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Background: Theoretical models of the development of childhood externalizing disorders emphasize the role of
parents. Empirical studies have not been able to identify specific aspects of parental behaviors explaining a
considerable proportion of the observed individual differences in externalizing problems. The problem is complicated
by the contribution of genetic factors to externalizing problems, as parents provide both genes and environments to
their children. We studied the joint contributions of direct genetic effects of children and the indirect genetic effects of
parents through the environment on externalizing problems. Methods: The study used genome-wide single
nucleotide polymorphism data from 9,675 parent–offspring trios participating in the Norwegian Mother Father and
child cohort study. Based on genomic relatedness matrices, we estimated the contribution of direct genetic effects
and indirect maternal and paternal genetic effects on ADHD, conduct and disruptive behaviors at 8 years of age.
Results: Models including indirect parental genetic effects were preferred for the ADHD symptoms of inattention and
hyperactivity, and conduct problems, but not oppositional defiant behaviors. Direct genetic effects accounted for 11%
to 24% of the variance, whereas indirect parental genetic effects accounted for 0% to 16% in ADHD symptoms and
conduct problems. The correlation between direct and indirect genetic effects, or gene–environment correlations,
decreased the variance with 16% and 13% for conduct and inattention problems, and increased the variance with 6%
for hyperactivity problems. Conclusions: This study provides empirical support to the notion that parents have a
significant role in the development of childhood externalizing behaviors. The parental contribution to decrease in
variation of inattention and conduct problems by gene–environment correlations would limit the number of children
reaching clinical ranges in symptoms. Not accounting for indirect parental genetic effects can lead to both positive
and negative bias when identifying genetic variants for childhood externalizing behaviors. Keywords: Externalizing
disorders; parenting; indirect genetic effects; gene–environment correlation; MoBa.

Introduction
The neurodevelopmental and disruptive disorders
ADHD, conduct disorder (CD) and oppositional defi-
ant disorder (ODD) can be grouped under the term
childhood externalizing disorders (Liu, 2004). Theo-
retical models emphasize a complex interplay of
genes and environments in the development of
childhood externalizing disorders (Beauchaine &
McNulty, 2013; Liu, 2004). In their ontogenic pro-
cess model, Beauchaine and McNulty (2013) view
individual differences in externalizing disorders as
resulting from polygenic liabilities that interact with
environmental risk factors through development.

Studies of twins have supported a prominent role
of genetic influences to individual differences in
childhood externalizing disorders. Bornovalova,
Hicks, Iacono, and McGue (2010) estimated heri-
tability coefficients of 73%, 51% and 73% for ADHD,
CD and ODD, respectively. Twin studies have also
supported the view that comorbidity among the
specific disorders can be ascribed to a common
genetic liability (Bornovalova et al., 2010; Tuvblad,
Zheng, Raine, & Baker, 2009). Heritability estimates
based on common single nucleotide polymorphisms
(SNPs) are somewhat inconsistent across studies,
ranging between 5% and 46% (Cheesman
et al., 2017; Karlsson Linnér et al., 2021; Mollon
et al., 2021; Pappa et al., 2015). Although genetic
variation appears to play an important contribution
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to individual differences, little is known about the
biology underlying externalizing problems (Barr &
Dick, 2019).

With respect to environmental contributions to
externalizing disorders, aspects of the family envi-
ronment have been hypothesized to play an impor-
tant role through development (Beauchaine &
McNulty, 2013). In a meta-analysis of family studies,
Burt (2009) reported that at age 6–10 years, 23% of
the variability in externalizing problems could be
attributed to environmental effects that are shared
among siblings. Such between-family effects may
partially reflect effects of parental behaviors, but also
other aspects of the environment such as peers or
schools. These estimates are informative of the net
importance of shared environments because they do
not require that the relevant factors are known and
measured. Several empirical studies have investi-
gated the importance of specific familial risk factors.
These include maternal depression (Blatt-Eisengart,
Drabick, Monahan, & Steinberg, 2009; Edwards &
Hans, 2015; Gjerde et al., 2017), hostile parenting
(Edwards & Hans, 2015), parental involvement (Bey-
ers, Bates, Pettit, & Dodge, 2003), parental alcohol
use (Lund et al., 2020; Rossow, Felix, Keating, &
McCambridge, 2016) and parental education (Torvik
et al., 2020).

Although several aspects of the family environment
have been implicated in externalizing disorders, indi-
vidual effects are typically of small effect and cannot
explain much of the observed differences among
individuals. Beauchaine and McNulty (2013) con-
sider bidirectional transactions with multiple paren-
tal behaviors that may change and accumulate
through development as important pathways for
externalizing behaviors. From this perspective, any
specific aspect of the family environment is not
expected to account for much of the individual
differences in externalizing disorders. This poses a
difficult methodological challenge related to measur-
ing and characterizing all relevant parental behaviors.

Another challenge with studying the importance of
the family environment is that parents provide both
genes and environment for their children. Parental
behaviors and childhood externalizing disorders may
therefore correlate irrespective of any direct effect of
parents through the environment (Knafo & Jaf-
fee, 2013). Multiple sources of evidence indicate
pleiotropy (the same genes affect multiple traits)
across a broad range of human traits (Bulik-Sullivan
et al., 2015). Pleiotropic effects of genes could lead to
various parental behaviors becoming correlated with
externalizing problems. For instance, children who
inherit a genetic disposition towards externalizing
problems may also experience an adverse environ-
ment, because the same genes that predispose for
externalizing problems may also affect parents’ abil-
ity to provide a supportive environment. This would
induce a positive association between children
genetic predisposition to externalizing problems

and the impact of the family environment, known
as a gene–environment correlation (Eaves, Last,
Martin, & Jinks, 1977; Plomin, DeFries, & Loeh-
lin, 1977). Alternatively, children who inherited a
genetic predisposition towards externalizing prob-
lems may also evoke parental attempts to counteract
such behaviors, thereby providing an environment
that pushes towards a normative behavior pattern.
This could induce a negative correlation between
children genetic predisposition to externalizing prob-
lems and the impact of the family environment. Such
gene–environment correlations vitiate any attempt to
quantify the importance family environments with-
out a joint consideration of genetic effects. Two
review studies concluded that gene–environment
correlations were prevalent across a range of mental
health problems in children (Jami, Hammerschlag,
Bartels, & Middeldorp, 2021; McAdams et al., 2014).

