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University of Texas at Austin
Prior research suggests a link between academic performance and alcohol use during adolescence, but the
degree to which this association reflects actual protective effects continues to be debated. We investigated
the role of genetic factors in the association between academic achievement and adolescent alcohol use
and whether achievement might constrain the translation of genetic influences on drinking into actual
behavior (a Gene ⫻ Environment interaction). Analysis of twin data from Add Health (n ⫽ 399
monozygotic and dizygotic twin pairs) revealed not only common genetic factors underlying the
association between achievement and alcohol consumption but also evidence for a gene– environment
interaction. Specifically, the protective effect of achievement operated by moderating heritability of
alcohol use, which was particularly salient for adolescents at high genetic risk for alcohol use.
Keywords: alcohol use, academic achievement, genetics, adolescent development

Patrick, & Feinstein, 2008; Schulenberg, Bachman, O’Malley, &
Johnston, 1994). Yet, the degree to which this association reflects
actual protective effects continues to be debated. One issue is the
potential for bidirectionality in this association, with drinking
behavior affecting academic achievement (i.e., abstaining promoting academic progress over time; Crosnoe, Benner, & Schneider,
2012; Jeynes, 2002; King, Meehan, Trim, & Chassin, 2006; Staff,
Patrick, Loken, & Maggs, 2008). Although this reverse pattern
does happen, studies attempting to adjudicate between the two
directions have clearly illustrated that the path from academic
performance to substance use is stronger than the reverse (Bryant,
Schulenberg, Bachman, O’Malley, & Johnston, 2000; Crosnoe,
2006). Another issue is the potential for unmeasured confounds to
create the appearance of a link between academics and drinking
even if the former does not influence the latter. Of particular
concern are confounds related to heritable traits within families,
given that both academic behavior and alcohol use have strong
genetic components (Cleveland & Wiebe, 2003; Petrill & Wilkerson, 2000).
The purpose of this research brief was to provide a preliminary
exploration of the role that heritable traits play in the association
between academic performance and adolescent drinking. Is this association free of genetic influences, driven by shared genetic influences,
or something more complex and interactive? Drawing on the twin
sample in the National Longitudinal Study of Adolescent Health (Add
Health), this exploration is intended to provide some context for
interpreting the extant literature while also encouraging new work in
an area that is both theoretically grounded and relevant to public
health intervention.

By the end of high school, 70% of U.S. adolescents have consumed
alcohol, and almost one quarter have engaged in binge drinking
(Johnston, O’Malley, Bachman, & Schulenberg, 2012). Historic
trends in this risky behavior have spurred a great deal of research that,
in addition to documenting its many negative short- and long-term
repercussions, has elucidated its etiology (Brown et al., 2008; Hawkins, Catalano, & Miller, 1992). In particular, the role of high school
academic performance in drinking—academic struggle as a risk factor, academic success as a protective factor— has generated much
attention (Crosnoe, 2006), revealing interesting developmental insights that need to be better understood.
In general, the evidence suggests that academic performance,
primarily higher grades but also advanced coursework, school
engagement, and educational expectations, is associated with
lower levels of alcohol use (Bryant, Schulenberg, O’Malley, Bachman, & Johnston, 2003; Bryant & Zimmerman, 2002; Maggs,
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Linking Academic Achievement to Alcohol Use
Two classic theories of deviant behavior are often used to
explain why adolescents’ academic experiences might be related to
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their alcohol use. The first, social control, asserts that ties to
conventional institutions reduce the propensity to engage in antisocial behavior (Hirschi, 1969). According to this theory, adolescents who do well academically develop a greater stake in school
as a social institution and consequently have more to lose by
engaging in behaviors, like drinking, that could jeopardize their
standing in school. The second theory, differential association
(Sutherland, 1947), views antisocial behavior as a product of social
learning, where the ecological organization of adolescents’ daily
lives (e.g., neighborhoods, families, schools, peer groups) exposes
them to different kinds of messages that support or discourage
antisocial activities (Catalano, Oesterle, Fleming, & Hawkins,
2004). Given the curricular and organizational segregation of
students in schools by academic performance as well as the strong
academic homophily (i.e., attraction to similar others) among
adolescents, academic achievement tends to select young people
into peer settings with fewer positive messages about drinking and
fewer opportunities to drink (Cleveland & Wiebe, 2003; Crosnoe
& Riegle-Crumb, 2007).
Taken together, these theories (along with more psychological
perspectives such as social learning theory; Bandura, 1977) suggest that doing well in school raises the stakes for drinking and
limits opportunities to engage in this risky behavior. Yet, this
interpretation only holds to the extent that the association between
academic performance and adolescent drinking actually captures a
protective effect. Over the years, research has lent more support to
this protective effect by teasing out the bidirectionality in this
association and by identifying and controlling for any number of
confounds (Bryant et al., 2000; Crosnoe, 2006). We argue that
exploring the genetic influences on both academic achievement
and adolescent alcohol use and the possibility that these influences
may be related to each other further advances the field.

