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Background: Considerable research efforts have attempted to identify genes associated with
alcoholism among adults, yet few studies have examined adolescents. Identifying genes associated
with alcohol misuse in youth is important given that the relative contribution of genetic and envi-
ronmental influences on alcoholism varies across development. The purpose of this study was to
examine the association between a polymorphism of the l-opioid receptor gene (OPRM1) and
alcohol misuse in a sample of youth and to test whether heightened sensitivity to the reinforcing
effects of alcohol mediated this relationship.

Methods: Adolescents (n = 187; mean age = 15.4 years; 47.6% female) were genotyped for
A118G (rs1799971), a single-nucleotide polymorphism (SNP) of the OPRM1 gene, and assessed
for alcohol use disorder (AUD) diagnoses and other psychopathology. Alcohol misuse was also
measured continuously to maximize detection of drinking problems in youth. Drinking motives
were used to capture the extent to which youth consumed alcohol to enhance positive affect.

Results: AUD groups differed significantly in terms of allelic distributions of the A118G SNP,
such that 51.9% of youth with an AUD carried at least one copy of the G allele compared to
16.3% of non-AUD controls. Those who carried the G allele endorsed drinking to enhance posi-
tive affect more strongly than those who were homozygous for the A allele and drinking to
enhance positive affect mediated the association between OPRM1 and alcohol-related problems.

Conclusions: These data build on findings from adult studies and provide the first evidence that
a polymorphism of the OPRM1 receptor gene is associated with the development of early-onset
alcohol-related problems during adolescence, in part, by heightening sensitivity to the reinforcing
effects of alcohol.
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A LCOHOLISM IS HIGHLY heritable with symptom
onset typically occurring during adolescence or young

adulthood (Liu et al., 2004). Efforts to identify specific genes
that confer liability for alcoholism have relied to a great
extent on a candidate gene approach whereby genes of puta-
tive etiological relevance are studied in a case–control design
(Köhnke, 2008). Yet because scientific advances in this area
are based almost exclusively on research with adults, the
degree to which these findings generalize to adolescents
remains unknown. By directly investigating the etiological rel-
evance of candidate genes in youth, our understanding of
adolescent alcohol misuse and the genes associated with alco-
holism could be substantially enhanced. This is particularly
important in light of evidence that the relative contribution of

genetic and environmental influences on alcoholism appears
to vary across development (e.g., Kendler et al., 2008; Pagan
et al., 2006).
The endogenous opioid system plays an integral role in the

pathophysiology of alcohol and other drug dependence
(Dackis and O’Brien, 2005). Alcohol consumption increases
opioidergic activity, which inhibits gamma aminobutyric acid
(GABA) neurotransmission and results in acute dopamine
release from mesocorticolimbic neurons (Kreek, 1996). This
acute dopamine release is critically involved in the rewarding
and reinforcing effects of alcohol and other addictive sub-
stances (Weiss and Porrino, 2002). Given the essential role of
the endogenous opioid system in the pharmacological effects
of alcohol, the l-opioid receptor gene (OPRM1) has received
considerable attention as a candidate gene for alcoholism
risk.
Of the myriad genetic variants identified in the OPRM1

gene, the single nucleotide polymorphism (SNP) A118G
(rs1799971) is the most common and widely studied in rela-
tion to alcoholism. Across populations, most individuals are
homozygous for an allelic variant of this SNP (A allele) that
codes the amino acid asparagine in the receptor protein, while
a minority of individuals carry a variant that results in a sub-
stitution of asparagine for aspartate in the receptor protein
(G allele). The relative frequencies of these variants, however,
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differ considerably among distinct racial groups, such that
approximately 15% of Caucasians carry at least one copy of
the G allele compared to 35% of East Asians and only 1% of
African Americans (Bergen et al., 1997; Bond et al., 1998;
Crowley et al., 2003; Gelernter et al., 1999; Hernandez-Avila
et al., 2003). Initial molecular research suggested that this alle-
lic substitution affects receptor activity for endogenous ligand
b-endorphin, such that the G allele variant is associated with
significantly higher affinity for b-endorphin (Bond et al.,
1998). But subsequent studies failed to replicate this finding
(Befort et al., 2001; Beyer et al., 2004) and recent research
found an association between the G allele and loss of l-opioid
receptor function via reduced messenger RNA and OPRM1
protein levels (Zhang et al., 2005). In addition, neuroimaging
research similarly found lower availability of l-opioid recep-
tors in the ventral striatum of adult alcoholics with the G alle-
lic variant as compared to those without this allele (Heinz
et al., 2005). Although additional research is necessary to fully
elucidate how variation in the OPRM1 receptor gene relates
to the neurobiology of alcoholism, animal studies indicate
that this polymorphism is central to the reinforcing effects of
alcohol (e.g., Barr et al., 2007; Ghozland et al., 2005).
Despite neurophysiological and preclinical evidence impli-