Plomin and Daniels (1987) postulated that inves-
tigations on the compound of stochastic events
specific to an individual would ‘likely to prove a
dead end for research’ and therefore considered ‘a
gloomy prospect’. The assumption is that the uni-
verse of idiosyncratic events is indefinite and of great
aggregate importance as ‘environments’ in twin and
family studies, but a Sisyphean task to capture. To
address this difficulty, we used an alternative
approach to measure the importance of parents on
externalizing problems that avoid the need for mea-
suring the relevant parental characteristics. This
approach relies on the assumption that relevant
parental characteristics are themselves heritable,
like most other human traits, characteristics and
behaviors (Polderman et al., 2015; Turkhei-
mer, 2000). For example, in a review of the litera-
ture, Kendler and Baker (2007) reported a heritable
component across a range of parenting behaviors
such as warmth, control and protectiveness. By
measuring the whole genome of the parents, we
could indirectly index all heritable parenting traits,
characteristics or behaviors relevant to externalizing
problems, regardless of whether these are measur-
able or even known to us. When individuals’ genes
affect the trait of others, it is known as an indirect
genetic effect (Bijma, 2014). Eilertsen et al. (2021)
recently described a method for measuring the
extent that children traits depend directly on their
own genes and indirectly on their parents’ genes
based on genome wide single nucleotide polymor-
phism (SNP) data.

Here, we estimate indirect genetic effects to
address the importance of parental contributions to
externalizing disorders while accounting for some of
the challenges imposed by the interplay of genes and
environment through development. We study symp-
toms of attention-deficit/hyperactivity disorder,
oppositional defiant disorder and conduct disorder
at 8 years of age, in genotyped parent–offspring trios
participating in the Norwegian Mother, Father and
Child Cohort study.
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Methods
Sample

The study is based on data from the Norwegian Mother, Father
and Child Cohort Study (MoBa, Magnus et al., 2016). MoBa is
a population-based pregnancy cohort study conducted by the
Norwegian Institute of Public Health. Participants were
recruited from all over Norway from 1999 to 2008. The women
consented to participation in 41% of the pregnancies. The
cohort now includes 114,500 children, 95,200 mothers and
75,200 fathers. This study is based on version 12 of the
quality-assured data files released for research in 2020. The
establishment of MoBa and initial data collection were based
on a license from the Norwegian Data Protection Agency and
approval from The Regional Committees for Medical and
Health Research Ethics. The MoBa cohort is now based on
regulations related to the Norwegian Health Registry Act. This
study was approved by The Regional Committees for Medical
and Health Research Ethics (project# 2013/863). Further
details on the MoBa study and how to obtain a data access
can be found at https://www.fhi.no/en/studies/moba/.

Genotype quality control

The current MoBa genomic dataset comprises imputed genetic
data for 98,110 individuals (~32,000 parent–offspring trios;
before quality control), derived from nine batches of partici-
pants, who make up four study cohorts. Within each batch,
parent and offspring genetic data were quality controlled
separately. Pre-imputation quality control criteria have been
described in previous publications and are detailed in the
Supporting Information. We conducted post-imputation qual-
ity control, retaining SNPs meeting the following criteria:
imputation quality score ≥0.8 in all batches, non-duplicated
(by position or name), call rate >98%, minor allele frequency
>1%, Hardy–Weinberg equilibrium p < .001, not associated
with genotyping batch at the genome-wide level, and not
causing a Mendelian error. We removed individuals with the
following criteria: heterozygosity outliers (F-het �0.2), call rate
<98%, reported sex mismatching SNP-based sex, duplicates
(identified using PLINK’s (Chang et al., 2015) –genome com-
mand as having pihat ≥0.98, and distinguished from monozy-
gotic twins through linkage to unique IDs in the population
register, plus age, sex and kinship information within MoBa),
individuals with excessive numbers of close relatives (cryptic
relatedness) and Mendelian errors. To minimize environmental
confounding, we identified a sub-sample of individuals with
European ancestries via principal component analysis using
the 1,000 Genomes reference; thresholds for exclusion of
outliers were based on visual inspection of a plot of principal
components 1 and 2. We used solely SNP data, not self-
reported categorical information, to identify the subsample of
European-ancestry individuals. Exclusions based on visual
inspection of the first two principal components led to the
reduction of the sample from 98,110 to 97,496 (614 individ-
uals excluded). The final numbers of individuals and SNPs
passing quality control were 93,582 and 6,797,215, respec-
tively.

Selection of parent–offspring trios

The quality control of genotype data retained 25.332 complete
parent-offspring trios. In families with multiple children, we
selected one individual at random. Out of these, 11,560 trios
participated in the data collection wave when the response
data were obtained. This decrease in sample size is mainly due
to attrition as the response data were collected when the
children were 8 years of age, whereas the genotype data was
collected at birth. We refer to Magnus et al. (2016) for a
description of attrition in the MoBa study. Our main analyses

(described below) relies on identifying different types of genetic
effects based on genetic relatednesss within and between
parent–offspring trios. We computed an empirical estimate of
the genetic relatedness among all individuals, referred to as a
genomic relatedness matrix (GRM; Yang, Lee, Goddard, &
Visscher, 2011). Closely related individuals can disproportion-
ally influence genetic variance estimates and introduce con-
founding from environmental effects not specified in the model
(Yang, Zeng, Goddard, Wray, & Visscher, 2017). We used a
threshold of 0.10 for the largest allowed genetic correlation
between any two individuals (ignoring parent–offspring pairs),
reasoning that this will exclude most relations likely to share
environments without substantially reducing the sample size.
Computation of the GRM and selection of individuals using the
‘bottom up’ algorithm, was done with functions from the
OpenMendel project (Zhou et al., 2020). After selection of
individuals, 9,675 parent–offspring trios had available
response data.

