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Introduction

Adolescence is a key period for the onset of psychopathol-
ogy [1]. Compared to other stages of life, susceptibility to 
psychiatric disorders is greatest during this time with disor-
ders emerging in adolescence often being more persistent 
and severe [2]. Behaviours may be broadly categorised into 
internalising and externalising [3]. Internalising behaviours 
involve emotions directed inward, such as anxiety, social 
withdrawal, and depression, while externalising behaviours 
are directed outward, involving interactions with the social 
environment, such as aggression, impulsivity, and con-
duct problems [4]. Early presence of these behaviours may 
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Abstract
Adolescent internalising and externalising behaviours arise from a complex interplay of genetic and environmental factors. 
Understanding how parents’ genes affect risk for psychopathology in offspring—whether through direct genetic transmis-
sion or environmentally mediated genetic nurture—is crucial for identifying causal mechanisms and intervention targets. 
However, few studies have examined this interplay rigorously in relation to adolescent psychopathology, and findings to 
date have remained mixed. To tackle this gap in research, we examined both genetic transmission and genetic nurture 
pathways using polygenic risk for psychopathology on adolescent internalising and externalising behaviours.

The sample comprised 762 genotyped parent-offspring trios from the TRacking Adolescents’ Individual Lives Survey 
(TRAILS). Parent and offspring polygenic scores for genetic liability to general psychopathology (p-PGS) were computed 
and jointly modelled to estimate genetically transmitted and genetic nurture contributions to parental reports of offspring 
internalising and externalising behaviours at age 11.

Our findings indicate that parental polygenic risk for genetic liability to general psychopathology (captured as parental 
p-PGS) was associated with adolescent internalising—but not externalising—behaviours. Primarily this association was 
via environmental rather than direct genetic pathways, providing support for genetic nurture (b = 0.13, 95% CI = 0.05/0.22, 
q-value = 0.004). However, we found no association between parental p-PGS and adolescent-reported parenting behav-
iours, limiting our ability to assess whether genetic nurture effects for internalising problems were mediated by adolescent 
perspectives of parenting.

The study highlights the importance of genetic nurture’s influence on internalising behaviours, and encourages the 
consideration of genetic influences on perceptions of environmental influences that may be key.
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predict later psychopathology: early internalising behav-
iours have been shown to precede anxiety, mood disorders, 
and suicidality in adulthood [5], while early externalis-
ing behaviours predict later substance abuse and criminal 
behaviour, linked to unstable employment and challenges in 
social relationships [6]. Understanding the risk factors for 
psychopathology during adolescence is essential for devel-
oping timely and effective interventions to mitigate their 
pervasive impact on this broad array of outcomes.

Adolescent internalising and externalising behaviours 
show significant heritability, with twin studies estimating 
that genetic factors account for 40–50% of variance in inter-
nalising [7, 8] and up to 80% in externalising behaviours 
[9, 10]. Nevertheless, extensive research underscores the 
importance of diverse environmental factors in adolescent 
psychopathology, including parental mental health issues, 
negative parenting strategies, and low parental involvement 
[11, 12]. Notably, findings from twin and adoption stud-
ies suggest that many of these ostensibly ‘environmental’ 

factors are themselves under genetic influence. For exam-
ple, parenting behaviours are heritable, implying that paren-
tal genes may contribute to child outcomes not only via 
direct genetic inheritance, but also indirectly via the home 
environment [13–16].

Indeed, previous research on gene-environment interplay 
suggests that intergenerational associations between paren-
tal or family characteristics and adolescent internalising and 
externalising behaviours may involve both ‘direct’ genetic 
transmission (i.e., parents pass on genetic predispositions 
to psychopathology, which in turn contribute to offspring 
behaviours) and ‘indirect’ genetic effects, whereby the 
genomes of others, such as parents, influence offspring psy-
chopathology via environmentally mediated pathways—a 
phenomenon referred to as ‘genetic nurture’ [17]. As the 
term implies, it is hypothesised that the parental genome 
shapes nurturing behaviours—such as emotional support, 
caregiving, and other forms of parenting practices—which 
in turn influence offspring behaviour. See Fig. 1 [18]. The 

Fig. 1  Conceptual framework linking parental genotype and offspring 
behaviour. Dashed lines indicate the genetic nurture effect (i.e., the 
effect of parental genotype on offspring behaviour via environmental 
paths). Solid lines indicate the effect of parental genotype on offspring 
behaviour via genetic transmission. Jointly modelling parental and off-
spring PGSs, offspring behaviours and family environment data in this 
framework allows us to examine (i) if parental PGSs associate with 

offspring behaviour(s) through environmental transmission account-
ing for confounding effects of offspring PGS (i.e., genetic nurture), (ii) 
if parental PGSs associate with offspring behaviour through genetic 
transmission accounting for environmental confounding (i.e., genetic 
transmission), and iii) if offspring PGS associates with offspring 
behaviour accounting for parental PGSs (i.e., child direct genetic 
effects) [19]
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growing availability of cohorts with behavioural data and 
polygenic scores (PGSs) for trios (both parents and their 
biological offspring) provides new opportunities to disen-
tangle genetic transmission from genetic nurture effects 
within families.

Evidence for genetic nurture has been most robustly 
established for educational attainment [20], with a landmark 
study demonstrating that a parental PGS for years spent 
in education predicted offspring educational outcomes—
despite the PGS being composed of alleles not transmitted 
to the offspring [18]. In contrast, only a limited number of 
studies have explored genetic nurture effects for adolescent 
externalising and internalising behaviours using PGSs. For 
example, a trio PGS study of a population-based Norwegian 
cohort examined genetic pathways for conduct problems at 
age 14 using 13 PGSs spanning psychiatric and related con-
ditions, and reported no evidence of genetic nurture [21]. 
Similarly, PGS studies of ADHD in UK [22] and Dutch 
[23] adolescent cohorts also found no evidence of such 
effects. In contrast, genetic nurture was recently reported in 
a high-risk sample for alcohol use disorders, where parental 
externalising behaviours mediated genetic nurture effects 
for adolescent externalising behaviours [24]. To date, only 
one published study has explored genetic nurture effects on 
adolescent internalising behaviours [25]. This study found 
no association between adolescent emotional problems and 
PGSs for psychiatric and neurodevelopmental conditions in 
a European genetic ancestry sample, but reported weak evi-
dence of genetic nurture effects in a South Asian ancestry 
sample.

Notably, the studies described above employed PGSs for 
single diagnoses (e.g., ADHD, conduct disorder, and anxi-
ety disorder) or broader clusters of behaviours (e.g., inter-
nalising and externalising problems). This approach treats 
psychiatric disorders or symptoms as genetically distinct, 
yet converging evidence points to substantial genetic over-
lap across diagnostic categories. Large-scale multi-variate 
GWASs have revealed substantial genetic correlations 
among psychiatric conditions, which converge into a latent 
transdiagnostic ‘genomic p’ factor that captures shared 
genetic liability to psychopathology [26, 27]. Genomic p is 
stable across development and correlated with phenotypic 
‘p’ in a UK cohort [28].