cating the A118G SNP in the pathogenesis of alcoholism,
findings from research evaluating this association in adults
are mixed (see Arias et al., 2006; van der Zwaluw et al.,
2007). While some studies found a higher prevalence of the G
allele variant among adults with alcohol dependence com-
pared to nonalcohol dependent controls (e.g., Bart et al.,
2005; Town et al., 1999), others did not find this association
(e.g., Bergen et al., 1997; Franke et al., 2001; Kim et al.,
2004a; Loh et al., 2004; Lou et al., 2003; Nishizawa et al.,
2006; Rommelspacher et al., 2001; Zhang et al., 2006). Possi-
ble explanations for disparate findings include sample selec-
tion biases (e.g., overreliance on individuals in treatment),
clinical heterogeneity across studies (e.g., variation in comor-
bid psychopathology), and insufficient specificity in the diag-
nostic phenotype of alcohol dependence (van der Zwaluw
et al., 2007). Indeed, in research where no significant associa-
tion between OPRM1 and alcohol dependence was found,
carriers of the G allele consumed alcohol significantly more
frequently than those who were homozygous for the A allele
(Kim et al., 2004b). Moreover, recent laboratory studies using
an intermediate phenotype approach found that individuals
with the G allele report higher levels of alcohol cue-elicited
craving and higher subjective feelings of intoxication, stimula-
tion, and positive mood across rising levels of breath alcohol
concentration, as compared to individuals who were homozy-
gous for the A allele (Ray and Hutchison, 2004, 2007; van
den Wildenberg et al., 2007). Similarly, an association
between the A118G SNP and self-reported responses to acute
alcohol effects was found in a sample of American Indians
(Ehlers et al., 2008). Inasmuch as intermediate phenotypes,
such as sensitivity to alcohol, afford a more sensitive test of
gene-disorder associations than complex psychiatric diagnoses
(Gottesman and Gould, 2003), these studies suggest that car-

riers of the G allele exhibit greater sensitivity to the reinforc-
ing effects of alcohol, which in turn may influence their
susceptibility to problematic alcohol use.
Although a recent report indicated a nominal association

between OPRM1 receptor gene variation and antisocial drug
dependence among treatment-seeking adolescent Caucasian
males (Corley et al., 2008), the association between OPRM1
and adolescent alcohol misuse remains untested. In light of
the substantial neuronal remodeling that occurs during ado-
lescence (Crews et al., 2007), which includes major matura-
tional changes in mesocorticolimbic brain regions that govern
the acute effects of alcohol, genetic influences on alcoholism
may differ between adolescents and adults; large-scale quanti-
tative genetic research provides support for this contention
(Kendler et al., 2008; Pagan et al., 2006). Moreover, studies
using animal models indicate that adolescent rodents respond
differently to the acute effects of alcohol than adults, such
that adolescents have lower sensitivity to the unpleasant
effects of alcohol and greater sensitivity to certain reinforcing
effects (Varlinskaya and Spear, 2000, 2006). This differential
sensitivity to alcohol during adolescence may be particularly
relevant when examining a genetic polymorphism thought to
underlie sensitivity to the reinforcing effects of alcohol. Addi-
tionally, adolescents with alcohol-related problems have
unique clinical characteristics. Compared to adults with alco-
hol dependence, adolescents drink less frequently, develop
symptoms and meet criteria for dependence more quickly,
and comprise a more homogeneous group in terms of age,
duration of use, and comorbid psychopathology (Deas et al.,
2000). Taken together, these findings illustrate the importance
of testing the influence of candidate genes on alcohol misuse
in adolescents.
In this study, we examined the association between the

A118G SNP of the OPRM1 receptor gene and alcohol misuse
in a sample of adolescents and tested whether heightened sen-
sitivity to the reinforcing effects of alcohol mediated this rela-
tionship. First, adolescents who carried the G allele variant
were predicted to have a higher likelihood of meeting diagnos-
tic criteria for an alcohol use disorder (AUD), as defined by
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR; American Psychiatric Association, 2000), than
youth who were homozygous for the A allele. Second, in light
of empirical evidence that AUD diagnostic thresholds may be
inadequate for adolescents (Martin et al., 2006), we also
examined the association between the A118G SNP and sever-
ity of alcohol-related problems using a well-established
continuous measure to maximize our ability to capture
problematic alcohol use in youth. Researchers have recog-
nized that continuous measures may afford more sensitive
tests of genetic effects on alcohol misuse than dichotomous
diagnostic classification schemes, which have restricted vari-
ability (e.g., Dick et al., 2008; Hutchison et al., 2004; Irons
et al., 2007). We use the term ‘‘alcohol misuse’’ to capture a
broad spectrum of alcohol-related problems, which may or
may not meet diagnostic threshold for an AUD. It was pre-
dicted that carriers of the G allele would experience more
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severe alcohol-related problems than their homozygous coun-
terparts. Third, carriers of the G allele were expected to
endorse drinking motives that involve alcohol-induced reward
more strongly than youth who were homozygous for the A
allele and reward-focused drinking motives were predicted to
mediate the association between the G allele and problematic
alcohol use. Fourth, in an effort to test the discriminative
validity of the mediational hypothesis, we conducted explor-
atory analyses to evaluate whether other drinking motives
(i.e., social facilitation, coping-focused) similarly explained the
association between OPRM1 and alcohol-related problems.

METHODS

Participants

Participants (n = 187, 12 to 19 years of age [M = 15.4, SD =
1.8]) were a subset of a larger sample of adolescents who took part in
a study of biobehavioral mechanisms relating antisocial behavior and
problematic substance use in youth. All youth who enrolled in the
larger project were given the opportunity to participate in the genetic
segment of the study and 90.1% agreed (n = 190). Separate
informed written consent ⁄assent was obtained for DNA collection.
Consent was obtained from participants ‡18 years and from the par-
ents ⁄ legal guardians of minors prior to participation; assent was
obtained from minors. Of those who consented to the genetics study,
3 individuals were excluded from analyses due to an inability to suc-
cessfully genotype their DNA sample. All procedures were approved
by the Brown University Institutional Review Board.
In an effort to oversample for youth who engage in antisocial

behavior and problematic substance use, adolescents were recruited
for the larger project primarily from disadvantaged neighborhoods
and a local truancy court program. To be eligible, adolescents had
no history of traumatic brain injury or hearing difficulties. Partici-
pants were also required to test negative on a urine toxicology screen
on the day of assessment for the following substances: alcohol,
amphetamines, barbiturates, benzodiazepines, cocaine, and opiates.
Although youth who endorsed suicidal ideation or psychotic symp-
toms were ineligible, other forms of psychopathology, including sub-
stance use disorders, were not exclusionary. Adolescents who
enrolled in the genetic portion of the study did not differ from those
who declined in terms of age, education, racial background and eth-
nicity, sex, or alcohol use disorders (p values>0.05).

