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ABSTRACT

Background: The A1 allele of the TagIA polymorphism (rs1800497) in the dopamine D2 receptor gene (DRD2)
has been associated with substance use. It is unclear whether this allele is a marker for an underlying propen-
sity for specifically developing a substance use disorder, or more generally to developing an externalizing
psychiatric disorder highly correlated with substance use. It is also possible that DRD2 is related to a behav-
ioral phenotype common to externalizing disorders and substance use.

Method: Data was obtained from 104 psychiatrically hospitalized adolescents in a larger assessment study.
Adolescents were genotyped for the DRD2 TaqIA site, grouped as carriers of the Al allele (A1+) or homo-
zygous for the A2 allelle (A1—). Associations of the presence of the A1 allele with externalizing disorders, the
intermediate phenotype of impulsivity, and measures of alcohol and drug use were examined.

Results: A diagnosis of conduct disorder and impulsive behavior were both associated with severity of problem
drinking and/or drug use. Further, interaction effects were found between the DRD2 TaqIA polymorphism and
conduct disorder (trend level) as well as A1+ status and impulsivity, such that adolescents who were carriers
of the A1 allele, and had conduct disorder or impulsive behavior, reported higher levels of problematic alcohol
use than those who were non-carriers (A2/A2 or A1—). The same interaction effect between this polymor-
phism and impulsivity was found for severity of problem drug use. In contrast, no interaction effects were
found between the DRD?2 allele status and ADHD on severity of problem drinking or drug use.

Discussion: These results suggest that the well documented relationship between conduct disorder, the
behavioral phenotype of impulsivity, and problematic alcohol/drug use among adolescents may be moderated by

A1 carrier status of the DRD2 gene.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

A number of large epidemiologic studies, e.g., the National Epidemi-
ologic Survey on Alcohol and Related Conditions (Stinson et al., 2005),
have demonstrated associations between substance use disorders (SUD)
and externalizing psychiatric disorders such as Conduct Disorder (CD)
and Attention Deficit Hyperactivity Disorder (ADHD). These associa-
tions, in turn, have led researchers to present evidence from both
adolescent and adult twin studies that these disorders are related to an
underlying shared genetic liability (Kendler, Prescott, Myers & Neale,
2003; Knopik et al., this issue; Krueger et al., 2002; Young et al., 2000).
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Genes in several biological systems (e.g., dopamine, serotonin,
GABA, glutamate) have been investigated in relation to both substance
use disorders and externalizing psychiatric disorders, albeit with
mixed results. Dopaminergic function in particular seems to underlie
all drugs of abuse (Kalivas and Volkow, 2005), and variation in dopa-
minergic genes may impact dependence rates across multiple sub-
stances, including alcohol and marijuana use. A number of studies have
found a relationship between the DRD4 gene and substance use. For
example, Laucht, Becker, Blomeyer, and Schmidt (2007) found that
male adolescents with the 7-repeat allele of DRD4 drank more alcohol
per occasion and had higher rates of lifetime heavy drinking than
males without this allele. Novelty seeking was found to moderate this
relationship for males but not females. Several studies have also found
a specific relationship between a DRD2 polymorphism and substance
abuse. For example, one study found that the presence of the A1 allele
of the TaqIA polymorphism close to the dopamine D2 receptor in the
brains of adult alcoholics correctly classified 77% of alcoholics, relative
to non-alcoholics (Blum et al., 1990). The authors concluded that this
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gene infers a genetic susceptibility to alcoholism, in this case a severe
form of alcoholism, as most of the patients in this sample died due to
the effects of alcohol.

Since the original paper by Blum et al. (1990), there have been a
number of other studies implicating the role of this polymorphism
(rs1800497) in alcohol abuse and dependence (see Noble, 2000). The
findings, however, are not consistent. Variation in the findings across
studies may reflect the fact that alcohol use disorders take many forms
and have differing etiologies. The DRD2 gene may only be related to
specific subtypes of alcoholism or specific characteristics of alcohol
use disorders (Lu, Lee, Ko & Lin, 2001). Alternatively, the influence of
genetic factors may differ depending on the stage of substance use,
e.g., initiation to regular use/abuse to dependence (Kreek et al., 2005).
For example, Poelen et al (2008) found that genetic factors were more
important in explaining initiation of alcohol use in 12 to 15 year olds
than environmental factors, while common environmental factors
explained most of the variance in drinking frequency. Additional
evidence has been found to suggest that historical DRD2 associa-
tions may have in fact been driven by variation in nearby genes. For
example, Yang et al. (2008) report associations with alcohol and drug
dependence and the “NTAD cluster” that includes NCAM1, TTC12,
ANKK1 and DRD2. These results follow several other findings that
suggest that the inconsistent literature on DRD2 TaqIA may in part be
driven by variation in other genes (Dick et al., 2007; Gelernter et al.,
2006; Yang et al., 2007).

