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Abstract

Using a large and nationally representative sample, we examined how adolescents’ 5-HTTLPR genotype and perceived parenting quality independently and
interactively associated with trajectories of alcohol use from early adolescence to young adulthood and whether/how gender may moderate these associations.
The sample for this study included 13,749 adolescents (53.3% female; 56.3% non-Hispanic White, 21.5% Black, 16.0% Hispanic, and 6.1% Asian)
followed prospectively from adolescence to young adulthood. Using growth mixture modeling, we identified four distinct trajectories of alcohol use
(i.e., persistent heavy alcohol use, developmentally limited alcohol use, late-onset heavy alcohol use, and non/light alcohol use). Results indicated that the short
allele of 5-HTTLPR was associated with higher risk of membership in the persistent and the late-onset heavy alcohol use trajectories. Parenting quality
was associated with lower likelihoods of following the persistent heavy and the developmentally limited alcohol use trajectories but was not associated with
risk of membership for the late-onset heavy drinking trajectory. 5-HTTLPR interacted with parenting quality to predict membership in the persistent
heavy alcohol use trajectory for males but not for females. Findings highlighted the importance of considering the heterogeneity in trajectories of alcohol
use across development and gender in the study of Gene Environment interactions in alcohol use.

National statistics demonstrate the continuing widespread use
of alcohol among adolescents and adults (Center for Be-
havioral Health Statistics and Quality, 2015). Although on
average alcohol use increases over the course of adolescence,
typically peaking during emerging adulthood and declining
thereafter (Chen & Jacobson, 2012), there is substantial het-
erogeneity in individuals’ trajectories of alcohol use across
developmental stages. For example, a number of longitudinal
studies have identified distinct trajectories of alcohol use that
include (but are not limited to) a non/low use trajectory, a per-
sistent heavy use trajectory, a developmentally limited trajec-
tory, and a late-onset, increasing trajectory (Chassin, Flora, &
King, 2004; Flory, Lynam, Milich, Leukefeld, & Clayton,
2004; Jackon & Sher, 2005; Tucker, Ellickson, Orlando,
Martino, & Klein, 2005; Wichers, Gillespie, & Kendler,

2013). These different trajectories of alcohol use may have
different implications for later outcomes in life; for example,
persistent heavy alcohol use is associated with greater risk for
long-term physical and psychosocial problems (Chassin,
Pitts, & Prost, 2002; Skogen, Knudsen, Hysing, Wold, & Si-
vertsen, 2015). Accordingly, identifying factors that differ-
entiate individuals with different alcohol use trajectories is
important in preventing adult negative health outcomes. In
this study, we examined the associations between individual
differences in the serotonin transporter linked polymorphic
region (5-HTTLPR) genotype, experience of parenting qual-
ity, and their interactions with respect to membership in latent
trajectories of alcohol use from early adolescence to young
adulthood.

Gene–Environment (G 3 E) Interaction: 5-HTTLPR
and Parenting

Numerous studies have been conducted to understand the
etiology of alcohol use, with increasing research attention
on how genetic and environmental factors interact in contrib-
uting to alcohol use. Twin, adoption, and other genetically in-
formative studies suggest that both genetic and environmental
factors contribute to individual variability in alcohol use
behaviors (Hopfer, Crowley, & Hewitt, 2003). Moreover,
studies suggest that genetic effects on alcohol use may be
moderated by environmental factors (van der Zwaluw & En-
gels, 2009), such as parenting behaviors (Dick, Viken, et al.,
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2007). A growing number of studies have examined how spe-
cific genetic variants, in conjunction with environmental fac-
tors, are associated with alcohol use outcomes. Of particular
interest is the functional polymorphism of 5-HTTLPR, which
has been implicated in various functions such as mood, affect,
and behavioral inhibition (Daw, Kakade, & Dayan, 2002).
5-HTTLPR is located on chromosome 17q12 and consists
of a 44-base pair polymorphism, resulting in short and long
alleles; the short allele of the 5-HTTLPR has been shown to
have lower transcriptional activity of the serotonin transporter
than the long allele (Helis et al., 1996; Lesch et al., 1996). An-
imal studies suggested that decreasing serotonergic function-
ing increased alcohol intake (LeMarquand, Pihl, & Benkelfat,
1994), but findings concerning the association between the
5-HTTLPR genotype and alcohol use outcomes in humans
have been inconsistent (Feinn, Nellissery, & Kranzler,
2005). In some studies, the short allele of 5-HTTLPR has
been associated with higher levels of and larger increase in al-
cohol consumption in adolescents (Kaufman et al., 2007;
Merenäkk et al., 2011; van der Zwaluw et al., 2010) and
higher alcohol consumption and more alcohol use problems
in college-age youths and young adults (Covault et al.,
2007; Herman, Philbeck, Vasilopoulos, & Depetrillo,
2003). In contrast, some studies showed that the homozygous
long allele genotype is associated with higher levels of alco-
hol use (Olsson et al., 2005; Skowronek, Laucht, Hohm,
Becker, & Schmidt, 2006) in adolescents. Yet, other studies
failed to find an association between the 5-HTTLPR genotype
and alcohol use outcomes (Dick, Plunkett, et al., 2007).
These mixed findings may be in part due to differences in
sample characteristics and measurement of alcohol use out-
comes. It is also possible that the heterogeneity in patterns of
alcohol use contributed to the inconsistent findings from past
research. Accordingly, taking into account the heterogeneity
of alcohol use across development is important to further clar-
ify the role of 5-HTTLPR in alcohol use. These mixed findings
also point to the importance of examining potential moderators
of the effect of 5-HTTLPR in relation to alcohol use.

Parenting is an important environmental factor for adoles-
cent development, and parenting behaviors such as parental
support, warmth, and involvement during adolescence have
been associated with lower alcohol use and related outcomes
in adolescents and young adults (Aquilino & Supple, 2001;
Barnes, Reifman, Farrell, & Dintcheff, 2000; Ryan, Jorm, &
Lubman, 2010). Emerging evidence suggests that the associa-
tions between 5-HTTLPR and alcohol use outcomes differ as a
function of environmental factors such as parenting behaviors
(e.g., Brody et al., 2009), suggesting G�E interaction. Differ-
ent conceptual perspectives regarding the nature of G�E ef-
fects have been proposed in the literature, including the diath-
esis-stress model, where genetic “risk” predispositions
increase vulnerability to environmental adversity (Rende &
Plomin, 1992), and the differential susceptibility hypothesis,
where individuals with genetic “susceptibility” predispositions
are more susceptible to negative environments but are also
more responsive to positive environments (Belsky & Pluess,

2009). There has been evidence for interactions between 5-
HTTLPR and parenting behaviors in relation to alcohol use
outcomes that are consistent with the diathesis-stress model.
For example, the short allele of 5-HTTLPR was associated
with higher rates of increase in substance use including alcohol
use in the context of low parental support and involvement in a
sample of African American adolescents (Brody et al., 2009).
Other studies have suggested that adolescent carriers of the
short allele of 5-HTTLPR were more susceptible to negative ef-
fects of family conflict on frequency of heavy episodic drink-
ing and intoxication, both concurrently and prospectively
(Kim et al., 2015). To our knowledge, there has not been evi-
dence of 5-HTTLPR�Parenting interaction in relation to alco-
hol use outcomes supporting the differential susceptibility hy-
pothesis. However, differential susceptibility of the short allele
of 5-HTTLPR has been demonstrated in interaction with par-
enting behaviors for other psychosocial outcomes such as pos-
itive affect among adolescents (Hankin et al., 2011) and longi-
tudinal trajectories of antisocial behaviors from adolescence to
young adulthood (Tung & Lee, 2016). Differential susceptibil-
ity is generally difficult to detect, and the relatively limited evi-
dence of differential susceptibility may be due to limited con-
sideration of positive environmental factors in G�E research
(Roisman et al., 2012).