Recruitment and Procedures

Interested volunteers telephoned the laboratory to learn about the
larger project and underwent a brief screening interview to determine
initial eligibility. Those who did not endorse exclusionary criteria
were invited to the laboratory to obtain written informed consent ⁄
assent and to complete an in-person screening interview. Eligible
youth participated in a 1-day assessment session that involved admin-
istration of semi-structured clinical interviews to assess for psycho-
pathology along with other self-report measures. Participants’
parents ⁄ legal guardians were invited to take part in the study by
completing semi-structured interviews and paper-and-pencil mea-
sures regarding the adolescent’s developmental history and psychiat-
ric functioning. Although informed written consent was required
from parents ⁄ legal guardians of adolescents younger than age
18 years, parents ⁄ legal guardians were not required to participate in
the study. This approach was chosen to allow recruitment of youth
whose parents ⁄ legal guardians were unavailable or unwilling to par-
ticipate in the project. Parent data, typically provided by the adoles-
cent’s mother (91.3% of cases), were obtained for 49.2% of
adolescents. The addition of collateral reports from parents ⁄ legal
guardians did not change the diagnostic status, in terms of either

alcohol abuse or dependence, for any participant in either the case or
control group. Participants and parents ⁄ legal guardians who took
part in the study were compensated for their participation.

Domains of Assessment and Measures

Psychopathology and Alcohol Use Disorder Diagnoses. The
Kiddie Schedule for Affective Disorders for School-Age Children
(KSADS; Kaufman et al., 1997) is a clinician-administered semi-
structured interview that was used to assess for DSM-IV-TR psycho-
pathology, including substance use disorders. When a parent ⁄ legal
guardian elected to participate in the study, the parent ⁄ legal guardian
and adolescent were interviewed separately.
Information collected from these interviews was integrated using

an algorithm that identified the presence of a disorder if sufficient cri-
teria were endorsed by either the parent or adolescent (Henin et al.,
2007). In cases where a parent was unavailable to complete the
assessment battery, diagnostic determinations were based on the ado-
lescent’s report. Interviewers received systematic training in diagnos-
tic assessment with adolescents to achieve a high level of inter-rater
reliability (kappa > 0.90) at the item severity level prior to conduct-
ing interviews independently. Individual symptom items for each
disorder were scored according to severity (0 = not present,
1 = subthreshold, 2 = clinical threshold). Potential drift in item
severity ratings was minimized by reviewing all cases at weekly case
consensus meetings that were supervised by 2 licensed clinical psy-
chologists (RM, AJ). All symptom severity level and diagnostic deci-
sions were made by case consensus with the interviewer(s) and both
psychologists present.

Alcohol-Related Problems. The Rutgers Alcohol Problem Index
(RAPI; White and Labouvie, 1989) is a 23-item continuous measure
of alcohol-related problems that was developed and validated for use
with adolescents. Adolescents reported how many times they experi-
enced each item during the past 3 months on a 5-point scale (0 =
never, 1 = 1 to 2 times, 2 = 3 to 5 times, 3 = 6 to 10 times, 4 =
>10 times). Items include general consequences (e.g., ‘‘was told by a
neighbor or friend to stop or cut down on drinking’’) as well as con-
sequences particularly applicable to adolescents (e.g., ‘‘not able to do
your homework or study for a test’’). A total score was computed
by summing the items (Cronbach’s a = 0.92). The RAPI was admin-
istered to youth only if they reported alcohol use in the past
3 months.

Drinking Motives. Motivations for alcohol use were assessed
using a 15-item measure validated for use with adolescents (Cooper,
1994; Cooper et al., 1992). Adolescents rated how often they drink
alcohol for various reasons using a 4-point scale (almost never ⁄never
to almost always). Based on research showing that adults with the G
allele of the OPRM1 gene exhibit greater sensitivity to the pleasant
effects of alcohol (Ray and Hutchison, 2004, 2007), we were primar-
ily interested in the enhancement motives subscale, which assesses
drinking to enhance positive affect using 5 items: ‘‘Because you like
the feeling,’’ ‘‘Because it’s exciting,’’ ‘‘To get high,’’ Because it’s fun,’’
and ‘‘Because it makes you feel good.’’ A total score was computed
by adding the 5 items (Cronbach’s a = 0.93). The social and coping
motivation subscales of this measure were also assessed (Cronbach’s
a values = 0.72 and 0.77, respectively) and used to test the discrimi-
native validity of our mediational hypothesis. The social motives sub-
scale items (n = 5) assess the extent to which the respondent drinks
alcohol to facilitate social interactions. Items from the social motives
subscale include: ‘‘Because it is what most of your friends do when
you get together,’’ ‘‘To be sociable,’’ ‘‘As a way to celebrate,’’
‘‘Because it is customary on special occasions,’’ and ‘‘Because it
makes a social gathering more enjoyable.’’ The coping motives sub-
scale items (n = 5) measure how much the respondent uses alcohol
to cope with negative affect and reduce tension. Items from the
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coping motives subscale include: ‘‘To relax,’’ ‘‘To forget your wor-
ries,’’ ‘‘Because you feel more self-confident or sure of yourself,’’
‘‘Because it helps when you feel depressed or nervous,’’ and ‘‘To
cheer up when you’re in a bad mood.’’ Assessing drinking motives
was a useful strategy for capturing adolescents’ expectancies regard-
ing the subjective effects of alcohol given that alcohol administration
was not viable due to ethical concerns. Moreover, several studies
have found that drinking motives are influenced by genetic factors
(e.g., Agrawal et al., 2007; Prescott et al., 2004).