Focusing on Genetic Influences
One possible role of heritable traits in the association between
academic achievement and adolescent drinking is that shared genetic influences completely account for any observed link between
the two and, therefore, that no protective effect actually exists.
Previous behavioral genetic research has revealed overlapping
genetic influences between phenotypes related to the ones we
examine here, including nicotine use and educational attainment
(McCaffery et al., 2008), academic mastery and alcohol dependence (Kiecolt, Aggen, & Kendler, 2013), and verbal ability and
alcohol dependence (Latvala et al., 2009).
Another possibility— one more in line with developmental theory (e.g., systems perspectives; Lerner, 2006) and the theoretical
underpinnings of this research—is that the potential for academic
success to raise the stakes for drinking and decrease opportunities
to drink might moderate adolescents’ genetic propensities to drink.
If so, then academic achievement would have the biggest protective effect on adolescents at greatest genetic risk for alcohol use.
Without the constraints on behavior that academic success creates,
adolescents genetically predisposed to alcohol use would follow
through on this predisposition. In contrast, the academically related stakes and opportunities of drinking would make less difference to adolescents lacking strong genetic proclivities to drink, as
they would be less likely to drink regardless of the potential
ramifications of drinking or opportunities to drink.

In this study, therefore, we used twin data to disentangle genetic
and environmental underpinnings of academic achievement, adolescent drinking, and the connection between the two, both reflecting and extending theoretical insights about social control and
opportunity. After assessing the extent to which the association
between academic achievement and drinking was accounted for by
shared genetic influences, we explored whether academic achievement might constrain the translation of genetic influences on
drinking into actual behavior, that is, a Gene ⫻ Environment
interaction in which heritable variation in drinking is reduced
among high-achieving adolescents.

Method
Data
Add Health is a nationally representative longitudinal study of
adolescents in the United States, with data collected across four
waves between 1994 and 2008. It used a school-based sampling
procedure, randomly selecting schools across strata defined by
region, type, size, and racial composition. The In-School Survey
was administered to all present students in the schools to create a
sampling frame for the Wave I In-Home Interview (N ⫽ 20,744).
Three follow-up In-Home Interviews were completed. The InHome Interview sampling deliberately targeted sibling pairs to
allow for genetically informed analyses of adolescent behavior.
Siblings of different genetic relatedness were identified in the
initial In-School Survey and then recruited for the Wave I sample.
The demographic composition of the Add Health sibling sample is
comparable to the full sample (Jacobson & Rowe, 1999).
Given our interest in Gene ⫻ Environment interactions, we used
the Wave I sibling sample. First, we selected twins only to control
for age differences between different kinds of sibling pairs in the
sample. Twins were classified as monozygotic (MZ) or dizygotic
(DZ) based on self-reported zygosity as well as responses to four
questions assessing similarity of appearance and frequency of
being mistaken for one’s twin. These items have been validated
with analysis of genetic markers (Harris, Halpern, Smolen, &
Haberstick, 2006). Second, only high school students were selected, as academic curricula are more stratified and cumulative in
high school (vs. middle school), and norms and opportunity structures are more supportive of alcohol use later in adolescence
(Schulenberg & Maggs, 2002). These filters resulted in a sample of
399 twin pairs (in Grades 9 –11 in Wave I), with 798 adolescents
total (M age ⫽ 16.45, SD ⫽ .93). Our final sample included 163
MZ pairs (85 male, 78 female), 135 same-sex DZ pairs (71 male,
64 female), and 101 opposite-sex DZ pairs. The racial/ethnic
composition was 54% White, 24% African American, 15% Latino,
and 7% other races/ethnicities.