Measures

Measures of externalizing behaviors were obtained from
maternal reports on the Rating Scale for Disruptive Behaviors
(RS-DBD; Silva et al., 2005) when the children were 8 years of
age. The rating scale includes 8 items related to CD, 9 items
related to inattention aspects of ADHD, 9 items related to
hyperactivity aspects of ADHD and 8 items related to ODD. We
use conduct, inattention, hyperactivity and oppositional defi-
ant to refer to the individual subscales. The items were rated
on a scale from 1 to 4 reflecting the frequency of different
behaviors. For the analysis, we summed the individual items
within each subscale. For individuals with less than 50%
missing data on either scale, missing item values were imputed
by the sample mean. Otherwise, they were excluded from
analyses. Across subscales, 97.9%–98.6% of the participants
had complete responses to all items. The imputation procedure
resulted in less than 0.5% of missing individuals for either of
the subscales. In Table S1, we show the distribution of missing
responses for each subscale.

Analyses

We applied the method described in Eilertsen et al. (2021) for
measuring the extent that children phenotypes depend indi-
rectly on additive effects of their parents’ genotypes, in addition
to directly on additive effects of their own genotypes. The direct
and indirect genetic effects here represent the combined
influence of all genetic variants tagged by genotyped and
imputed SNPs. The model can be viewed as a multiple
regression model for the offspring phenotype

y ¼ go þ gm þ gp þ ε:

go represents the direct genetic effect originating in
the offspring, gm and gp represents the indirect
maternal and paternal genetic effects and ε residuals
(containing all other sources of variability). The
different genetic effects are assumed to be correlated
across individuals according to their GRM values.
Our interest lies in quantifying the variance of direct
genetic effects (σ2o), indirect maternal and paternal
genetic effects (σ2m and σ2p), the covariance between
direct and indirect maternal and paternal genetic
effects (σom and σop), the covariance between indirect
maternal and paternal genetic effects (σmp) and the
residuals (σ2ε ) . The covariance terms are necessary if
partially the same genes contribute directly and
indirectly. Because parents and offspring are
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related, a positive covariance between direct and
indirect genetic effects will increase variability in the
phenotype whereas a negative covariance will
decrease variability. We refer to this specification
as ‘Differential parental’ as we differentiate between
maternal and paternal effects. This can be useful if
the importance of maternal and paternal contribu-
tions differs, or if different behaviors mediate the
indirect genetic effects. Usually, the covariance
between two components contributes with a factor
of two to the total variance. However, because
parents are not related, the covariance between
indirect effects is not expected to contribute to the
variance. And, as parents and offspring are one
generation apart and the expected genetic related-
ness between parents and offspring is 1=2, the
variance accounted for by covariance between indi-
rect and direct genetic effects is equal to the covari-
ance. The expected variance of the phenotype is
equal to σ2o þ σ2m þ σ2p þ σom þ σop þ σ2ε . The left panel
in diagram 1 illustrates the assumed configuration of
effects within a parent–offspring trio.

We fitted three alternative, simpler models of how children’s
phenotypes may depend on genetic effects, nested within the
‘Differential parental’ model. It could be sufficient to consider
only the combined parental contribution, for example if mostly
the same behaviors are important irrespective of the sex of the
parents. This is obtained by substituting the maternal and
paternal genetic effect with a combined parental genetic effect
gmp ¼ gm þ gp. This model, previously used by Young
et al. (2018) implies that maternal and paternal genetic effects
are of equal importance and perfectly correlated
σ2m ¼ σ2p ¼ σmp

� �
, and equally correlated with the direct genetic

effect σom ¼ σop
� �

. The variance accounted for by the combined
genetic effect is then equal to σ2m þ σ2p and the covariance with
direct genetic effect equal to σom þ σop. We refer to this as the
‘Combined parental’ model, which is illustrated in the middle
panel of Figure 1. We also considered a model without any
indirect genetic effects of parents. This is equivalent to the
genomic-relatedness-matrix restricted maximum likelihood
method, implemented in GCTA software (Yang et al., 2011).
This is illustrated in the right panel of Figure 1 as ‘No parental’.
For comparison, we include the results from a ‘Null’ model
without any genetic effects.

We fitted these four alternative specifications to each of the
four externalizing subscales separately. In all analyses we
additionally included an intercept term and a main effect of
child’s sex as males and females typically differ in the average

levels of externalizing behaviors. The models were estimated
using the Julia programming language (Bezanson, Edelman,
Karpinski, & Shah, 2017), via the package VCModels.jl (Eil-
ertsen, 2021).

Results
Sample characteristics

Table 1 displays characteristics of the study sample.
The average age of mothers was 39 years with a
standard deviation of 4.3 years. Fathers were on
average around 2 years older than mothers, but also
more variable with a standard deviation of 5.1 years.
Among mothers, 75.9% had completed at least
undergraduate tertiary education, whereas 55.2%
of the fathers had completed the same level of
education. Among the children, males and females
where approximately equally represented. Most of
the families (92.9%) had more than one child in the
household.