Genotyping. Genomic DNA was collected and isolated from
buccal swabs using standard procedures (Freeman et al., 1997;
Walker et al., 1999). The A118G SNP in the OPMR1 gene was
assayed using a commercially available instrument and TaqMan
assays (Applied Biosystems, Foster City, CA). To ensure accurate
data, genotypes for all participants were determined by 2 indepen-
dent laboratory technicians blinded to participants’ characteristics.
In addition, a randomly selected subset of samples (10%) was
re-assayed to assess reliability (kappa = 1.0).

Statistical Analysis

Variables were examined for missing data and continuous variables
were examined for distribution normality. Deviations of the observed
genotypic distributions from Hardy–Weinberg equilibrium were
tested with a chi square statistic (v2; Guo and Thompson, 1992). To
compare genotypic distribution between the AUD and non-AUD
adolescents we used chi-square. Evaluation of chi-square effect size
magnitudes was based on the risk difference index, which was com-
puted by subtracting the percent of G carriers with an AUD from the
percent of adolescents who were homozygous for the A allele with an
AUD. This indicator closely approximates the phi coefficient for all
2 · 2 contingency tables but is less influenced by special circum-
stances, such as small cell sizes (Rosenthal, 2001). Because the G allele
frequency varies considerably across distinct racial groups, the analy-
sis was repeated with Caucasians only to control for possible popula-
tion stratification biases. Next, we used a logistic regression equation
to examine whether genotype increased the likelihood of an early-
onset AUDdiagnosis beyond the influence of age and sex. The depen-
dent variable was the presence of an AUD diagnosis (0 = no AUD,
1 = AUD). Predictor variables were entered into the regression
equation in 2 steps. In the first step, the effects of age and sex
(0 = male, 1 = female) were entered and in the second step genotype
was entered as a categorical variable (0 = AA, 1 = AGorGG).
The next set of analyses evaluated the association between the can-

didate gene and a continuous measure of alcohol-related problems.
We then tested the hypothesis that carriers of the G allele would
endorse drinking motives that involve alcohol-induced reward more
strongly than youth homozygous for the A allele and that these
reward-focused motives would mediate the association between the
G allele and alcohol misuse. We chose to use a continuous measure
of alcohol-related problems as the dependent measure in these analy-
ses to obtain finer gradations of alcohol-related problems than the
dichotomous categorization afforded by AUD diagnoses. Additional
support for this approach comes from evidence that DSM-IV-TR
diagnostic thresholds for AUD diagnoses are inadequate for adoles-
cents (Martin et al., 2006). Only adolescents who reported a history
of alcohol use in the past 3 months were included in these analyses.
Baron and Kenny’s criteria for mediation were followed (Baron and
Kenny, 1986). OPRM1 genotype served as the independent variable,
drinking to enhance positive affect (i.e., reward-focused drinking
motives) served as the potential mediating variable, and alcohol-
related problems, as measured by the RAPI, served as the dependent
variable. Using hierarchical linear regression equations we tested for:
(i) evidence of a significant association between OPRM1 genotype
(0 = AA, 1 = AG or GG) and alcohol-related problems; (ii) evi-
dence of a significant association between OPRM1 genotype and the

potential mediator (i.e., reward-focused drinking motives); (iii) evi-
dence of a significant association between the potential mediator and
alcohol-related problems; and (iv) evidence that when the influence
of the potential mediator is incorporated, OPRM1 genotype is no
longer significantly associated with alcohol-related problems. To test
the discriminative validity of the mediational hypothesis, we con-
ducted exploratory analyses to evaluate whether other drinking
motives similarly explained the association between OPRM1 and
alcohol-related problems. Significance was based on variance
accounted for by a variable by itself (R2) or its addition to the model
(DR2), with critical p < 0.05; the direction of relationships between
variables was determined by examining variable coefficients. All anal-
yses were conducted using SPSS 14.0 (SPSS Inc., Chicago, IL).

RESULTS

Demographic and Clinical Characteristics

Participants identified themselves as Caucasian (57.2%),
African American (36.4%), American Indian (2.7%), Asian
(1.6%), Native Hawaiian (0.5%), or other (1.6%), and 21%
of the sample was Hispanic; race and Hispanic ethnicity were
not considered mutually exclusive. Fourteen percent of the
sample met criteria for a DSM-IV-TR AUD diagnosis (6%
abuse, 8% dependence). Consistent with the convention used
in previous research (e.g., McGeary et al., 2006; Oslin et al.,
2003; Tidey et al., 2008), OPRM1 status was categorized
based on the presence of the G allele, such that carriers of the
G allele (AG or GG; n = 40) were compared to those who
were homozygous for the A allele (AA; n = 147). A test of
Hardy–Weinberg equilibrium revealed a significant discrep-
ancy between the observed and expected frequencies of the
genotypes in our overall sample (v2 = 7.25, df = 1, p =
0.01). No differences were found between participants with
the G allele and participants homozygous for the A allele in
terms of sex, age, or grade in school (p values > 0.47). But
consistent with previous research, OPRM1 groups differed
significantly in their racial compositions, such that 80% of
carriers of the G allele were Caucasian compared to 51% of
those homozygous for the A allele (v2 = 17.11, p < 0.01).
To examine whether the Hardy–Weinberg disequilibrium
observed in the overall sample was due to the high frequency
of the G allele in adolescents with AUD diagnoses and to dif-
ferences in allelic distributions between Caucasian and non-
Caucasian youth, we conducted a separate Hardy–Weinberg
linkage equilibrium analysis for Caucasian non-AUD
controls. Allele frequencies observed for this subgroup were
consistent with the expected Hardy–Weinberg distribution
(v2 = 3.79, df = 1, p > 0.05). Demographic and clinical
characteristics of participants by AUD diagnosis and geno-
type are presented in Table 1.