While evidence of G � E interaction, and specifically
5-HTTLPR�Parenting interaction, in relation to alcohol use
outcomes is growing, there is a critical disconnect between
the research on G�E interaction in alcohol use and our under-
standing about the developmental patterns of alcohol use.
That is, few studies have explored G�E interaction underly-
ing membership in empirically derived developmental trajec-
tories of alcohol use. Bridging this disconnect to examine
G� E interaction in a developmental framework is critical
for understanding how genetic predispositions interface with
environmental factors to predict different trajectories of alco-
hol use across development. This is important given that ge-
netic influence may vary over the course of alcohol use
(Kendler, Schmitt, Aggen, & Prescott, 2008), with evidence
showing that genetic factors have little influence on the initia-
tion of alcohol use in early adolescence but strongly influence
the establishment of alcohol use patterns (Hopfer et al., 2003;
Kendler et al., 2008). Moreover, given that genetic and envi-
ronmental contributions may differ for different trajectories of
risk behaviors (Moffit, 1993; Wichers et al., 2013), account-
ing for the heterogeneity of developmental trajectories of al-
cohol use in G�E research may aid in detecting G�E effects
that may be trajectory specific. To our knowledge, only one
study has examined how specific genetic variants interact
with environmental factors to predict different latent trajecto-
ries of alcohol use (van der Zwaluw, Otten, Kleinjan, & En-
gels, 2014). Using a community sample of Dutch adolescents,
van der Zwaluw et al. showed that adolescents’ m-opioid re-
ceptor M1 (OPRM1) genotype interacted with parental alco-
hol-specific rule-setting behaviors to predict adolescents’ like-
lihood of following a heavy drinking trajectory relative to the
light and moderate drinking trajectories, such that the parental
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rule-setting behaviors was associated with lower risk for mem-
bership in heavy drinking trajectory only for adolescents carry-
ing the risk genotype (AG/GG) of OPRM1. In this study, we
extend the existing literature by examining how 5-HTTLPR in-
teracts with parenting quality in predicting latent trajectories of
alcohol use across development.

Gender Differences in G 3 E

Researchers have called for consideration of gender in G�E
research and suggested that gender may moderate G�E ef-
fects through biological and social environmental pathways
(Perry, 2013; Salvatore, Cho, & Dick, 2017). Hormonal
and other biological differences between men and women
may lead to gender differences in gene expression and
G�E effects. Gender differences in experiences of and re-
sponses to social environments, including social controls
and norms related to alcohol use and parenting behaviors,
may also contribute to gender differences in G� E effects
(Perry, 2013). Despite the conceptual plausibility, few studies
on candidate gene–environment interaction in alcohol use
have considered potential gender differences in G�E effects.

Gender may be particularly relevant in G�E studies that
involve 5-HTTLPR. Prior research suggests that gender may
condition the interaction effects between 5-HTTLPR and
environmental factors on psychosocial outcomes. For exam-
ple, 5-HTTLPR has been shown to moderate the association
between family stress (Hammen, Brennan, Keenan-Miller,
Hazel, & Najman, 2010) and depression only for females,
with the associations being stronger for those carrying the
short allele. Similarly, interactions between 5-HTTLPR and
childhood maltreatment have been found among females
but not males in predicting antisocial behavior (Li & Lee,
2010) and marijuana use (Vaske, Newsome, & Wright,
2012) in adolescents, where female carriers of the short allele
were more vulnerable to the negative influence of childhood
maltreatment. Some studies showed interaction between
5-HTTLPR and environmental factors for males but not for
females. For example, the homozygous short (S/S) 5-HTTLPR
genotype was associated with increased risk for aggression
under stress for male, but not female, college students (Ver-
ona, Joiner, Johnson, & Bender, 2006). Other studies showed
interaction effects between 5-HTTLPR and environmental
factors for both males and females that differed in nature. In
a sample of adults, females with the homozygous short geno-
type, whereas males with the homozygous long genotype,
were at increased risk for depression under stressful life con-
ditions (Brummett et al., 2008). Collectively, these studies
demonstrate the importance of considering gender differ-
ences in G�E effects. These mixed findings regarding gender
differences in G�E effects involving 5-HTTLPR may be in
part due to false positive and negative findings because of
low power in some studies given the small sample sizes and
statistical difficulty in detecting three-way interactions. It is
also possible that gender differences in G�E effects involving
5-HTTLPR are specific to the environmental factors and the

outcome variables being considered. Thus, it is important to
utilize large samples to examine potential gender differences
in the interaction effect between 5-HTTLR and environmental
factors on alcohol use outcomes. Further, the majority of stud-
ies that showed gender difference in G�E effects involving
5-HTTLPR focused on negative environmental factors; thus,
it remains unclear how interactions between 5-HTTLPR and
positive environmental factors may vary across gender.

The Current Study

Despite growing evidence of G�E interaction in alcohol use,
the literature is limited by lack of examination of G�E effects
on developmental trajectories of alcohol use over time and lim-
ited consideration of gender differences in G�E effects. The
goal of this study was to extend the G�E literature on alcohol
use by using a developmental perspective to examine how ge-
netic (i.e., 5-HTTLPR) and environmental (i.e., parenting qual-
ity) factors may interact in distinguishing individuals’ trajecto-
ries of alcohol use from early adolescence to young adulthood.
We considered multiple aspects of positive parenting (i.e., pa-
rental involvement, parental attachment, and parental warmth)
to create a broad index of parenting quality, which capitalizes
on previous findings that multiple dimensions of parenting, ra-
ther than one single parenting practice, influence adolescent
behaviors (Ryan et al., 2010). Further, we also considered po-
tential gender differences in such G�E effects.

Based on the literature, we expected to identify distinct tra-
jectories of alcohol use from early adolescence to young
adulthood, including (but not limited to) a non/low use trajec-
tory, a persistent heavy use trajectory, a developmentally lim-
ited trajectory, and a late-onset, increasing trajectory. We ex-
pected that parenting quality would be negatively associated
with likelihoods for following alcohol use trajectories that in-
dicates higher risk (e.g., persistent heavy use trajectory vs.
non/low use trajectory). We hypothesized that carriers of
the short allele of 5-HTTLPR would be at greater risk for fol-
lowing risk alcohol use trajectories compared to noncarriers.
We also hypothesized that the 5-HTTLPR genotype would
moderate the association between parenting quality and alco-
hol use trajectory membership; however, no specific hypoth-
esis was made regarding the nature of the interaction effects
given the alternative conceptual perspectives (e.g., diathe-
sis-stress vs. differential susceptibility) and the mixed find-
ings from previous studies. Likewise, no specific hypothesis
was proposed regarding gender differences in the effects of 5-
HTTLPR�Parenting Quality interaction in relation to alcohol
use trajectory membership, due to limited and mixed evi-
dence from prior research.

Method

Data and procedures

Data for this study came from the National Longitudinal Study
of Adolescent to Adult Health (Add Health). Add Health is a
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nationally representative, prospective study that currently con-
tains four waves of data. In 1994/1995 (Wave 1), a total of
20,745 adolescents in Grades 7–12, aged between 12 and 21,
from 132 schools stratified by region, urbanicity, school
type, ethnic mix, and size were interviewed. These adolescents
were reinterviewed in 1996 (Wave 2, n ¼ 14,738), 2001/2002
(Wave 3, n¼ 15,197), and 2008 (Wave 4, n¼ 15,701). Almost
all interviews were conducted at participants’ home by trained
research assistants. At Wave 4, immediately following the 90-
min interview, saliva samples were collected from participants
for buccal cell DNA. Saliva samples were then mailed to the
Institute for Behavioral Genetics in Boulder, Colorado, where
the DNA was extracted, quantified, and genotyped. Details for
all data collection procedures have been described elsewhere
(Harris, 2011).