Most studies in the literature use heterogeneous samples of
individuals with SUD and do not examine stage of substance use.
Limiting an investigation to adolescents helps to control some of this
heterogeneity. Although adolescents may have a history of alcohol
use, this history will be shorter than the histories of the participants in
the studies described above. Positive associations of the DRD2 Al
allele and alcohol and drug use behaviors in an adolescent sample
would suggest that either relatively shorter consumption histories still
manifest the expected genetic differences or that the DRD2 poly-
morphism is related to some underlying vulnerability. Alternatively,
the notion that the influence of genes may vary at different stages of
development (Rende & Plomin, 1995) may be applicable here with
gene penetrance being prominent even in adolescence.

There have been a number of studies of clinical and nonclinical
populations that have found a significant percentage of adults with
SUD also have a diagnosis of ADHD. Data from the National Comor-
bidity study indicated that adults with ADHD had significantly higher
rates of SUDs than adults without ADHD (Kessler et al., 2006). About
one-quarter of psychologically hospitalized adolescents also report a
SUD (DeMiilio, 1989). Similar to that found with substance use, recent
studies also suggest a relationship between the dopamine transporter
gene and ADHD (Faraone et al., 2005; Todd et al., 2005). For example,
an association between ADHD and the A1 allele of the DRD2 gene has
been found in a study of a Finnish birth cohort population sample
(Nyman et al., 2007).

Epidemiologic studies have also documented a relationship between
DRD2 and other externalizing disorders and behaviors (Kandel et al.,
1997). In one such study, the DRD2 A1 allele was related to pathological
gambling (Ratsma et al., 2001). Comings et al. (2000) examined the
relationship of the dopamine, serotonin, and nonadrenaline genes to
ADHD and CD and found that the DRD2 gene was partially related to CD.
However, like the studies reviewed above with alcohol and other drugs,
not all studies support this relationship between ADHD or externalizing
disorders in general, and the DRD2 A1 status.

The heterogeneity of symptom presentation in individuals with
the same diagnosis may also contribute to the variability in genetic
findings. Consequently, in addition to examining psychiatric diag-
noses, examination of intermediate phenotypes is critical to further-
ing our understanding of what behaviors underlie the relationship
between diagnoses and genes. For example, the diagnostic criteria for
alcohol dependence do not distinguish between persons who drink

alcohol problematically for different reasons, e.g., as a means to self-
medicate versus impulsively drinking to excess with peers. Variations
in intermediate phenotypes may also contribute to differences across
individuals in initiation and transitions across stages of substance use.

Impulsivity is a potential intermediate phenotype that is asso-
ciated with alcohol and drug use in adolescents and adults (Colder and
Chassin, 1997; Labouvie and McGee, 1986; Noble, 1998). Blum et al.
(2000) postulated that the DRD2 gene may mediate the preference
for immediate rewards in impulsive persons. Several studies have
examined the role of impulsivity and the DRD2 gene in substance use
with conflicting findings. On the one hand, Eisenberg et al. (2007)
examined the DRD2 Taql A locus classified as having one copy of the
A1 allele (A1+) or not (A1—) in 195 college students. Each partici-
pant completed a delayed discounting task, a behavioral test of im-
pulsivity. A main effect of A1+ status on delayed discounting was
found, suggesting that those individuals with the A1+ allele exhibited
greater impulsivity than those with the A1— allele. On the other hand,
Limosin et al. (2003) administered the Barrett Impulsiveness Scale
to 92 alcohol-dependent inpatients and found that the DRD2 TaqlA
polymorphism was associated with lower impulsivity in this sample.
Limosin et al. (2003) suggest that alcohol may be taken to stimulate
dopamine activity in order to increase reward-related impulsivity.

