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Genetic predispositions play an important role in the development of internalizing and externalizing behav-
iors. Understanding the mechanisms through which genetic risk unfolds to influence these developmental
outcomes is critical for developing prevention and intervention efforts, capturing key elements of Irv’s
research agenda and scientific legacy. In this study, we examined the role of parenting and personality
in mediating the effect of genetic risk on adolescents’ major depressive disorder and conduct disorder
symptoms. Longitudinal data were drawn from a sample of 709 European American adolescents and their
mothers from the Collaborative Studies on Genetics of Alcoholism. Results from multivariate path analy-
sis indicated that adolescents’ depressive symptoms genome-wide polygenic scores (DS_GPS) predicted
lower parental knowledge, which in turn was associated with more subsequent major depressive disorder
and conduct disorder symptoms. Adolescents’ DS_GPS also had indirect effects on these outcomes via
personality, with a mediating effect via agreeableness but not via other dimensions of personality. Findings
revealed that the pattern of associations was similar across adolescent gender. Our findings emphasize the
important role of evocative gene–environment correlation processes and intermediate phenotypes in the
pathways of risk from genetic predispositions to complex adolescent outcomes.

� Keywords: genes, parenting, personality, depression, conduct problems

Internalizing and externalizing problems are prevalent
among adolescents and are associated with a host of
negative psychosocial outcomes, such as poor school per-
formance, impaired social functioning, increased risk for
substance use and misuse, and other comorbid psychiatric
disorders (Frojd et al., 2008; Rhew et al., 2017; Rohde et al.,
2013; Small et al., 2008). According to the National Co-
morbidity Study, lifetime prevalence rates of major depres-
sive disorders and conduct disorders were 11.7% and 6.8%,
respectively, among adolescents aged 13–18 (Merikangas
et al., 2010). Genetic predispositions play an important role
in the development of these internalizing and externaliz-
ing behaviors (Burmeister et al., 2008; Lohoff, 2010). Very
little is known, however, about how genetic factors affect
these complex behaviors. Understanding the mechanisms

through which genetic risk unfolds to influence adoles-
cent internalizing and externalizing problems is critical for
developing prevention and intervention efforts. This arti-
cle represents not just a tribute, but an application of Irv
Gottesman’s lively research agenda and scientific legacy.

Individuals’ genetic predispositions may affect their psy-
chiatric and behavioral outcomes through mechanisms
at multiple levels (e.g., individual, family), as risk and
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protective factors at different levels play important roles
in influencing adolescent adjustment. Two plausible mech-
anisms are parenting (through gene–environment corre-
lation processes) and personality (as intermediate phe-
notypes), both of which have been shown to be geneti-
cally influenced (Klahr & Burt, 2014; Vukasovic & Bratko,
2015) and to affect adolescent internalizing and externaliz-
ing problems (Castellanos-Ryan et al., 2016; Goldner et al.,
2016). In this study, we examine parenting and person-
ality dimensions simultaneously as important mediating
pathways for genetic influences on adolescent internalizing
(as indexed by major depressive disorder symptoms) and
externalizing (as indexed by conduct disorder symptoms)
problems. Given that internalizing and externalizing prob-
lems often co-occur (Wolff & Ollendick, 2006) and have
shared genetic underpinings (Cosgrove et al., 2011; Sub-
barao et al., 2008), we take amultivariate approach to exam-
ining whether and how adolescents’ genetic predispositions
may influence their development of major depressive disor-
der (MDDSX) and conduct disorder symptoms (CDSX) di-
rectly and/or indirectly through parenting and personality.

Parenting as a Mechanism for Genetic Influences Via
Gene–Environment Correlation Processes

Parenting is a key environmental factor that influences
adolescent development, and parenting behaviors, such as
monitoring and knowledge, and support and warmth have
been associated with lower risk for depression, conduct
disorder, subclinical internalizing and externalizing prob-
lems, and related psychosocial outcomes among adoles-
cents (Frojd et al., 2007; Hamza & Willoughby, 2011; Racz
&McMahon, 2011). Theory and research suggest that chil-
dren’s genetic predispositions play important roles in in-
fluencing parenting behavior (Avinun & Knafo, 2014) and
that individuals shape their environments and experiences
through gene–environment correlation processes (Plomin
et al., 1977; Scarr&McCartney, 1983). It is alsowell demon-
strated that genetic factors contribute to variations in par-
enting behaviors. Findings from a meta-analysis indicated
that heritability of parenting behaviors ranges from 23%
to 40% (Klahr & Burt, 2014). Twin and adoption stud-
ies have indicated that both parents’ and children’s ge-
netic predispositions contribute to variations in parent-
ing behaviors (Klahr & Burt, 2014; McGuire et al., 2012;
Neiderhiser et al., 2004), providing support for both pas-
sive and evocative gene–environment correlations. Passive
gene–environment correlation refers to the association be-
tween parents’ genotypes and the environments (e.g., par-
enting behaviors) they provide for their children; evocative
gene–environment correlation occurs when children’s ge-
netic predispositions evoke environmental responses (Scarr
& McCartney, 1983). There is also evidence from studies
of measured genotypes that both mothers’ and children’s
genotypes are associated with maternal parenting behav-
ior (Leerkes et al., 2017; van IJzendoorn et al., 2008). Thus,

gene–environment correlation processes in relation to par-
enting have been demonstrated in both latent andmeasured
genetic studies.