In this study, we utilised trio data from the TRacking Ado-
lescents’ Individual Lives Survey (TRAILS) cohort to better 
understand how psychopathology persists within families 
by investigating the transmission of parental genetic liabil-
ity to psychopathology—indexed by a PGS for genomic 
p—to offspring behaviours during adolescence. We used a 
genomic p PGS (p-PGS) derived from Genomic Structural 
Equation Modelling (Genomic SEM) applied to the latest 
well-powered GWAS summary statistics for 11 psychiatric 

disorders [29], which obviated the need to develop and vali-
date a new p-PGS in our (smaller) cohort. The p-PGS offers 
two key advantages for our study. First, conceptually, it 
aligns with our aim to test intergenerational transmission of 
broad genetic risk for adolescent internalising and external-
ising behaviours, rather than for any one specific diagnosis. 
Second, empirically, the p-PGS has been shown to outper-
form many disorder specific polygenic scores in predicting 
childhood emotional and behavioural difficulties [28, 30], 
making it an ideal candidate for examining genetic nurture 
effects.

We tested for genetic transmission, child direct genetic 
effects, and genetic nurture effects linking the p-PGS to 
dimensional measures of parent-reported offspring inter-
nalising and externalising behaviours. When environmen-
tal data, such as parenting, are also available, it becomes 
possible to test specific environmental processes that may 
mediate genetic nurture effects. The parent-offspring rela-
tionship is one of the most salient processes for internalising 
and externalising behaviours throughout childhood and ado-
lescence [11, 31–34]. Hence, where genetic nurture effects 
were detected, we examined whether parenting practices 
mediated the association.

We focused on adolescent reports of the parenting they 
experience, due to the important nature of perceptions of 
these experiences [35]. Importantly, perceptions of the 
home environment can differ considerably. In particular, 
parent and offspring agreement about parenting is moder-
ate at best, and the heritability of parenting is higher when 
reported by parents than when reported by offspring, sug-
gesting that our understanding of gene-environment inter-
play may be keenly dependent on the perceiver. Here, we 
present the first study to examine genetic nurture using par-
ent-reported child behaviours and child-reported parenting 
to address potential confounding by genetically-influenced 
reporter bias. By incorporating parenting constructs within 
genetic nurture pathways, we aim to identify modifiable tar-
gets for intervention and support strategies that may help 
mitigate internalising and externalising behaviours.

Methods

Preregistration

The study methods and hypotheses were pre-registered on 
the Open Science Framework (https://osf.io/wxv6r). ​A​n​a​l​y​s​
e​s not preregistered are indicated.
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preregistered) to explore the extent to which the p-PGS 
is correlated with disorder-specific PGSs in the TRAILS 
cohort. Information on the genotyping of the TRAILS sam-
ple is provided elsewhere [40].

For the p-PGS, effect-size weights were derived from 
a multivariate GWAS analysis of 11 psychiatric disorders 
using GWAS summary statistics and Genomic SEM. This 
p-GWAS incorporated the most recent publicly available 
datasets for anxiety disorder [41], major depressive disor-
der [42], posttraumatic stress disorder [43], bipolar disorder 
[44], schizophrenia [45], attention-deficit hyperactivity dis-
order [46], autism spectrum disorder [47], anorexia nervosa 
[48], obsessive-compulsive disorder [49], problematic alco-
hol use [50], and Tourette syndrome [51]. Genomic SEM 
first uses multivariable LD score regression to estimate the 
genetic covariance matrix and sampling covariance matrix 
across datasets, and then fits a structural model to identify a 
latent transdiagnostic genomic factor (i.e., genomic p) that 
captures shared genetic liability. Full methodological details 
are available in Keser et al. (2024) [29].

There was no overlap in participants between TRAILS 
and GWAS summary datasets used by Keser et al. (2024) 
to generate the genomic p GWAS summary statistics. All 
summary statistics used are based on samples of European 
ancestry only, and only individuals of European genetic 
ancestry were included in our analyses. We controlled for 
population stratification by the regressing each PGS on the 
first 20 genomic ancestry principal components (PCs) and 
used residuals in all analyses.

Parental report of offspring internalising and 
externalising behaviours

Parent reports of offspring internalising and externalising 
behaviours were collected from parents over a 6-month 
period when the offspring were 11 years old using the Child 
Behaviour Checklist (CBCL) [4]. The CBCL consists of 
118 items on various aspects of child psychopathology, 
including 32 items for internalising behaviours and 30 items 
for externalising behaviours [52]. Each CBCL item was 
rated on a three-point scale (0 = not true, 1 = somewhat or 
sometimes true, 2 = very or often true). Previous research 
reported robust psychometric properties for the CBCL, with 
high internal consistency (average α = 0.92) for internalising 
and externalising behaviours [53].

Child report of parenting behaviours

Child perceptions of parenting were assessed at age 11 
using the Egna Minnen Beträffande Uppfostran (Swedish 
for “Memories of my upbringing”) for Children (EMBU-
C) [54, 55]. The questionnaire comprises 47 items asked 

Sample

The data used here come from the TRacking Adolescents’ 
Individual Lives Survey (TRAILS), a prospective longitu-
dinal cohort study of Dutch adolescents who have been fol-
lowed bi- or tri-annually from 11 (wave 1) to age 32 (wave 
8) [36]. The current study uses phenotype data only from 
wave 1 and genetic data from wave 3. Wave 1 is the only 
wave where both parent-reported internalising and external-
ising behaviours and child-reported parenting were avail-
able, allowing us to model mediation.

The TRAILS study includes two samples: a general 
population sample and a sample of children who had been 
in contact with mental health services. The general popu-
lation sample was recruited from five municipalities in 
the northern Netherlands, covering urban and rural areas. 
Initially, 135 primary schools were approached, with 122 
participating. Out of 2,935 invited children, 2,229 (51% 
female, as indicated by participants during the first wave) 
participated at wave 1 in 2001–2002, with a mean age of 
11.1 years. The second sample comprises 543 children iden-
tified through referral to child and adolescent mental health 
services (CAMHS) in the northern Netherlands prior to age 
11. Inclusion was based solely on record of this contact; no 
specific diagnosis was required, nor was a mental health 
assessment conducted as part of this sample’s recruitment. 
Detailed TRAILS cohort information, including attrition, is 
available in prior publications [36, 37], and descriptive sta-
tistics are presented in Supplementary Table S1.

Parental mental health data were collected at wave 3 
(when children were approximately 16 years old). Both par-
ents were invited to complete a questionnaire and interview 
that assessed psychopathology using vignette-style items 
developed by the TRAILS team. These vignettes described 
symptoms of depression, anxiety, addiction, antisocial 
behaviour, and psychosis. Descriptive statistics are pro-
vided in Supplementary Table S2.

Measures

Polygenic score for genomic p (p-PGS)

PGS was calculated as the weighted sum of an individuals’ 
alleles associated with a specific trait, providing an estimate 
of an individual’s genetic predisposition to that trait rela-
tive to other individuals in the population [38]. For the pres-
ent study, a PGS for genomic p (p-PGS) was calculated for 
1,694 TRAILS participants, including 762 complete trios, 
using LDPred2-auto [39], which automatically estimates 
SNP heritability and the proportion of causal variants from 
the data, hence removing the need for a validation dataset. 
PGSs for 10 psychiatric disorders were also computed (not 
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(e.g., genetic transmission) and via parenting behaviour 
(e.g., the mediation path of genetic nurture). We anticipated 
genetic relatedness between parents and their offspring 
(Gm/Gf →Gc) of ~ 0.5. See Fig. 2. Full information maxi-
mum likelihood estimation was used to handle missing phe-
notypic data, utilising all available data. All analyses were 
controlled for age at testing, sex, and socioeconomic status. 
Genomic ancestry PCs were regressed out during PGS con-
struction, and the resulting residualised scores were used in 
the path models; PCs were therefore not included as covari-
ates in the path models. We report standardised estimates 
and 95% confidence intervals for path estimates.

