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Abstract

A potential pathway underlying the association between prenatal exposure to maternal psychological problems and childhood
externalizing problems is child self-regulation. This prospective study (N=687) examined whether self-regulated compli-
ance mediates the relation between maternal affective problems and hostility during pregnancy and childhood externalizing
problems, and explored moderation by child polygenic risk scores for aggression and sex. Self-regulated compliance at age
3 was observed in mother—child interactions, and externalizing problems at age 6 were reported by mothers and teachers.
Polygenic risk scores were calculated based on a genome-wide association study of aggressive behavior. Self-regulated com-
pliance mediated the associations between maternal psychological problems and externalizing problems. Aggression PRS
was associated with higher externalizing problems reported by mothers. No evidence was found of moderation by aggression
PRS or sex. These findings support the hypothesis that maternal psychological problems during pregnancy might influence
externalizing problems through early self-regulation, regardless of child genetic susceptibility or sex.
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Introduction
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rkok@essb.cur.nl Poor self-regulation in childhood has been implicated in a
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variety of maladaptive outcomes [1], including externaliz-
ing problems in childhood and adolescence [2, 3]. Child
self-regulated compliance, as an important aspect of early
self-regulation, involves the autonomous inhibition of inap-
propriate responses, and the regulation of attention and
behavior [4, 5]. In contrast to externally regulated compli-
ance, self-regulated compliance refers to the child’s will-
ingness to follow initial directives even in the absence of
sustained parental control [6].

Despite prenatal exposure to maternal affective prob-
lems (i.e., depression and anxiety) has been linked to both
childhood regulatory difficulties [7-10] and externalizing
problems [11-16], little research to date has investigated
how child self-regulation may help explain externalizing
outcomes associated with maternal psychological problems
in pregnancy. As such, the purpose of the present study was
to examine whether child self-regulated compliance medi-
ates the association between prenatal exposure to maternal
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psychological problems and later externalizing problems, as
well as child characteristics (i.e., genetic risk factors, sex)
that may moderate these associations (see Fig. 1).

Previous studies have largely investigated the effect of
postnatal maternal factors, such as parenting behavior on
child self-regulated compliance [17, 18]. However, a few
studies on intra-uterine mechanisms have identified the pre-
natal period as a starting point for the development of chil-
dren’s self-regulation [19, 20]. Maternal affective problems
during pregnancy place the fetus at risk of greater exposure
to maternal cortisol which may affect the developing fetal
neurobiological system (e.g., hypothalamic pituitary axis
(HPA) and prefrontal cortex (PFC)) [21, 22]. Specifically,
dysregulated HPA functioning, which can exaggerate and
prolong stress responses, has been linked to difficulties in
effortful control and behavioral regulation in children [23,
24]. In addition, the PFC is also implicated in behavioral
self-regulation processes, such as executive attention and
inhibitory control [25, 26]. As a consequence, these chil-
dren might show more emotional and/or behavioral prob-
lems later in life.

There is an increasing body of literature illustrating a
similar role for other psychological problems during preg-
nancy. Child regulation and externalizing problems are also
affected by maternal hostility [27, 28], which is character-
ized by outward-directed anger, irritability and urges to hit
or injure others. Field et al. [29, 30] found that high levels of
prenatal maternal hostility are associated with elevated lev-
els of cortisol and adrenaline, in both mothers and neonates,
that may affect children’s development in a similar way to
prenatal affective symptoms. Although these studies provide
indirect support for the hypothesis that self-regulated com-
pliance mediates the association between prenatal exposure
to maternal psychological problems and later externalizing
problems of the child, this hypothes is awaits direct empiri-
cal testing.