Behavioral genetic research also finds significant overlap
in genetic influences between parenting and offspring’s
psychiatric outcomes, again pointing to the importance of
gene–environment correlation processes in the context of
parenting and adolescent psychopathology. For example, in
a sample of adolescent sibling pairs, the association between
mother–child conflict and subsequent adolescentmajor de-
pressive disorder symptoms was explained predominantly
by common genetic influences (Samek et al., 2016). Taken
together, these suggest that gene–environment correlation
processes related to parenting may serve as a mechanism
by which genetic factors influence adolescent psychiatric
outcomes.

In this study, we examine whether adolescents’ genetic
predispositions affect parental knowledge, which in turn in-
fluence adolescents’ MDDSX and CDSX. Parental knowl-
edge is defined here as the degree to which parents know
about their offspring’s activities, interests, andwhereabouts,
which is partly influenced by parental monitoring and off-
spring disclosure, and may reflect the overall quality of
parent-child relationship (Kerr & Stattin, 2000). We focus
on parental knowledge because it is a commonly studied
dimension of parenting that has shown robust associations
with a host of adolescent psychosocial outcomes (Kelly
et al., 2017; Lac & Crano, 2009; Racz & McMahon, 2011).

Personality Dimensions as Intermediate Phenotypes
Linking Genetic Influences to Adolescent Outcomes

Because complex behavioral outcomes such as MDDSX
and CDSX are quite distal from the level of gene func-
tion, studying the mediating role of intermediate pheno-
types (sometimes also referred to as endophenotypes) may
help to delineate the mechanisms through which genetic
risks unfold across development to affect psychiatric and
behavioral outcomes (Gottesman & Gould, 2003; Lenzen-
weger, 2013). Personality domains are compelling inter-
mediate phenotypes for molecular genetic studies of com-
plex psychiatric and behavioral outcomes. First, personal-
ity domains are moderately to strongly heritable (Vukaso-
vic & Bratko, 2015); twin and adoption studies indicate that
heritability estimates range between 40% and 60% for dif-
ferent personality domains, such as extraversion and neu-
roticism (Bouchard & McGue, 2003; Vukasovic & Bratko,
2015). Second, personality domains are robustly associ-
ated with major depressive disorder and related psychiatric
outcomes (Klein et al., 2011). For example, neuroticism is
associated with higher risk for major depressive disorder
and conduct/externalizing disorder among adolescents and
adults (Kotov et al., 2010). Third, personality domains are
relatively stable traits (Roberts et al., 2001) that co-segregate
with major depressive disorder and related outcomes. For
example, siblings from families with a currently depressed
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proband reported higher levels of neuroticism than those
from families without any history of depression (Farmer
et al., 2002). Furthermore, twin studies suggest significant
overlap between genetic factors contributing to person-
ality and major depressive disorder (Fanous et al., 2002)
and related psychiatric outcomes, such as conduct disorder
(Blonigen et al., 2005).

Taken together, there is compelling evidence identify-
ing personality domains as intermediate phenotypes for
molecular genetic studies of psychiatric and behavioral
outcomes such as internalizing and externalizing problems.
Indeed, neuroticism has been suggested as a promising
endophenotype for depression (Goldstein & Klein, 2014).
However, very few studies have explicitly investigated
the role of these putative intermediate phenotypes in the
gene-behavior pathway to psychopathology (Lenzenweger,
2013). Personality is a multi-dimensional construct, and
multiple dimensions of personality have been associated
with a host of psychosocial outcomes (Klein et al., 2011;
Kotov et al., 2010). Recently, Li and colleagues (2017)
examined the role of sensation seeking and the Big Five
personality traits (i.e., neuroticism, extraversion, agree-
ableness, openness to experience, and conscientiousness)
in mediating genetic influences on alcohol use problems.
They argued that because personality dimensions tend
to “hang together”, studies need to examine their effects
simultaneously in order to evaluate the unique effect of
each personality domain (Li et al., 2017). In this study, we
adopt a similar approach to examine the role of adoles-
cents’ Big Five personality traits (in addition to parental
knowledge) in mediating the effect of adolescents’ genetic
predisposition on their MDDSX and CDSX.

The Present Study

The goal of this study was to examine the role of parental
knowledge and adolescents’ Big Five personality domains
(i.e., neuroticism, extraversion, agreeableness, openness to
experience, and conscientiousness) in mediating the effects
of adolescents’ genetic predispositions toward depres-
sion related to the manifestation of MDDSX and CDSX.
Parenting and personality are both potentially important
pathways through which genetic risk may impact adoles-
cent outcomes. Previous genetically informed studies have
tended to examine the role of parenting and personality
in relation to adolescent outcomes separately (e.g., Elam
et al., 2017; Li et al., 2017). This is important to note, given
that parenting and adolescent personality are reciprocally
related (de Haan et al., 2012; Schofield et al., 2012) so
that considering them in separate analyses may hinder the
understanding of the unique effects of each pathway. Here,
we extend the literature to test these mediating pathways
simultaneously in one model in order to evaluate their
unique effects.