Association Between OPRM1 Genotype and Adolescent
Alcohol Misuse

We used chi square analysis to test whether having an
AUD diagnosis was associated with carrying the G allele. As
illustrated in Table 2, AUD groups differed significantly in
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terms of allelic distributions of the A118G SNP, such that
51.9% of youth with an AUD carried at least one copy of the
G allele compared to 16.3% of non-AUD controls. In addi-
tion, because the frequency of the G allele varies considerably
across distinct racial groups, we repeated the chi square analy-
sis with Caucasians only to control for possible population
stratification biases. The pattern of results was similar, such
that 57.9% of Caucasian youth with an AUD carried at least
one copy of the G allele compared to 23.9% of Caucasian
non-AUD youth. Next, we used a logistic regression equation
to examine the effect of genotype on AUD diagnostic status
while taking into consideration the influence of age and sex.
Predictor variables were entered in 2 steps. In the first
step, the effects of age and sex (0 = male, 1 = female) were
entered. In the second step, the effect of genotype (0 = AA,
1 = AG or GG) was entered. The Wald chi-square test sta-
tistic was used to evaluate the incremental contribution of
each predictor (Cohen et al., 2003). Results from Step 1 indi-
cated that age and sex were significant and unique predictors,
such that older adolescents [Wald v2 (N = 187) = 20.00,
p < 0.001] and females [Wald v2 (N = 187) = 5.72,
p < 0.05] were more likely to meet diagnostic criteria for an
AUD diagnosis (Nagelkerke R2 = 0.31). Results from Step 2
indicated that genotype significantly increased the likelihood
of an adolescent-onset AUD diagnosis beyond the influence
of age and sex [Wald v2 (N = 187) = 15.71, p < 0.001,
Nagelkerke R2 = 0.45].

Due to the relatively small number of participants with an
AUD diagnosis and because AUD diagnostic criteria may
not adequately capture pathological alcohol use in adoles-
cents, we tested the association between OPRM1 genotype
and a continuous measure of alcohol-related problems during
the past 3 months in the subgroup of adolescents who con-
sumed alcohol during that timeframe (n = 53). Allele fre-
quencies observed for this subgroup were in Hardy–Weinberg
equilibrium (v2 = 2.76, df = 1, p > 0.05). One-way analysis
of variance (ANOVA) revealed a significant association
between genotype and alcohol-related problems, such that
carriers of the G allele (n = 17) had more alcohol-related
problems [M = 0.94 (SD = 0.51)] than adolescents who
were homozygous for the A allele variant [n = 36; M = 0.62
(SD = 0.44)], with a medium magnitude effect size [F (1,
52) = 5.32, p < 0.05, f = 0.31]. Cohen’s f was used to deter-
mine effect size magnitudes, as it is appropriate for ANOVA
(Cohen, 1988). The analysis was repeated with participants’
racial background, (Caucasian vs. non-Caucasian) included
as a dichotomous covariate to control for possible population
stratification biases—a recommended approach (e.g., Liu
et al., 2006; Sinha et al., 2006; Tang et al., 2005), although
not without argument (e.g., Burnett et al., 2006). Results were
similar when racial background was included in the analysis,
with a similar magnitude effect size [F (1, 52) = 4.40,
p < 0.05, f = 0.29]. Moreover, the relationship between
genotype and alcohol-related problems remained significant

Table 1. Sample Characteristics by Alcohol Use Disorder (AUD) Diagnosis and OPRM1 Genotype

Variable

Non-AUD AUD

AA (n = 134) AG ⁄ GG (n = 26) AA (n = 13) AG ⁄ GG (n = 14)

Demographic variables
Gender (% Male) 53.7 65.4 23.1 42.9
Age (M, SD) 15.2 (1.8) 14.6 (1.6) 16.7 (1.3) 17.4 (1.0)
Race (% Caucasian) 50.0 81.0 61.5 78.6
Years of education (M, SD) 9.4 (2.9) 9.3 (1.7) 10.5 (3.5) 9.9 (3.8)

Psychopathology (%)
Cannabis use disorder 9.0 11.5 46.2 64.3
Attention-deficit ⁄ hyperactivity disorder 17.9 26.9 53.8 28.6
Conduct ⁄ oppositional defiant disorder 11.2 11.5 30.8 21.4
Mood disorder 1.5 3.9 23.1 0.0
Anxiety disorder 15.7 11.5 15.4 21.4

Parent interview completed (%) 53 69.2 0 21.4

Table 2. Distributions of OPRM1 Genotype Variants

Sample Group

Genotypes (n)

Chi-squarea p value Risk differenceGG AG AA

Full sample (n = 187) Case 3 11 13 17.41 0.000 0.26
Control 4 22 134

Caucasians only (n = 107) Case 3 8 8 8.63 0.003 0.23
Control 4 17 67

aChi-square tests compared genotypic distribution frequencies (AA vs. AG or GG) between cases and controls; Case = AUD diagnosis
present; Control = AUD diagnosis not present; Risk difference refers to the percent of adolescents who were homozygous for the A allele who
had an AUD diagnosis minus the percent of G allele carriers who had an AUD diagnosis.
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when statistically controlling for age and sex (p values
< 0.05, f values = 0.32 and 0.35, respectively).