Sensitivity analyses

Given the moderate phenotypic and genetic correlations 
between internalising and externalising behaviours, all 
analyses were repeated while controlling for the respective 
other trait (i.e., controlling for externalising behaviours in 
internalising models and vice versa). See supplementary 
material for more details.

Results

Validation step

We first validated the p-PGS in the TRAILS cohort by test-
ing its association with offspring externalising and inter-
nalising behaviours (see Table  1). As expected, offspring 
p-PGS was associated with both externalising (r =.12, 
p <.001) and internalising behaviours (r =.10, p <.001). Both 
mother (r =.10, p =.001) and father (r =.10, p =.006) p-PGSs 
were correlated with parental report of offspring exter-
nalising behaviours. Only mother p-PGS (r =.14, p <.001) 
was significantly correlated with parental report of off-
spring internalising behaviours. The significant correlation 
between mother and father p-PGSs (r =.08, p =.029) suggest 
assortative mating for genomic liability to psychopathology. 
The p-PGS was positively correlated with all disorder-spe-
cific PGSs. It also showed stronger correlations with both 
internalising and externalising behaviours than any disor-
der-specific PGS—except the PGS for ADHD, which had a 
higher correlation with externalising (r =.16, p <.001). See 
Supplementary Figure S1 and Table S3.

No significant correlations were found between parents’ 
p-PGSs and offspring reports of their respective parent-
ing practices. However, offspring p-PGS was significantly 
correlated with their perceptions of parental overprotec-
tion (mother: r =.07, p =.003; father: r =.06, p =.009). As 
expected, both offspring externalising and internalis-
ing behaviours were positively correlated with parental 

separately for both father and mother that form three par-
enting scales: Warmth (18 items, e.g., “Does your mother/
father make it obvious that she/he loves you?”), Rejection 
(17 items, e.g., “Is your mother/father sometimes harsh and 
unkind to you?”), and Overprotection (12 items, e.g., “ Do 
you think that your parents are too worried about things 
happening to you?”). Responses were rated on a four-point 
scale (ranging from 1 = never to 4 = almost always). Inter-
nal consistency was good to excellent for this sample (α 
warmth father = 0.89; α warmth mother = 0.87; α rejection 
father = 0.84; α rejection mother = 0.83; α overprotection 
father = 0.64; α overprotection mother = 0.67).

Analytic procedures

We used Stata [56] to compute pairwise correlations between 
parents’ and offspring’s p-PGSs, offspring internalising and 
externalising behaviours, and parenting practices (warmth, 
rejection, overprotection). We also computed pairwise cor-
relations between 10 psychiatric disorder PGSs, p-PGS, and 
offspring internalising and externalising behaviours (not 
preregistered). Path models were estimated in Mplus ver-
sion 8.6 [57], including the mediation analysis of genetic 
nurture effects using the ‘Model Indirect’ command. Model 
fit parameters were computed using maximum likelihood 
estimation and robust standard errors.

Path analysis

We evaluated path models for internalising and externalis-
ing behaviours, with each model examining genetic trans-
mission, genetic nurture, and child direct genetic effects 
(Fig.  2). Genetic transmission was estimated as the effect 
of parental p-PGSs on offspring internalising and exter-
nalising behaviours through the offspring’s own p-PGS. 
Genetic nurture effects were determined as the association 
between parental p-PGSs and offspring internalising and 
externalising behaviours after accounting for the offspring’s 
p-PGS. Child direct effects were estimated as the effects of 
offspring’s own p-PGS on internalising and externalising 
behaviours, independent of parental p-PGSs. P-values of 
genetic nurture were adjusted for multiple testing across all 
tests by applying the false discovery rate (FDR) correction 
(i.e., N traits x N effects). Specifically, p-values for genetic 
nurture were corrected for 4 tests: 2 traits (internalising 
and externalising behaviour) and 2 effects, corresponding 
to each parent. If genetic nurture effects were found with 
q-values (FDR corrected p-values) < 0.05, mediating parent-
ing measures were added to the model.

We used the Model Indirect command in Mplus to esti-
mate the effects of parents’ p-PGSs on offspring externalis-
ing and internalising behaviours via offspring’s own p-PGS 
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However, once shared genetic liability was accounted for, 
the associations between offspring p-PGS and parental over-
protection were no longer significant (mother: β = − 0.008, 
p =.857; father: β = − 0.029, p =.539).

All path models demonstrated good fit, as evidenced by 
the comparative fit index (CFI = 0.94–0.95), Tucker-Lewis 
index (TLI = 0.90–0.94), standardised mean square residual 
(SMSR = 0.04), and root mean square error of approxima-
tion (RMSEA = 0.03–0.04) (see Supplementary Table S4).

rejection and overprotection, and negatively correlated to 
parental warmth.

We found gene-environment interplay, where offspring 
p-PGS was associated with both parent-reported offspring 
behaviour problems and child-reported parental overprotec-
tion (mother: r =.07, p =.003; father: r =.06, p =.009), which 
may be suggestive of evocative gene–environment corre-
lation (rGE). To test the evocative rGE more directly, we 
regressed the parental overprotection on offspring p-PGS, 
while adjusting for parental p-PGSs (not preregistered). 

Fig. 2  Associations between parental p-PGSs and offspring inter-
nalising and externalising. G = genotype, P = phenotype, f = father, 
m = mother, c = child. Genetic transmission effects reflect the pathway 
through the solid lines (Gf/m→ Gc→ Pc), where Gc→ Pc is the child’s 
direct genetic effect, estimated as 0.5 × βc. Genetic nurture effects are 
represented through the dashed lines (Gf/m→ Pf/m→ Pc). If associa-
tions between parental genotype (Gmor Gf) and offspring phenotype 

(PC) remain after controlling for offspring genotype (Gc), this suggests 
genetic nurture effects. Environmental mediation of genetic nurture 
effects are represented by parental phenotype (Pmor Pf ). Child direct 
genetic effects are indicated by the solid line (Gc → Pc) and represent 
the effect of the offspring’s own genotype on the offspring’s trait, inde-
pendent of parental genotype
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via the mother’s p-PGS (b = 0.13, 95% CI = 0.05/0.22, 
q-value = 0.004) but not via the father’s (b = 0.04, 95% 
CI = − 0.05/0.13, q-value = 0.291). Given the validation step 
showed no significant links from parent p-PGSs to parent-
ing behaviour and offspring outcomes, planned exploration 
of potential mediators in the genetic nurture pathway was 
not conducted.

Sensitivity Analysis. Sensitivity analysis was performed 
by re-analysing the path models with internalising and 
externalising outcomes allowed to covary. The results were 
consistent with the main analysis. (see Supplementary Fig-
ures S2–S3).

Discussion

This study examined the direct genetic and indirect environ-
mental pathways through which polygenic liability for psy-
chopathology on internalising and externalising behaviours 
is transmitted from parents to offspring. Using trio genomic 
data, parent-reported offspring outcomes, and child-reported 
perspectives of parenting, we found that parental genetic 
predisposition for psychopathology influences adolescents’ 
internalising behaviours through environmental rather than 
direct genetic pathways—beyond the effect of shared genes.