Genetic analyses

Table 2 summarizes results from the genetic analy-
ses of each subscale. Parameter estimates are stan-
dardized so that the total variance after conditioning
on sex equals one. Looking at the AIC statistics, it
appears that all the models involving genetic effects
provide a (substantial) improvement over the ‘Null’
model (AIC values are lower for the genetic models).
However, there is no strong evidence supporting
either of the genetic models. The ‘Combined parental’
model is always favored over the more elaborate
‘Differential parental’ model, and only for opposi-
tional defiant is the ‘No parental’ model favored. A
similar pattern is indicated from a set of likelihood
ratio tests sequentially comparing the less elaborate
models. This is presented in the p-value column of
Table 2. At a 5% level, there is no significant loss of
fit by considering the ‘Combined parental’ models,
but for conduct and hyperactivity, there is a signif-
icant loss of fit by considering the ‘No parental’
models. Because the parameters in Table 2 are

Figure 1 Illustration of the model structure for the alternative specifications of genetic effects. The rectangles represent the observed
values on externalizing behaviors, whereas the circles represent the total genetic influence directly from offspring (go), indirectly from
mothers (gm), indirectly from fathers (gp), combined from both parents (gmp) and residuals (ε)
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standardized, 1�σ2ε can be seen as a measure of the
total variance explained by direct and indirect

genetic effects. The corresponding values are larger
for more complex models. Considering the models
with lowest AIC values, the variance explained was
17%, 27%, 25% and 12% for conduct, inattention,
hyperactivity and oppositional defiant, respectively.
The variance explained may include components
attributable to direct and indirect genetic effects as
well as covariances that may be positive or negative,
and it is of interest to inspect the individual compo-
nents of variance.

Figure 2 shows the variance decomposition for the
models with lowest AIC values for each subscale (a
corresponding figure from the most general model is
provided in Figure S1). Looking at the parameter
estimates from these models, direct genetic effects
accounted for 19.1% (SE = 6.3%) of the variance for
conduct, 24% (SE = 8.2%) for inattention, 11.6%
(SE = 7.9%) for hyperactivity and 12.2% (SE = 3.9%)
for oppositional defiant.

In comparison, the combined indirect genetic
effects from both parents accounted for 14.3%
(SE = 6.1%) of the variance for conduct, 16.3%
(SE = 7.9%) for inattention and 7.7% (SE = 7.9%)
for hyperactivity. The model without any indirect
genetic effects was favored for oppositional defiant.

The covariance between direct and indirect genetic
effects was negative for conduct and inattention,
reducing the variance by 16.5% (SE = 5.4%) and
12.9% (SE = 10%), respectively. This corresponds to
a negative gene–environment correlation of −1.00
between direct and indirect genetic effects for con-
duct problems and a gene–environment correlation
of −0.65 for inattention. A negative correlation
implies that direct and indirect genetic effects to
some extent counteract each other, decreasing the

Table 1 Characteristics of the study sample

Variable Statistic

Age mothers
Mean 39.0
Standard deviation 4.3
Minimum 24
Maximum 55

Age fathers
Mean 41.4
Standard deviation 5.1
Minimum 27
Maximum 76

Education mothers
% Lower secondary 3.3
% Upper secondary 19.1
% Post-secondary non-tertiary 1.7
% First stage of tertiary, undergraduate level 55.3
% First stage of tertiary, graduate 19.1
% Second stage of tertiary, postgraduate 1.5

Education fathers
% Lower secondary 6.3
% Upper secondary 32.9
% Post-secondary non-tertiary 5.7
% First stage of tertiary, undergraduate level 34.4
% First stage of tertiary, graduate 18.5
% Second stage of tertiary, postgraduate 2.3

Gender children
% Male 51.5
% Female 48.5

Number of children in household
% 1 7.1
% 2 52.5
% 3 34.5
% 4 or more 5.9

Table 2 Parameter estimates and fit statistics for all subscales for each model specification

Model

Parameter

−2ll AIC df p-Valueσ2o σ2m σ2p σom σop σmp σ2ε

Conduct
Differential .266 .059 .137 −.114 −.173 .090 .824 27,403.48 27,421.48 7
Combined .191 .071 .071 −.083 −.083 .071 .831 27,406.86 27,418.86 4 .34
No parental .077 .923 27,413.43 27,421.43 2 .04
Null 1.00 27,417.56 27,423.56 1 .04

Inattention
Differential .238 .061 .144 −.020 −.107 .062 .685 27,605.66 27,623.66 7
Combined .240 .082 .082 −.064 −.064 .082 .726 27,608.97 27,620.97 4 .35
No parental .199 .801 27,614.01 27,622.01 2 .08
Null 1.00 27,641.47 27,647.47 1 <.01

Hyperactivity
Differential .115 .054 .041 .037 .025 .029 .728 27,536.51 27,554.51 7
Combined .116 .039 .039 .030 .030 .039 .746 27,536.99 27,548.99 4 .92
No parental .221 .779 27,544.64 27,552.64 2 .02
Null 1.00 27,579.26 27,585.26 1 <.01

Oppositional defiant
Differential .183 .059 .038 −.028 −.069 .035 .818 27,538.14 27,556.14 7
Combined .122 .000 .000 .000 .000 .000 .878 27,541.81 27,553.81 4 .30
No parental .122 .878 27,541.81 27,549.81 2 1.00
Null 1.00 27,551.79 27,557.79 1 <.01

Bold values indicate the model specification with lowest AIC estimate for each subscale.
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observed variation. For hyperactivity the covariance
was positive, increasing the variance by 6% (SE =
9.8%), corresponding to a gene–environment corre-
lation of 0.64. A positive correlation implies that
direct and indirect genetic effects to some extent
accompany each other, increasing the observed
variation.

Discussion
In summary, we find statistical support for a role of
parental effects on externalizing disorders, in terms
of both measures of model fit and substantial effect
sizes. We could, however, not make any meaningful
distinction between maternal and paternal genetic
effects in the current dataset. Across subscales,
direct genetic effects accounted for 12% to 24% of the
variance, whereas indirect parental genetic effects
accounted for 0% to 16%. Additionally, the covari-
ance between direct and indirect parental effects,
ranging from −0.17 to 0.06, indicates that neither
heritability nor parenting can be properly under-
stood without a simultaneous consideration of the
other.