Complex behavioral outcomes such as major depressive
disorder and conduct disorder are polygenic such thatmany

common genetic variants of small effects contribute to risk
(Hyde et al., 2016). In this study, we index adolescents’ ge-
netic predispositions by considering the aggregate effects
of common genetic variants (i.e., genome-wide polygenic
scores) that impact depressive symptoms. This approach
of genome-wide polygenic scoring has been used to pre-
dict risk for major depressive disorder (Mullins et al., 2016;
Peyrot et al., 2014), externalizing disorders (Salvatore et al.,
2015), and other related outcomes (Bogdan et al., 2018).
The calculation of reliable polygenic scores requires a dis-
covery genome-wide association study (GWAS) with an ex-
tremely large sample size to estimate the effects of common
genetic variants across the genome (Dudbridge, 2013; Mar-
tin et al., 2017).We focus on depressive symptoms genome-
wide polygenic scores (DS_GPS) in this study because the
GWAS on depressive symptoms conducted by the Social
Science Genetic Association Consortium (SSGAC; Okbay
et al., 2016) has one of the largest sample sizes to date,
providing us the opportunity to calculate relatively reliable
DS_GPS. No parallel large-scale analysis exists for conduct
disorder; thus, reliable, predictive polygenic scores for this
outcome are not yet available for study.

Given that prior research suggests overlap in genetic in-
fluences on major depressive disorder and conduct disor-
der (Subbarao et al., 2008), we hypothesized that adoles-
cents’ DS_GPS would influence both their MDDSX and
CDSX. Further, we hypothesized that these genetic effects
would, at least in part, manifest indirectly by influencing
parental knowledge and personality domains. Since prior
research suggests that both mothers’ and children’s geno-
types can affect parenting behaviors, we took into account
mothers’ DS_GPS, in addition to adolescents’ DS_GPS, to
delineate whether genetic effects on parental knowledge
represent passive or evocative gene–environment correla-
tions. We also tested adolescents’ gender as a moderator
of the hypothesized pathways, given evidence for gender
differences in the rates of internalizing and externalizing
problems (Kessler et al., 2005;Merikangas et al., 2010; Nock
et al., 2006); note that our sample was approximately evenly
split between males and females. Our examination of gen-
der differences in pathways of risk is exploratory and thus
no specific hypotheses were proposed.

Materials and Methods
Sample

Data were drawn from the Collaborative Studies on Ge-
netics of Alcoholism (COGA) Prospective Study. COGA is
a multi-site, large family study that aims to identify genes
involved in alcohol dependence and related psychiatric
phenotypes (Begleiter et al., 1995). The Prospective Study
sample is a subset of the larger COGA study, focused on
understanding how genetic risk unfolds across adolescence
into young adulthood (Dick et al., 2014). COGA families
were identified through probands in inpatient or outpatient

312 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2018.36 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2018.36


Understanding Mechanisms of Genetic Risk

alcohol treatment programs at six U.S. sites. Additional
‘community comparison’ families were obtained through
a variety of sources such as driver’s license registries and
dental clinics. Recruitment for the Prospective Study began
in December 2004 among offspring of the original COGA
families. Recruited participants had at least one parent who
was interviewed in one of the previous phases of COGA.
Participants in the COGA Prospective Study were inter-
viewed at enrollment and followed up at approximately bi-
ennial intervals. The Institutional Review Boards at all sites
approved this study, and written consent (and assent for
adolescents) was obtained from all participants.

The present sample included adolescents (aged 12–17
years) from the COGA Prospective Study and their moth-
ers. We included adolescents who (1) had genomic data
available, (2) had completed their baseline assessment at
enrollment and first follow-up assessment (approximately
two years after the baseline), (3) were under 18 years of age
at their first follow-up assessment, and (4) were of Euro-
pean ancestry as determined by genetic ancestry principal
component analysis. We focused on European American
adolescents because the sample of the discovery GWAS
was primarily of European descent (Okbay et al., 2016),
and genome-wide polygenic scores have better prediction
accuracy when the discovery and target samples match in
terms of ancestry (Martin et al., 2017). The strategy resulted
in an analytic sample of 709 adolescents (49.4% female)
from 336 COGA extended families. This is a relatively early
adolescent sample, as 46.5% of the sample was aged 12 years
at their baseline assessment (Mage = 13.01, SD = 1.14).
The adolescent version of the Semi-Structured Assessment
for the Genetics of Alcoholism (C-SSAGA; Bucholz et al.,
1994), a comprehensive interview that assesses alcohol
use disorders and other psychiatric phenotypes such as
major depressive disorder and conduct disorder, was ad-
ministered by trained interviewers in adolescents’ homes
at baseline and at each follow-up assessment. The majority
of the adolescents’ mothers (565 or 79.7%) provided DNA
samples in the COGA adult sample and had genomic data
available.