Different to our expectations, we found no evidence 
that adolescents’ own genetic makeup directly influenced 
their internalising or externalising behaviours (i.e., child 

Genetic transmission and genetic nurture effects for 
externalising behaviours

As expected, we observed significant genetic related-
ness between parents and offspring (father: b = 0.47, 95% 
CI = 0.43/0.52; mother: b = 0.49, 95%CI = 0.45/0.53) (See 
Fig.  3). However, after accounting for parental p-PGSs, 
the direct effect of offspring’s p-PGS on externalising was 
small and non-significant (b = 0.04, 95% CI = − 0.04 /0.12), 
resulting in no clear path for genetic transmission (b = 0.02, 
95% CI = − 0.02/0.06). We did not find evidence of genetic 
nurture as parents’ p-PGSs did not predict externalising 
after controlling for the offspring’s p-PGS (p-PGS father: 
b = 0.07, 95% CI = − 0.01 /0.14, q-value = 0.169; p-PGS 
mother: b = 0.05, 95% CI = − 0.02 /0.12, q-value = 0.169).

Genetic transmission and genetic nurture effects for 
internalising behaviour

We observed a similar pattern of findings for internalis-
ing behaviours at age 11 with significant genetic related-
ness between parents and offspring (father: b = 0.48, 95% 
CI = 0.43/0.52; mother: b = 0.49, 95% CI = 0.45/0.53), but 
diminished and non-significant estimates of offspring’s direct 
effect (b = − 0.01, 95% CI = − 0.10/0.08) (see Fig.  4). No 
significant genetic transmission was observed (b = − 0.004, 
95% CI = − 0.05/0.04). However, in contrast with exter-
nalising behaviours, we found evidence of genetic nurture 

Fig. 3  Path model for externalising behaviour (N = 2603). The model 
is just-identified. Reported estimates are standardised with signifi-
cant estimates shown in bold arrows. Significant assortative mating is 

observed in the model. Polygenic scores were regressed on the first 20 
principal components; residuals were used in this analysis. Offspring 
externalising was adjusted for age, sex, and socioeconomic status
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parent-reported offspring behaviour problems and child-
reported parental overprotection. This may reflect evocative 
rGE, whereby offspring’s genetically influences behaviours 
elicit specific parenting responses [15, 59]. However, these 
associations became non-significant after controlling for 
parental p-PGSs, suggesting that other mechanisms may 
be at play. Future research using alternative genetically 
informed designs—such as sibling comparison or longi-
tudinal models—will be better suited to disentangle this 
association.

Our findings did not support genetic nurture as a source 
of variance in adolescent externalising behaviours. This 
finding aligns with several other studies. For example, a 
previous study using the same cohort found no evidence of 
genetic nurture effects on externalising behaviours, nor envi-
ronmental mediation via family dysfunction [40]. Another 
Dutch cohort study reported that a non-transmitted PGS for 
ADHD did not predict ADHD behaviours in 12-year-old 
offspring [23]. Similarly, a study based on the Norwegian 
Mother, Father, and Child Cohort Study, which examined 
13 PGSs to investigate parental risk factors for conduct dis-
order in 14-year-old offspring, found no evidence of genetic 
nurture [21]. Likewise, in a study using a large UK sample, 
no genetic nurture effects in adolescence were found, as 
non-transmitted parental alleles for ADHD were not associ-
ated with ADHD liability compared to control participants 

direct genetic effect). While the initial pairwise correla-
tions showed robust associations between offspring PGS for 
genomic p and parent-reported behaviours of psychopathol-
ogy, these associations became non-significant when paren-
tal p-PGSs were accounted for in the model.

One possibility for the absence of significant direct 
genetic effects is that, once environmental pathways are 
accounted for, genetic transmission effects may become 
attenuated, as they could operate through a more complex 
gene-environment interplay. Situational familial character-
istics—such as socioeconomic status, spousal relationships, 
and parental social support—are candidate environmental 
pathways that we did not examine in this study but have 
been reported to moderate intergenerational transmission of 
psychopathology [58]. These factors may create environ-
mental conditions that can ‘override’ the effects of a child’s 
alleles on their own behaviour. In other words, instead of 
directly observing the child’s genetic contribution to cer-
tain traits, what we see might be more strongly shaped by 
environmental influences. However, alternative explana-
tions include the limited predictive power of the p-PGS, and 
potential suppression effects due to overlapping variance 
between child and parental p-PGSs.

We also observed an intriguing pattern of gene-envi-
ronment interplay in the pairwise correlations, where off-
spring genetic predispositions were associated with both 

Fig. 4  Path model testing genetic nurture for internalising behaviour 
(N = 2598). The model is just-identified. Reported estimates are stan-
dardised with significant estimates shown in bold arrows. Significant 
assortative mating is observed in the model. Polygenic scores were 

regressed on the first 20 principal components; residuals were used 
in this analysis. Offspring externalising was adjusted for age, sex, and 
socioeconomic status
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which used a much larger sample, constructed a similar PGS 
for genomic p, derived from the first principal component of 
PGSs for eight major psychiatric disorders. Their findings 
indicated that a PGS for genomic p outperformed disorder-
specific PGSs in predicting children’s emotional and behav-
ioural difficulties, and could capture maternal and paternal 
indirect genetic effects across both general and specific 
psychopathology domains, with the exception of inattention 
and anxiety. These findings highlight the value of taking a 
transdiagnostic approach and serve as a foundation for gen-
erating more specific hypotheses.

Our planned mediation analysis could not be performed 
due to the lack of correlation between parental p-PGSs and 
parenting measures, despite robust evidence for the herita-
bility of parenting [14]. This absence of association may be 
due to our reliance on child-reported measures of parent-
ing behaviour. On the one hand, this could be considered to 
introduce biases relating to the fact that the child’s subjec-
tive perception may be reflective of the child’s own genetic 
predispositions. Supporting this idea, pairwise correlations 
showed a significant association between offspring p-PGS 
and their report of parents’ behaviours. Crucially, on the 
other hand, this notion may be the mirror of what is seen 
using parent reports of parenting, that is, parent percep-
tions and reporting reflect their own genetics—which could 
also be considered “bias”. In other words, genetic nurture 
mediation may be more evident when parents themselves 
report on the environments they provide, because their own 
genetic makeup likely shapes both their behaviours and 
their perceptions of those behaviours. These possibilities 
underscore that, while our cross-informant design aimed to 
minimise shared-method bias, it does not preclude the pos-
sibility of genetically-influenced reporter perception effects. 
We argue that it is also possible that perception effects are 
not bias—rather that the nature and influence of parenting 
behaviours for children’s outcomes are complex, and may 
be partially in the genetics of the beholder. While our find-
ings might be interpreted as indicating a minimal parental 
role in mediating genetic nurture, they instead highlight the 
complexity of genetic pathways to parenting.

The strengths of this study include the availability of 
genetic data capturing general genetic liability to psycho-
pathology from both parents and their offspring, as well as 
phenotype data of parent-reported offspring behaviour and 
child-reported parenting—an approach that, to our knowl-
edge, has not been used in previous research. However, sev-
eral limitations need to be noted. First, our modest sample 
size limits the statistical power to detect very small genetic 
nurture effects. For comparison, a similar intergenerational 
transmission study using a trio PGS design, with a sample 
size ten times larger (N = 15,000), had at least 80% power to 
detect a small indirect genetic effect (β = 0.03) [30]. Given 

[22]. To date, only one study, conducted in a high-risk sam-
ple of individuals with alcohol use disorders, has reported 
(a small) genetic nurture effect on externalising behaviours 
at age 15 [24].