For the purpose of this study, we included participants
who provided genetic data at Add Health Wave 4. Because
all participants who provided genetic data at Wave 4 also par-
ticipated at Wave 1, this approach ensured that every individ-
ual in the sample participated in at least two waves of data
collection. We excluded individuals aged 12 (n ¼ 78), 20
(n¼ 155), and 21 (n¼ 35) at Wave 1 due to the small sample
sizes. We also excluded participants who self-identified as
American Indian or other race due to small sample sizes in
these groups. This approach resulted in a final sample of
13,749 individuals for the current study. Of these participants,
53.3% were female, 56.3% were non-Hispanic White, 21.5%
were Black, 16.0% were Hispanic, and 6.1% were Asian.

Measures

Alcohol use. At each wave, participants responded to four
questions regarding their frequency and quantity of alcohol
use during the past 12 months (on how many days did you
drink alcohol, have five or more drinks in a row, and get
drunk; and how many drinks did you usually have each
time when you had a drink). Participants reported the number
of days they drank, had five or more drinks in a row, or got
drunk on a 7-point scale. Response categories ranged from
1 (every day or almost every day) to 7 (never). Scores were
reverse coded for these items so that higher values indicated
more frequent alcohol use. Participants indicated the actual
number of drinks they usually had each time, and the numbers
were recoded into a 7-point scale to be in the same metric with
the other three items, following the approach used by other
Add Health researchers (Chen & Jacobson, 2012). Given
that these four items were modestly to highly correlated
(r ranged from .60 to 84) and we wanted to maximize avail-
able information on alcohol use to characterize individuals’
drinking patterns, scores were averaged across the four items
to create a composite variable that captures frequency and
quantity of alcohol use, with higher scores indicating higher
levels of alcohol use. Participants who indicated never used
alcohol were assigned a score of zero. Cronbach a for this
scale was 0.91 at Wave 1, 0.92 at Wave 2, 0.90 at Wave 3,
and 0.89 at Wave 4.

Parenting quality. We used three scales developed by other
Add Health researchers to measure parenting quality at
Wave 1: maternal involvement, maternal attachment, and ma-
ternal warmth (Beaver & Belsky, 2012; Mogro-Wilson,
2008). The maternal involvement scale measured the extent
to which mothers were involved in their children’s life. Ado-
lescents indicated whether or not they and their residential
(biological, step, adoptive, foster, etc.) mother had partici-
pated in 10 activities (e.g., played a sport, gone to a movie,
talked about a personal problem the adolescent was having,
talked about school work, etc.) during the past month. Re-
sponses (1¼ yes, 0¼ no) were summed to create a composite
scale representing maternal involvement (a¼ 0.55). The ma-
ternal attachment scale asked adolescents two questions on
how close they felt to their residential mother and how
much they thought their mother cared about them. Responses
for each question ranged from 1 (not at all) to 5 (very much).
Responses were averaged to create a summary variable repre-
senting maternal attachment (a ¼ 0.63). The maternal
warmth scale asked adolescents three questions regarding
how warm and loving their residential mother was and the
overall quality of their relationship with their mother (e.g.,
most of the time, your mother is warm and loving toward
you). Response options to these three items ranged from 1
(strongly agree) to 5 (strongly disagree). Scores were re-
versed coded and averaged to create a summary variable rep-
resenting maternal warmth, with higher values indicating
higher warmth (a ¼ 0.85). Following the approach used by
Beaver and Belsky (2012), we calculated a composite score
indexing parenting quality by summing the standardized
scores of maternal involvement, maternal attachment, and
maternal warmth, weighted by their corresponding factor
loadings (.49, .87, and .87, respectively) derived from princi-
ple components factor analysis.

5-HTTLPR. At Wave 4, genomic DNA was extracted from
buccal cells using standard methods for all participants. We
examined the insertion/deletion polymorphism in the 5’ reg-
ulatory region of the serotonin transporter gene (5-HTTLPR;
Heils et al., 1996); genotyping procedures for this polymor-
phism has been described in detail elsewhere (Smolen
et al., 2013). In this sample, 19.2% were homozygous for
the short allele (S/S), 46.0% were heterozygous (L/S), and
34.8% were homozygous for the long allele. Consistent
with prior research (Brody et al., 2009; Tung & Lee, 2016;
van der Zwaluw et al., 2010; Vaske et al., 2012), we coded
participants’ 5-HTTLPR genotypes as 0 (homozygous long)
and 1 (heterozygous or homozygous short). Genotype fre-
quencies significantly differed across race (x2 ¼ 874.55, df
¼ 3, p , .001). Consistent with previous studies (Kaufman
et al., 2007; Vaske et al., 2012), Blacks were more likely to
have the homozygous long genotype (55.3%) compared to
non-Hispanic Whites (32.5%), Hispanics (24.8%), and Asians
(10.7%). Tests of Hardy–Weinberg equilibrium (HWE) indi-
cated that 5-HTTLPR genotype frequencies met the assumption
for HWE among non-Hispanic Whites (x2 ¼ 0.00, p ¼ 1.00),
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Hispanics (x2 ¼ 1.88, p ¼ .17), and Asians (x2 ¼ 0.04, p ¼
.84), but deviated from HWE among Blacks (x2 ¼ 6.78, p ,

.01). Of the total sample of 13,749 participants, 21 (0.2%)
were missing the genotype information for 5-HTTLPR. Reliabil-
ity of genotyping was excellent (.95%; Smolen et al., 2013).

Statistical analyses

Add Health is organized by wave of assessment, and the sam-
ple for this study included participants aged between 13 (birth
cohort 1982) and 19 (birth cohort 1976) at Wave 1 who be-
came 14–20 years old at Wave 2, 19–25 years old at Wave
3, and 26–32 years old at Wave 4. Given the significant varia-
bility in chronological age at each wave and that age is a more
informative metric for development than assessment waves,
consistent with other longitudinal studies using Add Health
(Tung & Lee, 2016), we restructured the four waves of data
so that time was represented by age, consistent with an accel-
erated longitudinal design (Little, 2013; Singer & Willet,
2003). This approach took into account the wide range
of age variation at each wave in Add Health and allowed
for examination of developmental trajectories of alcohol
use spanning from age 13 (youngest participants at Wave
1 with sufficient data) to age 32 (oldest participants at
Wave 4 with sufficient data). This strategy also resulted in a
notable amount of missing data that were “planned missing-
ness” or “missing by design,” which is appropriately handled
via full information maximum likelihood estimation in Mplus
(Little, 2013; Muthén & Muthén, 1998–2012). Table 1 pres-
ents the number of participants by wave, cohort, and age.

We conducted growth mixture modeling (GMM) analyses
using Mplus version 7.31 to examine developmental trajecto-
ries of alcohol use from age 13 to age 32. GMM captures het-
erogeneity among individuals in their trajectories or growth
curves of a certain developmental outcome over time by clas-
sifying individuals into latent classes that are indicated by dif-
ferent latent growth parameters (i.e., intercept and slopes;
Muthén, & Muthén, 2000). GMM estimates a mean latent
growth curve for each class and assumes that individuals
within the same latent class follow a similar growth curve
over time that is distinct from individuals in other latent
classes. We estimated a series of growth mixture models
that specified different number of latent classes (from 2 to
6) and quadratic growth curves for each class. The most
well fitting model was determined via several fit indices, in-
cluding the Akaike information criterion (AIC), sample size
adjusted Bayesian information criterion (adjusted BIC),
Lo–Mendell–Rubin likelihood ratio test, and model entropy.
A model with lower AIC, adjusted BIC, and higher entropy is
preferable (Wang & Bonder, 2007). In addition, latent class
separation (i.e., whether classes can clearly be distinguished
from each other) and model interpretability (e.g., class size
and meaningfulness of each class) were taken into account
to determine the optimal model.