Impulsivity is a cardinal symptom of both a CD and ADHD diag-
nosis (Sagvolden et al,, 2005). Twin studies have also found that
impulsivity has a significant heritable component (e.g., Seroczynski
et al,, 1999). In addition, genetic studies have also linked impulsivity
evident in ADHD to the dopamine system (Li et al., 2006). Given that
the symptom presentation in ADHD is variable, i.e. not all patients
show the same degree of attentional problems or impulsivity, it is
possible that impulsivity may be a specific link between SUD and
ADHD. Similarly, diagnoses of CD may differ in the extent to which
social norms do or do not affect problem behaviors. Thus, impulsivity
may be a key factor in the subset of adolescents with CD who progress
to SUDs (Nigg et al., 2006).

In this study we examine a subset of adolescents from a larger
assessment study that characterizes alcohol and drug use in a sample
of youth at high risk for the development of alcohol and drug depen-
dence, adolescents with psychiatric disorders. We were interested
in examining three major questions. First, is the DRD2 TaqIA poly-
morphism associated with more severe problem drinking and drug
use in a sample of high risk adolescents? Second, does the DRD2 TaqIA
polymorphism affect the well documented relationship between
externalizing disorders, i.e. CD and ADHD, and alcohol or drug related
problems? And third, does the DRD2 TaqIA polymorphism affect the
nature of the relationship between the endophenotype of impulsivity,
which is related to both CD and ADHD, and severity of problem
drinking and drug use. We hypothesized that carriers of the A1+
allele of the DRD2 TaqlA polymorphism would report more severe
problem drinking and drug use. Further, we hypothesized that those
adolescents who met diagnostic criteria for ADHD, conduct disorder,
or exhibited significant impulsivity, and were carriers of the A1+
allele of the DRD2 TaqglA polymorphism, would report more severe
alcohol and drug use problems than those who exhibited these
externalizing diagnoses/behavior but were non-carriers of the A1+
allele of the DRD2 TaqIA polymorphism.

2. Method
2.1. Participants

One hundred and forty-nine adolescents hospitalized on an acute
adolescent psychiatric inpatient unit and their parents/guardians
were asked to participate on a voluntary basis. The large majority of
adolescents were hospitalized due to suicidal thoughts or behavior.
Adolescents were recruited from a child psychiatric hospital located in
the Northeast which accepts both uninsured and privately insured
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youth. Of those approached for participation, 118 (79%) were suc-
cessfully recruited. However, 4 participants subsequently withdrew
from the study and 10 provided inadequate DNA samples, leaving a
final sample of 104 participants. Adolescents ranged in age from 13 to
18 years, with a mean age of 14.9 years (SD = 1.3). Participants were
71% female and were 84.6% White, 1.9% African American, 1.9% Asian,
3.8% Native American and 7.7% other ethnicity and approximately 8%
of the sample was of Hispanic/Latino ethnicity.

2.2. Procedure

Adolescents admitted to an adolescent psychiatric inpatient unit
over the course of a two year period as part of a larger assessment
study were eligible for participation. Adolescents met inclusion cri-
teria for participation if they: 1) were English speaking; 2) adolescent
assent and parental consent were provided; and 3) had a Verbal
IQ estimate >70 as assessed via the Kaufman Brief Intelligence Test
(Kaufman and Kaufman, 1990). Exclusion criteria included current
psychosis or full placement in state custody due to child abuse or
neglect, as documented in the inpatient admission materials.

Adolescents and their parents/guardians were approached for
recruitment by a trained bachelor level research assistant after family
meetings or during family visits on the adolescent inpatient unit. If
parental consent and adolescent assent were provided, the family
was enrolled in this assessment study. Adolescents and their parent/
guardian completed the assessments while the adolescent was hos-
pitalized on the inpatient unit. The research assistant administered
the assessment battery with the exception of the diagnostic interview
which was administered by masters and doctoral level clinicians who
completed training in this interview provided by CES. Parent and
adolescent assessments were conducted separately. The parent ver-
sion of the diagnostic interview and assessments was administered in
a two hour session. The child version of the diagnostic interview and
intelligence test was administered in a separate two hour session.

All adolescents received four movie tickets and their parent/
guardian received a $50 money order for their participation. A feed-
back form summarizing responses to clinical measures (with the
exception of substance related information) was placed in each ado-
lescent's inpatient file upon completion of the full assessment battery
so that it could be reviewed by the adolescent's inpatient treatment
team to aid in treatment and discharge planning. Substance related
information was not shared because teens self-reported substance
use has been shown to be accurate and reliable under conditions of
confidentiality (Needle et al., 1983). This study was approved by the
affiliated University and Hospital Institutional Review Boards.