A possible explanation for the absence of genetic nur-
ture effects on externalising behaviours here is the timing of 
behaviour assessment [58]. Genetic nurture effects may be 
age-dependent, with some effects emerging more strongly 
earlier in development and others appearing later. Support-
ing this, studies have detected genetic nurture effects on 
externalising in both childhood and adulthood, despite their 
absence in adolescence. In the Norwegian cohort mentioned 
above, genetic nurture effects for a PGS for polygenic 
p—akin to the p-PGS used in our study—and for autism 
were associated with conduct problems and hyperactivity/
inattention at age eight [30], and maternal genetic nurture 
effects for a neuroticism PGS were associated with ADHD 
traits [19]. In adulthood, genetic nurture effects have been 
reported for externalising traits, such as aggressive behav-
iour [60] and ADHD [23] in the Dutch cohort.

In contrast to externalising behaviours, we found evi-
dence for genetic nurture for internalising behaviours for 
maternal—but not paternal—genetic predisposition, sug-
gesting that these effects may be driven by mothers. This 
parent gender-specific effect aligns with prior research on 
intergenerational transmission of psychopathology, which 
shows maternal, rather than paternal, psychopathology is 
linked to adolescent internalising behaviours [61, 62], pri-
marily through environmental mechanisms [63]. Recent 
studies also indicate that maternal genetic nurture can sig-
nificantly influence physical and mental health [19, 64]. 
One plausible explanation is that mothers, often the primary 
caregivers, shape both the offspring’s upbringing and pre-
natal environment, the latter of which is critical for devel-
opment and has been suggested as a critical window for 
genetic nurture effects. That said, offspring behaviours were 
reported by mothers in the absolute majority of cases (93%), 
which also raises the possibility of shared method variance 
playing a part.

Although our finding contrasts with a previous study that 
found no genetic nurture effects on adolescent internalising 
behaviours [25], this discrepancy may stem from differ-
ences in the genetic measures used. We employed a PGS for 
the general genetic liability to psychopathology, rather than 
a domain-specific PGS. In the same cohort, our analysis 
shows that PGS for genomic p accounts for more variance 
in externalising behaviour (R2 = 1.44%) than a domain-spe-
cific externalising PGS (R2 = 0.49%) used in a prior study 
[40], suggesting that the general genetic liability measure 
may serve as a more holistic PGS for studying genetic nur-
ture effects. Supporting this, a recent study on the intergen-
erational transmission of childhood psychopathology [30], 
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mechanisms, and underscores the value of family-focused 
intervention strategies designed to mitigate intergenera-
tional risk for psychopathology. Our study also highlights 
the importance of accounting for reporter effects in genetic 
nurture research. Future research should incorporate multi-
reporter designs and richer environmental measures to better 
understand the pathways through which parental genotype 
influences adolescent internalising behaviours.
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our smaller sample, our ability to detect such effects is likely 
limited, which may also affect the generalisability of our 
findings.

Second, our analysis was based on data from a single time 
point in late childhood, which may not capture effects that 
emerge over time or later in development. While follow-up 
data on a variety of topics including psychosocial adjust-
ment, education and work, and social relationships from 
adulthood are available for this cohort [65], adult outcomes 
were beyond the scope of the present study and were not 
included in our analysis. Our aim was to examine proximal 
correlates of parenting in early adolescence, which may fade 
or change over time. As such, we did not attempt to model 
time-dependent associations. Future research could build on 
this work by linking the genetic nurture pathways explored 
in our study with later diagnostic or functional outcomes. 
Longitudinal designs with repeated measures are necessary 
to better understand how direct genetic effects and indirect 
genetic effects contribute to variability in psychopathology 
behaviours over time.

Third, while we used child-reported parenting measures 
to mitigate self-report bias from parents, these measures 
reflect the child’s subjective perception, which may not 
fully represent the environmental influences we intended 
to capture. Incorporating a range of observational methods, 
such as cross-rater parenting measures—including those 
provided by parents themselves—could provide a more 
nuanced understanding of gene-environment interplay. 
Fourth, our sample consisted of individuals of European 
ancestry, which limits the generalisability of our findings 
to more diverse populations. Lastly, expanding the range 
of environmental variables measured, such as additional 
parental factors, would provide much needed insight into 
the environmental mechanisms by which parental genotype 
shapes adolescent internalising behaviours. For instance, 
parental internalising behaviours could mediate this pro-
cess, as developmental theories of anxiety suggest that 
children and adolescents may develop anxious behaviours 
from their parents through modelling [66], and parental 
criticism—particularly from mothers—has been linked to 
adolescent internalising behaviours [67].

Conclusion

Our findings provide evidence for genetic nurture effects in 
adolescent psychopathology, indicating that parental genetic 
liability to psychopathology influences internalising —but 
not externalising—behaviours through environmental rather 
than genetic transmission pathways. This adds to growing 
evidence that parental genetic influences can shape early 
adolescent internalising behaviours through environmental 

1 3

https://doi.org/10.1007/s00787-025-02804-8
https://doi.org/10.1007/s00787-025-02804-8
https://www.trails.nl/en/researchers/working-with-trails
https://www.trails.nl/en/researchers/working-with-trails
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


European Child & Adolescent Psychiatry

nurture: combining family-based quasi-experimental methods 
with genomic data. J Child Psychol Psychiatry 64:693–707. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​c​​p​p​.​1​3​7​2​0

18.	 Kong A, Thorleifsson G, Frigge ML et al (2018) The nature of 
nurture: effects of parental genotypes. Science 359:424–428. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​.​a​a​n​6​8​7​7

19.	 Pingault J-B, Barkhuizen W, Wang B et al (2023) Genetic nur-
ture versus genetic transmission of risk for ADHD traits in the 
Norwegian mother, father and child cohort study. Mol Psychiatry 
28:1731–1738. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​3​8​0​-​0​2​2​-​0​1​8​6​3​-​6

20.	 Wang B, Baldwin JR, Schoeler T et al (2021) Robust genetic nur-
ture effects on education: A systematic review and meta-analysis 
based on 38,654 families across 8 cohorts. Am J Hum Genet 
108:1780–1791. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​j​h​g​.​2​0​2​1​.​0​7​.​0​1​0

21.	 Frach L, Barkhuizen W, Allegrini AG et al (2024) Examining 
intergenerational risk factors for conduct problems using poly-
genic scores in the Norwegian mother, father and child cohort 
study. Mol Psychiatry 1–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​3​8​0​-​0​2​3​
-​0​2​3​8​3​-​7

22.	 Martin J, Wray M, Agha SS et al (2023) Investigating direct and 
indirect genetic effects in Attention-Deficit/Hyperactivity disor-
der using Parent-Offspring trios. Biol Psychiatry 93:37–44. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​i​o​​p​s​y​​c​h​.​2​​0​2​​2​.​0​6​.​0​0​8

23.	 de Zeeuw EL, Hottenga J-J, Ouwens KG et al (2020) Intergenera-
tional transmission of education and ADHD: effects of parental 
genotypes. Behav Genet 50:221–232. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​
0​5​1​9​-​0​2​0​-​0​9​9​9​2​-​w

24.	 Kuo SI-C, Poore HE, Barr PB et al (2022) The role of parental 
genotype in the intergenerational transmission of externalizing 
behavior: evidence for genetic Nurturance. Dev Psychopathol 
34:1865–1875. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​S​0​​9​5​4​5​7​9​4​2​2​0​0​0​7​0​0

25.	 Shakeshaft A, Martin J, Dennison CA et al (2024) Estimating the 
impact of transmitted and non-transmitted psychiatric and neu-
rodevelopmental polygenic scores on youth emotional problems. 
Mol Psychiatry 29:238–246. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​3​8​0​-​0​2​3​
-​0​2​3​1​9​-​1

