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Understanding the relative contributions
of direct environmental effects and passive
genotype–environment correlations in the association
between familial risk factors and child disruptive
behavior disorders

M. A. Bornovalova1*, J. R. Cummings1, E. Hunt1, R. Blazei2, S. Malone2 and W. G. Iacono2

1Department of Psychology, University of South Florida, Tampa, FL, USA
2Department of Psychology, University of Minnesota, Minneapolis, MN, USA

Background. Previous work reports an association between familial risk factors stemming from parental characteristics
and offspring disruptive behavior disorders (DBDs). This association may reflect (a) the direct effects of familial environ-
ment and (b) a passive gene–environment correlation (rGE), wherein the parents provide both the genes and the environ-
ment. The current study examined the contributions of direct environmental influences and passive rGE by comparing the
effects of familial risk factors on child DBDs in genetically related (biological) and non-related (adoptive) families.

Method. Participants were 402 adoptive and 204 biological families. Familial environment was defined as maternal and
paternal maladaptive parenting and antisociality, marital conflict and divorce; offspring DBDs included attention deficit
hyperactivity disorder (ADHD), conduct disorder (CD) and oppositional defiant disorder (ODD). Mixed-level
regressions estimated the main effects of familial environment, adoption status and the familial environment by adoption
status interaction term, which tested for the presence of passive rGE.

Results. There was a main effect of maternal and paternal maladaptive parenting and marital discord on child DBDs,
indicating a direct environmental effect. There was no direct environmental effect of maternal or paternal antisociality,
but maternal and paternal antisociality had stronger associations with child DBDs in biological families than adoptive
families, indicating the presence of a passive rGE.

Conclusions. Many familial risk factors affected children equally across genetically related and non-related families,
providing evidence for direct environmental effects. The relationship of parental antisociality and offspring DBDs was
best explained by a passive rGE, where a general vulnerability toward externalizing psychopathology is passed down
by the parents to the children.
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Introduction

Current research has established robust predictors
of child disruptive behavior disorder (DBD) symp-
toms. These include maladaptive, inconsistent, harsh,
punitive or abusive parenting, marital conflict among
parents, divorce and parental antisocial behavior.
Across both clinical and community samples, mal-
adaptive parental disciplinary practices are linked

with offspring attention deficit hyperactivity disorder
(ADHD), oppositional defiant disorder (ODD) and con-
duct disorder (CD) symptoms (Loeber & Stouthamer-
Loeber, 1986; Stormshak et al. 2000; Burt et al. 2003;
Caspi et al. 2004; Stanger et al. 2004). Divorce and
marital discord are also significantly related to
DBD symptoms (Gartstein & Fagot, 2003; Burt et al.
2008). Finally, one of the strongest predictors of child
conduct problems is parental antisocial behavior
(Herndon & Iacono, 2005), which is consistently associ-
ated with offspring DBD symptoms, delinquency and
criminal acts.

Arguably, these studies suggest familial factors
are environmental risk factors contributing directly
to child DBD symptoms. Indeed, a meta-analysis of
twin studies reported that shared environmental
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factors (i.e. factors common to both members of a
sibling pair that make them similar) accounted for
10–15% of the variance in child DBD symptoms and
diagnoses (Burt, 2009). Other studies indicate that
familial risk factors are associated with child DBD
symptoms in large part through shared environmental
mechanisms (McGue et al. 1996; Pike et al. 1996; Burt
et al. 2003, 2007). However, additional research on
the link between familial risk factors and child DBD
symptoms suggests alternative explanations that im-
plicate genetic influences. One key finding supporting
this is that parental antisociality is highly heritable. In a
review of studies of the etiology of child antisociality,
Rhee & Waldman (2002) found that genes influenced
32% of the variance in child antisociality, and shared
environmental factors influenced 16%. A recent study
indicates that parental externalizing psychopathology
(including adult antisociality) influences child DBD
symptoms by transmitting a common genetic vulner-
ability (Bornovalova, 2010). Numerous studies report
genetic influences on marital relationships (Reiss et al.
2000; Spotts et al. 2004, 2006), divorce (McGue &
Lykken, 1992) and maladaptive parenting (Jaffee &
Price, 2008; see Kendler & Baker, 2007 for a review).
Collectively, this research suggests that patterns of
influence generally attributed to the familial environ-
ment are in part genetically mediated. Putative
environmental factors may be indirectly related to
offspring DBD symptoms through the mechanism of
passive gene–environment correlation (rGE).

Passive rGE occurs when parents provide both
the genes and environment that lead to a certain
child outcome. As applied to the current topic, a herit-
able propensity toward impulsive and disinhibitory
behavior may increase the likelihood of exhibiting
high antisocial traits, especially while being reared
in an environment characterized by marital conflict,
divorce and maladaptive parenting. The combination
of genetic and environmental risk in turn increases
the probable manifestation of child DBD symptoms
in the offspring (Bornovalova, 2010; Silberg et al.
2012). Unfortunately, studies of biological families
and typical twin designs are unable to disentangle
environmental sources of influence from passive rGE

because the parents provide both genes and environ-
ment for their biological children. In addition, in classic
twin designs, passive rGE can mimic shared en-
vironmental influences when the origins are in fact a
function of common parent–child genes.