After identifying trajectories of alcohol use using GMM,
we conducted a series of multinomial logistic regression T
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models to examine how 5-HTTLPR, parenting quality, and
their interactions were associated with the likelihoods of
following each trajectory, using the R3STEP command in
Mplus, an automatic approach linking covariates to class
membership (Muthén & Muthén, 1998–2012). We started
with a model examining main effects of 5-HTTLPR and par-
enting quality. We then evaluated the interaction effects be-
tween 5-HTTLPR and parenting quality by adding to the
main effects model a product term between 5-HTTLPR and
mean-centered parenting quality. Following recommendations
regarding properly accounting for potential confounders in
testing G�E effects (Keller, 2014), we included the interac-
tion terms between covariates (e.g., race/ethnicity) and
5-HTTLPR and parenting quality as additional control vari-
ables in this model; only the statistically significant ones
were retained in the model for the purpose of model parsi-
mony. Finally, we examined gender differences in the effect
of 5-HTTLPR�Parenting interaction by testing a three-way in-
teraction between gender, 5-HTTLPR, and parenting quality.

We controlled for self-reported race/ethnicity in all analy-
ses to take into account potential population stratification ef-
fects due to differences in allele frequency among people of
different ancestries and racial differences in patterns of alco-
hol use. Although self-reported race does not perfectly repre-
sent ancestry, statistically adjusting for race/ethnicity reduces
potential bias due to population stratification. Furthermore,
controlling for self-reported race is a recommended approach
to account for population stratification when more superior
approaches such as genomic control and ancestry informative
genetic markers are not available (Barnholtz-Sloan, McEvoy,
Shriver, & Rebbeck, 2008). Because prior research suggests
that trajectories of alcohol use are similar across gender but
there is gender difference in the likelihood of following dif-
ferent trajectories, for example, males are more likely to fol-
low a persistent heavy drinking trajectory than females (e.g.,
Chassin et al., 2002, 2004), we conducted analyses with
males and females combined but included gender as a covar-
iate in the analyses. We accounted for clustering within
school using the CLUSTER command in Mplus and took

into account all available data in the analyses using full infor-
mation maximum likelihood estimation.

Results

Preliminary analysis

Add Health participants who were included in the sample for
this study reported higher levels of maternal education (t ¼
–5.17, df ¼ 18,411, p , .001) and higher alcohol use at
Wave 3 and Wave 4 (t ¼ –4.23, df ¼ 15,161, p , .001 and
t ¼ –3.48, df ¼ 15,686, p , .01, respectively) than those
who were excluded from this study due to lack of genetic
data or age or race/ethnicity. Those included in the final sam-
ple were also more likely to be White (x2 ¼ 172.43, df ¼ 3,
p , .001) and female (x2 ¼ 128.30, df¼ 1, p , .001). Those
included in the final sample did not significantly differ from
those excluded in terms of parenting quality (t ¼ –1.54, df ¼
19,439, p ¼ .12) or alcohol use at Wave 1 (t ¼ 0.60, df ¼
13,560, p ¼ 55) or Wave 2 (t ¼ –1.91, df ¼ 14,734, p ¼ .06).
As such, in addition to race, maternal education and gender
were included as covariates in all analyses. Descriptive statis-
tics and bivariate correlations between the study variables are
presented in Table 2.

Identifying trajectories of alcohol use

We evaluated a series of growth mixture models specifying
two to six classes of alcohol use trajectories. Fit indices for
the models are presented in Table 3. The four-class model
had smaller AIC and adjusted BIC than the three-class model
and higher entropy compared to the five- and six-class mod-
els. In addition, the alcohol use trajectories identified in the
four-class model were distinguishable from each other, inter-
pretable from a substantive standpoint, and of reasonable
sizes. In consideration of the balance of model fit, parsimony,
and interpretability of the classes, we adopted the four-class
solution as the optimal model. Figure 1 presents the four dis-
tinct trajectories of alcohol use (i.e., non/light alcohol use,

Table 2. Descriptive statistics and bivariate correlations

1 2 3 4 5 6 7 8

1. Gendera —
2. Raceb 25.94 (3)** —
3. Maternal education .03** 355.07 (3)** —
4. Alcohol use W1 .08** 110.99 (3)** –.03** —
5. Alcohol use W2 .09** 107.36 (3)** –.02 .57** —
6. Alcohol use W3 .22** 280.68 (3)** .11** .24** .28** —
7. Alcohol use W4 .24** 164.88 (3)** .09** .20** .23** .50** —
8. Parenting quality .04** 19.80 (3)** .64** –.14** –.12** –.02 .00 —

N 13749 13749 12389 13749 10341 11511 13737 12967
Mean — — 5.42 0.87 0.92 1.57 1.48 0.00
SD — — 2.40 1.25 1.34 1.42 1.34 1.74
Skewness — — 20.16 1.50 1.43 0.63 0.70 21.56

Note: aPoint serial correlation coefficients are presented for gender. bChi-square or F statistics are presented for race. **p , .01.
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late-onset heavy alcohol use, developmentally limited alco-
hol use, and persistent heavy alcohol use) identified from
the selected optimal model. An estimated 58.2% of the sam-
ple were classified as non/light drinkers who followed a tra-
jectory characterized by none or light alcohol use over
time. Of the participants, 24.5% were classified as late-onset
heavy drinkers. These individuals engaged in light to moder-
ate alcohol use during adolescence but increased their alcohol
use over time and engaged in relatively heavy drinking in
young adulthood. In addition, 12.2% of the participants
were classified as developmentally limited drinkers. These
individuals followed a trajectory characterized by moderate
alcohol use in early adolescence, increase in alcohol use
throughout adolescence (reaching peak use around age 21),
and decline in alcohol use during young adulthood. Finally,
5.1% of the participants were classified as persistent heavy
drinkers who followed a trajectory of persistent heavy alcohol
use from early adolescence to young adulthood.

Predicting trajectories of alcohol use from 5-HTTLPR,
parenting quality, and gender

Table 4 presents coefficients from the multinomial logistic re-
gression models predicting trajectories of alcohol use. In
terms of main effects (see Step 1 in Table 4), consistent
with our hypothesis, the short allele of 5-HTTLPR was asso-
ciated with higher likelihood of following the persistent
heavy drinkers trajectory relative to the developmentally lim-

ited drinkers trajectory and higher likelihood of following the
late-onset heavy drinkers trajectory relative to the develop-
mentally limited drinkers trajectory and the non/light drinkers
trajectory. Also consistent with hypothesis, parenting quality
was associated with lower likelihood of following the persis-
tent heavy and developmental-limited drinkers trajectories
compared to the non/light drinkers trajectory; lower risk of
following the persistent heavy drinkers trajectory and higher
likelihood of following the late-onset trajectory, relative to the
developmentally limited trajectory; and lower likelihood of
following the persistent heavy drinkers trajectory relative to
the late-onset drinkers trajectory. Parenting quality did not
significantly differentiate individuals’ likelihoods of being
in the late-onset versus non/light drinkers trajectory.

As for G�E effects, our results indicated that there was no
significant two-way interaction effect between 5-HTTLPR
and parenting quality in predicting trajectories of alcohol
use (see Step 2 in Table 4). However, the three-way interac-
tion between gender, 5-HTTLPR, and parenting quality sig-
nificantly predicted individuals’ likelihood of following the
persistent heavy drinkers trajectory relative to the non/light
drinkers trajectory (marginally significant, p ¼ .051) and
the developmentally limited drinkers trajectory ( p ¼ .034;
see Step 3 in Table 4). These three-way interactions were evi-
dent after properly controlling for several important covari-
ates and potential confounder effects. We ran additional anal-
yses to probe the interaction effect, following the approach
suggested by Aiken and West (1991). Results indicated that
the interaction effect between 5-HTTLPR and parenting qual-
ity in predicting the likelihood of following the persistent
heavy drinkers trajectory relative to the non/light drinkers tra-
jectory was signfiicant for males (B ¼ –0.245, SE ¼ 0.100,
p ¼ .015), but not for females (B ¼ 0.034, SE ¼ 0.109,
p¼ .756). The pattern of interaction effects for males is illus-
trated in Figure 2a. For males, parenting quality was associ-
ated with lower risk of following the heavy drinkers trajectory
compared to the non/light drinkers trajectory for those carry-
ing the short allele of 5-HTTLPR (B ¼ –0.272, SE ¼ 0.056,
p , .001), but not for those not carrying the short allele (B¼
–0.030, SE¼ 0.084, p¼.721). For females, parenting quality
was associated with lower risk of following the persistent
heavy drinkers trajectory relative to the non/light drinkers tra-
jectory, both for those carrying the short allele (B ¼ –0.301,
SE¼ 0.054, p , .001) and those not carrying the short allele
of 5-HTTLPR (B ¼ –0.335, SE ¼ 0.108, p ¼ .002), with no
significant difference in magnitude of the associations as a
function of the 5-HTTLPR genotype.