Measures
For the independent variable, academic achievement, adolescents reported their most recent grades in English, math, history,
and science on a 1 (A) to 4 (D or lower) scale. Grades were reverse
coded (1 ⫽ D or lower, 4 ⫽ A) and averaged to create an overall
grade point average (GPA; M ⫽ 2.78, SD ⫽ 0.77). Transcript data
were collected in Wave III, but, due to attrition between Waves I
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and III, we did not use these data to measure achievement. Prior
work with the full Add Health sample has revealed that adolescents’ self-reported grades are highly correlated with grades from
official school transcripts (r ⫽ .88; see Langenkamp, 2009). For
the dependent variable, alcohol use, we followed Add Health
conventions (Johnson, 2004; Resnick et al., 1997) by using adolescents’ self-report data on whether they had ever drunk alcohol
and, if so, how often in the past month. Responses ranged from 0
(none; included abstainers) to 6 (nearly everyday).
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Analysis Plan
To begin, we examined phenotypic associations between alcohol use and academic achievement using group comparisons.
Mixed-effects models accounted for twins clustered in pairs. Individuals with GPAs of 3.0 or higher were classified as high achievers.
We compared alcohol use among high versus lower achievers and the
GPAs of abstainers (those who reported no alcohol use) with nonabstainers. In addition, we examined GPA and alcohol use stratified by
gender, race/ethnicity, and grade level.
Next, we conducted a series of structural equation models
(SEMs) using twin data on GPA and alcohol use in Mplus (Muthén
& Muthén, 1998 –2012). Full information maximum likelihood
accounted for all missing item-level data. Model fit was assessed
through root-mean-square error of approximation (RMSEA) and
chi-square values (Steiger, 1990), and nested models were compared by differences in chi-square and log-likelihood values. Three
sets of analyses were performed: (a) a bivariate twin model to
estimate genetic and environmental associations between academic achievement and alcohol use, (b) a Gene ⫻ Environment
interaction model that tested whether academic achievement conditioned genetic influences on alcohol use, and (c) an alternative
Gene ⫻ Environment interaction model that tested whether alcohol use conditioned genetic influences on academic achievement.
The twin design (see Neale & Cardon, 1992) used in this study
focused on sources of variation in a given phenotype. This model
partitioned variance in each phenotype into three components:
additive genetic effects (A), shared environmental effects (C;
family-level environmental influences that make siblings more

A

C

similar than unrelated individuals), and nonshared environmental
effects (E; environmental influences that make siblings different
from each other, plus measurement error). Collectively, these
components are often referred to as ACE components. On the basis
of genetic theory, correlations between additive genetic effects
were set to 1.0 for MZ twins and 0.5 for DZ twins. By definition,
correlations between shared environmental effects were set to 1.0,
and correlations between nonshared environmental effects were set
to 0 for all twin pairs. Paths from the ACE components to the
observed variables were estimated, and the ACE components were
fixed to have a mean of 0 and a standard deviation of 1.
For the bivariate twin model, the regression path labeled bA in
Figure 1 tests whether genes related to academic achievement also
influenced alcohol use; that is, to what extent did the association
between achievement and alcohol use reflect common genetic
effects? The regression path bC tested whether family-level environmental influences on achievement also influenced alcohol use.
Together, the bA and bC paths can be interpreted as a “betweentwin pair” effect of academic achievement; that is, did twin pairs
who differed from other twin pairs in average achievement also
differ in average alcohol use? The regression path labeled bE
tested whether nonshared environmental influences on achievement also influenced alcohol use. This path can be interpreted as
the “within-twin pair” effect of achievement on alcohol use; that is,
did twins who differed in academic achievement also differ in their
alcohol use? Because opposite-sex twins were included in the
sample, all models regressed both phenotypes (achievement and
alcohol use) on gender (1 ⫽ female, 0 ⫽ male); our selection of
same-age, same-race twins effectively controlled for age and race.
Next, a Gene ⫻ Environment interaction model tested whether
academic achievement conditioned genetic influences on alcohol
use (see Figure 2). That is, does achievement constrain youth from
acting on genetic proclivities to drink? Here, we tested for moderation of genetic influences on alcohol use by achievement, net of
genetic and environmental associations between achievement and
alcohol use. We allowed all sources of variance in alcohol use to
be moderated by achievement. This full moderation model, for one
twin only, is shown in Figure 2.

A

E

3

C

E

EGPA
bE

AGPA
CGPA

AAlc

CAlc

EAlc

bC
bA

GPA
Twin 1

Alcohol Use
Twin 1

Figure 1. Basic ACE model of academic achievement and alcohol use. A ⫽ additive genetic effects; C ⫽
shared environmental effects; E ⫽ nonshared environmental effects; GPA ⫽ grade point average.
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ba0+bax(GPA)

Alcohol Use
Twin 1

GPA
Twin 1

Figure 2. Interaction between academic achievement and genetic influences on alcohol use. A ⫽ additive
genetic effects; C ⫽ shared environmental effects; E ⫽ nonshared environmental effects; GPA ⫽ grade point
average.