An elegant method of disentangling environmental
influences from passive rGE involves comparing the
effects of putative environmental variables in geneti-
cally unrelated families (adoptive families) and geneti-
cally related families (biological families). The logic
of this design is that in families where the biological

parents are rearing their own offspring, parents pro-
vide both the child’s environment and their genes.
Thus, any association between parenting and child
DBD symptoms could be due to genetically mediated
influences, purely environmental influences, or any
combination of the two. By contrast, in an adoptive
family, the child’s adoptive parents provide the en-
vironment but the child’s birth parents provide their
genetic make-up and typically do not provide environ-
mental influences after the child was adopted. Hence,
the possibility of passive rGE is eliminated (provided
the children are not placed selectively into adoptive
homes). If the magnitude of association between famil-
ial factors and child DBD symptoms is significantly
greater in biological than in adoptive families, then
some degree of passive rGE is indicated because the
association between family environment and biological
offspring outcomes depends on both genetic and
shared environmental factors. Conversely, if the mag-
nitude of the familial factors–child DBD symptoms
association is comparable in biological and adoptive
families, then passive rGE effects are ruled out and
environmental risk processes are implicated (Plomin,
1994).

Six studies (Dunn et al. 1985, 1986; Dunn & Plomin,
1986; Rende et al. 1992; Braungartrieker et al. 1995;
O’Connor et al. 2000) have used this design to examine
the contribution of passive rGE to the association
between familial risk factors and DBD symptoms.
The findings indicate, with the exception of divorce
(which consistently shows solely a direct environ-
mental effect), a mix of direct environmental effects
and passive rGE effects. A different method, the ex-
tended children-of-twins design (ECoT), incorporates
children of twins and their cousins, capitalizing on a
large range of genetic relatedness in immediate and
extended family. Using this design, at least four other
studies (Neiderhiser et al. 2004, 2007; Harden et al.
2007; Narusyte et al. 2011; Silberg et al. 2012) found
similar effects. Collectively, these studies suggest that
both passive rGE and direct environmental effects
account for the relationship between family conflict,
parenting behavior and parental antisociality and
child DBD symptoms. Although these studies contri-
bute to understanding the relative influence of en-
vironmental effects and rGE, each examined one or
two selected contextual risk factors, making it difficult
to evaluate the relative contribution of each study.
Moreover, previous work suggests the importance of
examining maternal and paternal parenting factors
separately (Rothbaum & Weisz, 1994; Denham et al.
2000; Johnson et al. 2001), but only a few studies
(Neiderhiser et al. 2004, 2007) have investigated poss-
ible differences between fathering and mothering in
the interplay between genetic and environmental
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factors. This is important because the effects of
maternal versus paternal parenting effects may differ
in (a) strength of effect and (b) the underlying mechan-
ism of transmission (Rothbaum & Weisz, 1994;
Denham et al. 2000; Johnson et al. 2001; Neiderhiser
et al. 2004, 2007). Additionally, among these studies
there is large variability in offspring age (ranging
from toddlers to adolescents). It is important to extend
these studies by examining the effects of multiple
familial risk factors on child DBD symptoms late
enough in development to allow manifestation of
such symptoms. Finally, it is worthwhile attempting
to replicate and extend findings from multiple studies
using widely different methods (e.g. adoptive or ECoT
designs) because confidence in the veracity of an effect
increases if the same results are found using multiple
methodological approaches.

Current study

We aimed to examine the relative contribution of
passive rGE and direct environmental effects in the
relationship between multiple familial risk factors
and child DBD symptoms using a large sample of
families with biological or adoptive offspring recruited
from the community. We selected maladaptive parent-
ing behavior, familial discord, divorce and parental
antisociality as our key familial predictors as they are
all related to offspring DBD symptoms and have sub-
stantial heritability (Kendler & Baker, 2007); thus, the
effect of each selected familial risk factor on offspring
DBD symptoms had the potential to be genetically
mediated. In extending previous findings, we used
several methodological advancements: (a) including
both parents in our analyses and examining the
relative contributions to DBD symptoms; (b) using
multi-reporter indices of child DBDs (ruling out the
potential confounding of reporter type); and (c) includ-
ing multiple indices of maladaptive environment and
parenting. Our hypotheses were as follows:

• If purely environmental effects are influencing child
DBD symptoms, then effects of maladaptive parent-
ing, parental discord and parental antisociality
should occur equally in both adoptive and biological
adolescents.

• If passive rGE played a role in the relationship
between familial risk factors and adolescent DBD
symptoms, then effects of familial factors would
be stronger in biological children than adoptive chil-
dren, and the effect would fail to reach significance
in the adoptive offspring.

• If a combination of direct environmental and passive
rGE effects occurred, then effects of familial factors
would be stronger in biological children than

adoptive children; however, the effect of familial
factors in adoptees would still reach significance.