2.3. Measures

Schedule for Affective Disorders and Schizophrenia for School-Age
Children — Present and Lifetime Version (K-SADS-PL; Kaufman et al.,
1997) is a widely used semi-structured diagnostic interview that
provides areliable and valid measurement of DSM-IV psychopathology
in children and adolescents. Interrater agreement for scoring screens
and diagnoses is high (range: 93% to 100%). Test-retest reliability and
kappa coefficients are in the excellent range for diagnoses of major
depressive, bipolar, generalized anxiety, conduct, and oppositional
defiant disorders (.77 to 1.00) and in the good range for other diag-
noses (.63 to .67) (Kaufman et al., 1997). Only the current mood,
anxiety, disruptive behavior, alcohol/substance use, and eating dis-
order sections were administered to both the adolescent and parent.
All interviews were audiotaped and 10% were randomly selected and
rated for reliability. Only data for the ADHD and conduct disorder
diagnoses is presented here. Kappa coefficients reflected strong
agreement for both disorders (Kappa=1.0).

All cases were staffed during weekly clinical consensus team
meetings. This clinical consensus team comprised doctoral level child

psychologists in addition to the interviewers. During this meeting, all
K-SADS-PL symptoms and assessment data were reviewed. A best-
estimate clinical consensus procedure was used to resolve discrepan-
cies between adolescent and parent report as well as confirm diag-
noses. A best-estimate clinical consensus procedure is commonly used
to reconcile discrepancies (Cantwell et al., 1997; Klein et al., 1994,
2001) and yields good to excellent reliability (Klein et al., 1994, 2001).

2.3.1. K-SADS-PL impulsivity rating

As we were interested in examining impulsivity in particular, we
also examined responses regarding impulsivity from the K-SADS-PL
ADHD screener which asked participants to respond to the following
question: Since you were little, have you gotten into trouble or gotten
hurt because you rushed into things without thinking (e.g., run into
street without looking). Can you give me some examples?” Parents
were asked the same question with regard to their child's behavior,
with wording adjusted appropriately. Those participants whose
responses met the threshold for this item “often impulsive, problem
has moderate to severe effect on functioning” were coded as impulsive
based on the best estimate procedure described above to confirm K-
SADS-PL diagnoses and symptoms. This item was also examined in
relation to other psychological measures to establish convergent and
divergent validity. Specifically, this item was found to be significantly
correlated with hyperactive and combined inattentive/hyperactive
subtypes of ADHD (r=.65, p<.00) but not the inattentive subtype of
ADHD (r=.06, p>.05). Further, it was significantly correlated with an
impulsivity summary score (r=.27, p<.01) created by summing
likert-type items that tap impulsivity on the parent rated Behavioral
Assessment Scale for Children (BASC; Reynolds, & Kamphaus, 1992).
The BASC impulsivity summary score included items such as “acts
without thinking', “cannot wait to take turn”, “interrupts parents when
talking on the phone”, and “interrupts when others are speaking”.

Kaufman Brief Intelligence Test (K-BIT; Kaufman and Kaufman,
1990) provides a brief estimate of intelligence for individuals 4-
90 years of age. It contains 2 subtests, Vocabulary and Matrices, which
provide estimated Verbal IQ and Performance IQ, respectively. Split
half reliability and test-retest reliability estimates for the subtests are
acceptable and the IQ scores have demonstrated adequate convergent
validity with other measures of verbal intelligence and achievement
(Spreen and Strauss, 1998). Only the Vocabulary subtests were admin-
istered in the present study as a screening tool.

Substance Abuse Subtle Screening Inventory Adolescent Version 2
(SASSI A-2; Miller and Lazowski, 2001) contains 72 true-false items
and 28 multiple choice questions that assess frequency of substance
misuse, problems associated with substance misuse, attitudes toward
substance misuse, and related contextual factors. This instrument con-
tains 9 subscales: face valid alcohol scale, face valid other drug scale,
family-friends risk scale, attitudes scale, symptoms scale, obvious attri-
butes scale, supplemental addiction measure, subtle attributes scale,
and defensiveness scale. This instrument was developed and cross
validated with 1244 adolescents and has excellent psychometric prop-
erties (Miller and Lazowski, 2001). In the present study, the total scores
from the face valid alcohol and other drug scales were examined. These
scales ask participants to indicate how often they have experienced
symptoms and problems associated with alcohol and/or drug misuse
over the course of the last 6 months using a 4-point likert scale. Sample
items include, “How often have you taken a drink or drinks to help you
talk about your feelings and ideas? How often have you gotten into
trouble in school, at home, on the job, or with the police because of
your drug use?”.