Besides our focus on the mediating effect of children’s
self-regulation, we also considered the moderating roles of
individual characteristics of the child, such as genetic pre-
disposition to aggression and sex. Given previous research
showing that complex behavioral traits are influenced by
common genome-wide genetic variants with small effects,
we follow a polygenic approach by using data from the
largest genome-wide association study (GWAS) to date of

Fig.1 Conceptual model of
moderated mediation
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aggression in childhood [31, 32]. This approach increases
the prediction accuracy of genetic influence compared to
a candidate gene approach [33]. In the present study, for
the first time, we incorporated genetic predisposition in our
conceptual model for externalizing problems, hypothesizing
that young children with higher polygenic risk score (PRS)
for aggression and lower levels of self-regulation would
have more risk to develop externalizing problems later in
childhood.

Child sex could also influence the relation between self-
regulated compliance and externalizing problems. There is
some evidence that boys tend to display more difficulties
with self-regulation [18, 34, 35], as well as more external-
izing problems compared to girls [36]. However, previous
literature remains inconsistent; a few studies reported that
low levels of self-regulation were associated with more
behavior problems among boys compared to girls [37, 38],
whereas others indicated stronger associations for girls but
not for boys [39] or no sex differences [40].

Although studies into the relations among maternal psy-
chological problems, children’s self-regulation and external-
izing problems have accumulated, the research is limited in
two main ways. First, studies have assessed maternal psy-
chological problems postnatally or cross-sectional to child
self-regulation or externalizing problems, which cannot pre-
clude a reverse association. Second, most studies showing an
association between child self-regulation and externalizing
problems have not taken into account genetic influences.
Self-regulation and externalizing problems both are herit-
able traits [41, 42] and shared genetic effects could underlie
their observed association. Furthermore, genetic factors may
interact with self-regulatory ability to increase the risk of
externalizing problems. To address these gaps, the present
study used prospective data from the Generation R Study, a
large-scale population-based study with multi-method and
multi-informant measurements. We examine whether child
self-regulated compliance mediates the association between
prenatal psychological problems and child externalizing
problems, accounting for the potential moderating effect of
child genetic susceptibility and sex. We hypothesized that
maternal psychological problems in pregnancy (i.e., both
affective problems and hostility) are associated with lower
levels of child self-regulated compliance at age 3, which in
turn predict higher levels of mother- and teacher-reported
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externalizing problems at age 6. We also hypothesized that
the association between self-regulated compliance and exter-
nalizing problems is stronger for children with a genetic pre-
disposition to aggression (i.e., higher PRS of aggression).
Because of inconsistent findings for sex effects on self-regu-
lation and externalizing problems, we did not have a specific
hypothesis about the moderating effect of child sex.

Method
Settings

The current study was embedded within the Generation R
Study, a prospective population-based cohort study inves-
tigating growth, development, and health from fetal life
onwards in Rotterdam, the Netherlands. Detailed measure-
ments were obtained in a subgroup of children of Dutch
national origin, meaning that the children, two parents and
four grandparents were all born in the Netherlands [43, 44].
Further eligibility criteria for participation in this study were
enrollment before a gestational age of 25 weeks and a deliv-
ery date between February 2003 and August 2005. The study
was conducted in accordance with the ethical standards for
human experimentation established by the Declaration of
Helsinki and was approved by the Medical Ethical Commit-
tee of the Erasmus MC, University Medical Centre Rotter-
dam. More information about the study design can be found
elsewhere [45, 46].

Participants

The current study incorporates self-reported maternal
psychological problems during pregnancy, observed child
compliance at age 3 years, and mother- and teacher-reported
externalizing behavior at child’s age 6 years. In the labora-
tory visit around 3 years of age (M=3.13, SD=0.13), 852
children and their primary caregiver participated. Of these,
31 children were excluded because of technical or procedural
difficulties during the two compliance tasks. Thus, for 821
children data on compliance was available (at least one out
of two tasks). Within this group, 21 mothers participated in
the 3 year visit twice, with twins or siblings. One child of
each sibling pair was randomly excluded to avoid bias due to
paired data. Of the remaining 800 mother—child dyads, infor-
mation on affective problems and hostility during pregnancy
was available for 750 mothers. Of this group, children with-
out data on externalizing problems were excluded (Mother
reports: n=63; Teacher reports: n=290). This resulted in
two final samples for the mediation analyses, N =687 for
analyses predicting maternal-reported externalizing prob-
lems and N=460 for analyses predicting teacher-reported
externalizing problems. Additionally, moderated mediation
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analyses were performed to assess a potential moderating
effect of PRS for aggression in subsamples with genetic data
available [31], in 522 of the 687 children (mother reports)
and 353 of the 460 children (teacher reports).