A significant interaction term on the genetic variance in alcohol
use, labeled apx, would indicate a Gene ⫻ Environment (G ⫻ E)
interaction. Our hypothesis that genetic influences on alcohol use
would decrease as academic achievement increased would be
supported by a significant negative interaction. A significant positive interaction would indicate the opposite, that genetic influences on alcohol use were greater among high-achieving youth.
Likewise, significant interaction terms on the C and E paths would
suggest that achievement moderated shared and/or nonshared environmental influences on alcohol use. We also allowed the regression paths bA, bC, and bE to be moderated by alcohol use, as
van der Sluis, Posthuma, and Dolan (2012) have shown that
estimating interactions on the cross-paths between moderator and
phenotype is necessary to avoid false-positive estimates of G ⫻ E.
Finally, as a means of exploring bidirectional associations between
academic achievement and alcohol use, we estimated a second
interaction model in which the ordering of our two variables was
switched, with alcohol use modeled as the predictor and moderator
and academic achievement modeled as the outcome.
The strengths and limitations of the twin method have been exhaustively described elsewhere, but we note a few assumptions here.
The equal environmental assumption presumes that MZ twins are
treated no more similarly than DZ twins. Several empirical studies
have directly tested this assumption and found support for its validity
(e.g., Kendler, Neale, Kessler, Heath, & Eaves, 1993) and have
questioned its impact on heritability estimates (Conley & Rauscher,
2011). The twin model also assumes that there is random mating in
the parent generation and that MZ twins share 100% of their inherited
segregating genes. MZ twin differences in gene expression or acquired variation in DNA sequence (e.g., mutation, retrotransposition
events), therefore, are not captured in the “A” factor of a twin model.
It should be noted that alternative approaches, such as adoption
studies (Bouchard & McGue, 1981) and genomewide complex trait
analysis (Trzaskowski, Yang, Visscher, & Plomin, 2013), have revealed estimates of heritability that are consistent with twin studies.
Furthermore, violations of assumptions may influence estimates of
main genetic effects more than interaction effects (e.g., Loehlin,
Harden, & Turkheimer, 2009).

Results
Table 1 presents mean levels of alcohol use and GPA in the full
sample and stratified by gender, race, grade level, level of achievement, and alcohol abstainer status. Results from a mixed-effects
model accounting for twins clustered in pairs show that high
achievers reported significantly less alcohol use than lower achievers. Likewise, abstainers reported significantly higher GPAs than
nonabstainers. More frequent alcohol use was associated with
being White and being older (11th vs. 9th or 10th grade). African
American and Latino/a students and boys had lower GPAs than
their White and female peers.
We then examined twin pair correlations for academic achievement and alcohol use (see Table 2). We simply describe the pattern
of correlations here, as the role of sampling error (including

Table 1
Descriptive Statistics for Key Study Variables
Alcohol

GPA

Variable

n (%)

M (SD)

M (SD)

Full sample
Females
Males
White
Black
Hispanic
Other
Higher achievers
Lower achievers
Grade 9
Grade 10
Grade 11
Abstainers
Nonabstainers

798
385 (48.2)
413 (51.8)
434 (54.4)
190 (23.8)
119 (14.9)
55 (6.9)
390 (49.7)
395 (50.3)
298 (36.1)
258 (32.6)
242 (31.3)
412 (52.2)
377 (47.8)

1.08 (1.45)
1.03 (1.41)
1.14 (1.50)
1.21 (1.48)a
0.76 (1.39)b
1.20 (1.52)
0.50 (0.89)
0.90 (1.33)a
1.23 (1.53)b
0.98 (1.44)a
0.95 (1.44)a
1.35 (1.48)b
0.00 (0.00)a
2.24 (1.32)b

2.78 (.77)
2.91 (.79)a
2.67 (.73)b
2.85 (.78)a
2.55 (.70)b
2.43 (.77)b
2.90 (.75)a
3.43 (.36)a
2.15 (.49)b
2.67 (.80)a
2.87 (.73)b
2.82 (.76)
2.89 (.76)a
2.67 (.77)b

