less relevant; the statistical evalu-

ation pointed to only marginal signifi-
cance for the individual effect of DAT1.

In the design of the study, monitoring
the patients’ clinical picture prospec-
tively and assessing the genotype inde-
pendently were essential for ensuring
data validity. Both groups were homo-
geneous for clinical variables such as
sex, age at study and age at onset of al-
coholism, drinking pattern, degree of
acute and chronic intoxication, and a
defined and parallel start of detoxifica-
tion. The patients had primary, pure al-
coholism (23), and such alcoholics typi-
cally have no experience with illegal
drugs in Germany. As our patients dif-
fered regarding history of withdrawal
delirium and seizures and, as now shown,
uncomplicated withdrawal symptoms,

we conclude that the genetic variant might be involved
in common mechanisms underlying alcohol with-
drawal, contributing to different phenotypes. We pro-
pose that the DAT1 genotype is particularly involved in
neuroadaptation, especially in the brain’s capacity to
compensate for long-term effects of ethanol on cerebral
function. These data extend the results of our recent
association study (14), suggesting that alcohol-depen-
dent patients with the A9 allele of the DAT1 gene are
more maladaptive, or vulnerable to alcohol withdrawal
symptoms, than are individuals lacking this variant.
The relevance of the dopamine transporter system for
alcoholism was further demonstrated by a Japanese as-
sociation study showing a greater frequency of the A7

TABLE 1. Demographic, Clinical, and Withdrawal Variables for Alcoholics With Different Genotypes of the Dopamine Transporter Gene (DAT1)

Variable

Genotype

A10/A10
(N=26)

A9/A10
(N=22)

Analysis
(df=46)

Mean SD Mean SD t p

Age (years)
At study 42.5 8.8 42.5 6.8 0.00 n.s.
At onset of excessive drinking 25.2 9.2 28.9 9.3 –1.36 n.s.
At first loss of control 28.5 10.1 30.9 9.9 –0.80 n.s.

Baseline clinical variables
Number of criteria met for ICD-10 dependence syndrome 6.6 1.3 6.7 1.3 –0.09 n.s.
Ethanol consumption in preceding month (g/day) 274.4 155.1 363.8 220.0 –1.64 n.s.
Blood ethanol concentration (mg/dl) 161.4 115.4 111.0 95.9 1.10 n.s.
Carbohydrate-deficient transferrin concentration (ng/ml) 23.6 20.4 24.5 21.2 –0.14 n.s.
γ-Glutamyltransferase concentration (U/liter) 112.9 105.5 168.7 253.9 –1.00 n.s.
Number of cigarettes per day 29.4 14.6 30.7 21.0 –0.24 n.s.
Tridimensional Personality Questionnaire scores

Novelty seeking 17.1 4.5 18.3 6.8 –0.54 n.s.
Harm avoidance 16.6 5.8 18.4 8.1 –0.65 n.s.
Reward dependence 16.8 5.8 17.8 2.7 –0.54 n.s.

Withdrawal variables
Measures from Clinical Institute Withdrawal Assessment for Alcohol

Scale, revised
Severity (sum of highest per-day scores for all withdrawal days) 37.8 33.1 63.3 45.3 –2.24 0.04 
Intensity (peak score) 14.3 7.6 16.9 7.4 –1.16 n.s.
Duration (days with score >6) 2.7 1.9 5.2 3.7 –2.96 0.008

Total dose of clomethiazole (mg) 1377.1 1963.2 2427.4 3005.5 –1.45 n.s.

TABLE 2. Scores for Individual Alcohol Withdrawal Symptoms of Alcoholics With Differ-
ent Genotypes of the Dopamine Transporter Gene (DAT1)

Item from Clinical Institute With-
drawal Assessment for Alcohol
Scale, Revised

Score for Each Genotype

A10/A10
(N=26)

A9/A10
(N=22)

Analysis
(df=46)

Mean SD Mean SD t p

Nausea and vomiting 3.6 5.1  3.4  6.2  0.13 n.s.
Tremor 8.6 7.5 14.3 12.8 –1.84 n.s.
Paroxysmal sweats 4.7 4.7  9.7  8.7 –2.40 0.02
Anxiety 6.3 5.4  9.3  7.9 –1.51 n.s.
Agitation 6.3 5.4  9.4  8.1 –1.52 n.s.
Tactile disturbances 1.8 5.0  3.7  4.7 –1.36 n.s.
Auditory disturbances 1.7 2.7  2.0  3.5 –0.29 n.s.
Visual disturbances 1.7 2.9  3.6  5.6 –1.54 n.s.
Headache or fullness in head 3.0 4.3  4.2  4.9 –0.89 n.s.
Orientation and clouding of sen-

sorium 0.0 0.2  0.5  0.8 –2.38 0.03
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allele of the DAT1 gene in alcoholics with an inactive
ALDH2 gene (26).

The functional consequence of the nine-copy DAT1
repeat is not yet known. Although it is unlikely that the
nine-repeat motif itself in the 3′ untranslated region of
DAT1 has functional relevance, it is close to the coding
region and could be in linkage disequilibrium with a
vulnerability-causing mutation that alters gene expres-
sion or protein structure. Therefore, in analogy to bind-
ing studies (27), it could be speculated that the greater
withdrawal symptoms experienced by our patients
might reflect hyperdopaminergic states due to insuffi-
cient clearance of dopamine in the synaptic cleft (12)
after cessation of chronic ethanol consumption. A small
proportion of the variance in withdrawal phenomena
(20%) was explained by the DAT1 genotype and an
exogenous factor (amount of ethanol consumption).
This observation points to a complex gene-environment
interaction that permits the assumption that other gene
polymorphisms regulating neurotransmitter systems,
e.g., dopamine D2 receptors (28) or the γ-aminobutyric
acid (29), noradrenaline (30), or glutamate (31) system,
also contribute to withdrawal vulnerability in a syndro-
mal and continuous manner, as is typical for quantita-
tive trait loci (2).

Furthermore, it is interesting that the dopamine
transporter system may also be involved in the adapta-
tion to certain nondrug (environmental or internal)
stimuli corresponding to temperamental or personality
variables (such as habitually violent or nonviolent be-
havior [11]) or to certain cerebral processing distur-
bances (e.g., attention deficit disorder [32]), conditions
that have been found to predispose to alcoholism (33,
34). No association between the genotype and person-
ality scores on the Tridimensional Personality Ques-
tionnaire was found in our patients. However, there is
evidence that inherited variants of the DAT1 gene may
influence vulnerability to other psychiatric diseases as
well (35). Since the dopamine transporter system is
known to be a target of psychotropic drugs, especially
cocaine (13), it might also be involved in cerebral adap-
tation to these drugs on functional (10) and experimen-
tal (36) levels. A relationship between the A9 allele and
a clinical phenotype has been shown for cocaine-in-
duced paranoia (9); the present study demonstrated a
similar relationship in alcohol withdrawal.
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