Measures

Parental knowledge. Adolescents answered three ques-
tions (how much their parental figures know about their
plans, their interests, and where and with whom they spend
time when not at home) from Chassin et al. (1993), as part
of C-SSAGA at baseline. Responses were made on a 4-point
scale from 1 (rarely) to 4 (always), and the inter-item cor-
relations ranged from 0.45 to 0.53 (all p < .0001). Items
were averaged and higher scores indicated higher parental
knowledge. Cronbach’s alpha for this scale was 0.73. Some
adolescents (n = 29, 4.1%) reported parental knowledge of
non-biological mothers because they did not live with their
biological mothers at the time of assessment. For the pur-

pose of this study, we coded those responses as missing and
only used data reported on cohabitating biologicalmothers.

Personality domains. Adolescents completed the reliable
and well-validated NEO Five-Factor Inventory (Costa &
McCrae, 1992) at baseline. This measure includes 60 items
that assess five domains of personality (12 items for each
dimension). All items were rated on a 5-point scale from
1 (strongly disagree) to 5 (strongly agree). The five person-
ality domains are extraversion (e.g., ‘I like to have a lot of
people aroundme’), openness to experience (e.g., ‘I often try
new and foreign foods’), agreeableness (e.g., ‘I am a cheer-
ful, high-spirited person’), conscientiousness (e.g., ‘when I
make a commitment, I can always be counted on to follow
through’), and neuroticism (e.g., ‘I tend to be cynical and
skeptical of others’ intentions’).

Major depressive disorder symptoms (MDDSX). Clin-
ical criterion counts for major depressive disorders were
obtained from C-SSAGA at adolescents’ first follow-up in-
terview (approximately two years after the baseline assess-
ment). MDDSX was operationalized as the number of ma-
jor depressive disorder symptoms (e.g., depressed mood or
irritable most of the day, nearly every day) ever endorsed
according to the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-IV; American Psychiatric Association,
1994) and had a possible range of 0–9. Because 80% of the
adolescents endorsed zero MDDSX, we recoded MDDSX
to a dichotomous variable to indicate whether or not ado-
lescents had any MDDSX (1 = yes, 0 = no).

Conduct disorder symptoms (CDSX). Clinical criterion
counts for conduct disorders were obtained fromC-SSAGA
at adolescents’ first follow-up interview. CDSX was oper-
ationalized as the number of conduct disorder symptoms
(e.g., often bullies, threatens, or intimidates others) ever en-
dorsed according to theDSM-IV (American Psychiatric As-
sociation, 1994) and had a possible range of 0–15. In the
current study, adolescents’ CDSX ranged from 0 to 10, with
64% of the adolescents endorsing zero CDSX, 18.9% en-
dorsed 1 CDSX, 9.2% endorsing 2 CDSX, and 7.9% endors-
ing 3 or more CDSX. For the purpose of the current study,
we grouped adolescents into four categories to indicate their
conduct problems (0 = no CDSX, 1 = one CDSX, 2= two
CDSX, 3 = three or more CDSX).

Genotyping and depressive symptoms genome-wide
polygenic scores (DS_GPS). Adolescents’ and their
mothers’ DNA samples were genotyped using the Illumina
2.5M array (Illumina, San Diego, CA, USA) or the smoke-
screen array (Baurley et al., 2016). Data were imputed
to 1000 Genome, and single nucleotide polymorphisms
(SNPs) with a genotyping rate <0.95 or that violated
Hardy-Weinberg equilibrium (p < 10−6) or with minor
allele frequency (MAF)<0.01 were excluded from analysis.
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FIGURE 1
Path model predicting adolescent internalizing and externalizing problems from depressive symptoms polygenic scores via parental
knowledge and personality. Adolescents’ age, sex, and genetic ancestry principal components were included as covariates for parental
knowledge, personality domains, and adolescent outcomes. Mothers’ depressive symptoms genome-wide polygenic score was also
included as covariate for parental knowledge and allowed to correlate with adolescents’ DS_GPS. Paths for covariates are not shown
in the figure. Statistically significant paths are bolded. DS_GPS = depressive symptoms polygenic scores; MDDSX = major depressive
disorder symptoms; CDSX = conduct disorder symptoms.

We used genome-wide association estimates for depres-
sive symptoms from the SSGAC (Okbay et al., 2016), the
largest published GWAS of depressive symptoms to date,
to calculate depressive symptoms genome-wide polygenic
scores (DS_GPS) for adolescents and their mothers in our
sample.

We used the – score procedure in PLINK (Purcell et al.,
2007), which computes a linear function of the number of
scored alleles an individual possesses weighted by the as-
sociated GWAS t statistic. SNPs were pruned for linkage
disequlibrium (LD), based on 1,000 Genome phase 3 refer-
ence panel genotype data with clumping based on SSGAC
GWAS p-values, using a 500kb physical distance and an LD
threshold of r2 > 0.25. Given that there are no set criteria
for establishing a threshold to createmaximally informative
scores (Evans et al., 2009), we calculated a series of poly-
genic scores in our sample that included SNPs meeting de-
creasingly stringent p-value thresholds (p< .0001, p< .001,
p < .01, p < .10, p < .20, p < .30, p < .40, p < .50) in the
SSGAC discovery GWAS (Okbay et al., 2016).