Note. High achievement is defined as a GPA ⱖ 3.0. Subscripts denote
significant differences between groups at p ⬍ .05. Groups with the same
subscript or with no subscript are not significantly different. GPA ⫽ grade
point average.
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shared environmental cross-path to zero. Results from this
trimmed model are shown in Table 3. Again, academic achievement and alcohol use were associated through a shared genetic
pathway (bA ⫽ ⫺.31, p ⬍ .01). This “AE” model did not fit the
data significantly worse than the original model (⌬2 ⫽ 1.26,
⌬df ⫽ 3, p ⫽ .74). In addition, we fit another trimmed model that
fixed all genetic parameters to zero. This “CE” model (results not
tabulated) did in fact fit significantly worse, 2(34) ⫽ 42.73,
⌬2 ⫽ 12.97, ⌬df ⫽ 3, p ⫽ .005. Thus, for the sake of parsimony,
the “AE” model was carried forward for our subsequent, more
complicated models.
In the next step, we fit two interaction models to test whether
academic achievement conditioned genetic influences on alcohol
use. Results from the interaction models are summarized in Table
4. The first interaction model revealed a significant negative interaction between achievement and genetic influence on alcohol
use (apx ⫽ ⫺.30, p ⬍ .01). This effect is illustrated in Figure 3.
Additive genetic variation accounted for 59% of the variance in
drinking among low-achieving adolescents but only 28% among
high-achieving adolescents.
A second interaction model was tested, in which alcohol use was
the predictor and moderator and achievement was the outcome. In
this model, none of the interaction terms on the ACE components
of academic achievement were significant, indicating that alcohol
use did not moderate genetic or environmental influences on
achievement.

relevant p values) is assessed in our subsequent, more rigorous
SEMs. For alcohol use, the correlation for MZ twins (r ⫽ .53) was
higher than that of all DZ twins (r ⫽ .30) or same-sex DZ twins
(r ⫽ .28). We found a similar pattern for academic achievement;
differences between MZ and DZ correlations, however, were less
pronounced. In examining cross-trait correlations, both within
individuals (i.e., correlations between Twin 1’s alcohol use and
Twin 1’s GPA) and across twin pairs (i.e., correlations between
Twin 1’s alcohol use and Twin 2’s GPA), we found that the
cross-twin cross-trait correlations were as high as within-person
cross-trait correlations. Finally, the cross-trait cross-twin correlations in DZ twin pairs were comparable in magnitude to those
correlations in MZ twin pairs, consistent with shared environmental influences that affect both phenotypes.
Results from the bivariate twin models are summarized in Table
3. The initial bivariate model had good fit, 2(31) ⫽ 29.76, p ⫽
.53, RMSEA ⫽ .00. The variances of the ACE components in the
bivariate model indicated that 59.8% of the variance in academic
achievement was due to additive genetic influences, 15.6% was
due to shared environmental influences, and 24.7% was due to
nonshared environmental influences. Higher academic achievement was associated with lower alcohol use through a shared
genetic pathway (bA ⫽ ⫺.42, p ⬍ .05). Residual variance in
alcohol use (unique of academic achievement) was due to nonshared environmental (47.3%) and additive genetic effects
(38.7%), with minimal shared environmental influences (13.9%).
Although the cross-trait, cross-twin correlations suggested a
shared environmental contribution to the association between alcohol use and academic achievement, none of the shared environmental parameters were significant in the full model. This finding
may have occurred because the current sample size was underpowered to detect small shared environmental influences. Consequently, we fit a trimmed model that fixed shared environmental
influences on academic achievement and alcohol use and the

Discussion
In summary, we found a phenotypic association between higher
academic achievement and lower alcohol use that was consistent
with previous research. An examination of cross-twin, cross-trait
correlations suggested that unmeasured family-level factors account for the association between achievement and alcohol use.

Table 2
Sibling Pair Correlations for Alcohol Use and Grade Point Average
DZ twins
Variable
Alcohol Twin 1/Alcohol Twin 2
GPA Twin 1/GPA Twin 2
Alcohol Twin 1/GPA Twin 2
Alcohol Twin 2/GPA Twin 1
Alcohol Twin 1/GPA Twin 1
Alcohol Twin 2/GPA Twin 2

Full sample
ⴱⴱ

.40
(n ⫽ 393)
[.31, .48]
.54ⴱⴱ
(n ⫽ 389)
[.47, .61]
⫺.15ⴱⴱ
(n ⫽ 392)
[⫺.25, ⫺.05]
⫺.15ⴱⴱ
(n ⫽ 387)
[⫺.25, ⫺.05]
⫺.16ⴱⴱ
(n ⫽ 389)
[⫺.26, ⫺.06]
⫺.15ⴱⴱ
(n ⫽ 390)
[⫺.24, ⫺.05]

MZ twins
ⴱⴱ

.53
(n ⫽ 162)
[.40, .63]
.63ⴱⴱ
(n ⫽ 160)
[.52, .17]
⫺.14
(n ⫽ 160)
[⫺.29, .01]
⫺.12
(n ⫽ 162)
[⫺.27, .03]
⫺.16ⴱ
(n ⫽ 162)
[⫺.30, 0.00]
⫺.09
(n ⫽ 160)
[⫺.24, .06]