2.4. Candidate genotyping
After obtaining secondary consent for DNA collection for genetic

testing, DNA collection was performed at the final visit in the parent
study. Genomic DNA was collected and isolated from buccal swabs
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using published procedures (Freeman et al., 1997; Lench et al., 1988).
The DRD2 TaqlA polymorphism was assayed using a Tagman geno-
typing assay (Applied Biosystems). Participants were grouped by
whether they possessed at least one copy of the Al allele (A1+) or
not (A1—). All genotyping was performed by technicians blinded to
participant characteristics. Quality control procedures for genotyping
included separate genotype calls by two independent lab technicians,
and rerunning ten percent (randomly determined) of samples to
check for reliability. Successful calls were made for all samples and
there was full agreement in genotyping calls made by both raters.

3. Results
3.1. Participant characteristics

Approximately 32% of participants met criteria for conduct
disorder and 39% for Attention-Deficit/Hyperactivity Disorder (35%
inattentive subtype, 5% hyperactive subtype, 60% combined inatten-
tive/hyperactive subtype). Approximately 32% of participants
endorsed the impulsivity item from the ADHD screen. Further, 38.5%
of the sample was found to be carriers of the Al allele of the DRD2
TaqlA polymorphism (Al+) and 61.5% were non-carriers (Al1—).
The mean SASSI face valid alcohol total raw score (SASSI-ALC) was 3.4
(SD=6.2), and the mean SASSI face valid other drugs total raw score
(SASSI-OD) was 7.4 (SD=11.3). Genotype frequencies did not vary
from Hardy Weinberg equilibrium.

3.2. Data analyses

Preliminary analyses conducted to examine the distributional
properties of variables revealed that the SASSI-ALC and SASSI-OD
were significantly skewed. A square root transformation was con-
ducted on these measures that improved normality to an acceptable
level. t-tests, correlations, and one-way ANOVAs were conducted to
further examine the data. Preliminary analyses did not reveal signif-
icant differences across age, gender, race, or ethnicity on the alcohol or
substance use scales. Table 1 presents the correlations among pre-
dictor and criterion variables.

A series of hierarchical linear regression analyses were performed
to examine whether DRD2 status (A1+ or A1—) predicted proble-
matic alcohol and other drug use as well as whether DRD2 status
moderated the association between externalizing disorders/symp-
toms (conduct disorder, ADHD, impulsivity) and problematic alcohol
and other drug use. Interaction terms were computed by obtaining the
cross product of diagnostic and psychosocial variables. The criterion
for entry into and for being retained in the regression equations were
p=.05 and p =10, respectively. To minimize the type I error rate due
to multiple comparisons, the alpha level for statistical significance was
set at p<.01.

Table 1
Means, standard deviations, and correlations for DRD2 status, externalizing disorders/
symptoms, and problematic alcohol and other drug use.

(1) (2) (3) (4) (5) (6)

(1) DRD2 status - .06 —.14 —.16 .09 .09
(2) Conduct disorder - 18 20* L B
(3) ADHD - 61%* 18 23%
(4) Impulsivity - IR G
(5) SASSI-ALC - 81%*
(6) SASSI-OD -
0.38 0.32 0.38 0.32 114 175
(SD) (0.49) (0.46) (0.48) (0.47) (1.46) (2.10)

Note. SASSI-ALC=Subtle Substance Abuse Screening Inventory Face Valid Alcohol
Scale; SASSI-OD = Subtle Substance Abuse Screening Inventory Face Valid Other Drug
Scale. *p<.05. **p<.01.

Table 2
Hierarchical regression analysis for DRD2 carrier status, conduct disorder, and prob-
lematic alcohol and other drug use.

Variable B SEB B R? AR?
SASSI-ALC
Step 1 28"
DRD2 0.19 25 .06
Conduct disorder 1.62 27 52%*
Step 2 31* .04
DRD2 x conduct disorder 1.20 .53 .28*
SASSI-OD
Step 1 33
DRD2 0.23 35 .05
Conduct disorder 2.54 37 57
Step 2
DRD2 x conduct disorder 0.84 .75 14 33 .01

Note. B=unstandardized beta at entry. SEB = standard error at entry. 3 = standardized
beta at entry. SASSI-ALC = Subtle Substance Abuse Screening Inventory Face Valid
Alcohol Scale; SASSI-OD = Subtle Substance Abuse Screening Inventory Face Valid
Other Drug Scale. *p<.05. **p<.01.