Similarly, the interaction between 5-HTTLPR and parent-
ing quality was significant for males (B ¼ –0.333, SE ¼
0.125, p ¼ .008) but not for females (B ¼ 0.035, SE ¼
0.119, p ¼ .766), in predicting the likelihood of following
the persistent heavy drinkers trajectory relative to the devel-
opmentally limited drinkers trajectory. The pattern of interac-
tion effects for males is illustrated in Figure 2b. Parenting
quality was associated with lower likelihood of following
the persistent heavy drinkers trajectory for males carrying

Table 3. Fit indices for unconditional growth mixture
models for alcohol use with two to six classes

Number of
classes AIC

Adjusted
BIC

LMR LRT
p value Entropy

2 160013.49 160130.97 ,.001 .85
3 156782.89 156917.76 .002 .77
4 155224.27 155376.55 .14 .78
5 154169.48 154339.16 .49 .76
6 153385.99 153573.07 .74 .76

Note: AIC, Akaike information criterion. Adjusted BIC, adjusted Bayesian
information criterion. LMR LRT, Lo–Mendell–Rubin likelihood ratio test.

Figure 1. Estimated means of alcohol use from early adolescence to young
adulthood by latent trajectories.

Trajectories of alcohol use 463

https://doi.org/10.1017/S095457941800024X Published online by Cambridge University Press

https://doi.org/10.1017/S095457941800024X


the short allele of 5-HTTLPR, but not for males without the
short allele of 5-HTTLPR. This association was not evident
for females regardless of their 5-HTTLPR genotypes (B ¼
–0.139, SE ¼ 0.113, p ¼ .218 for females without the short
allele; B¼ –0.099, SE¼ 0.064, p¼ .125 for females carrying
the short allele).

Because of the conflicting literature and possibility of
chance findings regarding G�E interaction effects involving
5-HTTLPR, replication is important to increase confidence in
our results. We used a k-fold cross-validation approach to
check robustness of our results. This approach involves ran-
domly partitioning the sample into k unique and equal-sized
validation samples, using the remaining k – 1 partitions to va-
lidate model estimations, and repeating the process for k
times. Given the relatively large sample size in the current
study, we performed a 5-fold cross-validation analysis to ex-
amine whether the genetic and gene–environment interaction
effects replicated across the five validation samples. In order
to use all available data to derive reliable trajectories of alco-
hol use, we used a two-step approach (Clark & Muthén,
2009). That is, we first conducted an unconditional growth
mixture model to derive class membership for alcohol use tra-
jectories within the whole sample. We then conducted a series
of multinomial logistic regressions with class membership as
the dependent variable to test for genetic and gene–environ-
ment interaction effects within each of the validation samples.
Results indicated that the three-way interactions between
5-HTTLPR, parenting quality, and gender found in the whole
sample were generally replicated in the five validation sam-
ples; despite some small differences in magnitude of effects

Table 4. Coefficients from multinomial logistic regression models predicting trajectories of alcohol use

Persistent vs.
non/light

Late onset vs.
non/light

Developmental vs.
non/light

Persistent vs.
developmental

Late onset vs.
developmental

Persistent vs. late
onset

Step 1
Gender 1.67 (5.31)** 1.34 (3.82)** 0.33 (1.39)** 1.34 (3.82)** 1.02 (2.77)** 0.33 (1.39)
Hispanic 20.43 (0.65) 20.47 (0.63)* 20.19 (0.83) 20.24 (0.79) 20.27 (0.76) 0.04 (1.04)
Black 21.90 (0.15)** 21.48 (0.23)** 21.19 (0.30)** 20.71 (0.49)* 20.29 (0.75) 20.42 (0.66)
Asian 21.60 (0.20)** 21.00 (0.37)** 21.17 (0.31)** 20.43 (0.65) 0.17 (1.19) 20.60 (0.55)
Maternal education 0.06 (1.06) 0.10 (1.11)** 0.01 (1.01) 0.05 (1.05) 0.09 (1.09)** 20.04 (0.96)
5-HTTLPR 0.17 (1.19) 0.18 (1.20)a 20.15 (0.86) 0.32 (1.38)b 0.33 (1.39)* 20.01 (0.99)
Parenting quality 20.26 (0.77)** 0.039 (1.04) 20.16 (0.85)** 20.10 (0.90)* 0.20 (1.22)** 20.30 (0.74)***
Step 2
Hisp×Parenting 0.01 (1.01) 20.04 (0.96) 0.13 (1.38) 20.12 (0.88) 20.17 (0.84) 0.05 (1.05)
Black×Parenting 0.17 (1.18) 20.15 (0.86) 0.04 (1.04) 0.13 (1.13) 20.19 (0.82) 0.32 (1.37)
Asian×Parenting 0.96 (2.61) 0.08 (1.08) 20.12 (0.88) 1.07 (2.91)* 0.20 (1.22) 0.87 (2.38)
Gender×5-HTTLPR 0.79 (2.20)* 0.07 (1.07) 20.05 (0.95) 0.84 (2.31)* 0.12 (1.12) 0.72 (2.05)
Gender×Parenting 0.11 (1.11) 0.11 (1.11) 0.13 (1.13)* 20.03 (0.97) 20.03 (0.97) 0.00 (1.00)
5-HTTLPR×Parenting 20.12 (0.88) 20.10 (0.90) 0.03 (1.03) 20.14 (0.86) 20.12 (0.88) 20.02 (0.98)
Step 3
Gender×5-HTTLPR×

Parenting 20.28 (0.76)c 20.03 (0.97) 0.09 (1.09) 20.37 (0.69)* 20.12 (0.88) 20.25 (0.76)

Note: Multinomial logit estimates and odds ratios (in parentheses) are presented. Gender is coded 1¼male, 0¼ female. Non-Hispanic White was the reference
group for race. Persistent, persistent heavy drinkers. Non/light, non/light drinkers. Late onset, late-onset heavy drinkers. Developmental, developmentally lim-
ited drinkers. Hisp, Hispanic. ap ¼ .072, bp ¼ .081, cp ¼ .051, *p , .05, **p , .01, **p , .001. Interactions between race and 5-HTTLPR and interactions
between maternal education and 5-HTTLPR/parenting quality were also considered as covariates in the analysis but were excluded from the final models pre-
sented here because they were not significantly associated with membership in any alcohol use trajectories.

Figure 2. Interaction between 5-HTTLPR and parenting quality in predicting
trajectories of alcohol use for males. Values on the y-axis are likelihoods
(odds ratios) of membership for the persistent heavy drinking trajectory rel-
ative to the comparison trajectories.
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and the significance levels, the direction of the effects were
consistent. Results from the cross-validation analyses are
summarized in supplementary materials (online-only Supple-
mental Tables 1–5).

Discussion

Using a large and nationally representative sample of adoles-
cents followed prospectively (Add Health), we examined
how adolescents’ 5-HTTLPR genotype and perceived mater-
nal parenting quality independently and interactively associ-
ated with different developmental trajectories of alcohol use
from early adolescence to young adulthood and whether
and how gender may moderate these associations. Consistent
with previous research, we identified four distinct trajectories
of alcohol use: a non/light drinking trajectory, a developmen-
tally limited drinking trajectory, a late-onset drinking trajec-
tory, and a persistent heavy drinking trajectory. Findings
indicated that 5-HTTLPR and maternal parenting quality in-
dependently and interactively predict membership in latent
trajectories of alcohol use; the interaction effect was evident
for males but not for females.