For the nonresponse analyses, we compared child and
maternal characteristics of mother—child dyads included in
the analyses (n=687) with those excluded because of miss-
ing data on mother report externalizing problems (n=113).
Excluded children showed less self-regulated compliance
(M=- 0.21, SD=0.93) at age 3 than children included
in the analyses (M =0.03, SD=0.87), Cohen’s d=0.27,
1(798)=— 2.69, p=0.01. Excluded children were also more
likely to be younger at the assessment of externalizing prob-
lems, Cohen’s d=0.36, #(728)=— 2.45, p=0.01, compared
to included children. Nonresponse analyses also comparing
the subsample of teacher-reported externalizing problems,
excluded mother—child dyads (n =340) did not significantly
differ from those included in the analyses (n =460) on back-
ground variables, maternal psychological problems during
pregnancy and child self-regulated compliance.

Measures

Maternal Affective Problems and Hostility During
Pregnancy

The Dutch version [47] of the Brief Symptom Inventory
(BSI) [48] was administered between 20 and 25 weeks
of pregnancy (M =20.6, SD =1.2) to measure maternal
affective problems and hostility. The BSI is a validated
self-report questionnaire with 53 items on a 5-point scale,
ranging from 0= ‘not at all’ to 4 = ‘extremely’. The items
of the BSI cover nine subscales of psychological problems
occurring in the preceding 7 days. For the current study,
we used the depression, anxiety and hostility subscales.
Maternal affective problems represent a composite of the
Depression subscale (e.g. “Feeling suicidal” and “Having
no interest in anything”) and the Anxiety subscale (e.g.
“Nervousness or shakiness inside”, “Suddenly scared for
no reason”), each containing 6 items. Maternal hostility
was based on the Hostility subscale, which consists of 5
items such as “I have an urge to hit, injure or cause pain
to others” and “I often get involved in arguments”. Total
scores for each scale were calculated by summing the
item scores and then dividing by the number of endorsed
items, with a maximum of one missing item allowed
as recommended in the BSI manual [47]. The internal
consistency (Cronbach’s a) in this sample was a=0.88
for Affective problems and @ =0.75 for Hostility during
pregnancy. Scale scores were z-standardized to facilitate
interpretation.
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Self-regulated Compliance

Self-regulated compliance was assessed at 3 years in a
sequence of two disciplinary contexts (Don’t task; 2 min
each). During the Don’t task ‘no touching’ context, the
parent prohibited the child to touch or play with a set of
attractive toys that were displayed before the child; during
the Don’t task ‘least-attractive toy’, the parent allowed
the child to play with an unattractive teddy bear, but still
prohibited the child to touch or play with the attractive
toys. Child behavior was coded every 20 s using a coding
system based on Kochanska and Aksan [49] and Kuczyn-
ski, Kochanska, Radke-Yarrow and Girnius-Brown [50].
The predominant behavior of the child in the twelve 20 s
segments was coded in four mutually exclusive categories.
Committed compliance was coded if the child appeared
to embrace the parental agenda wholeheartedly, made
no attempt to touch or play with the toys, and needed
no prompting by the parent. Situational compliance was
coded when the child needed regular prompting and/
or showed difficulty in complying. Passive noncompli-
ance was coded if the child ignored the mother’s request.
Resistant noncompliance was coded when a child actively
resisted the mother, that is, protesting or whining [18].