Analysis

Preliminary analyses were first conducted to determine
which p-value threshold to use for adolescents’ depres-

sive symptoms genome-wide polygenic scores (DS_GPS)
in subsequent analyses. Descriptive statistics and inter-
correlations between study variables were also examined.
Next, path analysis was conducted using Mplus version
7.3 to examine the direct and indirect effect of adoles-
cents’ DS_GPS on adolescent major depressive disorder
(MDDSX) and conduct disorder symptoms (CDSX), via
parental knowledge and adolescent personality domains.
Figure 1 provides a graphical illustration of the path model.
In this model, parental knowledge and adolescents’ Big
Five domains of personality were modeled simultaneously
as mediators of the effect of adolescents’ DS_GPS on
adolescent MDDSX and CDSX. Specifically, adolescents’
DS_GPS was specified as an exogenous variable associ-
ated with parental knowledge and personality domains,
which in turn were specified to be associated with adoles-
cent MDDSX and CDSX. Adolescents’ DS_GPS was also
specified to be directly associated with adolescent MDDSX
and CDSX. Adolescent MDDSX and CDSX were also spec-
ified to be correlated, as were the different personality
domains.

Given prior findings from the literature that parenting
is associated with adolescent personality (de Haan et al.,
2012), we also specified parental knowledge to be correlated
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with personality domains in the model. Adolescents’ age
and sex were included as covariates for parental knowledge,
personality domains, and adolescent outcomes, along with
the first three genetic ancestry principal components to ac-
count for potential population stratification. To account for
potential passive gene–environment correlation, mothers’
DS_GPS was included as a covariate for parental knowl-
edge. Adolescents’ and mothers’ DS_GPS were specified to
be correlated.

Indirect effects of adolescents’ DS_GPS on adolescent
outcomes via parental knowledge and personality domains
were tested using the MODEL INDIRECT command in
Mplus, which provides a test of specific indirect effects in
addition to the total indirect and direct effects of DS_GPS
on adolescent outcomes. Given that multiple indirect path-
ways are examined simultaneously, specific indirect ef-
fects reflect each of the specific pathways (e.g., adolescent
DS_GPS → parental knowledge → MDDSX) while also
accounting for the shared associations between them. Indi-
rect effects were evaluated using bias-corrected bootstrap-
ping (1,000 times) 95% confidence interval (CI; MacKin-
non et al., 2004), with CI not including zero indicating sta-
tistically significant indirect effects. Clustering within fam-
ilies was taken into account using the CLUSTER command
in Mplus. Missing data were accounted for using full infor-
mation maximum likelihood (FIML).

To examine the possible differences in path coefficients
across adolescent gender, multigroup analysis was con-
ducted by removing gender from the path model and then
comparing a model with all remaining paths constrained
to equality with one that had all paths freely estimated
across males and females. A statistically significant Wald
chi-square test of parameter equalities would indicate sig-
nificant differences in path coefficients across gender.

Results
Preliminary Analyses

We conducted linear regressions to predict adolescents’
MDDSX and CDSX from adolescents’ DS_GPS calculated
using nominally associated sets of SNPs from each of the p-
value thresholds (Table 1). Adolescents’ DS_GPS calculated
from SNPs at p < .01 or below were generally not associ-
ated with these adolescent outcomes, but those calculated
from SNPs at p< .05 and abovewere positively predictive of
adolescents’ MDDSX and/or CDSX. Adolescents’ DS_GPS
at p < .20 and above explained approximately 1.2% and
1.0% of the phenotypic variance inMMDSX and CDSX, re-
spectively, above and beyond the effects of the covariates
(i.e., adolescents’ age, sex, and genetic ancestry principal
components). We conducted subsequent analyses using the
threshold at p< .20 for adolescents’ DS_GPS, as this was the
most parsimonious polygenic score (with the fewest SNPs)
that predicted adolescent MDDSX and CDSX.We used the
same p-value threshold for mothers’ DS_GPS.

Descriptive statistics and correlations between variables
are presented in Table 2. It appeared that 20% of the ado-
lescents endorsed at least one MDDSX, and 64%, 18.9%,
9.2%, and 7.9% of adolescents endorsed 0, 1, 2, and 3CDSX,
respectively, (M = 0.64, SD = 0.91). Adolescents’ DS_GPS
was significantly correlatedwith parental knowledge, agree-
ableness, and conscientiousness, in addition to adolescent
MDDSX and CDSX; parental knowledge and personality
domainswere generally correlatedwith adolescentMDDSX
andCDSX, confirming the promise of examining parenting
and personality as mediators for the effect of adolescents’
DS_GPS on adolescent outcomes.MDDSX andCDSXwere
moderately correlated with each other, suggesting that they
are related but distinct indicators of adolescent maladjust-
ment.