Previous work indicates that DBD symptoms load on a
common ‘externalizing’ factor that subsumes all shared
environmental effects, with no disorder-specific shared
environmental effects (Burt et al. 2003). As the current
study focused on variables that broadly fall under
the rubric of ‘shared environment’, we tentatively
expected the same pattern of results across all cat-
egories of DBD symptoms.

Method

Participants

The current study sample included 402 adoptive
and 204 biological families participating in the
Sibling Interaction and Behavior Study (SIBS) at the
University of Minnesota. Each family included two
children between the ages of 11 and 21 years who
were no more than 5 years apart in age. In the adoptive
families, siblings were biologically unrelated, although
one sibling could be the biological offspring of the
adoptive parents. Previous work found that ‘mixed’
adoptive families do not differ in socio-economic status
(SES), adult antisocial behavior, externalizing psy-
chopathology and depression (McGue et al. 2007). All
adoptees were placed permanently in their adoptive
home prior to age 2; no information is available on
their birth parents. In the biological families, the
siblings were fully biological and selected to have a
distribution of sex and age but not other characteristics
(e.g. income or ethnicity) comparable to those in adop-
tive families. Participation rates did not differ sig-
nificantly between adoptive (63.2%) and biological
families (57.3%) invited to participate. For a complete
description of the SIBS sample, see McGue et al.
(2007). The mean age of the participants was 14.9
(S.D. = 1.9) years; 45% were male; 55.9% were
Caucasian, 39% Asian and 5.1% ‘other’.

Measures

Parenting behaviors and attitudes

Problematic parenting was assessed by questions
regarding the parent’s opinions toward physical pun-
ishment. The Parental Environment Questionnaire
(PEQ; Elkins et al. 1997) is a 50-item self-report instru-
ment measuring negative interactions between parent
and child, and the parent’s belief that they have knowl-
edge to benefit the child. Parents respond to each item
using a four-point scale yielding the subscales of
Conflict, (lack of) Involvement and (lack of) Parent
Regard (α ranged from 0.78 to 0.87). Parent’s opinions
on favoring punishment were also assessed from
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nine items on a child rearing questionnaire (α = 0.75)
tapping favoring of and willingness to use physical
punishment. Higher scores indicated higher levels of
maladaptive parenting behavior.

Marital discord

Marital discord was assessed by questions regarding
marital status quality. First, parental separation/div-
orce status was reported by mothers. In our sample,
90.4% of the mothers were currently married and
7.9% were divorced/separated from the biological
father; the remaining 1.7% either never married or
were widowed and were excluded from the ‘marital
status’ analyses. Second, we measured marital quality
in couples where both spouses were the child’s bio-
logical parents, using the Marital Relationship Scale
(MRS). The MRS is a slightly modified version of the
Dyadic Adjustment Scale (Spanier, 1976), with two
items added regarding degree of agreement on child-
rearing issues. The questionnaire included 34 items
querying the respondent on topics such as marital
consensus, marital satisfaction, affective expression
and marital cohesion (α = 0.93). Each parent rated the
relationship separately and their scores were averaged
together to form a single estimate for each couple.
The MRS score correlated (r = 0.66, p < 0.001) between
parent reports. Higher MRS scores equaled higher
marital discord.

Parental antisocial behavior

Each parent underwent a structured in-person diag-
nostic interview and was assessed for DSM-IV adult
antisocial behavior (AAB), that is ‘adult’ symptoms
of antisocial personality disorder that occur after age
15. The interview included a modified version of the
Structured Clinical Interview for DSM-III-R (Spitzer
et al. 1987) that was updated to include DSM-IV diag-
nostic criteria. Two levels of diagnostic certainty were
used: definite (all adult diagnostic criteria satisfied)
and probable (one symptom short of a definite diagno-
sis). To allow for inclusion of affected individuals
who may under-report symptoms because of reliance
on fallible memory, participants were classified as
having AAB if they met probable or definite diagnosis.
An additional precedent for our approach derives
from reports that individuals with mild forms of
psychopathology who fail to meet DSM criteria for
a definite diagnosis are nonetheless significantly
impaired (Pickles et al. 2001; Kessler et al. 2003). The
definite cut-off only provides an extreme estimate
that tends to underestimate and is often lower than
expected (Elkins et al. 2006; King et al. 2009). Using
this classification, 8.6% of mothers and 32.8% of fathers
were classified as having AAB.

Child measures

A revised version of the Diagnostic Interview
for Children and Adolescents (DICA-R; Welner et al.
1987), with additional probes and questions added to
assess DSM-IV disorders, was used. Mother and off-
spring reports were combined using a best-estimate
procedure, such that if either the mother or the adoles-
cent endorsed a symptom, it was considered present.
Symptom count variables were used to index ADHD,
ODD and CD. In our sample, there was a mean of
0.66 (S.D. = 1.25) CD, 1.40 (S.D. = 1.85) ODD and 3.04
(S.D. = 3.84) ADHD symptoms. Because these three dis-
orders are reported to reflect an underlying externaliz-
ing (EXT) dimension (Bornovalova, 2010), and all DBD
symptom categories in the current sample yielded
one principal component (all loadings > 0.78), an EXT
variable was created by taking the first principal
component derived from CD, ODD and ADHD
symptoms. EXT was scaled as a standardized variable
(mean = 0.00, S.D. = 1.00, range –1 to 5, with higher
values indicating higher levels of EXT). Rates of
offspring who met DSM-IV DBD diagnoses at the
probable or definite level are reported in Table 1.