Across subscales, direct genetic effects accounted
for 11% to 24% of the total variance. This is
consistent with a heritable component underlying
individual differences in externalizing problems, but
lower than what is typically found in family studies
(Bornovalova et al., 2010; Burt, 2009). The discrep-
ancy between heritability estimates from SNP data
and from family data has been discussed by others
(Yang et al., 2017; Young, 2019; Young et al., 2018).
Notably, heritability estimates depended on the

inclusion of indirect parental genetic effects in the
model. Due to the negative correlation with indirect
genetic effects, heritability estimates are larger for
conduct and inattention than when such effects are
not modeled. The opposite pattern is seen for hyper-
activity. In a comparison of twin and SNP heritability
estimates, Cheesman et al. (2017) found larger dis-
crepancies for childhood behaviour problems com-
pared to height and cognition. Considering our
results, the larger twin-SNP heritability gap for
behavior problems could be due to negative covari-
ance with indirect parental genetic effects influenc-
ing behavior problems.

Overall, our results are consistent with the notion
that parents contribute substantially to individual
differences in childhood externalizing behaviors. In
our analyses, interactive processes between parents
and offspring through development are not specified
but their aggregated effects are decomposed into
components attributable to genetic variation in par-
ents and in offspring and their covariance. The direct
effect measures the combined effect of all genotyped
SNPs in the offspring, regardless of whether these
are mediated through multiple transactions with
parental behaviors. Similarly, the parental genetic
effects may ultimately represent a series of transac-
tions with offspring behaviors. Thus, we cannot
characterize the underlying processes, but we can
make some broader observations.

First, indirect maternal and paternal genetic
effects have a genetic basis in parents, but they
necessarily contribute to variability in offspring
through the environment. Therefore, we provide
empirical support to theoretical models emphasizing
the importance of the family environment for the
development of externalizing behaviors (Hinshaw &
Beauchaine, 2015).

Second, our results suggest a more important role
of parents in the development of externalizing disor-
ders than has been indicated in previous empirical
investigations of specific risk factors. Hinshaw and
Beauchaine (2015) use the principles of equifinality,
and multifinality for describing the development of
externalizing disorders. Equifinality implies that
different causal pathways may lead to similar phe-
notypes, whereas multifinality implies that similar
risk factors may lead to divergent phenotypes. Under
this framework, simple ‘main effects’ models of
specific risk factors are not expected to account for
much of the observed differences in externalizing
disorders. Our results demonstrate that genetic
differences among parents are related to phenotypic
differences in their offspring, irrespective of the
underlying mechanisms. The results of this study
may therefore help reconcile empirical findings of
small effects of specific parental risk factors with
theoretical models of externalizing disorders empha-
sizing the importance of parents.

Third, Burt (2009) reported that 23% of the vari-
ability in externalizing problems could be accounted

−0.25
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Figure 2 Variance decomposition for each subscale under the
best fitting model
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for by environmental effects shared among siblings.
Such effects may include parental behaviors, but
also other aspects of the environment such as peers
or schools. Plomin (2011) argued that experiences in
the family may not be shared among siblings, but
rather specific to the individual (Plomin &
Daniels, 1987). Importantly, our approach provides
a direct test of this view as we do not have to assume
that all parental influences are shared among sib-
lings. Our results only rely on demonstrating that
there is an effect of parental genes on the trait of the
children after accounting for direct effects of the
children’s own genes. However, our estimates are
confined to parental effects that can be accounted for
by the additive effects of genotyped SNPs, which is
likely lower than the total additive effect (Yang
et al., 2017). Moreover, the total indirect effect of
parents may include genetic effects due to rare
variants, non-additive genetic effects and presum-
ably an important environmental component. There-
fore, our approach is limited to a conservative
estimate of the total effect of parents.

In all results involving indirect genetic effects, we
found that these effectswere correlatedwith thedirect
genetic effect, rendering a gene–environment correla-
tion (Plomin et al., 1977; Scarr & McCartney, 1983).
This implies that the family environment is not
independent of children’s own genetic liability
towards externalizing disorders. This has important
implications for the study of family environments
because it suggests that any naı̈ve association with
specific aspects of the family may be confounded by
genetic effects and does not have a causal social
interpretation. We observed that the correlation
between direct and indirect genetic effects was nega-
tive for conduct and inattention, but positive for
hyperactivity. We avoid trying to interpret these
differences between point estimates because of the
relatively largeuncertainty of estimatesanddue to the
correlations among the subscales. However, it is of
interest to note that a strong negative correlation
between direct and indirect maternal genetic effects
have often been reported in the animal literature and
has been the subject of much debate (Lee, 2002). A
negative correlation implies that direct genetic effects
and indirect genetic effects of parents tend to con-
tribute to the trait in the opposite direction. Parents
withchildrenhavinganaboveaveragegeneticpropen-
sity for these externalizing behaviors tend to also
‘reduce’ the behaviors towards the average, and vice
versa. From an evolutionary perspective, such nega-
tive correlations may play an important role in the
maintenance of genetic variation across generations
(Räsänen & Kruuk, 2007). When a heritable trait is
selected on in evolution, both genetic effects con-
tributing to the behavior directly, and genetic effects
contributing to the behavior indirectly through par-
ental behaviors can evolve together. If counteracting
parental effects tend to decrease variability due to
direct genetic effects in offspring externalizing

behaviors, this would lead to more children close to
the average and less children with impairment due to
extreme values on these behaviors.We areunaware of
corresponding estimates related to psychological
traits in humans but obtaining such estimates across
different domains of behavior could lead to a better
understanding of the transactional dynamics
between parents and children.