26.	 Grotzinger AD, Mallard TT, Akingbuwa WA et al (2022) Genetic 
architecture of 11 major psychiatric disorders at biobehavioral, 
functional genomic, and molecular genetic levels of analysis. Nat 
Genet 54:548–559. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​8​8​-​0​2​2​-​0​1​0​5​7​-​4

27.	 Selzam S, Coleman JRI, Caspi A et al (2018) A polygenic p factor 
for major psychiatric disorders. Transl Psychiatry 8:205. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​3​9​8​-​0​1​8​-​0​2​1​7​-​4

28.	 Allegrini AG, Cheesman R, Rimfeld K et al (2020) The p factor: 
genetic analyses support a general dimension of psychopathol-
ogy in childhood and adolescence. J Child Psychol Psychiatry 
61:30–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​c​​p​p​.​1​3​1​1​3

29.	 Keser E, Liao W, Allegrini AG et al (2024) Isolating transdiag-
nostic effects reveals specific genetic profiles in psychiatric disor-
ders. 2023.12.20.23300292

30.	 Allegrini AG, Hannigan LJ, Frach L et al (2025) Intergenerational 
transmission of polygenic predisposition for neuropsychiatric 
traits on emotional and behavioural difficulties in childhood. Nat 
Commun 16:2674. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​4​6​7​-​0​2​5​-​5​7​6​9​4​-​w

31.	 Klemp M-T, Dose C, Mühlenmeister J et al (2023) Negative par-
enting mediates the longitudinal association between parental 
internalizing symptoms and child oppositional symptoms. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​5​7​8​-​0​2​3​-​0​1​5​7​5​-​0. Child Psychiatry Hum 
Dev

32.	 Kallay E, Cheie L (2023) Can I still blame my parents? Links 
between perceived parenting, cognitive emotion regulation strat-
egies, and adolescent mental health. Curr Psychol 42:27259–
27274. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​1​4​4​-​0​2​2​-​0​3​7​2​1​-​8

33.	 Goodman SH, Gotlib IH (1999) Risk for psychopathology in 
the children of depressed mothers: A developmental model 

References

1.	 Fairchild G (2011) The developmental psychopathology of moti-
vation in adolescence. Dev Cogn Neurosci 1:414–429. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​d​c​n​.​2​0​1​1​.​0​7​.​0​0​9

2.	 Solmi M, Radua J, Olivola M et al (2022) Age at onset of mental 
disorders worldwide: large-scale meta-analysis of 192 epidemio-
logical studies. Mol Psychiatry 27:281–295. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
3​8​​/​s​4​​1​3​8​0​-​0​2​1​-​0​1​1​6​1​-​7

3.	 Nikstat A, Riemann R (2020) On the etiology of internalizing and 
externalizing problem behavior: A twin-family study. PLoS ONE 
15:e0230626. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​2​3​0​6​2​6

4.	 Achenbach TM (1994) Child behavior checklist and related 
instruments. The use of psychological testing for treatment plan-
ning and outcome assessment. Lawrence Erlbaum Associates, 
Inc, Hillsdale, NJ, US, pp 517–549

5.	 Gregory AM, Eley TC (2007) Genetic influences on anxiety in 
children: what we’ve learned and where we’re heading. Clin 
Child Fam Psychol Rev 10:199–212. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​
0​5​6​7​-​0​0​7​-​0​0​2​2​-​8

6.	 Elam KK, DiLalla LF (2021) An introduction to the special issue: 
developmental behavior genetics and externalizing psychopathol-
ogy. Behav Genet 51:443. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​5​1​9​-​0​2​1​-​1​0​
0​7​8​-​4

7.	 Nivard MG, Dolan CV, Kendler KS et al (2015) Stability in 
symptoms of anxiety and depression as a function of genotype 
and environment: a longitudinal twin study from ages 3 to 63 
years. Psychol Med 45:1039–1049. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​S​0​​0​3​
3​2​9​1​7​1​4​0​0​2​1​3​X

8.	 Polderman TJC, Benyamin B, de Leeuw CA et al (2015) Meta-
analysis of the heritability of human traits based on Fifty years of 
twin studies. Nat Genet 47:702–709. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​n​g​​.​3​
2​8​5

9.	 Hicks BM, Krueger RF, Iacono WG et al (2004) Family transmis-
sion and heritability of externalizing disorders: A Twin-Family 
study. Arch Gen Psychiatry 61:922–928. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​1​​
/​a​r​​c​h​p​s​y​c​.​6​1​.​9​.​9​2​2

10.	 Krueger RF, Hicks BM, Patrick CJ et al (2009) Etiologic con-
nections among substance dependence, antisocial behavior, and 
personality: modeling the externalizing spectrum. American Psy-
chological Association, Washington, DC, US

11.	 Lin J, Guo W (2024) The research on risk factors for adolescents’ 
mental health. Behav Sci (Basel) 14:263. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​
b​s​​1​4​0​4​0​2​6​3

12.	 Lynch SJ, Sunderland M, Newton NC, Chapman C (2021) A sys-
tematic review of transdiagnostic risk and protective factors for 
general and specific psychopathology in young people. Clin Psy-
chol Rev 87:102036. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​p​r​.​2​0​2​1​.​1​0​2​0​3​6

13.	 Avinun R, Knafo A (2014) Parenting as a reaction evoked by chil-
dren’s genotype: A Meta-Analysis of Children-as-Twins studies. 
Pers Soc Psychol Rev 18:87–102. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​0​​8​8​8​6​
8​3​1​3​4​9​8​3​0​8

14.	 Klahr AM, Burt SA (2014) Elucidating the etiology of individual 
differences in parenting: A meta-analysis of behavioral genetic 
research. Psychol Bull 140:544–586. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​a​0​​0​
3​4​2​0​5

15.	 Kretschmer T (2022) Parenting is genetically influenced: what 
does that mean for research into child and adolescent social 
development? ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​s​o​​d​e​.​1​2​6​3​3. Social ​D​e​v​e​l​o​
p​m​e​n​t n/a

16.	 Oliver BR, Trzaskowski M, Plomin R (2014) Genetics of parent-
ing: the power of the dark side. Dev Psychol 50:1233–1240. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​a​0​​0​3​5​3​8​8