Results

Differences between biological and adoptive families

Table 1 presents demographic characteristics and child
psychopathology levels across the adoptive and bio-
logical families. In the adoptive families, compared to
the biological families, mothers and fathers on aver-
age were older and had completed more education,
mothers were slightly more likely to be Caucasian,
and children were less likely to be Caucasian and
also evidenced more symptoms of ODD, ADHD (but
not CD) and general EXT. The rates of DBD diagnoses
are also presented in Table 1 and are consistent with
previously reported rates in biological and adoptive
offspring (Keyes et al. 2008).

Table 2 presents the t scores for parenting variables,
marital discord, percentages of divorce and parental
antisociality in adoptive and biological families.
Adoptive mothers reported slightly (but significantly)
less involvement and parental regard than biological
mothers. However, both mothers and fathers in bio-
logical families reported favoring physical punishment
more than did parents in the adoptive families.
Similarly, parents from biological families were more
likely to divorce than parents in adoptive families,
and fathers in biological families had higher rates of
AAB than fathers in adoptive families. Correlations
across maternal and paternal parenting behaviors,
among measures of marital discord and between
maternal and paternal AAB are reported in Table 3.
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Parenting behaviors, adoptive status and child DBDs

Main effects of parenting behaviors and adoptive status

A series of log-linear Poisson mixed-level regression
models estimated using generalized estimating equat-
ions (a) assessed the relationship between child DBD
symptoms and parental measures and (b) tested
whether adoption status moderated the strength of
the association. Poisson regressions were used because
of the non-normal (Poisson) distribution of the child
symptom counts. For each family risk factor, we fit
two regression models. These models also accounted
for multiple observations (e.g. two children) clustered
within a higher-order family unit (Hanley et al. 2003).
This technique controls for the correlation between
two children within a family because members of a
family are likely to be correlated at higher than chance
rates. In all analyses, we adjusted for maternal and
paternal age, education, child ethnicity and child adop-
tive status. Additionally, as symptoms of CD, ODD
and ADHD differed by sex (F1 = 66.08, 7.29, 75.69 and
63.90 for CD, ODD, ADHD and EXT respectively, all

p’s < 0.001) and (except for ADHD) showed a sig-
nificant association with age (r = 0.13, 0.19 and 0.15
for CD, ODD and EXT respectively, all p’s < 0.01), sex
and age were used as covariates1†. Given previous
studies indicating that maternal and paternal parent-
ing styles exert independent effects on child psy-
chopathology (Bornovalova et al. 2012), we also
controlled for co-parent parenting style. Because of
the multiple tests, the significance cut-off was set at
0.01 for all regression analyses.

In the first model (termed Main Effects), we exam-
ined the effects of the mother’s (or father’s) parenting,
discord/divorce or parental AAB on child DBD symp-
toms while adjusting for all covariates. A significant
main effect of family risk factors on child DBD
symptoms is evidence for a direct environmental
effect. The effect of adoptive (versus biological) status
of the child was also included in this model, which con-
trolled for differences between biological and adoptive

Table 1. Demographic characteristics and child psychopathology levels in adoptive
and biological families

Adoptive Biological
ANOVA/χ2

value

Mothers
Age (years), mean (S.D.) 47.92 (3.59) 44.07 (4.03) 284.87***
% Caucasian 98.8 97.1 4.35*
% College graduate 63.8 54.4 10.07**

Fathers
Age (years), mean (S.D.) 49.38 (3.65) 46.0 (4.9) 163.31***
% Caucasian 97.7 96.1 0.50
% College graduate 70.0 59.8 12.65***

Adolescents
Age (years), mean (S.D.) 14.86 (2.01) 15.06 (1.76) 2.71
% Male 43.4 48.3 2.62
% Caucasian 34 99 447.28***

Symptom count, mean (S.D.)
CD symptom count 0.67 (1.24) 0.65 (1.26) 0.05
ODD symptom count 1.55 (1.93) 1.12 (1.64) 14.73***
ADHD symptom count 3.35 (4.04) 2.43 (3.325) 15.64***
EXT composite 0.07 (1.03) −0.13 (0.916) 11.07***

Diagnostic rates, n (%)
CD 81 (11.8) 51 (9.7) 1.36
ODD 190 (27.7) 81 (15.4) 25.91***
ADHD 126 (18.4) 62 (11.8) 9.82**

CD, Conduct disorder; ODD, oppositional defiant disorder; ADHD, attention
deficit hyperactivity disorder; EXT, externalizing composite score (first principal
component of CD, ODD and ADHD symptoms); S.D., standard deviation.
* p < 0.05, ** p < 0.01, *** p < 0.001.