Predicting Major Depressive Disorder and Conduct
Disorder Symptom Counts

The path model demonstrated excellent fit (χ2 = 18.42,
df = 13, p = .14, CFI = 0.99, RMSEA = 0.02). Results
from the path model predicting adolescents’ major de-
pressive disorder (MDDSX) and conduct disorder symp-
tom counts (CDSX) are summarized in Table 3. Consis-
tent with expectation, adolescents’ DS_GPS was associated
with lower parental knowledge; however, mothers’ DS_GPS
was not associated with parental knowledge. Adolescents’
DS_GPS was associated with lower agreeableness and con-
scientiousness, but was not associated with neuroticism,
extraversion, and openness to experience. Parental knowl-
edge and adolescents’ agreeableness were associated with
lower adolescent MDDSX and CDSX. Adolescents’ neu-
roticism and openness to experience were associated with
higher MDDSX, but were not associated with CDSX. Ado-
lescents’ extraversion and conscientiousness were not asso-
ciated with their CDSX or MDDSX.

Consistent with our hypothesis, results indicated that
there were significant indirect effects of adolescents’
DS_GPS on MDDSX and CDSX via parental knowledge
and personality. Coefficients and confidence intervals for
the total and specific indirect effects are presented in
Table 3. Specifically, adolescents’ DS_GPS was associated
with higher adolescent MDDSX and CDSX indirectly via
undermining parental knowledge. Adolescent DS_GPSwas
also associated with higher MDDSX and CDSX indirectly
via lower adolescent agreeableness. There was no signif-
icant indirect effect of adolescents’ DS_GPS on adoles-
cent MDDSX and CDSX through neuroticism, extraver-
sion, openness to experience, and conscientiousness. There
was also no evidence that DS_GPS was associated with
MDDSX and CDSX, independent of its effect on parental
knowledge and personality domains.

Examining Gender Differences in Pathways of Risk

Results from the multigroup analyses indicated that there
were no significant gender differences in path coefficients
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TABLE 1
Multiple Regression Analysis of Adolescent Genome-wide Polygenic Scores Across
Various p-Value Thresholds Predicting Adolescent Outcomes

MDDSX CDSX

DS_GPS p-value thresholds No. of SNPs Beta p �R2 Beta p �R2

p < .0001 332 -0.07 .206 0.005 0.10 .075 0.009
p < .001 1935 -0.08 .131 0.006 0.05 .357 0.002
p < .01 12,753 0.01 .859 0.000 0.07 .191 0.004
p < .05 45,700 0.07 .198 0.005 0.10 .041 0.008
p < .10 79,341 0.08 .146 0.006 0.12 .008 0.014
p < .20 134,851 0.11 .043 0.012 0.10 .038 0.010
p < .30 180,576 0.11 .045 0.012 0.10 .045 0.009
p < .40 219,903 0.11 .039 0.013 0.10 .038 0.010
p < .50 253,645 0.12 .028 0.015 0.09 .049 0.009

Note: DS_GPS = adolescent depressive symptoms genome-wide polygenic scores; No. = number;
SNPs = single nucleotide polymorphisms; beta = standardized regression coefficient; �R2 =
difference in R2 between model with only covariates (adolescents’ age, sex, and three ancestry
principal components) and model in which DS_GPS was added to the covariate-only model;
MDDSX = major depressive disorder symptoms (0 = none, 1 = any); CDSX = conduct disorder
symptoms (0 = no CDSX, 1 = one CDSX, 2 = two CDSX, 3 = 3 or more CDSX). N = 709.

TABLE 2
Descriptive Statistics and Bivariate Correlations Between Variables

N 1 2 3 4 5 6 7 8 9 10 11 12

1. Age 709 —
2. Sex 709 0.01 —
3. A DS_GPS 709 0.03 -0.05 —
4. M DS_GPS 565 -0.04 -0.06 0.56 —
5. Par knowledge 707 -0.15 -0.13 -0.08 -0.02 —
6. Neuroticism 647 0.02 0.08 0.04 -0.01 -0.24 —
7. Extraversion 647 -0.04 -0.03 -0.06 -0.02 0.16 -0.13 —
8. Openness 647 0.04 -0.15 -0.04 0.06 -0.01 0.13 0.13 —
9. Agreeableness 647 -0.07 0.01 -0.14 0.03 0.34 -0.39 0.31 0.09 —
10. Conscientiousness 647 0.00 -0.06 -0.11 -0.02 0.35 -0.31 0.36 0.07 0.54 —
11. MDDSX 709 0.11 -0.13 0.09 0.05 -0.22 0.25 -0.09 0.16 -0.24 -0.13 —
12. CDSX 709 -0.03 0.12 0.07 0.03 -0.33 0.13 -0.08 -0.01 -0.33 -0.23 0.22 —
M 13.01 0.51a -0.00 -0.00 3.48 50.86 56.28 45.48 46.57 42.32 0.20b 0.64
SD 1.14 – 0.00 0.00 0.58 10.25 10.28 9.36 11.51 11.21 — 0.91

Note: A = adolescent; M = mother; DS_GPS = depressive symptoms polygenic scores; Par = parental; MDDSX = major depressive disorder symptom
count; CDSX = conduct disorder symptom count; All bolded coefficients are statistically significant at p < .05. Sex was coded 1 = male and 0 =
female. aPercentage of male adolescents. bProportion of adolescents who endorsed any major depressive disorder symptoms.

in the model predicting MDDSX and CDSX (χ2 = 21.78
df = 21, p = .41), suggesting that the pathways linking
adolescents’ DS_GPS to adolescents’ MDDSX and CDSX
via parental knowledge and personality were similar for
males and females. Detailed results are not presented, but
are available upon request.