All DZ twins
ⴱⴱ

.30
(n ⫽ 231)
[.17, .41]
.48ⴱⴱ
(n ⫽ 229)
[.38, .58]
⫺.16ⴱ
(n ⫽ 232)
[⫺.28, ⫺.03]
⫺.17ⴱⴱ
(n ⫽ 225)
[⫺.30, ⫺.04]
⫺.17ⴱ
(n ⫽ 227)
[⫺.29, ⫺.04]
⫺.19ⴱ
(n ⫽ 230)
[⫺.31, ⫺.06]

Same-sex
ⴱⴱ

.28
(n ⫽ 133)
[.11, .43]
.56ⴱⴱ
(n ⫽ 132)
[.43, .67]
⫺.08
(n ⫽ 133)
[⫺.24, .10]
⫺.26ⴱⴱ
(n ⫽ 131)
[⫺.41, ⫺.09]
⫺.14
(n ⫽ 131)
[⫺.31, .03]
⫺.20ⴱ
(n ⫽ 133)
[⫺.36, ⫺.03]

Opposite-sex
.35ⴱⴱ
(n ⫽ 98)
[.16, .51]
.38ⴱⴱ
(n ⫽ 97)
[.19, .53]
⫺.25ⴱ
(n ⫽ 99)
[⫺.42, ⫺.05]
⫺.01
(n ⫽ 94)
[⫺.21, .19]
⫺.20
(n ⫽ 96)
[.38, 0.00]
⫺.18
(n ⫽ 97)
[.36, .03]

Note. MZ ⫽ monozygotic; DZ ⫽ dizygotic; GPA ⫽ grade point average. Numbers of complete pairs are shown in parentheses. 95% confidence intervals
are shown in brackets.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01.
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Table 3
Unstandardized Parameter Estimates From Bivariate Models of Academic Achievement and Alcohol Use (N ⫽ 399 Twin Pairs)
Variable

Full ACE model

Trimmed AE model

29.76 (31, .53)
.00

31.02 (34, .61)
.00

Model fit indices
2 (df, p)
RMSEA
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Unstandardized
Variance in GPA
AGPA
CGPA
EGPA
Regression parameters
Genetic path (bA)
Shared environmental path (bC)
Nonshared environmental path (bE)
Variance in alcohol use
AAlc
CAlc
EAlc

.82ⴱ [.68, .96]
.21 [⫺.30, .72]
.34ⴱ [.29, .39]
⫺.42ⴱ [⫺.78, ⫺.06]
.35 [⫺1.33, 2.03]
.06 [⫺.14, .25]
.83ⴱ [.42, 1.24]
.30 [⫺1.97, 2.56]
1.02ⴱ [.91, 1.12]

Standardized

Unstandardized

h2 ⫽ 59.8%
c2 ⫽ 15.6%
e2 ⫽ 24.65%
␤ ⫽ ⫺.29 [⫺.53, ⫺.04]
␤ ⫽ .24 [⫺.91, 1.39]
␤ ⫽ .04 [⫺.10, .17]

Standardized

.85ⴱ [.78, .91]

h2 ⫽ 71.6%

.34ⴱ [.29, .38]

e2 ⫽ 28.4%

⫺.31ⴱ [⫺.46, ⫺.16]

␤ ⫽ ⫺.21 [⫺.31, ⫺.11]
␤ ⫽ .03 [⫺.10, .15]

.04 [⫺.15, .22]

h2 ⫽ 38.7%
c2 ⫽ 13.9%
e2 ⫽ 47.3%

1.00ⴱ [.88, 1.13]

h2 ⫽ 50.1%

1.00ⴱ [.91, 1.10]

e2 ⫽ 49.9%

Note. A ⫽ additive genetic effects; C ⫽ shared environmental effects; E ⫽ nonshared environmental effects; RMSEA ⫽ root-mean-square error of
approximation; GPA ⫽ grade point average. 95% confidence intervals are shown in brackets.
ⴱ
p ⬍ .05.