There are several limitations that should be con-
sidered when interpreting the results of our study.
As can be seen in Table 1, the likelihood values from
alternative model specifications do not differ much.
Consequently, the statistical support in favor of
selecting any of the specific genetic models cannot
be considered strong. Our main contribution is to
demonstrate an indirect effect of parental genes,
above the direct effect of children’s own genes, and to
show that these sources of variability are not inde-
pendent. Precise quantification of the importance of
either will require larger sample sizes.

Attrition from the MoBa study may plausibly be
related to higher levels of externalizing symptoms,
and thus correlated with genetic differences between
families as well as children’s levels of externalizing
symptoms. Structured attrition of this type may
introduce systematic differences between the study
sample and the target population of the MoBa study
(Biele et al., 2019). Unfortunately, it is difficult to
evaluate the extent to which the current results
depend on attrition and, thus, the generalizability of
the current results remains unclear.

Measurements of children’s externalizing symp-
toms were obtained by maternal reports. As, parents
observe their children in a wide variety of contexts,
maternal reports may provide more valid measure-
mentsthan, forexamplemeasurementsobtainedfrom
teachers or clinical interviews. However, such reports
may be biased from characteristics of mothers, which
could also bias estimates of indirect genetic effects. As
we do not have measurements from independent
raters, we cannot empirically investigate whether our
results depend on such effects. Such validation stud-
ies would provide important additions to this study.
Additionally, in the current analyses, we have treated
the different subscales of externalizing problems sep-
arately, although they are inmost accounts viewed as
sharing underlying etiology (Nikolas, 2015). This
makes it difficult to make comparison between differ-
ent subscales. Further insights could likely be gained
by considering structural models that explicitly
accounts for the dependence structure. For example,
according to Beauchaine and McNulty (2013), direct
genetic effects are assumed to underlie a common
liability for externalizing problems, whereas environ-
mental influences are of greater importance for speci-
fic behaviors. Such assumptions could readily be
incorporated in factormodels, although itwould likely
be computationally challenging.

Finally, although our results support the existence
of parental effects on child externalizing symptoms,
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the estimates may also capture population stratifi-
cation and assortative mating. Future work should
aim to estimate parental effects while accounting for
assortative mating, which may be pronounced for
neurodevelopmental disorders (Nordsletten
et al., 2016). Indirect genetic effects from siblings
are also a potential contribution to individual differ-
ences that may be correlated with parental effects.
As can be seen in Table 1, most of the families in the
study had several children in the household.
Acknowledging these limitations, our results are
consistent with the notion that parents contribute
substantially to individual differences in childhood
externalizing behaviors.

Supporting information
Additional supporting information may be found online
in the Supporting Information section at the end of the
article:

Table S1. Distribution of missing responses within
each subscale.

Figure S1. Variance decomposition for each subscale
under the full ‘Differential parental’ model.
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Key points

� Many parental behaviors have been associated with childhood externalizing disorders, but the specific
behaviors cannot explain much of the observed variability.

� We found that indirect genetic effects of parents through the environment accounted for a substantial
amount of variance in addition to direct genetic effects of children. This leads to gene–environment
correlations.

� When not accounted for, parental indirect genetic effects masks direct genetic effects for conduct problems
and inattention.

� Parental heritable traits counteract children’s genetic risk for conduct problems and inattention,
implicating fewer children in the clinical range.

� Our results are consistent with the notion that parents contribute substantially to individual differences in
childhood externalizing behaviors. This reconciles empirical results with theoretical models of child
development.

References
Barr, P.B., & Dick, D.M. (2019). The genetics of externalizing

problems. In H. de Wit & J. D. Jentsch (Eds.), Recent
advances in research on impulsivity and impulsive behaviors
(Vol. 47, pp. 93–112). Cham: Springer. Current Topics in
Behavioral Neurosciences.

Beauchaine, T.P., & McNulty, T. (2013). Comorbidities and
continuities as ontogenic processes: Toward a developmen-
tal spectrum model of externalizing psychopathology. Devel-
opment and Psychopathology, 25, 1505–1528.

Beyers, J. M., Bates, J. E., Pettit, G. S., & Dodge, K. A. (2003).
Neighborhood structure, parenting processes, and the
development of youths’ externalizing behaviors: A multilevel
analysis. American Journal of Community Psychology, 31,
35–53.

Bezanson, J., Edelman, A., Karpinski, S., & Shah, V.B. (2017).
Julia: A fresh approach to numerical computing. SIAM
Review, 59, 65–98.

Biele, G., Gustavson, K., Czajkowski, N.O., Nilsen, R.M.,
Reichborn-Kjennerud, T., Magnus, P.M., . . . & Aase, H.

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

8 Espen M. Eilertsen et al. J Child Psychol Psychiatr 2022; 0(0): 1–10



(2019). Bias from self selection and loss to follow-up in
prospective cohort studies. European Journal of Epidemiol-
ogy, 34, 927–938.

Bijma, P. (2014). The quantitative genetics of indirect genetic
effects: A selective review of modelling issues. Heredity, 112,
61–69.

Blatt-Eisengart, I., Drabick, D.A., Monahan, K.C., & Steinberg,
L. (2009). Sex differences in the longitudinal relations
among family risk factors and childhood externalizing
symptoms. Developmental Psychology, 45, 491.

Bornovalova, M.A., Hicks, B.M., Iacono, W.G., & McGue, M.
(2010). Familial transmission and heritability of childhood
disruptive disorders. American Journal of Psychiatry, 167,
1066–1074.

Bulik-Sullivan, B., Finucane, H.K., Anttila, V., Gusev, A., Day,
F.R., Loh, P.-R., . . . & Robinson, E.B. (2015). An atlas of
genetic correlations across human diseases and traits.
Nature Genetics, 47, 1236–1241.