The first set of hierarchical regression analyses tested the asso-
ciation between DRD2 status, conduct disorder, and problematic
alcohol and other drug use. Results are presented in Table 2. The
main effect of DRD2 status was not associated with problematic
alcohol or other drug use on the SASSI-ALC (t=.73, p>.05), or the
SASSI-OD (t=.66, p>.05). However, the main effect of conduct
disorder was associated with problematic alcohol and other drug
use on the SASSI-ALC (t=6.09, p<.01) and the SASSI-OD (t=6.90,
p<.01). Moreover, the interaction of DRD2 status X conduct disorder
was associated with problematic alcohol use on the SASSI-ALC at a
trend level (t=2.27, p<.05) but not problematic drug use on the
SASSI-OD (t=.1.13, p>.05). The latter results suggest that while con-
duct disorder was significantly associated with more severe problem
drinking behavior in the sample as a whole, it also interacted at a trend
level with DRD2 status indicating a potentially stronger association
between conduct disorder and problematic alcohol use among youth
with A1+ versus A1 — carrier status (see Fig. 1 for mean differences by
group). Specifically, in our sample, genetic effects accounted for 8%
and 1% of the variance in problematic alcohol use among adolescents
with and without conduct disorder, respectively.

The second set of hierarchical regression analyses tested the
association between DRD2 status, ADHD, and problematic alcohol and
other drug use. Results are presented in Table 3. The main effect of
DRD2 status was not associated with problematic alcohol or other
drug use on the SASSI-ALC (t=1.19, p>.05) or the SASSI-OD (t=1.23,

35
® 3 +— @non-carrier T
<] ;
o | carrier
@ 25
]
™
e 2
2
S 1.5
L
©
& 1
3
= 05 n=45

0 T
No CD CD

conduct disorder diagnosis

Fig. 1. Interaction between DRD2 carrier status and conduct disorder diagnosis on the
square root transformed SASSI Face Valid Alcohol Scale (SASSI-ALC). Note. t=trend
(p<.05). Error bars represent standard error of measurement.
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Table 3
Hierarchical regression analysis for DRD2 carrier status, ADHD, and problematic alcohol
and other drug use.

Variable B SEB B R? AR?
SASSI-ALC
Step 1 .05
DRD2 0.35 29 12
ADHD 0.58 29 19
Step 2 05 00
DRD2 x ADHD 0.32 .62 .07
SASSI-OD
Step 1 .07*
DRD2 0.51 42 12
ADHD 1.04 42 24*
Step 2 07 00
DRD2 x ADHD 57 .88 .09

Note. B=unstandardized beta at entry. SEB = standard error at entry. 3= standardized
beta at entry. SASSI-ALC = Subtle Substance Abuse Screening Inventory Face Valid
Alcohol Scale; SASSI-OD = Subtle Substance Abuse Screening Inventory Face Valid
Other Drug Scale. *p<.05. **p<.01.

p>.05). The main effect of ADHD was not associated with problematic
alcohol use on the SASSI-ALC (t=.1.96, p>.05) but it was associated
with problematic drug use on the SASSI-OD at a trend level (t=2.49,
p<.05). The interaction of DRD2 status X ADHD was not associated
with problematic alcohol or drug use on the SASSI-ALC (t=.0.52,
p>.05) or the SASSI-OD (t=.0.64, p>.05).

The third set of hierarchical regression analyses tested the
association between DRD2 status, impulsivity, and problematic
alcohol and other drug use. Results are presented in Table 4. The
main effect of DRD2 status was not associated with problematic
alcohol or other drug use on the SASSI-ALC (t=1.29, p>.05) or the
SASSI-OD (t=1.41, p>.05). The main effect of impulsivity was
associated with problematic alcohol use at a trend level on the
SASSI-ALC (t=2.33, p<.05). It was also associated with problematic
drug use on the SASSI-OD (t=3.29, p<.01). Further, the interaction of
DRD2 status X impulsivity was associated with problematic alcohol
and other drug use on the SASSI-ALC (t=3.06, p<.01) and the SASSI-
OD (t=.2.62, p=.01). These latter results suggest that while
impulsivity was associated with more severe problem drinking (at a
trend level) and drug use, respectively, in the sample as a whole, it also
interacted significantly with DRD2 status indicating a significantly
stronger association between impulsivity and problematic alcohol and
drug use among youth with A1+ versus Al— carrier status (see
Figs. 2, 3 for mean differences by group). Specifically, genotype
accounted for 23% of the variance in SASSI-ALC and 18% of the variance
in the SASSI-OD score in impulsive adolescents. Genetic effects for

Table 4
Hierarchical regression analysis for DRD2 carrier status, impulsivity, and problematic
alcohol and other drug use.