Subsequent bivariate twin models indicated that these family-level
factors were genetic; that is, the same genetic factors that promoted
achievement also appeared to deter drinking. Moreover, we found
evidence for a G ⫻ E interaction, with genetic influence on alcohol
use suppressed among higher achieving adolescents.
The context for these findings is the growing body of research
highlighting that more academically successful adolescents are
less likely to drink, research that has generated theoretical discussions of risk and protection and school-based intervention and
prevention efforts targeting public health concerns. Yet, there
remain questions about the nature of the underlying link between
achievement and alcohol use. Investigations using advanced methods to account for both directionality and other confounds has
documented the achievement-to-substance use association (Bryant
et al., 2000; Crosnoe, 2006), and our findings provide further
evidence of the pathway from achievement to drinking using a

genetically informed approach. The research reported here suggests that, although the association between achievement and
drinking is largely due to shared genetic influences, a protective
effect is also in play, albeit one that emerges for only those with
the highest propensity to drink. That is, for adolescents who have
stronger genetic predispositions to engage in alcohol use, high
achievement protects them from actually acting on this predisposition.
The protective effect that we observed— essentially,
environment-constraining genetics—is theoretically meaningful.
By showing exactly where the balance of academic stakes and
behavioral opportunities is strongest, our work informs both social
control and differential association theories as well as other perspectives (e.g., social learning theory) relevant to the social etiology of substance use. Moreover, these findings align with behavioral genetic research showing that genetic influences on substance

Table 4
Unstandardized Parameter Estimates From Interaction Models of Academic Achievement and Alcohol Use (N ⫽ 399 Twin Pairs)
Achievement ¡ Alcohol use
Variable
Genetic and environmental paths from predictor to outcome
Main effect of genes (ba0)
Gene ⫻ Predictor interaction (bax)
Main effect of nonshared environment (be0)
Nonshared Environment ⫻ Predictor interaction (bex)
Residual genetic and environmental influences on outcome
Main effect of genes (a0)
Gene ⫻ Predictor interaction (apx)
Main effect of nonshared environment (e0)
Nonshared Environment ⫻ Predictor interaction (epx)

Estimate

[95% CI]

Alcohol use ¡ Achievement
Estimate

[95% CI]

⫺.41 (.09)ⴱ
⫺.06 (.09)
.05 (.10)
⫺.06 (.13)

[⫺.59,
[⫺.24,
[⫺.14,
[⫺.32,

⫺.24]
.12]
.24]
.20]

⫺.25 (.09)ⴱ
.01 (.08)
.04 (.05)
⫺.02 (.06)

[⫺.42,
[⫺.14,
[⫺.06,
[⫺.13,

.92 (.09)ⴱ
⫺.30 (.10)ⴱ
1.00 (.06)ⴱ
⫺.11 (.07)

[.75, 1.09]
[⫺.49, ⫺.11]
[.87, 1.12]
[⫺.25, .04]

.81 (.04)ⴱ
⫺.02 (.04)
.33 (.03)ⴱ
.02 (.03)

[.73, .89]
[⫺.09, .05]
[.28, .38]
[⫺.05, .08]

⫺.08]
.16]
.13]
.09]

Note. Achievement is the predictor in the first column and outcome in the second. The residual genetic and environmental influences on the outcomes
in the lower portion of the table are unique of the predictors. For moderation analyses, achievement was centered at the grand mean of the sample, 2.71
(on a 4.0 scale). CI ⫽ confidence interval.
ⴱ
p ⬍ .05.
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Figure 3. Proportion of variance in alcohol use due to additive genetics
(h2) and nonshared environmental (Envt.) influences (e2) by achievement
level. Results based on model parameters summarized in Table 3. GPA ⫽
grade point average.