Alcohol Reinforcement as a Mediator of Genetic Influences

Next, we tested whether drinking to enhance positive affect
mediated the association between OPRM1 genotype and
alcohol-related problems during the past 3 months in the sub-
group of adolescents who consumed alcohol during that time-
frame (n = 53). As illustrated in Table 3, carrying at least
one copy of the G allele predicted greater alcohol-related
problems and stronger endorsement of drinking for mood
enhancement, and drinking for mood enhancement predicted
more alcohol-related problems. When drinking for mood
enhancement was entered with OPRM1 genotype, however,
the association between OPRM1 genotype and alcohol-
related problems was no longer significant. These findings are
consistent with the hypothesis that drinking to enhance posi-
tive affect mediates the association between OPRM1 geno-
type and alcohol-related problems. To provide a more direct
test of the mediating role of drinking for enhancement a Sobel
test was performed (Sobel, 1982) and results indicated that
drinking for enhancement was a significant mediator of the
association between OPRM1 and alcohol-related problems
(z = 2.64, p < 0.01). This set of analyses was repeated
with adolescents’ racial background (Caucasian vs. non-
Caucasian) included in the regression equation to control for
possible population stratification biases. All results were con-
sistent with the initial findings: the G allele predicted alcohol-
related problems and reward-focused drinking motives
(R2 = 0.17, p < 0.05, b = 0.42; R2 = 0.14, p < 0.05,
b = 0.41, respectively); reward-focused drinking motives pre-
dicted alcohol-related problems (R2 = 0.18, p < 0.01, b =
0.45); the G allele no longer predicted alcohol-related prob-
lems when reward-focused drinking motives were entered
with genotype (p > 0.10, b = 0.28).

To explore the discriminative validity of drinking for
enhancement as a mediator of the association between the
OPRM1 gene and alcohol-related problems compared to
other drinking motives, we examined whether social drinking
motives similarly mediated this association. In contrast to the
enhancement motives subscale, which reflects an internal
motivation to drink to experience pleasurable effects, the
social motives subscale reflects externally motivated drinking
aimed toward facilitation of social activities and interactions
(Cooper et al., 1992). Previous research with adolescents
found these scales to be empirically distinct (e.g., Cooper,
1994), and in the present study the correlation between these
scales was modest and not significant (r = 0.25, p > 0.05).
As expected, results indicated that social drinking motives
were associated with greater alcohol-related problems (R2 =
0.18, p < 0.01, b = 0.42). But OPRM1 genotype was unre-
lated to social motives (R2 = 0.09, p = 0.53, b = 0.09) and
when social motives were entered with OPRM1 genotype, the
association between OPRM1 genotype and alcohol-related
problems remained significant (R2 = 0.25, p < 0.05, b =
0.27). Although the coping motives subscale shared a robust
positive correlation with drinking for enhancement
(r = 0.60, p < 0.05)—a finding consistent with other studies
of drinking motives in youth—we tested coping motives as a
separate potential mediator in order to provide a full depic-
tion of the data. Similar to our findings for drinking to
enhance positive mood, drinking to reduce negative affect
was associated with greater alcohol-related problems
(R2 = 0.14, p < 0.01, b = 0.37) and OPRM1 genotype
(R2 = 0.09, p < 0.05, b = 0.30). When coping motives were
entered with OPRM1 genotype, the association between
OPRM1 genotype and alcohol-related problems was not sig-
nificant (R2 = 0.18, p > 0.10, b = 0.22). Sobel test results,
however, indicated that the meditational pathway between
OPRM1 and alcohol-related problems via drinking to attenu-
ate negative affect was not significant (z = 1.7, p = 0.09).
Taken together, it appears that the association between
OPRM1 and alcohol-related problems is mediated, at least in
part, by drinking motives that involve manipulating mood
states (i.e., enhancing positive affect or attenuating negative
affect). And this effect was stronger for positive mood
enhancement than for negative mood reduction, as the indi-
rect effect of coping motives on alcohol misuse was weak.

DISCUSSION

In this study, the association between a polymorphism of
the OPRM1 receptor gene and adolescent alcohol misuse was
tested. Our findings provide the first evidence that the A118G
SNP of the OPRM1 gene is associated with the development
of AUD diagnoses during adolescence as well as with a
greater number of alcohol-related problems among adoles-
cent drinkers. Specifically, adolescents who met DSM-IV-TR
criteria for an AUD diagnosis had a higher prevalence of
the G allele (51.9%) than non-AUD youth (16.3%), and this

Table 3. Summary of Hierarchical Regression Analyses Testing Mood
Enhancement Drinking Motives as a Mediator of the Association Between

OPRM1 and Alcohol-Related Problems

Analysis

Total (n = 53)