Variable B SEB B R? AR?
SASSI-ALC
Step 1 .06*
DRD2 0.38 .29 13
Impulsivity 0.71 31 23"
Step 2 14 08
DRD2 x impulsivity 193 63 B
SASSI-OD
Step 1 10%
DRD2 0.58 41 13
Impulsivity 1.41 43 31
Step 2 16* 06
DRD2 x impulsivity 2.35 90 32

Note. B=unstandardized beta at entry. SEB = standard error at entry. 3= standardized
beta at entry. SASSI-ALC =Subtle Substance Abuse Screening Inventory Face Valid
Alcohol Scale; SASSI-OD = Subtle Substance Abuse Screening Inventory Face Valid
Other Drug Scale. *p<.05. **p<.01.

4
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Fig. 2. Interaction between DRD2 carrier status and impulsivity on the square root trans-
formed SASSI Face Valid Alcohol Scale (SASSI-ALC). Note. *p<.01. Error bars represent
standard error of measurement.

these two outcomes (in terms of total variance accounted for) were
negligible in non-impulsive adolescents.

4. Discussion

The first aim of this study was to investigate whether the DRD2
Taql polymorphism was associated with problem drinking and drug
use in a group of adolescents with psychiatric disorders. There was no
direct relationship found between the DRD2 TaqIA polymorphism and
problem drinking or drug use behavior. These results suggest that the
DRD2 TaqIA polymorphism may not be directly associated with prob-
lem drinking or drug use among adolescents.

With regard to externalizing diagnoses, a direct relationship was
found between the diagnosis of CD and alcohol and drug use. This
finding is consistent with the literature which indicates a strong rela-
tionship between CD and substance use (Boyle & Offord, 1991; Bukstein
et al., 1989). In contrast, while a trend was found for the relationship
between ADHD and problematic drug use, no direct association was
found with problematic alcohol use. Epidemiologic studies have also
reported a stronger relationship between ADHD and drug dependence
than alcohol use or dependence (Kessler et al., 2006). A direct rela-
tionship was also found between the endophenotype of impulsivity and
problem drinking (at a trend level) and drug use. These findings are
again consistent with the literature (Nigg et al., 2006).

Most research to date has examined the main effects of the DRD2
gene and externalizing behavior on alcohol and drug use. Building
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Fig. 3. Interaction between DRD2 carrier status and impulsivity on the square root
transformed SASSI Face Valid Other Drug Scale (SASSI-OD). Note. *p<.01. Error bars
represent standard error of measurement.



C. Esposito-Smythers et al. /| Pharmacology, Biochemistry and Behavior 93 (2009) 306-312 311

upon this research, the present study also sought to examine whether
A1 carrier status of the DRD2 gene and externalizing behaviors inter-
act to better predict problem drinking and drug use. Results were
mixed. A trend toward an interaction effect was found among adoles-
cents diagnosed with CD. Specifically, there was a trend for adoles-
cents diagnosed with CD who possessed the A1 allele to report higher
levels of problematic drinking than adolescents with CD who were
non-carriers. This relationship was not found on the drug use mea-
sure. However, the most consistent and striking findings were among
impulsive youth. Similar to that found with conduct disordered youth,
impulsive youth who were A1 carriers reported more severe problem
drinking and drug use than impulsive youth who were non-carriers.
Therefore, it appears that while a direct association was found between
conduct disorder and problematic drinking, as well as impulsivity and
problem drinking and drug use, the relationship is stronger among
those who are A1 carriers of the DRD2 TaqIA polymorphism.

In contrast to results found in relation to CD and impulsivity,
A1 carrier status of the DRD2 TaqIA polymorphism did not interact
with ADHD to predict substance use. In exploratory analyses, we also
examined whether these results varied for youth diagnosed with
predominantly hyperactive-impulsive type or those with the com-
bined type of ADHD, but results remained consistent. In contrast, as
noted above, impulsivity, a behavioral phenotype common to ADHD,
was directly associated with problem drinking and drug use, and
interacted with the A1 carrier status to predict problem drinking and
drug use. There results suggest that perhaps it is impulsivity, not the
diagnosis of ADHD per se, which is related to substance use among
adolescents with ADHD who use alcohol and drugs.