use are suppressed in environments that impose high social control
(see Kendler et al., 2012). For example, genetic influence on
substance use declines in the presence of high-parental monitoring
(Dick et al., 2007), religious upbringing (Koopmans, Slutske, van
Baal, & Boomsma, 1999), and positive marital relationships (Dick
et al., 2006). Such environments limit opportunities for substance
use and impose social norms and expectations that are incompatible with heavy use. Our results suggest that the environmental
context of high achievement operates similarly. The high stakes
tied to academic achievement in combination with more limited
opportunities to drink associated with achievement seem to be
particularly relevant for adolescents at greatest risk to engage in
alcohol use. How this protective effect plays out (i.e., stronger for
those most at risk) is in line with developmental theory that
suggests the transactions among systems internal and external to
the adolescent are inextricably linked (e.g., systems theory; Lerner,
2006). Those transactions between what is going on inside the
bodies of adolescents and what is going on in the settings of their
lives are difficult to study directly, but figuring out how they work
is essential to testing and refining theory.
Beyond its implication for theory, this study also has relevance
for policy and practice. Our findings suggest that promoting
achievement may be one promising method of intervention and
prevention for youth predisposed to drink. Given prior research
highlighting the academic benefits of school bonding, extracurricular activities, and other school engagement processes (Anderman,
2002; Fredricks & Eccles, 2006; Furlong et al., 2003), the findings
reported here suggest that these activities might also limit at-risk
adolescents’ likelihood of engaging in risky behaviors. The likely
benefits of interventions targeting achievement rather than substance use are further bolstered by the fact that our tests of
directionality revealed that the G ⫻ E interaction extended in only
one direction. Alcohol use and achievement were not more
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strongly associated among youth with stronger genetic propensities to achieve, echoing prior work favoring the achievement-tosubstance use pathway moreso than the alternative substance-useto-achievement pathway (Bryant et al., 2000; Crosnoe, 2006). We
believe that further work replicating the findings reported here
using larger, longitudinal samples will strengthen the call for such
academically targeted, dual-purpose intervention and prevention
efforts.
Although consistent with both social control and differential
association theories, the mechanisms underlying the observed protective effect of academic achievement on drinking remain unclear, and elucidating these mechanisms is critical for intervention
efforts. Importantly, academic achievement was not randomly
assigned; as an individual-differences variable in an observational
study, academic achievement is a proxy for the array of contextual
(e.g., peer groups, time use, parental engagement) and intrapersonal (e.g., impulsivity, conscientiousness, cognitive ability) variables that differ between high-achieving and low-achieving adolescents. It remains to be determined which of the features of
academic achievement are the most potent constraints on genetic
predispositions toward drinking. Prior research has revealed both
academic stakes and behavioral opportunity structures play key
roles in adolescents’ engagement in risky behaviors (Crosnoe,
2006; Matsueda, 1982) and that the effects of externalizing and
internalizing behaviors on alcohol initiation are generally indirect
(Geels, Vink, van Beijsterveldt, Bartels, & Boomsma, 2013). Future research should address this potential limitation by thoughtfully integrating both stakes and opportunities as mechanisms into
models to identify the most potent processes by which high
achievement may limit adolescents’ alcohol use. Genetically informed mediational models provide a promising avenue, as they
enable researchers to integrate path analyses with decompositions
into genetically and environmentally mediated effects (see, e.g.,
Tucker-Drob & Harden, 2012).
Our sample size (n ⬍ 400 pairs) may have been underpowered
to detect shared environmental effects (Hanscombe et al., 2012).
The magnitudes of the raw cross-twin cross-trait correlations in
MZ and DZ twins suggest that there may be shared environmental
contributions to the association between alcohol use and achievement that could not be differentiated in our study. A key strength
of Add Health, relative to many other U.S. and European twin
samples, is its economic and racial/ethnic diversity. Still, by the
standards of behavioral genetics, it contains a small number of
twins. Large twin samples that represent population diversity and
have sufficient power for sophisticated analyses of gene–
environment interplay remain a lacuna in developmental research.
Despite this limitation, the key goal of this study was not to
decompose the main effect of academic achievement into genetic
and shared environmental effects but rather to assess the interaction between achievement and unique genetic influences on alcohol use.
This line of work also should be extended to later periods of
development. We specifically targeted middle adolescence, as it is
a time when substance use is likely to be initiated and when
academic factors can delay the initiation and frequency of substance use (Johnston et al., 2012). Yet, whether achievement
serves a similar protective factor later in the developmental life
course, such as in late adolescence or young adulthood, is unknown. Prior research shows that the association between aca-
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demic achievement and alcohol use actually switches direction,
such that higher achievement is associated with lower levels of
substance use in adolescence but with higher rates of substance use
in young adulthood (Crosnoe & Riegle-Crumb, 2007; Maggs et al.,
2008). Furthermore, evidence suggests that genetic influences play
an increasingly strong role in alcohol use and abuse from adolescence into young adulthood (Dick, 2011). Taken together, this
emerging body of work suggests that the protective effects of
achievement may be time limited, but further empirical studies are
needed to directly examine the validity of this hypothesis. Longitudinal designs with genetically informed data offer a promising
avenue for exploring the persistence of protective effects across
adolescence and early adulthood.
Adolescents are initiating alcohol use at an earlier age and are
engaging in more drinking behaviors than they did two decades
ago (Geels et al., 2012). Such behaviors are a public health concern
given the plethora of research that highlights the negative effects
of drinking across the life course (Krohn, Lizotte, & Perez, 1997;
Oesterle et al., 2004). In the current study, we explored drinking
behaviors at a critical developmental period and elucidated an
important protective factor that mitigated alcohol use in those with
genetic predispositions for drinking. Such work is in line with the
call to examine positive youth development and protective (rather
than risk) factors in development (Lerner et al., 2013). By identifying the genetic components that link achievement to alcohol use
and determining who benefits most from academic success, we
hope that this study will stimulate the additional research needed to
more effectively inform policy and practice in developmentally
appropriate ways.
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