Our findings of distinct trajectories of alcohol use from
early adolescence to young adulthood build on the literature
to emphasize the heterogeneity in alcohol use patterns over
time. The late-onset alcohol use trajectory identified in this
study had an inflection point of alcohol use in the middle
20s. We note that others have reported that alcohol use typi-
cally peaks in the early 20s instead of the middle 20s (e.g.,
Chen & Jacobson, 2012; Dick et al., 2014). This difference
in the identification of inflection point of alcohol use between
our findings and previous reports may be in part due to meth-
odological differences: those reports typically considered the
overall trajectory of alcohol use, whereas we examined the dis-
tinct trajectories of alcohol use. It is also important to note that
our data included ages spanning from 13 and 32 years of age. It
is possible that the difference in peak of alcohol is in part due to
the differences in the included age ranges across studies.

Consistent with our hypothesis, higher maternal parenting
quality was associated with a lower likelihood of membership
in the persistent alcohol use trajectory group relative to any
other alcohol use trajectory and a lower likelihood of mem-
bership in the developmentally limited drinking trajectory
relative to the non/light drinking trajectory. This is consistent
with previous findings that suggest a positive role of suppor-
tive parenting in reducing risk for alcohol use across develop-
ment (e.g., Ryan et al., 2010). We note that participants in-
cluded in the current analysis reported higher maternal
education than the excluded participants. Because maternal
education was positively correlated with maternal parenting
quality in the current study (see Table 2), exclusion of adoles-
cents whose mothers obtained lower levels of education may
have attenuated the effects of parenting quality on member-
ship into the different trajectories of alcohol use. However,
it is reassuring to find the expected effect of maternal parent-
ing quality despite the potential attenuation effect.

Somewhat unexpectedly, maternal parenting quality was
associated with lower likelihood of membership in the late-
onset heavy drinking trajectory relative to the developmen-
tally limited trajectory, and maternal parenting quality did
not differentiate membership in the late-onset heavy drinking
trajectory and the non/light drinking trajectory. We note that
individuals who were classified in the late-onset heavy drin-
kers group engaged in light or low levels of alcohol use
during adolescence whereas individuals who followed the
developmentally limited drinking trajectory engaged in mod-
erate levels of alcohol use during adolescence. Perhaps mater-
nal parenting quality assessed during adolescence in this
study is particularly relevant for protecting against alcohol
use during adolescence and thus is associated with a lower
likelihood of membership in trajectories that involve higher
levels of alcohol use during adolescence. Given that the
late-onset heavy drinkers did not differ much from the non/
light drinkers in terms of alcohol use during adolescence, it
is thus not surprising that maternal parenting quality during
adolescence did not differentiate membership in these trajec-
tories. Perhaps other environmental factors that are salient to
young adulthood such as employment and romantic relation-
ships are more relevant for potentially differentiating mem-
bership in the late-onset heavy drinking trajectory versus
the non/light drinking trajectory.

Findings indicated that the short allele of 5-HTTLPR was
associated with higher risk for membership in the persistent
heavy drinking trajectory and the late-onset heavy drinking
trajectory. This is consistent with our hypothesis and prior re-
search that the short allele of 5-HTTLPR is associated with
higher risk for alcohol use and related outcomes (Kaufman
et al., 2007; Merenäkk et al., 2011; van der Zwaluw et al.,
2010). Our findings extended the literature to provide support
for the association between 5-HTTLPR and latent trajectories
of alcohol use over time. Prior findings regarding the effect of
5-HTTLPR and alcohol use outcomes have been mixed. Our
findings that 5-HTTLPR was associated with risk for mem-
bership in the persistent heavy and late-onset heavy drinking
trajectories but not the developmentally limited trajectory
suggest the importance of considering the heterogeneity of al-
cohol use behaviors in genetic association studies. It is likely
that 5-HTTLPR may be more relevant in influencing “risky”
alcohol use over time than low risk, developmentally limited
alcohol use; mixed findings from prior research may be in
part due to differences in sample characteristics, particularly
in terms of drinking patterns, across studies.

Furthermore, findings indicated that 5-HTTLPR moder-
ated the association between maternal parenting quality and
membership in alcohol use trajectories, but the moderation
effect was evident for males only. Consistent with previous
research suggesting that carriers of the short allele of
5-HTTLPR are more susceptible to influences of environ-
mental factors including parenting behaviors (Brody et al.,
2009; Kim et al., 2015), we found that maternal parenting
quality was associated with membership in the persistent
heavy drinking trajectory only for carriers of the short allele
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of 5-HTTLPR (among males). A closer examination of the in-
teraction effect indicated that compared to male noncarriers of
the short allele, male carriers of the short allele of 5-HTTLPR
were at much higher risk for membership in the persistent
heavy drinking trajectory relative to the developmentally lim-
ited trajectory and the non/light drinking trajectory when par-
enting quality was low, but were at somewhat lower risk when
parenting quality was high, a pattern of interaction effect sug-
gestive of differential susceptibility. Prior research has shown
evidence of differential susceptibility of the short allele of
5-HTTLPR to the influence of parenting behaviors in relation
to developmental outcomes such as positive affect and antiso-
cial behaviors (Hankin et al., 2011; Tung & Lee, 2016). Here
we extend the literature by providing additional preliminary
support for differential susceptibility of the short allele of
5-HTTLPR to the influence of maternal parenting quality in
relation to trajectories of alcohol use from early adolescence
to young adulthood.

One notable finding that emerged from the current analy-
ses is that gender conditioned the interaction between
5-HTTLPR and maternal parenting quality in relation to tra-
jectories of alcohol use. Previous findings regarding gender
differences in the interaction between 5-HTTLPR and envi-
ronmental factors have been mixed. A number of previous
studies have found interaction between 5-HTTLPR and
negative environmental factors (e.g., childhood maltreatment
and negative life events) in relation to psychosocial outcomes
such as depression and antisocial behaviors for females but
not for males (Hammen et al., 2010; Li & Lee, 2010; Vaske
et al., 2012), suggesting that female carriers of the short allele
of the 5-HTTLPR are particularly sensitive to environmental
stressors. In this study, we focused on a measure of positive
environment (i.e., parenting quality) and found that the inter-
action between 5-HTTLPR and maternal parenting quality in
relation to membership in the persistent heavy drinking tra-
jectory was evident for males but not for females. Though
preliminary, perhaps gender differences in G�E effects in-
volving 5-HTTLPR are dependent on the environmental fac-
tors under consideration and it may be that male carriers of the
5-HTTLPR are particularly sensitive to the influence of pos-
itive environmental factors whereas female carriers of the
5-HTTLPR are more sensitive to environmental stressors.
Gender differences in interaction between 5-HTTLPR and
positive environmental factors have rarely been examined,
and thus future research is needed to explore this possibility
and replicate our preliminary findings.

Alternatively, genetic risk and G�E effects on alcohol use
outcomes may be manifested differently for males and fe-
males, due to potential gender differences in social control
for alcohol use. While alcohol use is common for both males
and females during adolescence and young adulthood, there
may be more social expectation for females than for males
to “mature out” of alcohol use as they transition into adult-
hood and assume responsibilities associated with family
such as motherhood. In the present study and others (e.g.,
Chassin et al., 2002, 2004), females were much less likely

to follow the persistent heavy alcohol use trajectory than
males. This greater social control for alcohol use among adult
females may have constrained the expression of 5-HTTLPR�
Parenting effects on females’ likelihoods of following the
persistent heavy drinking trajectory in this study.

In the current study, maternal parenting quality was on
average slightly higher for males than for females. The influ-
ence of maternal parenting quality on alcohol use trajectories
appeared to be stronger for females than for males overall, as
suggested by the significant two-way interactions between
parenting quality and gender (Table 4, Step 2). However,
these differences in the levels of maternal parenting quality
and its effects on alcohol use trajectories between male and
female offspring were accounted for in the analysis, and
thus should not confound the findings regarding gender dif-
ferences in G�E effects. Future research is needed to better
understand the mechanisms underlying gender differences in
G�E effects.