DR2 Final B df

Eq. 1: Alcohol problems
on OPRM1

0.09� 1, 51

OPRM1 0.31�

Eq. 2: Enhancement motives
on OPRM1

0.15� 1, 51

OPRM1 0.38�

Eq. 3: Alcohol problems on
enhancement motives

0.31� 1, 51

Enhancement motives 0.56�

Eq. 4: Alcohol problems
on OPRM1 and
enhancement motives

0.32� 2, 50

OPRM1 0.11
Enhancement motives 0.52�

�p < 0.01; �p < 0.001.
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disproportionate distribution remained significant when anal-
yses were restricted to Caucasian youth (57.9% vs. 23.9%,
respectively). In addition, the G allele accounted for 9% of
the variance in alcohol-related problems experienced by youth
in the past 3 months, with a medium magnitude effect size
(f = 0.31). These findings coincide with an adult study in
terms of the nature and magnitude of the association between
OPRM1 and alcoholism (Bart et al., 2005). Adult carriers of
the G allele had a higher prevalence of alcohol dependence
(23.1%) than nonalcoholic controls (13.5%); the risk attribut-
able to genotype was 11.1%. Nonetheless, it is important to
recognize that a number of adult studies did not find this
association (e.g., Bergen et al., 1997; Franke et al., 2001; Kim
et al., 2004a; Loh et al., 2004; Lou et al., 2003; Nishizawa
et al., 2006; Rommelspacher et al., 2001).
Although inconsistent findings could accurately indicate

that variation in the OPRM1 receptor gene does not confer
liability for alcoholism, limitations of existing work justify the
need for additional research before making this determina-
tion—particularly as it pertains to adolescents (van der
Zwaluw et al., 2007). Although it may be likely that similar
genetic mechanisms confer liability for alcohol misuse in
adults and adolescents, adolescents undergo substantial neu-
ronal remodeling that appears to alter their sensitivity to alco-
hol and possibly impact if and how genes influence adolescent
alcohol misuse. While human data on alcohol sensitivity in
adolescents are scarce due to ethical issues around administer-
ing alcohol to youth, animal models of adolescence indicate
that youth are less sensitive than adults to most of the nega-
tive effects of alcohol (e.g., alcohol-induced motor impair-
ment, social impairment, dysphoria, sedation, hangover
effects; e.g., Varlinskaya and Spear, 2000). In addition, ado-
lescent animals appear more sensitive to some of the reinforc-
ing effects of alcohol, especially alcohol-induced social
facilitation (e.g., Varlinskaya and Spear, 2006). These findings
coincide with one early study of human adolescents that
found 8- to 15-year-old boys did not show behavioral signs of
intoxication when given a large dose of alcohol (Behar et al.,
1983). Given these data, we cannot assume that the genetic
influences on alcoholism observed in adults will generalize to
adolescents. As such, this study is an important first step
toward filling this significant gap in the literature.
Findings from this study provide initial evidence that

altered sensitivity to the reinforcing effects of alcohol may be
a mechanism by which OPRM1 confers risk for alcohol-
related problems among adolescents. We found that adoles-
cent drinkers who carried at least one copy of the G allele
endorsed drinking to enhance positive affect more strongly
than adolescents who were homozygous for the A allele and
that drinking to enhance positive affect mediated the associa-
tion between OPRM1 genotype and alcohol-related prob-
lems. Exploratory analyses supported the discriminative
validity of this effect by showing that drinking motivated by
social facilitation, rather than by mood alteration, was not
related to OPRM1 and did not influence the relationship
between genotype and alcohol-related problems. These results

extend findings from alcohol-administration research, which
indicate that young adult carriers of the G allele exhibit
greater dose-dependent responsiveness to the reinforcing
effects of alcohol (i.e., higher subjective feelings of intoxica-
tion, stimulation, and positive mood across rising levels of
breath alcohol concentration) than those homozygous for the
A allele (Ray and Hutchison, 2004, 2007; van den Wildenberg
et al., 2007).
If replicated, the present findings would improve our

understanding of the biobehavioral mechanisms underlying
alcohol misuse in adolescents. Individual differences in sensi-
tivity to the acute effects of alcohol are heritable in both ani-
mals and humans (McBride and Li, 1998; Schuckit and
Smith, 1996). And this differential sensitivity is central to
most contemporary conceptual models of alcoholism (e.g.,
Corbin et al., 2006; Newlin and Thomson, 1990; Ray et al.,
2009; Schuckit et al., 2007; Schuckit et al., 2008). Empirical
support for this notion comes from prospective research
showing that initial responsiveness to the acute effects of alco-
hol early in life is a robust predictor of subsequent
heavy drinking and alcohol-related problems in adulthood
(Schuckit et al., 2007). For example, adolescents who report
low sensitivity to alcohol’s effects, typically characterized by
blunted responsiveness to the sedating and unpleasant effects
during the descending limb of the blood alcohol curve, expe-
rience greater liability for developing drinking problems
(Schuckit, 1994). Likewise, heightened sensitivity to the stim-
ulatory and reinforcing effects of alcohol during the ascend-
ing limb of the blood alcohol curve also appears to confer
risk for alcoholism (Corbin et al., 2008; King et al., 1997;
Papineau et al., 1998). This confluence of insensitivity to alco-
hol’s unpleasant effects and heightened sensitivity to its plea-
surable effects may promote heavy drinking during
adolescence by making alcohol more reinforcing in the
absence of normal signals to moderate intake (Newlin and
Thomson, 1990). Indeed, the clinical characteristics of adoles-
cent problem drinkers coincide with this notion; although
teens drink less often than adults, they develop symptoms of
alcohol dependence more quickly (Deas et al., 2000). Our
findings provide additional data to support an association
between individual differences in drinking motives centered
on the reinforcing aspects of alcohol ingestion (e.g., enhanc-
ing positive affect) and alcohol-related problems, and provide
initial evidence that this liability is, in part, genetically driven
in youth.
This study may also have important implications for devel-