Relatedly, it has been suggested that CD might eventually result
in alcohol and other drug abuse/dependence via impulsivity (Wiers
et al.,, 1994). It has also been suggested that the Tagl allele of the DRD2
TaqIA polymorphism may be associated with a reward deficiency syn-
drome which helps explain its relation to substance use. Sagvolden et al.
(2005) hypothesized that a less than optimally functioning dopamine
system results in alterations in behavioral reinforcement and extinction
which, in turn, leads to learning deficits and subsequent impulsive
behaviors. The present results, as well as prior research which reported a
relationship between DRD2 and impulsivity (e.g., Frank et al., 2004),
provide partial support for the possibility that the association of the
DRD?2 TagIA polymorphism with alcohol use and other externalizing
disorders may be due to an underlying propensity toward impulsivity.
However, this study included a sample of convenience and is by no
means an authoritative examination of this possibility.

As is evident, examinations of the relation between the DRD2 gene
and externalizing disorders/behavior leads to a more fine grained
understanding of how these constructs may be related to problem
drinking and drug use. This preliminary study, with limited power to
detect genetic main effects, provides additional evidence of a rela-
tionship between the DRD2 TaqIA polymorphism and conduct disorder,
as well as impulsivity, and suggests the need for further characteriza-
tion of the role of the DRD2 TaqlA polymorphism in larger adolescent
samples. Our power calculations indicate that, in order to find small to
medium genetic main effects accounting for 1%, 2%, 3%, 4%, or 5% of the
variance, we would need a sample size of 350, 418, 560, 850, and 1700
adolescents, respectively. Thus, while power to detect small genetic
effects is low in this sample, we can use these preliminary results as a
guide for designing future research studies with larger sample sizes.

This study also has several limitations that should be noted in-
cluding the limited power discussed above to detect effects due to
small cell sizes, a reliance on self report, and only a single interview
item used to assess impulsivity. However, with regard to this third
limitation, the impulsivity rating was based on consensus of parent
and adolescent report, staffed during a clinical consensus meeting,
and was significantly correlated with ADHD diagnosis as well as im-
pulsivity items included on a parent rated behavior checklist. The
sample itself also needs to be considered when evaluating the results

given that it is drawn from a psychiatric inpatient unit as opposed to
the community or a substance use treatment program. Nonetheless,
the likelihood of placement on a psychiatric inpatient unit increases
with the severity of substance abuse problems, as research suggests
that suicidality increases with more severe substance abuse (Esposito-
Smythers & Spirito, 2004). Further, psychiatric inpatient units regu-
larly admit youth from substance abuse treatment facilities who
report suicidality in the context of their stay. They also regularly make
referrals for youth to outpatient and residential substance abuse
treatment programs upon discharge. Another limitation is the pos-
sibility that some of the adolescents who did not report problematic
alcohol or drug use in the present study may develop these problems
in the future. The standard disclaimers for genetic association studies
regarding population stratification and linkage disequilibrium and
other unmeasured third variables also apply (e.g., Hutchison et al.,
2004). Moreover, this study was limited to the examination of the
historically studied DRD2 TaqIA polymorphism despite recent reports
suggesting that these findings may be ultimately related to variation
in the NCAM1-TTC12-ANKK1 gene cluster (e.g., Dick et al., 2007;
Gelernter et al., 2006; Huang et al., 2008).

Future research with adolescents might employ behavioral tasks
of impulsivity, such as the delayed discounting task used by Eisenberg
et al. (2007), to better characterize this endophenotype. More com-
plete characterization of the DRD2 gene and its neighbors was limited
by available funding. In light of recent evidence that the DRD2 TaqlA
may be in linkage disequilibrium with other polymorphisms in DRD2
and neighboring genes, this is an important next step. Future studies
might also examine the role of other related endophenotypes, such as
novelty seeking and the dopamine genes at the various stages of
substance use uptake (Berman et al., 2002). And finally, phenotypes
defined by behavior, such as psychiatric diagnoses including SUD, CD
and ADHD, are complex and affected by multiple genes as well as
gene-by-gene interactions. This study did not examine the potential
role of gene by gene interactions (e.g., DRD2x DRD4) on substance
use. Such interactions have been found to be related to conduct
problems in a large epidemiologic sample (Beaver et al., 2007) and
could be another fruitful area for further study.
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