The data were independently coded by six coders who
were extensively trained and regularly supervised. For the
Don’t task (no touching), the inter-coder reliability (intra-
class correlation coefficients, ICC) among the four coders
after the training was 0.74 on average (n=20), and 0.63
at the end of the coding process (n=33), with an ICC of
0.68 over the total set (n=53). For the Don’t task (least-
attractive toy), the ICC between the two coders directly
after the training was 0.81 on average (n=20) and 0.84
at the end of the coding process (n =33), with an ICC of
0.87 over the total set (n=53) [18].

CATPCA (Categorical Principal Components Analy-
sis) [51] was used to investigate the correlation structure
of the data. A one-dimensional structure explained 48%
of variance for Don’t task (no touching) and 50% of vari-
ance for Don’t task (least-attractive toy). The dimension
was labeled Self-regulated Compliance. The correlation
between two factor scores across tasks was r (788)=0.43,
p <0.001. To increase the reliability and avoid collinear-
ity, an overall score for self-regulated compliance was
created by averaging the two factor scores, with higher
scores representing more self-regulated compliance
across the two Don’t tasks.

Externalizing Problems
Mothers and teachers reported child externalizing problems

at approximately 6 years of age (mother-report: M=5.87,
SD =0.19; teacher-report M =6.44 years, SD=1.06) on

the Child Behavior Checklist (CBCL/1.5-5) [52] and
the Teacher Report Form (TRF/6-18) [53]. All items on
both measures were rated on a 3-point scale (0 =not true,
1 =somewhat true or sometimes true, 2 = very true or often
true) on the basis of the child’s behaviors in the preceding
two months. For each subscale, items were summed, with
higher scores representing more problem behavior. Good
reliability and validity have been reported for the CBCL and
the TRF [52, 53].

We used the 24-item Externalizing broadband scale of
the CBCL comprising Attention problems and Aggressive
behavior. The Attention Problems scale includes five items
such as “Can’t sit still, restless, or hyperactive,” and “Wan-
ders away.” The Aggressive Behavior scale consists of 19
items such as “Hits others,” and “Demands must be met
immediately.” From the TRF, we used the 32-item Exter-
nalizing broadband scale comprising aggressive and rule-
breaking behavior. The Aggressive Behavior scale consists
of 20 items such as “Physically attacks people” and “Cru-
elty, bullying or meanness to others.” The Rule Breaking
Behavior scale includes 12 item such as “Lies, cheats” and
“Breaks rules.” The internal consistencies for the External-
izing problem scores (Mother report, Cronbach’s a=0.89;
Teacher report, Cronbach’s a=0.91) were very good in the
current study. The externalizing scores were z-standardized
to facilitate interpretation.

Polygenic Risk Scores for Child Aggression

PRSs were calculated on imputed genotype data using
publicly available GWAS results for childhood aggression
(N=18,988; age range: 3—15 years) [31], in which the Gen-
eration R data was included. To ensure independence of the
discovery and target sample [32], we repeated the meta-anal-
ysis with GWAS results of the other 8 cohorts after exclu-
sion of the Generation R cohort (sample size after exclu-
sion=16,778). Genotype data collection and subsequent
processing procedures for Generation R have been described
previously [54]. Additional quality control and imputation
are described in the Supplement 1.

We calculated PRSs using PRSice-2 [55], based on sev-
eral p-value thresholds (p <0.01, 0.1, 1) for inclusions of
single nucleotide polymorphisms (SNPs) in the score. SNPs
were clumped according to linkage disequilibrium (LD)
to obtain the most significant SNP per LD block (250-kb
window, 7% <0.1). We tested multiple thresholds to find the
optimal threshold that has the strongest association with
externalizing problems. PRS were standardized to a mean
of 0 and a SD of 1 for interpretational purposes.
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Covariates

Child sex, age at the assessment of outcomes and maternal
educational level were selected based on previous literature
that found associations between these covariates and main
variables. Child sex was included because self-regulated
compliance and externalizing problems may differ between
boys and girls [18, 34]. Information on sex was obtained
from community midwife and hospital registries at birth.
Maternal educational level was dichotomized into “higher”
(at least higher vocational training or a bachelor’s degree)
versus “lower” (primary or secondary education). Of note,
we did not adjust for genetic principal components when
examining the role of aggression PRS, because of the rela-
tively homogenous population structure in the Dutch cohort
study.