It is noteworthy that the effects of 5-HTTLPR and
5-HTTLPR�Parenting Quality interaction on trajectories of
alcohol use varied depending on the nature of the trajectory.
Overall, significant genetic and G� E effects were largely
found for trajectories that are considered as more problematic,
such as the persistent heavy drinking trajectory and the late-
onset heavy drinking trajectory. This is consistent with pre-
vious research examining genetic effects on latent trajectories
of alcohol use (van der Zwaluw et al., 2014) and marijuana
use (Vaske, Boisvert, Wright, & Beaver, 2013), as well as
Moffit’s (1993) proposition that problematic developmental
trajectories such as life-course persistent antisocial behavior
are more likely to be influenced by individual predispositions
such as genotypes, whereas trajectories that are developmen-
tally limited or less problematic are more likely to be influ-
enced by environmental factors. These findings also highlight
the utility of using a longitudinal design and taking into ac-
count the heterogeneity in trajectories of alcohol use over
time in understanding G�E effects on alcohol use. Our find-
ings suggest that the effects of 5-HTTLPR (and its interaction
with other factors) on alcohol use may vary as a function of
individuals’ trajectories over time and across different devel-
opmental stages. For example, we found a significant Gender
�5-HTTLPR�Parenting interaction effect in differentiating
individuals’ likelihood of following the persistent heavy
use trajectory relative to the developmentally limited alcohol
use trajectories. If we just focus on adolescence (e.g., by ana-
lyzing data cross-sectionally), the persistent heavy users and
the developmentally limited users in the current study would
have looked relatively similar in their levels of alcohol use,
and the genetic effect may not be found.

Our findings should be interpreted in the context of several
limitations of this study. First, we used a biallelic genotyping
of the 5-HTTLPR based on long and short variants. Although
this approach is commonly used in previous studies (Brody
et al., 2009; Tung & Lee, 2016; Vaske et al., 2012), it has
been suggested that a single nucleotide polymorphism
(SNP rs25531, A/G) in the long variant of the 5-HTTLPR
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might have functional significance such that the LA allele is
associated with higher transcriptional activity, whereas the
LG allele has transcriptional activity no greater than the short
allele (Hu et al., 2005). This study did not examine effects of
5-HTTLPR using this triallelic genotyping based on LA, LG,
and short variants because triallelic genotyping of 5-HTTLPR
was not available in the data set used for this study. Future
studies need to consider triallelic genotyping of 5-HTTLPR
to replicate findings from this study. Second, participants re-
ported on both perceived parenting quality and alcohol use,
and thus our findings may be subject to influences of shared
method variance. However, the temporal separation between
parenting quality (at Wave 1) and alcohol use (at Waves 1, 2,
3, and 4) reduced the method bias to some extent (Podsakoff,
MacKenzie, & Podsakoff, 2012). Third, this study focused
on parenting behaviors of mothers. We note that maternal
and paternal parenting may differentially influence male
versus female adolescents’ alcohol use (Webb, Bray, Getz,
& Adams, 2002). Unfortunately, we were not able to examine
the role of paternal parenting in the current study due to the
lack of reliable data. Future studies need to examine how fa-
thers’ parenting quality may interact with adolescents’ ge-
netic predispositions (e.g., 5-HTTLPR) to predict trajectories
of alcohol use over time. Fourth, although we chose to focus
on examining the role of parenting (and its interaction with
5-HTTLPR) in the current study, we recognize that peers
also play an important role in influencing alcohol use during
adolescence and young adulthood. There has been increasing
evidence that peer factors (e.g., peer deviance) moderate
genetic effects on alcohol use and related outcomes (Harden,
Hill, Turkheimer, & Emery, 2008, Mrug & Windle, 2014,
Salvatore et al., 2014). Future research is warranted to ex-
amine whether and how peer factors may interact with
5-HTTLPR to influence longitudinal trajectories of alcohol
use. In addition, as with in all genetic analyses, there is con-
cern for population stratification. Ancestry informative ge-
netic markers were not available. Following recommenda-
tions of best practices, we attempted to adequately account
for potential biases due to population stratification by statisti-
cally controlling for self-report race, Race�5-HTTLPR, and

Race�Parenting in our analyses, but it is possible that poten-
tial biases still remain. Fifth and finally, we only examined the
effect of one single genetic variant. Complex behaviors like
alcohol use are polygenic in nature and influenced by many
genes with small effects (Plomin, Haworth, & Davis,
2009). Future research can extend the current study to use a
genomewide polygenic risk score approach to capture genetic
risk for alcohol use and examine how aggregate genetic risk
may interact with important environmental factors to influ-
ence trajectories of alcohol use over time.

In conclusion, despite these limitations, this study advanced
research on etiology of alcohol use in several ways. First, using
an accelerated longitudinal design of a large-scale, nationally
representative sample, this study identified distinct trajectories
of alcohol use across a wide developmental life span (age 13 to
age 32). Second, our findings provided support for the inde-
pendent effects and the interaction between genetic variants
(i.e., 5-HTTLPR) and environmental factors (i.e., parenting
quality) in predicting membership of alcohol use trajectories
across development. These findings highlighted the impor-
tance of considering the heterogeneity in developmental trajec-
tories of alcohol use in the study of G�E in alcohol use. Third,
this study considered a positive environmental factor (in con-
trast to the focus of negative environmental factors in the ma-
jority of prior G�E research) and provided evidence sugges-
tive of differential susceptibility of the short allele of 5-
HTTLPR. Fourth and finally, this study demonstrated the im-
portance of considering gender differences in G�E effects in
relation to alcohol use outcomes and suggested that G�E ef-
fects on trajectories of alcohol use may differ across adoles-
cent gender. Future studies need to consider the heterogeneity
of alcohol use trajectories and potential gender differences in
understanding how genetic and environmental factors inter-
play in predicting alcohol use across development.
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Merenäkk, L., Mäestu, J., Nordquist, N., Parik, J., Oreland, L., Loit, H., &
Harro, J. (2011). Effects of the serotonin transporter (5-HTTLPR) and
a[sub]2A[/sub]-adrenoceptor (C-1291G) genotypes on substance use
in children and adolescents: A longitudinal study. Psychopharmacology,
215, 13–22. doi:10.1007/s00213-010-2109-z

Moffitt, T. E. (1993). Adolescence-limited and life-course-persistent antiso-
cial behavior: A developmental taxonomy. Psychological Review, 100,
674–701. doi:10.1037/0033-295X.100.4.674

Mogro-Wilson, C. (2008). The influence of parental warmth and control on
Latino adolescent alcohol use. Hispanic Journal of Behavioral Sciences,
30, 89–105. doi:10.1177/0739986307310881

Mrug, S., & Windle, M. (2014). DRD4 and susceptibility to peer influence on
alcohol use from adolescence to adulthood. Drug and Alcohol Depen-
dence, 145, 168–173. doi:10.1016/j.drugalcdep.2014.10.009

Muthén, B., & Muthén, L. (2000). Integrating person-centered and variable-
centered analysis: Growth mixture modeling with latent trajectory
classes. Alcoholism: Clinical and Experimental Research, 24, 882–891.

Muthén, L. K., & Muthén, B. O. (1998–2012). Mplus user’s guide (7th ed.).
Los Angeles: Author.

Olsson, C. A., Byrnes, G. B., Lotfi-Miri, M. M., Collins, V. V., Williamson,
R. R., Patton, C. C., & Anney, R. L. (2005). Association between
5-HTTLPR genotypes and persisting patterns of anxiety and alcohol
use: Results from a 10-year longitudinal study of adolescent mental
health. Molecular Psychiatry, 10, 868–876. doi:10.1038/sj.mp.4001677

Perry, B. (2013). Where is the gender in behavior genetics? The need for
social epidemiology in research on gene-environment interactions. OA
Genetics, 1, 1–6.