Burt, S.A. (2009). Rethinking environmental contributions to
child and adolescent psychopathology: A meta-analysis of
shared environmental influences. Psychological Bulletin,
135, 608.

Cheesman, R., Selzam, S., Ronald, A., Dale, P.S., McAdams,
T.A., Eley, T.C., & Plomin, R. (2017). Childhood behaviour
problems show the greatest gap between DNA-based and
twin heritability. Translational Psychiatry, 7, 1–9.

Chang, C.C., Chow, C.C., Tellier, L.C., Vattikuti, S., Purcell,
S.M., & Lee, J.J. (2015). Second-generation PLINK: rising to
the challenge of larger and richer datasets. Gigascience, 4,
s13742-015. https://doi.org/10.1186/s13742-015-0047-8

Eaves, L.J., Last, K., Martin, N.G., & Jinks, J.L. (1977). A
progressive approach to non-additivity and genotype-
environmental covariance in the analysis of human differ-
ences. British Journal of Mathematical and Statistical Psy-
chology, 30, 1–42.

Edwards, R.C., & Hans, S.L. (2015). Infant risk factors
associated with internalizing, externalizing, and co-
occurring behavior problems in young children. Develop-
mental Psychology, 51, 489.

Eilertsen, E. M. (2021). VCModels.jl – A Julia package for fitting
variance component models with relationship matrices (Ver-
sion 0.1.0). Available from: https://github.com/espenmei/
VCModels.jl

Eilertsen, E.M., Jami, E.S., McAdams, T.A., Hannigan, L.J.,
Havdahl, A.S., Magnus, P., . . . & Ystrom, E. (2021). Direct
and indirect effects of maternal, paternal, and offspring
genotypes: Trio-GCTA. Behavior Genetics, 51, 154–161.

Gjerde, L.C., Eilertsen, E.M., Reichborn-Kjennerud, T., McA-
dams, T.A., Zachrisson, H.D., Zambrana, I.M., . . . & Ystrom,
E. (2017). Maternal perinatal and concurrent depressive
symptoms and child behavior problems: A sibling compar-
ison study. Journal of Child Psychology and Psychiatry, 58,
779–786.

Hinshaw, S.P., & Beauchaine, T.P. (2015). The developmental
psychopathology perspective on externalizing behavior
dimensions and externalizing disorders. In The Oxford
handbook of externalizing spectrum disorders (pp. 90–104).
New York: Oxford University Press.

Jami, E.S., Hammerschlag, A.R., Bartels, M., & Middeldorp,
C.M. (2021). Parental characteristics and offspring mental
health and related outcomes: A systematic review of genet-
ically informative literature. Translational Psychiatry, 11, 1–
38.

Karlsson Linnér, R., Mallard, T.T., Barr, P.B., Sanchez-Roige,
S., Madole, J.W., Driver, M.N., . . . & Tielbeek, J.J. (2021).
Multivariate analysis of 1.5 million people identifies genetic
associations with traits related to self-regulation and addic-
tion. Nature Neuroscience, 24, 1367–1376.

Kendler, K.S., & Baker, J.H. (2007). Genetic influences on
measures of the environment: A systematic review. Psycho-
logical Medicine, 37, 615–626.

Knafo, A., & Jaffee, S.R. (2013). Gene–environment correlation
in developmental psychopathology. Development and Psy-
chopathology, 25, 1–6.

Lee, C. (2002). On the negative estimates of direct and
maternal genetic correlation-a review. Asian-Australasian
Journal of Animal Sciences, 15, 1222–1226.

Liu, J. (2004). Childhood externalizing behavior: Theory and
implications. Journal of Child and Adolescent Psychiatric
Nursing, 17, 93–103.

Lund, I. O., Eilertsen, E. M., Gjerde, L. C., Torvik, F. A.,
Røysamb, E., Reichborn-Kjennerud, T., & Ystrom, E. (2020).
Maternal drinking and child emotional and behavior prob-
lems. Pediatrics, 145, e20192007.

Magnus, P., Birke, C., Vejrup, K., Haugan, A., Alsaker, E.,
Daltveit, A., . . . & Knudsen, G. (2016). Cohort profile update:
The Norwegian mother and child cohort study (MoBa).
International Journal of Epidemiology, 45, 382–388.

McAdams, T.A., Neiderhiser, J.M., Rijsdijk, F.V., Narusyte, J.,
Lichtenstein, P., & Eley, T.C. (2014). Accounting for genetic
and environmental confounds in associations between par-
ent and child characteristics: A systematic review of
children-of-twins studies. Psychological Bulletin, 140, 1138.

Mollon, J., Knowles, E.E., Mathias, S.R., Rodrigue, A., Moore,
T.M., Calkins, M.E., . . . & Robinson, E.B. (2021). Genetic
influences on externalizing psychopathology overlap with
cognitive functioning and show developmental variation.
European Psychiatry, 64, e29.

Nikolas, M.A. (2015). 26 Comorbidity among externalizing
disorders. In The Oxford handbook of externalizing spectrum
disorders (p. 461). New York: Oxford University Press.

Nordsletten, A.E., Larsson, H., Crowley, J.J., Almqvist, C.,
Lichtenstein, P., & Mataix-Cols, D. (2016). Patterns of
nonrandom mating within and across 11 major psychiatric
disorders. JAMA Psychiatry, 73, 354–361.

Pappa, I., Fedko, I.O., Mileva-Seitz, V.R., Hottenga, J.-J.,
Bakermans-Kranenburg, M.J., Bartels, M., . . . & Rippe, R.C.
(2015). Single nucleotide polymorphism heritability of
behavior problems in childhood: Genome-wide complex trait
analysis. Journal of the American Academy of Child &
Adolescent Psychiatry, 54, 737–744.

Plomin, R. (2011). Commentary: Why are children in the same
family so different? Non-shared environment three decades
later. International Journal of Epidemiology, 40, 582–592.