Statistical Analyses

Associations among the main study variables were explored
using Pearson’s correlations. All subsequent analyses of the
study were adjusted for covariates described in the previous
section. Because the distributions of maternal prenatal psy-
chological problems and child externalizing problems were
skewed, the bootstrap resampling method was applied [56].
The bias-corrected bootstrap 95% confidence interval (CI)
with 5000 resamples estimates the size and significance of
the indirect effect. Following procedures proposed by Hayes
[57], data analysis was conducted using the Process macro
for SPSS. Model 4 was used to test the mediating effect of
self-regulated compliance. Model 14 was used to test moder-
ated mediation effects.

First, we examined whether self-regulated compliance at
age 3 years mediated the relation between prenatal maternal
psychological problems and child externalizing problems
at age 6 years using Model 4. We tested four separate mod-
els, including either prenatal maternal affective or hostility
problems as two separate predictors, and either teacher or
mother reports of child externalizing problems as two sepa-
rate outcomes. If a statistically significant mediation was
detected, we then conducted moderated mediation analyses
using Model 14. Child aggression PRS or sex were entered
respectively as moderators of the association between self-
regulated compliance and externalizing problems. Finally,
we calculated the index of moderated mediation, which
indicates whether the mediating effects of prenatal mater-
nal psychological problems on child externalizing problems
through self-regulated compliance are similar across child
aggression PRS or sex.

In addition to the main analyses described above, we
performed sensitivity analyses to test the robustness of our
findings. For sensitivity analysis, the mediation models were

@ Springer

additionally adjusted for concurrent maternal psychological
problems assessed with self-regulated compliance at child age
3, in order to obtain independent prenatal effects.

Results

Mean Differences and Bivariate Correlations Among
Main Variables

The analytic sample of 687 children comprised 50.2%
boys, 66.7% of mothers finished higher education. Exter-
nalizing problems were assessed at the mean age of
5.87 years (SD=0.19) on mother reports, at the mean age
of 6.44 years (SD=1.06) on teacher reports. Mothers of
boys reported more hostility during pregnancy (M =0.22,
SD =0.34) than mothers of girls (M =0.16, SD=0.22),
Cohen’s d=0.21, #(685)=— 2.70, p=0.001. Boys were
less compliant (M =—0.71, SD=0.17) than girls (M =0.76,
SD=0.14), Cohen’s d=0.31, 1(685)=4.09, p < 0.001. Moth-
ers reported more externalizing problems in boys (M =7.51,
SD =6.40) than in girls (M =5.47, SD=5.06), Cohen’s
d=0.35, 1(685)=— 4.63, p<0.001. Teachers also reported
more externalizing problems in boys (M =2.95, SD=5.41)
than in girls (M =1.05, SD=3.11), Cohen’s d=0.43,
1(458)=—4.60, p <0.001.

As shown in Table 1, bivariate correlations indicated that
children who were prenatally exposed to higher levels of
maternal affective problems and hostility showed less self-
regulated compliance, and more externalizing problems on
mother reports, but not teacher reports, although consist-
ent in the direction of associations. Moreover, children with
lower levels of self-regulated compliance exhibited more
externalizing problems on both mother and teacher reports.
Mother- and teacher- reported externalizing problems were
moderately correlated. We also found that higher levels
of aggression PRS was significantly correlated with more
externalizing problems as rated by mothers and teachers.
There was no significant correlation between aggression
PRS of the child and prenatal affective problems or hostility
of the mother. Additionally, we found that girls showed more
self-regulated compliance and less externalizing problems
than boys.