Discussion
Theoverarching goal of this studywas to examine the role of
parenting and personality in mediating the effect of genetic
risk on adolescents’ internalizing and externalizing prob-
lems. Our findings revealed that adolescents’ DS_GPS pre-
dicted lower parental knowledge, which in turn was asso-
ciated with more subsequent MDDSX and CDSX. In ad-
dition, findings indicated that the effects of adolescents’
DS_GPS on these outcomes were also indirect via personal-
ity, with a mediating effect via agreeableness, but not other

dimensions of personality. Findings revealed that the pat-
tern of associations was similar across gender.

It is well known that parenting plays an important role
in adolescent development and that genes and environ-
ment function in concert to influence psychosocial out-
comes (Horwitz & Neiderhiser, 2011). Gene–environment
interplay processes are complex and can come in dif-
ferent forms, such as gene–environment interaction and
gene–environment correlation. Numerous behavioral ge-
netic studies have demonstrated that parenting behaviors
interact with genetic factors to influence child and ado-
lescent outcomes. In particular, parental monitoring and
knowledge have been shown to moderate genetic influ-
ences on adolescent outcomes such as substance use and ex-
ternalizing problems across studies using different genetic
approaches (i.e., candidate genes, polygenic risk scores,
twin studies; Cooke et al., 2015; Salvatore et al., 2015).
Our findings extend the literature to provide evidence
that, in addition to functioning as a moderator of genetic
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influences through gene–environment interaction pro-
cesses as demonstrated in prior research, parenting also
serves as a mediator for genetic influences on adoles-
cent outcomes through gene–environment correlation pro-
cesses. Specifically, adolescents’ genetic risk for depressive
symptoms evokes lower levels of parental knowledge, likely
indicative of lower adolescent disclosure and poorer quality
of parent–child relationship overall; this, in turn, is associ-
ated with adverse adolescent outcomes such as major de-
pressive disorder and conduct disorder symptoms. These
genetic effects are apparent after controlling for mothers’
genetic risk for depressive symptoms (which accounted for
passive gene-parenting effects), thus indicative of evocative
gene-parenting effects. Although gene–environment corre-
lations in relation to parenting have been demonstrated in
prior research (Avinun & Knafo, 2014), our findings indi-
cate that evocative gene–environment correlations, particu-
larly those related to family processes, are important mech-
anisms by which genetic risk impacts adolescent psychoso-
cial outcomes (Elam et al., 2017).

Personality also plays an important role in individual dif-
ferences in psychiatric outcomes (Andersen & Bienvenu,
2011). Our findings indicated that all of the Big Five per-
sonality domains were correlated with adolescents’ inter-
nalizing and/or externalizing problems as indexed by ma-
jor depressive disorder and conduct disorder symptoms.
However, in the multivariate path model in which the ef-
fects of parental knowledge and personality domains were
considered simultaneously, only agreeableness was associ-
ated with both lower adolescent MDDSX and CDSX. Neu-
roticism and openness to experience were associated with
higherMDSX, but extraversion and conscientiousness were
unrelated. Furthermore, supporting the notion that person-
ality dimensions serve as intermediate phenotypes for ge-
netic effects on psychiatric outcomes (Goldstein & Klein,
2014; Li et al., 2017), our findings indicated that agreeable-
ness, but not the other Big Five personality dimensions,me-
diated the effect of genetic risk for depressive symptoms on
adolescents’ MDDSX and CDSX.

The foregoing findings are consistent with prior findings
suggesting the important role of agreeableness in adolescent
psychosocial adjustment. For example, Jensen-Campbell
and colleagues (2002) found that of the Big Five personality
dimensions, agreeableness wasmost closely associated with
adolescents’ psychosocial outcomes, such as peer relations
and aggression (Gleason et al., 2002). Given that agree-
ableness is associated with motives to maintain positive in-
terpersonal relations (Jensen-Campbell & Graziano, 2001)
and that maintaining good quality peer relationships is of
particular importance for psychosocial adjustment during
adolescence (Brown & Larson, 2009), it is not surprising
that agreeableness exerted an important role in influenc-
ing and mediating genetic effects on adolescent outcomes
in our sample. Perhaps agreeableness is particularly influ-
ential for adolescents’ psychosocial outcomes by affecting
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their peer relationships and social functioning. Future re-
search is needed to explicitly test the mechanisms through
which personality domains influence adolescent outcomes.