oping more effective treatment strategies for adolescents, par-
ticularly in terms of pharmacological interventions. Each year
more than 1 million youth in the U.S. develop a sufficient
spectrum of alcohol-related problems to warrant a diagnosis
of alcohol dependence and alcohol addiction remains a major
impetus for substance abuse treatment admissions among
teenagers [Substance Abuse and Mental Health Services
Administration (SAMHSA), Office of Applied Studies, 2007,
2008]. Yet despite the clinical demand for effective alcohol
interventions for youth, less than one-third experience
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sustained benefit from existing psychosocial treatments (e.g.,
Brown et al., 2001). While researchers have advanced phar-
macotherapy for adults, medication development research
with adolescents remains at a nascent stage. Studies of healthy
adults and a variety of clinical populations consistently find
that carriers of the G allele exhibit altered physiological and
subjective responses to pharmacological agents that affect
opioid receptor activity (e.g., Somogyi et al., 2007). In terms
alcohol research, laboratory studies show that opioid receptor
antagonists (e.g., naltrexone hydrochloride) blunt the rein-
forcing effects of alcohol ingestion and this effect is more pro-
nounced in individuals who carry at least one copy of the G
allele (e.g., Ray and Hutchison, 2007). Moreover, clinical tri-
als indicate that G allele carriers benefit more from naltrexone
treatment than those without the allele (e.g., Anton et al.,
2008; Oroszi et al., 2009; Oslin et al., 2003), although this
finding is not consistent across studies (Gelernter et al., 2007).
Although double-blind, placebo-controlled clinical trials with
adolescents are almost nonexistent, 2 case reports, one open-
label study, and one small double-blind randomized trial
studied naltrexone in adolescents. Despite methodological
limitations, these reports suggest that opioid receptor antago-
nists hold promise for reducing alcohol use in youth. Identify-
ing genetic influences on adolescent alcohol misuse may help
advance medication development research with youth, in
part, by shedding light on the types of youth most likely to
benefit from particular pharmacological treatments.
Despite the potential importance of these findings, the limi-

tations of this study should be considered. A test of Hardy–
Weinberg equilibrium revealed a significant discrepancy
between the observed and expected frequencies of the geno-
types in our overall sample. There are several possible reasons
for this disequilibrium, such as inaccurate genotyping, popu-
lation admixture (i.e., frequencies of the marker allele and tar-
get disorder differ by racial group), and assortative mating
(i.e., individuals select mates in a nonrandom manner based
on shared characteristics). Erroneous genotyping was an un-
likely explanation in this study. Genotypes for all participants
were determined by 2 independent technicians blinded to par-
ticipants’ characteristics. In addition, a randomly selected
subset of samples (10%) was re-assayed with a high level of
reliability (kappa = 1.0). To mitigate potential effects of
admixture, we reanalyzed the data with Caucasian youth only
and results were consistent with our overall findings. In terms
of assortative mating, there is significant spousal concordance
for AUDs (Grant et al., 2007). Insofar as this study recruited
a selective sample of youth, nonrandom mating may have
resulted in offspring with relatively elevated frequencies of
alleles that confer risk for alcoholism. Notably, allele frequen-
cies observed among Caucasian non-AUD controls were con-
sistent with the expected Hardy–Weinberg distribution,
suggesting that the disequilibrium observed in the overall
sample was due to the high frequency of the G allele in ado-
lescents with early-onset AUD diagnoses and to differences in
allelic distributions across racial groups. Nonetheless, while
one or more of these factors may explain the disequilibrium

of allele frequencies observed in our overall sample, the spe-
cific sources of this discrepancy cannot be determined. Exami-
nation of these factors in a larger, unselected sample of youth
is warranted.
We must also acknowledge that, given the young age of

participants in this study, some youth classified as controls
may develop future drinking problems. Therefore, the most
we can say from our cross-sectional data, which were col-
lected from youth during a specific window of development,
is that this SNP appears to be associated with alcohol misuse
among teenagers. This limitation precludes the ability to infer
the degree to which the findings generalize to older youth and
young adults. Additional research is necessary to answer this
question.
Another consideration was the use of drinking motives as a

proxy for a direct assessment of the subjective responses to
alcohol. Studies of acute alcohol effects in adults typically rely
on human laboratory paradigms that involve alcohol admin-
istration. Important advantages of such paradigms include
capturing the subjective effects of alcohol in close temporal
proximity to drinking and the careful assessment of subjective
effects across specific blood alcohol concentration levels. But
because alcohol cannot be administered to adolescents due to
important legal and ethical concerns, drinking motives were
assessed to capture the degree to which youth use alcohol for
its social and mood altering properties. An important limita-
tion of this approach is the reliance on retrospective reports,
which may be imprecise due to inaccurate recall or social
desirability biases. Finally, the emergence of alcohol problems
during adolescence is commonly associated with certain psy-
chiatric conditions, such as disruptive behavior and mood dis-
orders. It is therefore possible that the observed association
between OPRM1 and alcohol misuse resulted from shared lia-
bility with psychiatric or other risk factors for alcoholism.
Although the sample size in this study restricted our ability to
explore these interactions, this is an important target for
future research.
Despite these limitations, this study represents an impor-

tant first step toward elucidating genetic influences on adoles-
cent alcohol misuse. Moreover, this study has a number of
strengths that should be considered in balance with its limita-
tions. These strengths include empirical attention on an
understudied population, careful characterization of the sam-
ple using well-validated and developmentally appropriate
measures, the inclusion of both male and female adolescents,
and examination of empirically derived mechanisms underly-
ing genetic influences. An important goal for future research
is to replicate these findings in a larger sample of youth and
to identify protective environmental factors that reduce
genetic risk for alcoholism.
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