Mediating Role of Self-regulated Compliance

Maternal Affective Problems During Pregnancy
and Externalizing Problems

As shown in Fig. 2 panel a, self-regulated compliance at age
3 significantly mediated the association between maternal
affective problems during pregnancy and mother reported
externalizing problems of the child at age 6 (=0.01,
SE=0.01, 95% CI[0.003, 0.029]). The direct effect of
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Table 1 Descriptive statistics and correlations of main variables (N=687)
M SD 1 2 3 4 5 6
1 Maternal affective problems during pregnancy 0.14 0.27 -
2 Maternal hostility during pregnancy 0.19 0.29 0.66%*
3 Self-regulated compliance 0.74 0.16 — 0.10%* —0.10%*
4 Mother-reported externalizing problems 6.48 5.86 0.16%* 0.11%* —0.16%* -
5 Teacher-reported externalizing problems * 2.04 4.59 0.07 0.08 — 0.14%* 0.36%+°
6 Aggression PRS © —0.02 0.01 0.04 0.04 -0.05 0.12%* 0.11%¢
7 Child sex, boys - - 0.07 0.10%* —0.15%* 0.17%* 0.22%* 0.08

=460
Sn=427
°n=>522
dn=353
“p<.05

#¥p < 01

maternal affective problems on mother-reported exter-
nalizing behaviors was significant (f=0.13, SE=0.04,
95% CI110.059, 0.205], p <0.001). Specifically, the higher
levels of maternal affective problems during pregnancy
(f=-0.09, SE=0.04,95% CI[- 0.166, — 0.018], p=0.02)
were associated with less self-regulated compliance in chil-
dren, which, in turn, predicted more externalizing problems
as rated by mothers (f=— 0.13, SE=0.04, 95% CI[- 0.198,
— 0.051], p=0.001). Additionally, the mediating effect of
self-regulated compliance on the relation between maternal
affective problems during pregnancy and teacher reported
externalizing problems at age 6 (Fig. 2, panel b), was sig-
nificant, f=0.01, SE=0.01, 95% CI[0.002, 0.037], but the
direct effect for teacher reports was not, f=0.04, SE=0.05,
95% CI[- 0.052, 0.126], p=0.41. Coefficients for the full
model are presented in Table 2. Sensitivity analyses with the
additional adjustment for co-occurring maternal affective

Fig. 2 Four separate mediation panel a
models for the effects of mater-

nal affective problems/hostility Self-regulated
on mother- and teacher-reported Compliance

externalizing problems. Coef-
ficients are standardized esti-
mates; Significant confidence

_,OV

Maternal Affective

Y*

direct effect .13%**

problems at child age 3 showed similar results, with the
two differences that the direct effect of prenatal exposure
to maternal affective problems on externalizing problems
was non-significant for mother reports (see Supplement
Table S1).

Maternal Hostility During Pregnancy and Externalizing
Problems

Parallel findings emerged for maternal hostility during
pregnancy, as shown in Fig. 2 panel c¢ and d respectively.
The results indicated a mediating effect of self-regulated
compliance on the association between maternal hostil-
ity during pregnancy and mother-reported externalizing
problems (#=0.01, SE=0.01, 95% CI[0.002, 0.030]).
The direct effect of maternal hostility on mother-reported
externalizing behaviors was significant (4=0.10, SE=0.04,

panel b

Self-regulated
Compliance

,.137

Maternal Affective

Externalizing direct effect .04 Externalizing

Problems

intervals are in bold. *p <.05,
*Hp <01, *¥F¥4p <.001

indirect effect .01

panel ¢

Self-regulated
Compliance

(mother reports) Problems (teacher reports)

indirect effect .01

panel d

Self-regulated
Compliance

direct effect .10*

Y:(

.411*/

Externalizing

Maternal Hostility

indirect effect .01

(mother reports)

Maternal Hostility

direct effect .05

indirect effect .01

Externalizing
(teacher reports)
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Table 2 Mediation models: self-regulated compliance as mediator of maternal psychological problems — child externalizing problems associa-

tions

Predictors

Outcomes: externalizing problems

Mother reports (N=687)