† The notes appear after the main text.
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offspring DBD symptom levels. In the second model
(termed Interaction Model) we added an interaction
term to the main effects regression model to test
the interaction between adoptive status and each
familial risk factor after controlling for the main effects
identified. A significant interaction term was taken
as evidence for a stronger relationship between the
familial risk factor and child DBD symptoms in
one type of offspring (biological) than the other
(adoptive). As such, the interaction term was our test
of passive rGE.

Table 4 shows that there were robust main effects
of maternal and paternal parent–child conflict and
maternal (but not paternal) willingness to use punish-
ment on child CD, ODD, ADHD and EXT symptoms.
Thus, as maternal and paternal conflict and maternal
willingness to use punishment increased, so did child
DBD symptoms in adoptive and biological children.
Because it was possible that effects in the biological
families drove the main effects of familial risk factors
(incorrectly interpreted as an environmental effect),
we repeated all the analyses separately for adoptive
families. The results indicate that, out of the 12 original
main effects, 11 were significant in adoptive families.

The only effect that failed to reach significance was
paternal conflict on offspring ADHD symptoms,
but the effect was roughly equal in adoptive and bio-
logical offspring (B = 0.37, S.E. = 0.21, N.S. and B = 0.26,
S.E. = 0.15, N.S. respectively). Thus, we concluded that
the main effects were not being driven by a single
family group.

Interactions between parenting behaviors and
adoptive status

The interaction models in Table 4 show the effects for
adoptive status by parenting variable interaction.
There were two significant interactions: in the case of
lack of maternal involvement and lack of maternal
parental regard on child CD symptoms. As maternal
involvement decreased, CD symptoms in adoptive
offspring increased (B = 0.67, S.E. = 0.11, p < 0.01); how-
ever, lack of maternal involvement had no effect
on CD symptoms in biological offspring (B = –0.07,
S.E. = 0.12, N.S.). Similarly, as maternal parental re-
gard decreased, CD symptoms increased in adoptive
(B = 0.78, S.E. = 0.18, p < 0.01) but not in biological
offspring (B = –0.07, S.E. = 0.08, N.S.).

Table 2. Parenting variables, dyadic adjustment, divorce and parental antisociality in adoptive
and biological families

Parenting variables Adoptive Biological
ANOVA/χ2

value

Parenting
Mother
Conflict 50.11 (8.41) 49.78 (12.50) 0.29
Lack of involvement 50.69 (7.98) 48.68 (12.94) 10.49**
Lack of parent regard 50.80 (6.71) 48.47 (14.22) 14.24**
Favors punishment 48.54 (9.24) 52.87 (10.80) 51.72**

Father
Conflict 50.40 (9.79) 49.16 (1.39) 3.56
Lack of involvement 50.05 (9.33) 49.89 (11.30) 0.06
Lack of parent regard 50.23 (9.96) 49.52 (10.08) 1.14
Favors punishment 48.39 (9.53) 53.49 (1.106) 62.94**

Marital variables
Marital discorda 50.39 (9.61) 49.41 (10.09) 2.11
Divorce 6.6 10.9 6.58*

Parental antisociality
Mother AAB 7.9 9.9 1.29
Father AAB 29.7 39.5 10.27*

AAB, Adult antisocial behavior
Scores on each measure (except for divorce) were transformed into t scores

with a mean of 50 and standard deviation (S.D.) of 10.
Values given as mean (S.D.) or percentage.
a Marital discord examined in married couples only.
* p < 0.01, ** p < 0.001.
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Marital quality/divorce, parental antisociality,
adoptive status and child DBDs

Main effects of marital quality/divorce, parental antisociality
and adoptive status

The effects of marital discord and divorce showed
minimal association with child DBD symptoms
(Table 5). Two main effects, for ODD and EXT, indi-
cated that as marital discord increased, ODD and gen-
eral EXT symptoms also increased. Out of the two
significant original main effects, the effect of marital
discord on offspring ODD symptoms was significant
in the adoptive offspring. The effect of marital discord
on offspring EXT was not significant in the adoptive
offspring but the effect was roughly equal in adoptive
and biological offspring (B = 0.13, S.E. = 0.06, N.S. and
B = 0.13, S.E. = 0.05, N.S.). There were no main effects
of divorce, maternal or paternal antisociality on child
DBD symptoms.

Interaction effects of marital quality/divorce and parental
antisociality with adoptive status

The interaction models of adoptive status by parental
antisociality (Table 5) revealed several significant in-
teractions for maternal and paternal antisociality.
There were interaction effects of maternal antisociality
and adoptive status on offspring CD, ADHD and EXT
symptoms. Maternal antisociality had a significant

positive effect on CD symptoms and EXT in the bio-
logical adolescents but no effect in adoptive adoles-
cents (effects by group are reported in Fig. 1). In
other words, as maternal antisociality increased,
so did CD and EXT symptoms in biological offspring.
The effect of maternal antisociality on offspring ADHD
symptoms was weaker, but with identical overall
direction and pattern of results. As maternal antisocial-
ity increased, so did ADHD symptoms in biological
offspring (albeit non-significantly), but maternal AAB
had little effect on adoptive offspring. Paternal antiso-
ciality was more strongly associated with children’s
symptoms of ADHD and EXT in biological than adop-
tive families; nevertheless, effects of paternal antisoci-
ality on these problems failed to reach significance
in either the biological or the adoptive adolescents.
Overall, paternal AAB was significantly more associ-
ated with offspring DBD symptoms in biological com-
pared to adoptive families, indicating a passive rGE

transmission mechanism2.