Plomin, R., & Daniels, D. (1987). Why are children in the same
family so different from one another? Behavioral and Brain
Sciences, 10, 1–16.

Plomin, R., DeFries, J.C., & Loehlin, J.C. (1977). Genotype-
environment interaction and correlation in the analysis of
human behavior. Psychological Bulletin, 84, 309.

Polderman, T.J., Benyamin, B., De Leeuw, C.A., Sullivan, P.F.,
Van Bochoven, A., Visscher, P.M., & Posthuma, D. (2015).
Meta-analysis of the heritability of human traits based on
fifty years of twin studies. Nature Genetics, 47, 702.

Räsänen, K., & Kruuk, L. (2007). Maternal effects and evolu-
tion at ecological time-scales. Functional Ecology, 21, 408–
421.

Rossow, I., Felix, L., Keating, P., & McCambridge, J. (2016).
Parental drinking and adverse outcomes in children: A
scoping review of cohort studies. Drug and Alcohol Review,
35, 397–405.

Scarr, S., & McCartney, K. (1983). How people make their own
environments: A theory of genotype→ environment effects.
Child Development, 54, 424–435.

Silva, R.R., Alpert, M., Pouget, E., Silva, V., Trosper, S., Reyes,
K., & Dummit, S. (2005). A rating scale for disruptive
behavior disorders, based on the DSM-IV item pool. Psychi-
atric Quarterly, 76, 327–339.

Torvik, F.A., Eilertsen, E.M., McAdams, T.A., Gustavson, K.,
Zachrisson, H.D., Brandlistuen, R., . . . & Ask, H. (2020).
Mechanisms linking parental educational attainment with
child ADHD, depression, and academic problems: A study of

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

doi:10.1111/jcpp.13654 On the importance of parenting in externalizing disorders 9

https://doi.org/10.1186/s13742-015-0047-8
https://github.com/espenmei/VCModels.jl
https://github.com/espenmei/VCModels.jl


extended families in the Norwegian mother, father and child
cohort study. Journal of Child Psychology and Psychiatry,
61, 1009–1018.

Turkheimer, E. (2000). Three laws of behavior genetics and
what they mean. Current Directions in Psychological Science,
9, 160–164.

Tuvblad, C., Zheng, M., Raine, A., & Baker, L.A. (2009). A
common genetic factor explains the covariation among
ADHD ODD and CD symptoms in 9–10 year old boys and
girls. Journal of Abnormal Child Psychology, 37, 153–167.

Yang, J., Lee, S.H., Goddard, M.E., & Visscher, P.M. (2011).
GCTA: A tool for genome-wide complex trait analysis. The
American Journal of Human Genetics, 88, 76–82.

Yang, J., Zeng, J., Goddard, M.E., Wray, N.R., & Visscher, P.M.
(2017). Concepts, estimation and interpretation of SNP-
based heritability. Nature Genetics, 49, 1304.

Young, A.I. (2019). Solving the missing heritability problem.
PLoS Genetics, 15, e1008222.

Young, A.I., Frigge, M.L., Gudbjartsson, D.F., Thorleifsson, G.,
Bjornsdottir, G., Sulem, P., . . . & Kong, A. (2018). Related-
ness disequilibrium regression estimates heritability with-
out environmental bias. Nature Genetics, 50, 1304.

Zhou, H., Sinsheimer, J.S., Bates, D.M., Chu, B.B., German,
C.A., Ji, S.S., . . . & Mosher, G.D. (2020). OpenMendel: A
cooperative programming project for statistical genetics.
Human Genetics, 139, 61–71.

Accepted for publication: 8 May 2022

� 2022 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
Child and Adolescent Mental Health.

10 Espen M. Eilertsen et al. J Child Psychol Psychiatr 2022; 0(0): 1–10


	Outline placeholder
	 Sam�ple
	 Geno�type qual�ity con�trol
	 Selec�tion of par�ent-off�spring trios
	 Mea�sures
	 Anal�y�ses
	 Sam�ple char�ac�ter�is�tics
	 Genetic anal�y�ses
	jcpp13654-fig-0001
	jcpp13654-fig-0002

	 Ref�er�ences
	jcpp13654-bib-0001
	jcpp13654-bib-0002
	jcpp13654-bib-0003
	jcpp13654-bib-0004
	jcpp13654-bib-0005
	jcpp13654-bib-0006
	jcpp13654-bib-0007
	jcpp13654-bib-0008
	jcpp13654-bib-0009
	jcpp13654-bib-0010
	jcpp13654-bib-0011
	jcpp13654-bib-0047
	jcpp13654-bib-0012
	jcpp13654-bib-0013
	jcpp13654-bib-0014
	jcpp13654-bib-0015
	jcpp13654-bib-0016
	jcpp13654-bib-0017
	jcpp13654-bib-0018
	jcpp13654-bib-0019
	jcpp13654-bib-0020
	jcpp13654-bib-0021
	jcpp13654-bib-0022
	jcpp13654-bib-0023
	jcpp13654-bib-0024
	jcpp13654-bib-0025
	jcpp13654-bib-0026
	jcpp13654-bib-0027
	jcpp13654-bib-0028
	jcpp13654-bib-0029
	jcpp13654-bib-0030
	jcpp13654-bib-0031
	jcpp13654-bib-0032
	jcpp13654-bib-0033
	jcpp13654-bib-0034
	jcpp13654-bib-0035
	jcpp13654-bib-0036
	jcpp13654-bib-0037
	jcpp13654-bib-0038
	jcpp13654-bib-0039
	jcpp13654-bib-0040
	jcpp13654-bib-0041
	jcpp13654-bib-0042
	jcpp13654-bib-0043
	jcpp13654-bib-0044
	jcpp13654-bib-0045
	jcpp13654-bib-0046