Plomin, R., Haworth, C. M. A., & Davis, O. S. P. (2009). Common disorders
as quantitative traits. Nature Reviews Genetics, 10, 872–878.
doi:10.1038/nrg2670

Podsakoff, P. M., MacKenzie, S. B., & Podsakoff, N. P. (2012). Sources of
method bias in social science research and recommendations on how to
control it. Annual Review of Psychology, 63, 539–569.

Rende, R., & Plomin, R. (1992). Diathesis-stress models of psychopathol-
ogy: A quantitative genetic perspective. Applied and Preventive Psychol-
ogy, 1, 177–182.

J. Su et al.468

https://doi.org/10.1017/S095457941800024X Published online by Cambridge University Press

http://www.samhsa.gov/data/
http://www.samhsa.gov/data/
https://www.statmodel.com/download/relatinglca.pdf
https://www.statmodel.com/download/relatinglca.pdf
https://www.cpc.unc.edu/projects/addhealth/data/guides/design%20paper%20WI-IV.pdf
https://www.cpc.unc.edu/projects/addhealth/data/guides/design%20paper%20WI-IV.pdf
https://www.cpc.unc.edu/projects/addhealth/data/guides/design%20paper%20WI-IV.pdf
https://www.cpc.unc.edu/projects/addhealth/data/guides/design%20paper%20WI-IV.pdf
https://doi.org/10.1017/S095457941800024X


Roisman, G. I., Newman, D. A., Fraley, R. C., Haltigan, J. D., Groh, A. M., &
Haydon, K. C. (2012). Distinguishing differential susceptibility from
diathesis–stress: Recommendations for evaluating interaction effects.
Development and Psychopathology, 24, 389–409.

Ryan, S. M., Jorm, A. F., & Lubman, D. I. (2010). Parenting factors associ-
ated with reduced adolescent alcohol use: A systematic review of longi-
tudinal studies. Australian and New Zealand Journal of Psychiatry, 44,
774–783. doi:10.1080/00048674.2010.501759

Salvatore, J. E., Aliev, F., Edwards, A. C., Evans, D. M., Macleod, J., Hick-
man, M., . . . Dick, D. M. (2014). Polygenic scores predict alcohol prob-
lems in an independent sample and show moderation by the environment.
Genes (Basel), 5, 330–346. doi:10.3390/genes5020330

Salvatore, J. E., Cho, S. B., & Dick, D. M. (2017). Genes, environments, and
sex differences in alcohol research. Journal of Studies on Alcohol and
Drugs, 78, 494–501.

Singer, J. D., & Willett, J. B. (2003). Applied longitudinal data analysis:
Modeling change and event occurrence. New York: Oxford University
Press.

Skogen, J. C., Knudsen, A. K., Hysing, M., Wold, B., & Sivertsen, B. (2015).
Trajectories of alcohol use and association with symptoms of depression
from early to late adolescence: The Norwegian Longitudinal Health
Behaviour Study. Drug and Alcohol Review. Advance online publication.
doi:10.1111/dar.12350

Skowronek, M. H., Laucht, M., Hohm, E., Becker, K., & Schmidt, M. H.
(2006). Interaction between the dopamine D4 receptor and the serotonin
transporter promoter polymorphisms in alcohol and tobacco use among
15-year-olds. Neurogenetics, 7, 239–246. doi:10.1007/s10048-006-0050-4

Smolen, A., Whitsel, E. A., Tabor, J., Killeya-Jones, K. A., Cuthbertson, C.
C., Hussey, J. M., . . . Harris, K. M. (2013). Add Health Wave IV docu-
mentation: Candidate genes. Retrieved from http://www.cpc.unc.edu/
projects/addhealth/data/guides/DNA_documentation.pdf

Tucker, J. S., Ellickson, P. L., Orlando, M., Martino, S. C., & Klein, D. J.
(2005). Substance use trajectories from early adolescence to emerging
adulthood: A comparison of smoking, binge drinking, and marijuana
use. Journal of Drug Issues, 35, 307–332.

Tung, I., & Lee, S. S. (2016). Latent trajectories of adolescent antisocial be-
havior: Serotonin transporter linked polymorphic region (5-HTTLPR)

genotype influences sensitivity to perceived parental support. Develop-
ment and Psychopathology. Advance online publication. doi:10.1017/
S0954579416000031

van der Zwaluw, C. S., & Engels, R. C. M. E. (2009). Gene–environment in-
teractions and alcohol use and dependence: Current status and future chal-
lenges. Addiction, 104, 907–914. doi:10.1111/j.1360-0443.2009.02563.x

van der Zwaluw, C. S., Engels, R. E., Vermulst, A. A., Rose, R. J., Verkes, R.
J., Buitelaar, J., . . . Scholte, R. J. (2010). A serotonin transporter poly-
morphism (5-HTTLPR) predicts the development of adolescent alcohol
use. Drug and Alcohol Dependence, 112, 134–139. doi:10.1016/j.dru-
galcdep.2010.06.001

van der Zwaluw, C. S., Otten, R., Kleinjan, M., & Engels, R. C. (2014). Dif-
ferent trajectories of adolescent alcohol use: Testing gene-environment
interactions. Alcoholism: Clinical and Experimental Research, 38,
704–712. doi:10.1111/acer.12291

Vaske, J., Boisvert, D., Wright, J. P., & Beaver, K. M. (2013). A longitudinal
analysis of the effects of a DRD4 polymorphism on marijuana use. Psy-
chiatry Research, 210, 247–255. doi:10.1016/j.psychres.2013.04.022

Vaske, J., Newsome, J., & Wright, J. (2012). Interaction of serotonin trans-
porter linked polymorphic region and childhood neglect on criminal
behavior and substance use for males and females. Development and
Psychopathology, 24, 181–193. doi:10.1017/S0954579411000769

Verona, E., Joiner, T. E., Johnson, F., & Bender, T. W. (2006). Gender specific
gene-environment interactions on laboratory-assessed aggression. Biolog-
ical Psychology, 71, 33–41. doi:10.1016/j.biopsycho.2005.02.001

Wang, M., & Bodner, T. E. (2007). Growth mixture modeling: Identifying and
predicting unobserved subpopulations with longitudinal data. Organiza-
tional Research Methods, 10, 635–656. doi:10.1177/1094428106289397

Webb, J. A., Bray, J. H., Getz, J. G., & Adams, G. (2002). Gender, perceived
parental monitoring and behavioral adjustment: Influences on adolescent
alcohol use. American Journal of Orthopsychiatry, 72, 392–400.
doi:10.1037/0002-9432.72.3.39

Wichers, M., Gillespie, N. A., & Kendler, K. S. (2013). Genetic and
environmental predictors of latent trajectories of alcohol use from
adolescence to adulthood: A male twin study. Alcoholism: Clinical
and Experimental Research, 37, 498–506. doi:10.1111/j.1530-
0277.2012.01939.x-9432.7

Trajectories of alcohol use 469

https://doi.org/10.1017/S095457941800024X Published online by Cambridge University Press

http://www.cpc.unc.edu/projects/addhealth/data/guides/DNA_documentation.pdf
http://www.cpc.unc.edu/projects/addhealth/data/guides/DNA_documentation.pdf
http://www.cpc.unc.edu/projects/addhealth/data/guides/DNA_documentation.pdf
https://doi.org/10.1017/S095457941800024X

	Latent trajectories of alcohol use from early adolescence to young adulthood: Interaction effects between 5-HTTLPR and parenting quality and gender differences
	Abstract

	Gene-Environment (G x E) Interaction: &emphasis type=
	Gender Differences in G x E
	The Current Study
	Method
	Data and procedures
	Measures
	Alcohol use
	Parenting quality
	5-HTTLPR

	Statistical analyses

	Results
	Preliminary analysis
	Identifying trajectories of alcohol use
	Predicting trajectories of alcohol use from 5-HTTLPR, parenting quality, and gender

	Discussion
	Supplementary Material
	References