Discussion

The current study examined relative contributions of
passive rGE and direct environmental influences on
child psychopathology. In particular, we compared
effects of maladaptive parenting, divorce, marital
discord and parental antisociality on child DBD symp-
toms in biological and adoptive families. Our study

Table 3. Correlations of parenting variables, parental antisociality and divorce

MC MI MR MP FC FI FR FP MAAB FAAB DIV

Mother
Conflict – −0.30* −0.43* 0.15* 0.20* 0.08 0.05 0.09* 0.09 0.02 0.01
Lack of involvement – 0.79* 0.07 0.16* 0.13* 0.05 0.05 −0.04 −0.05 −0.06
Lack of regard – −0.02 0.09* 0.06 0.03 0.01 −0.07 −0.00 −0.04
Favors punishment – 0.04 0.01 −0.01 0.49* 0.01 0.01 −0.02

Father
Conflict – −0.33* −0.51* 0.12* −0.00 −0.01 −0.03
Lack of involvement – 0.76* 0.10* −0.05 0.03 0.09*
Lack of regard – 0.01 −0.03 0.04 0.05
Favors punishment – −0.07 0.06 −0.02

Parental antisociality
Mother AAB – 0.19* 0.01
Father AAB – 0.14*

Marital variables
Divorce –

MC, Mother parent–child conflict; MI, mother lack of involvement; MR, mother lack of regard; MP, mother preference
for physical punishment; FC, father parent–child conflict; FI, father lack of involvement; FR, father lack of regard; FP,
father preference for physical punishment; MAAB, mother adult antisocial behavior; FAAB, father adult antisocial behavior;
DIV, divorce.
* p < 0.01.
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Table 4. Relationship between parenting variables and child DBDs in adoptive and non-adoptive families

CD ODD ADHD EXT

Main effects

Interaction

Main effects

Interaction

Main effects

Interaction

Main effects

Interaction
Risk factor A/B Risk × A/B Risk factor A/B Risk × A/B Risk factor A/B Risk × A/B Risk factor A/B Risk × A/B

Mother
Conflict 0.25 (0.04)* −3.68 (1.60) 0.05 (0.07) 0.27 (0.04)* −4.77 (1.25)* −0.03 (0.08) 0.21 (0.04)* −5.26 (1.05)* −0.03 (0.07) 0.40 (0.07)* −3.39 (1.04)* −0.04 (0.13)
Lack of involvement 0.28 (0.26) −3.32 (1.64) −0.67 (0.18)* 0.31 (0.16) −4.71 (1.28)* −0.12 (0.32) 0.14 (0.09) −5.33 (1.09)* 0.04 (0.02) 0.16 (0.09) −4.28 (1.12)* −0.19 (0.15)
Lack of parent regard 0.07 (0.24) −3.34 (1.66) −0.82 (0.20)* 0.15 (0.25) −4.55 (1.31)* −0.21 (0.41) 0.02 (0.06) −5.38 (1.11)* 0.00 (0.11) 0.05 (0.07) −4.27 (1.13)* −0.13 (0.13)
Favors punishment 0.21 (0.07)* −4.15 (1.63) −0.06 (0.11) 0.17 (0.05)* −5.17 (1.24)* 0.12 (0.08) 0.14 (0.05)* −5.31 (1.08)* 0.01 (0.08) 0.15 (0.04)* −4.64 (1.05)* −0.02 (0.07)

Father
Conflict 0.16 (0.04)* −3.68 (1.59) −0.14 (0.06) 0.15 (0.03)* −4.77 (1.25)* −0.06 (0.07) 0.12 (0.03)* −5.26 (1.05)* −0.05 (0.06) 0.13 (0.04)* −3.39 (1.04)* −0.15 (0.08)
Lack of involvement 0.09 (0.11) −3.32 (1.63) 0.00 (0.19) 0.16 (0.07) −4.71 (1.27)* 0.05 (0.12) 0.06 (0.04) −5.33 (1.09)* −0.09 (0.09) 0.08 (0.03) −4.28 (1.11)* −0.05 (0.07)
Lack of parent regard 0.10 (0.12) −3.34 (1.66) 0.07 (0.21) 0.13 (0.10) −4.55 (1.31)* 0.23 (0.18) 0.06 (0.04) −5.38 (1.11)* −0.08 (0.09) 0.060 (0.03) −4.27 (1.13)* −0.03 (0.06)
Favors punishment 0.07 (0.07) −4.15 (1.63) 0.07 (0.11) −0.02 (0.06) −5.17 (1.24)* 0.21 (0.09) 0.01 (0.05) −5.31 (1.08)* 0.11 (0.09) 0.01 (0.04) −4.64 (1.05)* 0.09 (0.06)

DBD, Disruptive behavior disorder; CD, conduct disorder; ODD, oppositional defiant disorder; ADHD, attention deficit hyperactivity disorder; EXT, externalizing factor;
A/B, adoptive versus biological.
Values given as unstandardized regression coefficients (B) and standard errors.
The first model is the main effects model and includes all identified covariates, co-parent effects (except in the case of the marital variables), adoption status (A/B) and the risk factor.