Teacher reports (N=460)

b (SE) 95% C1 p b (SE) 95% CI p
Maternal affective problems during pregnancy (direct effect) 2.90 (0.82) 1.29, 4.50 0.13 0.56 (0.68) —-0.78, 1.89 0.04
Indirect effect via self-regulated compliance 0.25 (0.14) 0.05, 0.63 0.01 0.20 (0.13) 0.03, 0.56 0.01
Maternal hostility during pregnancy (direct effect) 1.69 (0.76) 0.20, 3.19 0.08 0.66 (0.60) —-0.52,1.84 0.05
Indirect effect via self-regulated compliance 0.23 (0.14) 0.04, 0.60 0.01 0.15(0.11) 0.02, 0.45 0.01

All covariates are included in the model as described in Methods section

Paths significant as indicated by the confidence intervals are presented in bold

b unstandardized coefficients with 95% confidence intervals, SE standardized error, f standardized coefficients

95% CI[0.010, 0.158], p=0.03). Specifically, the higher
levels of maternal hostility during pregnancy (f=— 0.09,
SE=0.04,95% CI[- 0.161, — 0.011], p=0.03) was associ-
ated with less self-regulated compliance in children, which,
in turn, predicted more externalizing problems at age 6 as
rated by mothers (f=— 0.13, SE=0.04, 95% CI— 0.204,
— 0.055], p=0.001). Additionally, the mediating effect of
self-regulated compliance on the relation between mater-
nal hostility during pregnancy and teacher reported exter-
nalizing problems at age 6 (see panel d), was significant
(#=0.01, SE=0.01, 95% CI[0.001, 0.034]), but the direct
effect for teacher reports was not (f=0.05, SE=0.05,
95% CI[— 0.039, 0.139], p=0.27). When we additionally
adjusted for maternal hostility at child age 3, the magnitude
of the associations remained similar to the main analyses,
although the mediating effects were no longer significant
(Supplement Table S1).

Moderating Effect of Child Aggression PRS or Sex

As shown in Table 3, the index of moderated mediation
indicated that child aggression PRS did not moderate the
mediating effect of self-regulated compliance in the relation
between maternal affective problems during pregnancy and
child externalizing problems as rated by mothers or teach-
ers. Child aggression PRS significantly predicted mother-
reported externalizing problems (#=0.10, SE=0.04, 95%
CI[0.011, 0.178], p=0.03). The PRS explained about 1%
of the variance in mother-reported externalizing problems
(R?=0.01, see Supplement Table S2). While controlling for
child aggression PRS, the effect of self-regulated compli-
ance on externalizing problems remained significant. Simi-
lar results were found in the model with maternal hostility
during pregnancy. Aggression PRS also did not moderate
the mediating effect in the link examined but this PRS did
predict mother-reported externalizing problems.
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As shown in Table 4, the index of moderated mediation
indicated that child sex did not moderate the mediating effect
of self-regulated compliance on the relation between mater-
nal affective problems during pregnancy and externalizing
problems as rated by both mothers and teachers. Self-reg-
ulated compliance did not interact with child sex to predict
externalizing problems. Similar results were found in the
model with maternal hostility during pregnancy. Coefficients
for the full models are presented in Tables 3 and 4.

Discussion

In this population-based prospective study, we examined the
potential mediating role of child self-regulated compliance
in the association between maternal psychological prob-
lems during pregnancy and later externalizing problems in
children. We found that children of mothers struggling pre-
natally with psychological problems showed lower levels
of self-regulated compliance at age 3, which in turn were
related to higher levels of externalizing problems at age
6. The observed mediation effects were consistent across
subtypes of maternal psychological problems and across
informants of child externalizing problems. In addition, we
used a polygenic risk score approach to disentangle poten-
tial genetic confounding in the association between early
self-regulation compliance and later externalizing problems.
We found that both self-regulated compliance and aggres-
sion PRS contribute independently to the development of
externalizing problems, with no significant interaction effect.
While boys have lower levels of self-regulated compliance
and higher levels of externalizing problems compared to
girls, there were no consistent interaction effects of self-
regulated compliance and sex.