17.	 McAdams TA, Cheesman R, Ahmadzadeh YI (2023) Annual 
research review: towards a deeper Understanding of nature and 

1 3

https://doi.org/10.1111/jcpp.13720
https://doi.org/10.1111/jcpp.13720
https://doi.org/10.1126/science.aan6877
https://doi.org/10.1126/science.aan6877
https://doi.org/10.1038/s41380-022-01863-6
https://doi.org/10.1016/j.ajhg.2021.07.010
https://doi.org/10.1038/s41380-023-02383-7
https://doi.org/10.1038/s41380-023-02383-7
https://doi.org/10.1016/j.biopsych.2022.06.008
https://doi.org/10.1016/j.biopsych.2022.06.008
https://doi.org/10.1007/s10519-020-09992-w
https://doi.org/10.1007/s10519-020-09992-w
https://doi.org/10.1017/S0954579422000700
https://doi.org/10.1038/s41380-023-02319-1
https://doi.org/10.1038/s41380-023-02319-1
https://doi.org/10.1038/s41588-022-01057-4
https://doi.org/10.1038/s41398-018-0217-4
https://doi.org/10.1038/s41398-018-0217-4
https://doi.org/10.1111/jcpp.13113
https://doi.org/10.1038/s41467-025-57694-w
https://doi.org/10.1007/s10578-023-01575-0
https://doi.org/10.1007/s10578-023-01575-0
https://doi.org/10.1007/s12144-022-03721-8
https://doi.org/10.1016/j.dcn.2011.07.009
https://doi.org/10.1016/j.dcn.2011.07.009
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1371/journal.pone.0230626
https://doi.org/10.1007/s10567-007-0022-8
https://doi.org/10.1007/s10567-007-0022-8
https://doi.org/10.1007/s10519-021-10078-4
https://doi.org/10.1007/s10519-021-10078-4
https://doi.org/10.1017/S003329171400213X
https://doi.org/10.1017/S003329171400213X
https://doi.org/10.1038/ng.3285
https://doi.org/10.1038/ng.3285
https://doi.org/10.1001/archpsyc.61.9.922
https://doi.org/10.1001/archpsyc.61.9.922
https://doi.org/10.3390/bs14040263
https://doi.org/10.3390/bs14040263
https://doi.org/10.1016/j.cpr.2021.102036
https://doi.org/10.1177/1088868313498308
https://doi.org/10.1177/1088868313498308
https://doi.org/10.1037/a0034205
https://doi.org/10.1037/a0034205
https://doi.org/10.1111/sode.12633
https://doi.org/10.1037/a0035388
https://doi.org/10.1037/a0035388


European Child & Adolescent Psychiatry

identification test in three Population-Based cohorts. Am J Psy-
chiatry 179:58–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​6​​/​a​p​​p​i​.​​a​j​p​​.​2​0​2​​0​.​​2​0​0​9​1​3​
9​0

51.	 Yu D, Sul JH, Tsetsos F et al (2019) Interrogating the genetic 
determinants of tourette’s syndrome and other tic disorders 
through Genome-Wide association studies. Am J Psychiatry 
176:217–227. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​6​​/​a​p​​p​i​.​​a​j​p​​.​2​0​1​​8​.​​1​8​0​7​0​8​5​7

52.	 McAdams TA, Rijsdijk FV, Neiderhiser JM et al (2015) The rela-
tionship between parental depressive symptoms and offspring 
psychopathology: evidence from a children-of-twins study and 
an adoption study. Psychol Med 45:2583–2594. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​7​​/​S​0​​0​3​3​2​9​1​7​1​5​0​0​0​5​0​1

53.	 Mansolf M, Blackwell CK, Cummings P et al (2022) Linking the 
child behavior checklist to the strengths and difficulties question-
naire. Psychol Assess 34:233–246. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​p​a​​s​0​0​
0​1​0​8​3

54.	 Arrindell WA, Sanavio E, Aguilar G et al (1999) The develop-
ment of a short form of the EMBU1: its appraisal with students in 
greece, guatemala, Hungary and Italy. Pers Indiv Differ 27:613–
628. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​9​1​-​8​8​6​9​(​9​8​)​0​0​1​9​2​-​5

55.	 Markus MT, Lindhout IE, Boer F et al (2003) Factors of perceived 
parental rearing styles: the EMBU-C examined in a sample of 
Dutch primary school children. Pers Indiv Differ 34:503–519. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​9​1​-​8​8​6​9​(​0​2​)​0​0​0​9​0​-​9

56.	 (2023) StataCorp. 2023. Stata statistical software: release 18. 
College station, TX: StataCorp LLC

57.	 Muthén LK, Muthén BO (2017) Mplus: statistical analysis with 
latent variables: user’s guide (Version 8). Muthén & Muthén, Los 
Angeles, CA

58.	 Branje S, Geeraerts S, de Zeeuw EL et al (2020) Intergenerational 
transmission: theoretical and methodological issues and an intro-
duction to four Dutch cohorts. Dev Cogn Neurosci 45:100835. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​d​c​n​.​2​0​2​0​.​1​0​0​8​3​5

59.	 Grigorenko EL (2024) The 20-year documentary of genetic nur-
turing: the realization of harris’s insight. Dev Rev 74:101151. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​d​r​.​2​0​2​4​.​1​0​1​1​5​1

60.	 Sentse M, de Roo M, Kretschmer T (2024) Intergenerational 
transmission of problem behavior. Genetic and Environmental 
Pathways

61.	 Schulz S, Nelemans SA, Oldehinkel AJ et al (2021) Examining 
intergenerational transmission of psychopathology: associations 
between parental and adolescent internalizing and externalizing 
symptoms across adolescence. Dev Psychol 57:269–283. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​d​e​​v​0​0​0​1​1​4​4

62.	 Kim HK, Capaldi DM, Pears KC et al (2009) Intergenerational 
transmission of internalising and externalising behaviours across 
three generations: gender-specific pathways. Crim Behav Ment 
Health 19:125–141. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​c​b​​m​.​7​0​8

63.	 Marceau K, Lee S, Datta M et al (2024) Intergenerational trans-
mission of comorbid internalizing and externalizing psychopa-
thology at age 11: evidence from an adoption design for general 
transmission of comorbidity rather than homotypic transmission. 
Dev Psychopathol 1–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​S​0​​9​5​4​5​7​9​4​2​4​0​0​
0​9​6​8

64.	 Tubbs JD, Porsch RM, Cherny SS, Sham PC (2020) The genes 
we inherit and those we don’t: maternal genetic nurture and child 
BMI trajectories. Behav Genet 50:310–319. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
0​7​​/​s​1​​0​5​1​9​-​0​2​0​-​1​0​0​0​8​-​w

65.	 Schreuder MJ, Groen RN, Wigman JTW et al (2020) Measur-
ing psychopathology as it unfolds in daily life: addressing key 
assumptions of intensive longitudinal methods in the TRAILS 
TRANS-ID study. BMC Psychiatry 20:351. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
1​8​6​​/​s​1​​2​8​8​8​-​0​2​0​-​0​2​6​7​4​-​1

66.	 Askew C, Field AP (2008) The vicarious learning pathway to fear 
40 years on. Clin Psychol Rev 28:1249–1265. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​1​6​​/​j​.​​c​p​r​.​2​0​0​8​.​0​5​.​0​0​3

for Understanding mechanisms of transmission. Psychol Rev 
106:458–490. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​0​0​​3​3​-​2​9​5​X​.​1​0​6​.​3​.​4​5​8

34.	 Jaffee SR, Belsky J, Harrington H et al (2006) When parents have 
a history of conduct disorder: how is the caregiving environment 
affected? J Abnorm Psychol 115:309–319. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​
7​​/​0​0​​2​1​-​8​4​3​X​.​1​1​5​.​2​.​3​0​9

35.	 Hou Y, Benner AD, Kim SY et al (2020) Discordance in parents’ 
and adolescents’ reports of parenting: A Meta-Analysis and quali-
tative review. Am Psychol 75:329–348. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​a​
m​​p​0​0​0​0​4​6​3

36.	 Oldehinkel AJ, Rosmalen JG, Buitelaar JK et al (2015) Cohort 
profile update: the tracking adolescents’ individual lives survey 
(TRAILS). Int J Epidemiol 44:76–76n. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​i​
j​​e​/​d​y​u​2​2​5

37.	 Huisman M, Oldehinkel AJ, de Winter A et al (2008) Cohort 
profile: the Dutch tracking adolescents individual lives’ survey’; 
TRAILS. Int J Epidemiol 37:1227–1235. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​
i​j​​e​/​d​y​m​2​7​3