The second model is the interaction model, including an interaction term between adoption status and the risk factor. Variables are coded so that higher levels of a risk factor indicate
more problematic parenting; a positive sign for the regression weight for the ‘Risk Factor’ indicates that, as the value of the scale increases, so do child DBDs. Negative regression
weights for A/B indicate lower rates of DBDs in biological children.
* p < 0.01.
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Table 5. Relationship between marital conflict, divorce and parental antisociality with child DBDs in adoptive and non-adoptive families

CD ODD ADHD EXT

Main effect model Interaction
model

Main effect model Interaction
model

Main effect model

Interaction model

Main effect model Interaction
model

Risk factor A/B Risk × A/B Risk factor A/B Risk × A/B Risk factor A/B Risk × A/B Risk factor A/B Risk × A/B

Marital variables
Marital discord 0.14 (0.06) −3.04 (1.97) −0.04 (0.13) 0.18 (0.04)* −5.68 (1.39)* 0.10 (0.09) 0.10 (0.04) −5.19 (1.28)* 0.01 (0.09) 0.13 (0.04)* −4.68 (1.26)* −0.01 (0.08)
Divorce 1.47 (2.67) −3.85 (1.68) 2.05 (5.64) 0.59 (1.94) −5.06 (1.25)* 3.29 (4.46) 0.29 (1.90) 0.29 (1.90)* 6.08 (3.94) 0.53 (1.50) −4.59 (1.10)* 2.95 (3.29)

Parental antisociality
Mother AAB 2.42 (2.01) −4.44 (1.68)* 1.97 (3.60)* 2.05 (1.42) −5.32 (1.27)* 7.09 (2.88) 1.42 (1.51) −5.41 (1.08)* 11.03 (2.75)* 1.77 (1.20) −4.81 (1.10)* 8.29 (2.36)*
Father AAB 1.89 (1.31) −4.44 (1.68)* 5.35 (2.53) 0.23 (0.97) −5.32 (1.27)* 3.59 (1.98) 0.13 (0.92) −5.41 (1.08)* 4.92 (1.84)* 0.43 (0.71) −4.81 (1.10)* 3.57 (1.38)*

DBD, Disruptive behavior disorder; CD, conduct disorder; ODD, oppositional defiant disorder; ADHD, attention deficit hyperactivity disorder; EXT, externalizing factor;
A/B, adoptive versus biological.
Values given as unstandardized regression coefficients (B) and standard errors.
The first model is the main effects model and includes all identified covariates, co-parent effects (except in the case of the marital variables), adoption status (A/B) and the risk fac-

tor. The second model is the interaction model, including an interaction term between adoption status and the risk factor. Variables are coded so that higher levels of a risk factor indi-
cate more problematic parenting; a positive sign for the regression weight for the ‘Risk Factor’ indicates that, as the value of the scale increases, so do child DBDs. Negative regression
weights for A/B indicate lower rates of DBDs in biological children.
* p < 0.01.

Passive
G
–E

effects,fam
ilialenvironm

ent
and

child
D
BD

s
839



comprehensively replicates and extends prior literature
in five ways. First, we used an entirely different meth-
odological approach than most previous studies (CoT
and ECoT designs), with consistent results across
methodological approaches adding confidence to the
larger body of literature. Second, whereas most studies
on the topic concentrate on one type of familial risk
factor (e.g. maladaptive parenting), we examined mul-
tiple risk factors simultaneously. Third, we examined
the relative contributions of both parents. Fourth, we
examined all offspring in adolescence, after risk for
many DBD symptoms has been expressed. Fifth, we

used a large sample, allowing us to detect small rGE

effects.
Our results indicate that maternal and paternal

parent–child conflict, maternal use of physical punish-
ment and (albeit in fewer cases) marital discord had
a similar effect on biological and adoptive children.
These results are consistent with conceptual work
and empirical studies of biological families on how
parental behavior often shapes child behavioral
outcomes (Loeber & Stouthamer-Loeber, 1986;
Stormshak et al. 2000; Caspi et al. 2004; Stanger et al.
2004; Herndon & Iacono, 2005) and with findings
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Fig. 1. Interaction effects of parental antisociality and adoptive status on child disruptive behavior disorder (DBD) symptoms.
For parental antisociality: 1 = presence of parental adult antisocial behavior (AAB); 0 = no parental AAB. * p < 0.01.
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from other genetically informed designs indicating that
familial factors account for a moderate proportion of
the shared environmental effect on child DBD symp-
toms (Rende et al. 1992; O’Connor et al. 2000; Burt
et al. 2003; Neiderhiser et al. 2004, 2007; Burt et al.
2007, 2008; Harden et al. 2007; Narusyte et al. 2011).
Cumulatively, our data and previous work suggest
that a large part of the socialization of child behavior
is a function of interactions in close relationships con-
structed and sustained over time. The current findings
also add to the literature beginning to specify the
nature of shared environmental influences in child-
hood and adolescence.