It is interesting that extraversion and conscientiousness
were not associated with adolescent MDDSX and CDSX
in our sample when parental knowledge and other Big
Five personality dimensions were considered. This seems
to be contradictory to prior findings that extraversion and
conscientiousness are associated with a host of psychi-
atric disorders and related outcomes in adolescents and
adults (Castellanos-Ryan et al., 2016; Kotov et al., 2010;
Miller et al., 2008; Watson et al., 2015). We note, how-
ever, that these studies primarily focused on older adoles-
cents or adult samples, whereas our sample included rel-
atively younger adolescents. Given that personality traits
may change across development, for example, conscien-
tiousness increases in adulthood (Roberts et al., 2006), it is
possible that the effects of personality domains on psychi-
atric outcomes also vary across development. Future stud-
ies using longitudinal designs with multiple assessments on
personality are warranted to investigate how these effects
may change from early adolescence to adulthood.

Strengths of this study include the simultaneous tests of
gene–environment correlation process (i.e., parenting) and
purported intermediate phenotypes (i.e., personality do-
mains) as mediating mechanisms to delineate the pathways
by which genetic influences impact adolescent outcomes
using a longitudinal design. Considering multiple mediat-
ing pathways simultaneously allowed for examination of the
unique effects of each specific pathway. In addition, we took
a multivariate approach to consider both adolescent inter-
nalizing and externalizing problems, which allowed us to
understand whether pathways of risk are similar or differ-
ent across outcomes.

Several limitations of this study need to be considered
in interpreting the findings. First, our measure of parental
knowledge represents adolescents’ overall perceptions of
their parents’ knowledge of their interests/activities and
whereabouts and was not specific to paternal and maternal
parenting behavior. We controlled for mothers’ polygenic
risk scores in analyses, but fathers’ polygenic scores were
not accounted for due to the large amount of missing data,
whichmay not have fully eliminated potential passive gene-
parenting correlation effects. However, it is important to
note that mothers usually assume primary caregiving roles,
such that adolescents’ perceptions of parental knowledge
may likely be more indicative of their perceptions of mater-
nal knowledge.We also acknowledge that adolescent-report
of parental knowledgemay not reflect the reality of parental
knowledge. Thus, future studies need to replicate our find-
ings using parent-report.

Second, we only considered a single dimension of ado-
lescents’ genetic risk (i.e., genetic risk for depressive symp-
toms). Given prior evidence of genetic overlap between de-
pression and other psychiatric outcomes (Cosgrove et al.,

2011; Subbarao et al., 2008), it is not possible to deter-
mine whether the observed effects are unique to genetic
risk for depressive symptoms. In addition to being of the-
oretical interest, we chose to focus on polygenic risk for
depressive symptoms because it is one of the largest pub-
lished GWAS on psychiatric outcomes available to date. Fu-
ture research can consider multiple dimensions of genetic
risk as large-scale meta-analyses for other psychiatric out-
comes emerge (e.g., genetic risk for depression and exter-
nalizing disorders), and to examine how they may function
together to influence various psychiatric outcomes. In ad-
dition, we note that despite being derived using estimates
from the largest GWAS on depressive symptoms to date,
depressive symptoms polygenic scores only accounted for
a very small amount of variance in MDDSX and CDSX in
our sample and thus may have limited predictive power.
Despite this limited predictive power of polygenic scores,
which we consider a limitation not specific to our study but
to the current field of genetic research, they provide a good
opportunity for us to start understanding the mechanisms
through which genetic predispositions influence complex
psychiatric outcomes.

Third, we focused only on parental knowledge because
it is a commonly studied aspect of parenting shown to be
associated with a host of adolescent psychosocial outcomes
(Kelly et al., 2017; Lac & Crano, 2009; Racz & McMahon,
2011). However, our sample was also limited in the parent-
ing measures that had been collected. Future research can
examine the role of other parenting behaviors in mediat-
ing genetic effects on adolescent outcomes. Fourth, we only
considered two candidatemediating pathways, namely par-
enting and personality, for the effect of genetic predispo-
sitions on adolescent outcomes. We recognize that mech-
anisms for genetic influence can be further understood in
multiple levels of analysis. Future studies are needed to ex-
amine othermechanisms (e.g., neurophysiological interme-
diate phenotypes) that underlie the pathways of genetic risk
to adolescent functioning. Finally, our sample included Eu-
ropean Americans from extended families with a history
of alcoholism; thus, the findings may not be generalizable
to populations of other ancestral backgrounds and/or com-
munity samples.

In conclusion, our results show that adolescents’ poly-
genic risk for depressive symptoms influences adolescents’
internalizing and externalizing problems as indexed by
MDDSX and CDSX. Parenting and personality serve as
important mediating pathways for genetic influences on
adolescent maladjustment. In particular, we found that
adolescents’ depressive symptoms polygenic risk scores
predicted higher risk for MDDSX and CDSX indirectly
via lower parental monitoring and lower agreeableness.
Our findings emphasize the important role of evocative
gene–environment correlation processes and intermediate
phenotypes in the pathways of risk from genetic pre-
dispositions to complex adolescent outcomes. Parenting
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and personality are, therefore, important potential tar-
gets/components for prevention and intervention efforts
designed to promote positive adolescent psychosocial ad-
justment.We trust that IrvGottesmanwould appreciate our
efforts.
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