38.	 Choi SW, Mak TSH, O’Reilly PF (2020) A guide to performing 
polygenic risk score analyses. Nat Protoc 15:2759–2772. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​6​-​0​2​0​-​0​3​5​3​-​1

39.	 Privé F, Arbel J, Vilhjálmsson BJ (2021) LDpred2: better, faster, 
stronger. Bioinformatics 36:5424–5431. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​
b​i​​o​i​n​​f​o​r​​m​a​t​i​​c​s​​/​b​t​a​a​1​0​2​9

40.	 Kretschmer T, Vrijen C, Nolte IM et al (2022) Gene–environment 
interplay in externalizing behavior from childhood through adult-
hood. J Child Psychol Psychiatry 63:1206–1213. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​1​1​1​​/​j​c​​p​p​.​1​3​6​5​2

41.	 Purves KL, Coleman JRI, Meier SM et al (2020) A major role for 
common genetic variation in anxiety disorders. Mol Psychiatry 
25:3292–3303. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​3​8​0​-​0​1​9​-​0​5​5​9​-​1

42.	 Howard DM, Adams MJ, Shirali M et al (2018) Genome-wide 
association study of depression phenotypes in UK biobank iden-
tifies variants in excitatory synaptic pathways. Nat Commun 
9:1470. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​4​6​7​-​0​1​8​-​0​3​8​1​9​-​3

43.	 Nievergelt CM, Maihofer AX, Klengel T et al (2019) Interna-
tional meta-analysis of PTSD genome-wide association studies 
identifies sex- and ancestry-specific genetic risk loci. Nat Com-
mun 10:4558. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​4​6​7​-​0​1​9​-​1​2​5​7​6​-​w

44.	 Mullins N, Forstner AJ, O’Connell KS et al (2021) Genome-wide 
association study of more than 40,000 bipolar disorder cases 
provides new insights into the underlying biology. Nat Genet 
53:817–829. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​8​8​-​0​2​1​-​0​0​8​5​7​-​4

45.	 Trubetskoy V, Pardiñas AF, Qi T et al (2022) Mapping genomic 
loci implicates genes and synaptic biology in schizophrenia. 
Nature 604:502–508. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​8​6​-​0​2​2​-​0​4​4​3​
4​-​5

46.	 Demontis D, Walters RK, Martin J et al (2019) Discovery of the 
first genome-wide significant risk loci for attention deficit/hyper-
activity disorder. Nat Genet 51:63–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​
1​5​8​8​-​0​1​8​-​0​2​6​9​-​7

47.	 Grove J, Ripke S, Als TD et al (2019) Identification of common 
genetic risk variants for autism spectrum disorder. Nat Genet 
51:431–444. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​8​8​-​0​1​9​-​0​3​4​4​-​8

48.	 Watson HJ, Yilmaz Z, Thornton LM et al (2019) Genome-wide 
association study identifies eight risk loci and implicates metabo-
psychiatric origins for anorexia nervosa. Nat Genet 51:1207–
1214. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​8​8​-​0​1​9​-​0​4​3​9​-​2

49.	 International Obsessive Compulsive Disorder Foundation Genet-
ics Collaborative (IOCDF-GC) and OCD Collaborative Genet-
ics Association Studies (OCGAS) (2018) Revealing the complex 
genetic architecture of obsessive-compulsive disorder using 
meta-analysis. Mol Psychiatry 23:1181–1188. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​3​8​​/​m​p​​.​2​0​1​7​.​1​5​4

50.	 Mallard TT, Savage JE, Johnson EC et al (2022) Item-Level 
Genome-Wide association study of the alcohol use disorders 

1 3

https://doi.org/10.1176/appi.ajp.2020.20091390
https://doi.org/10.1176/appi.ajp.2020.20091390
https://doi.org/10.1176/appi.ajp.2018.18070857
https://doi.org/10.1017/S0033291715000501
https://doi.org/10.1017/S0033291715000501
https://doi.org/10.1037/pas0001083
https://doi.org/10.1037/pas0001083
https://doi.org/10.1016/S0191-8869(98)00192-5
https://doi.org/10.1016/S0191-8869(02)00090-9
https://doi.org/10.1016/S0191-8869(02)00090-9
https://doi.org/10.1016/j.dcn.2020.100835
https://doi.org/10.1016/j.dcn.2020.100835
https://doi.org/10.1016/j.dr.2024.101151
https://doi.org/10.1016/j.dr.2024.101151
https://doi.org/10.1037/dev0001144
https://doi.org/10.1037/dev0001144
https://doi.org/10.1002/cbm.708
https://doi.org/10.1017/S0954579424000968
https://doi.org/10.1017/S0954579424000968
https://doi.org/10.1007/s10519-020-10008-w
https://doi.org/10.1007/s10519-020-10008-w
https://doi.org/10.1186/s12888-020-02674-1
https://doi.org/10.1186/s12888-020-02674-1
https://doi.org/10.1016/j.cpr.2008.05.003
https://doi.org/10.1016/j.cpr.2008.05.003
https://doi.org/10.1037/0033-295X.106.3.458
https://doi.org/10.1037/0021-843X.115.2.309
https://doi.org/10.1037/0021-843X.115.2.309
https://doi.org/10.1037/amp0000463
https://doi.org/10.1037/amp0000463
https://doi.org/10.1093/ije/dyu225
https://doi.org/10.1093/ije/dyu225
https://doi.org/10.1093/ije/dym273
https://doi.org/10.1093/ije/dym273
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1093/bioinformatics/btaa1029
https://doi.org/10.1093/bioinformatics/btaa1029
https://doi.org/10.1111/jcpp.13652
https://doi.org/10.1111/jcpp.13652
https://doi.org/10.1038/s41380-019-0559-1
https://doi.org/10.1038/s41467-018-03819-3
https://doi.org/10.1038/s41467-019-12576-w
https://doi.org/10.1038/s41588-021-00857-4
https://doi.org/10.1038/s41586-022-04434-5
https://doi.org/10.1038/s41586-022-04434-5
https://doi.org/10.1038/s41588-018-0269-7
https://doi.org/10.1038/s41588-018-0269-7
https://doi.org/10.1038/s41588-019-0344-8
https://doi.org/10.1038/s41588-019-0439-2
https://doi.org/10.1038/mp.2017.154
https://doi.org/10.1038/mp.2017.154


European Child & Adolescent Psychiatry

influence. J Child Psychol Psychiatry 63:599–607. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​
/​​1​0​​.​1​1​​​1​1​/​​j​​c​p​p​.​1​3​4​9​8

67.	 Ahmadzadeh Y, Eley T, Hannigan L et al (2022) Parental criti-
cism and adolescent internalising symptoms: using a Children-
of-Twins design with power calculations to account for genetic 

1 3

https://doi.org/10.1111/jcpp.13498
https://doi.org/10.1111/jcpp.13498

	﻿In the genetics of the beholder: gene-environment interplay for internalising and externalising behaviours using polygenic scores and adolescent perceptions of parenting
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Preregistration
	﻿Sample
	﻿Measures
	﻿Polygenic score for genomic p (p-PGS)


	﻿Parental report of offspring internalising and externalising behaviours
	﻿Child report of parenting behaviours
	﻿Analytic procedures
	﻿Path analysis
	﻿Sensitivity analyses
	﻿Results
	﻿Validation step
	﻿Genetic transmission and genetic nurture effects for externalising behaviours
	﻿Genetic transmission and genetic nurture effects for internalising behaviour

	﻿Discussion
	﻿Conclusion
	﻿References