Nonetheless, it is important to note two cases where
effects of familial factors differed between adoptive
and biological adolescents (albeit in an unexpected
direction). The effects of maternal involvement and
parental regard for punishment were inversely associ-
ated with child CD symptoms more strongly in adop-
tive than in biological children. In the absence of
replication, it remains uncertain how much credence
to assign these findings, but there are possible
interpretations. Adoptive adolescents may be more
responsive to positive parenting behaviors because
of their adoptive status. Alternatively, adoptive
parents might make more effort to use appropriate
and healthy parenting techniques because of difficul-
ties bonding with an adoptive child. Our study design
is unable to disentangle parent-driven from child-
driven effects, and understanding this finding should
be a focus of future research. Our study is not unique
in this unusual finding, as O’Connor et al. (2000)
reported that divorce had a higher impact on adopt-
ed adolescents’ internalizing psychopathology and
substance use.

Another important finding was that there was no
direct environmental effect of maternal or paternal
antisociality; however, both maternal and paternal
antisociality had stronger associations with child
DBD symptoms in biological than in adoptive
families. This finding is consistent with a passive rGE

effect, where a general vulnerability toward DBD
symptoms is passed down by the parents to the chil-
dren. Previous research shows that this general vul-
nerability manifests as antisocial behavior, alcohol
use disorders and drug use disorders in the mother/
father but as attention problems, oppositionality and
conduct problems in pre-adolescent/adolescent off-
spring (Bornovalova, 2010; Silberg et al. 2012). The
replication of part of that effect in the current study
is important in its own right, given the methodologi-
cal differences, and provides direction for future
work. In particular, future studies will benefit from
examining the generality versus specificity of the pas-
sive rGE transmission mechanism in the relationship

between adult EXT psychopathology and child DBD
symptoms.

Several limitations of the present study should be
noted. Foremost, it is important to understand that
adoptive and biological families differ from each
other in more ways than merely the biological relation-
ship between parent and child. Although families were
selected to be similar on age and gender, they were not
selected to be similar on other characteristics (e.g.
income and ethnicity), and thus differ in this respect.
Here, the adoptive parents were older, more educated
and reported fewer symptoms of paternal antisociality.
Although we controlled statistically for these effects,
differences between parent–child associations in bio-
logically related and adoptive families cannot auto-
matically be assumed to be due to differences in
genetic relatedness. It is necessary to replicate the cur-
rent study using a sample of families with both a bio-
logical and an adoptive child to ensure the consistency
of the effects.

Furthermore, the current sample had low rates of
divorce and the adoptive families showed higher
socio-economic indices than the biological families,
opening up the possibility of range restriction. A lack
of a main effect of divorce may have stemmed from
this fact. Indeed, previous studies reporting a direct
environmental effect of divorce on offspring DBD
symptoms (e.g. O’Connor et al. 2000; D’Onofrio et al.
2005, 2007) have found substantially higher rates of
divorce (range 19–23%). The low rate of divorce in
the current sample along with differences in method-
ology could have contributed to the lack of consist-
ency. Notably, however, McGue et al. (2007) showed
that range-restricted SES did not substantially affect
estimates of shared environmental variance. We also
could not rule out the possibility of selective place-
ment, as information about the mental health of the
birth parents was not available. However, most of
the adoptions were international, with no opportunity
for selective placement. In addition, selective place-
ment usually pertains to physical attributes and if an
at-risk child were to be placed in a particularly nurtur-
ing environment, environmental effects would have
diminished. As the current study still detected multiple
direct effects, selective placement is unlikely in this
case. Finally, although less of a limitation than a future
direction, it is important to extend the current design to
the relationship between putative environmental risk
factors and internalizing psychopathology.

To conclude, the results from the current study indi-
cate that many parental risk factors affect children
equally across genetically related and non-related
families. Other familial risk factors, however (namely,
parental antisociality), are associated with child DBD
symptoms through the mechanism of passive rGE.
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Future directions might include using the current
design to track how these effects change as a function
of developmental context (late adolescence and adult-
hood). Indeed, shared environmental factors are
major contributors to the variation in child DBD symp-
toms (Burt, 2009), whereas in late adolescence and
adulthood this is not necessarily true. Passive rGE

effects and direct environmental effects may, in later
developmental stages, give way to influences of gen-
etic effects. Understanding this type of developmental
gene–environment interplay on child DBD symptoms
is likely to contribute substantially to our knowledge
of the etiology of child DBD symptoms and inform
intervention strategies to help prevent and minimize
child psychopathology.
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Notes
1 A previous study (Blazei et al. 2008) showed that boys and
girls are similarly influenced by the parenting and familial
variables used in the current study; thus, effects for males
and females were not evaluated separately.

2 The current study used a ‘probable’ diagnostic cut-off for
parental AAB. Thus, we were interested in investigating
whether the effects remain even after using a ‘definite’
diagnostic cut-off. The pattern of results was identical
and, in 75% of the cases, the interaction effects found
when including a probable diagnosis category held for
only the definite diagnosis category.
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