Our study indicates that maternal psychological problems
during pregnancy are related to mother-reported, but not to
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Table 3 Moderated mediation analyses: maternal psychological problems during pregnancy predicting child externalizing problems, mediated

by self-regulated compliance, moderated by aggression PRS

Predictors Outcome: externalizing problems

Mother reports (N=522)

Teacher reports (N=353)

p (SE) 95% CI P (SE) 95% CI
Maternal affective problems during pregnancy 0.12 (0.04) 0.032, 0.202 0.01 (0.05) —0.094, 0.109
Self-regulated compliance —0.10 (0.04) - 0.186, — 0.017 —0.07 (0.05) -0.173,0.032
Aggression PRS 0.10 (0.04) 0.011, 0.178 0.06 (0.05) —0.045, 0.157
Self-regulated compliance*aggression PRS —0.05 (0.04) —0.133,0.030 0.03 (0.05) —0.073,0.125
Child sex 0.32 (0.09) 0.154, 0.492 0.37 (0.10) 0.168, 0.579
Index of moderated mediation 0.01 (0.01) —0.001, 0.021 —0.003 (0.01) —0.022, 0.006
Maternal hostility during pregnancy 0.06 (0.04) —0.025,0.145 0.01 (0.05) —0.112, 0.091
Self-regulated compliance —0.11 (0.04) - 0.192, — 0.022 —0.07 (0.05) —0.174, 0.030
Aggression PRS 0.10 (0.04) 0.012, 0.180 0.06 (0.05) —0.045, 0.158
Self-regulated compliance*aggression PRS —0.05 (0.04) —0.130, 0.035 0.03 (0.05) —0.072, 0.125
Child sex 0.33 (0.09) 0.159, 0.498 0.38 (0.11) 0.170, 0.581
Index of moderated mediation 0.004 (0.01) -0.001, 0.019 —0.003 (0.01) - 0.020, 0.004

All covariates are included in the model as described in Methods section
Paths significant as indicated by the confidence intervals are presented in bold

p standardized coefficient, SE standardized error

Table 4 Moderated mediation analyses: maternal psychological problems during pregnancy predicting child externalizing problems, mediated

by self-regulated compliance, moderated by child sex

Predictors Outcome: externalizing problems

Mother reports ( N=687)

Teacher reports ( N=460)

p (SE) 95% CI P (SE) 95% CI
Maternal affective problems during pregnancy 0.13 (0.04) 0.061, 0.207 0.04 (0.05) —0.052,0.125
Self-regulated compliance —0.12 (0.04) —0.195, — 0.046 —0.09 (0.05) —0.180, 0.003
Child sex 0.29 (0.08) 0.145, 0.439 0.36 (0.09) 0.182, 0.538
Self-regulated compliance * Child sex —0.04 (0.08) —-0.186,0.112 —0.15 (0.09) —0.321, 0.041
Index of moderated mediation 0.004 (0.01) —0.011, 0.028 0.02 (0.02) —0.001, 0.062
Maternal hostility during pregnancy 0.08 (0.04) 0.009, 0.157 0.05 (0.05) —0.044, 0.134
Self-regulated compliance —0.13(0.04) —0.202, — 0.051 —0.09 (0.05) —0.180, 0.002
Child sex 0.29 (0.08) 0.142, 0.439 0.36 (0.09) 0.179, 0.536
Self-regulated compliance * Child sex —0.03 (0.08) —0.184,0.116 —0.14 (0.09) —0.320, 0.042
Index of moderated mediation 0.003 (0.01) - 0.011, 0.027 0.02 (0.01) 0.000, 0.060

All covariates are included in the model as described in Methods section

Paths significant as indicated by the confidence intervals are presented in bold

p standardized coefficient, SE standardized error

teacher-reported, externalizing problems. This is consist-
ent with research indicating prenatal exposure to elevated
maternal psychological problems increases children’s risk of
behavior problems [15, 16]. Several explanations may under-
lie this finding. First, these cross-informant discrepancies
could be the result of different perspectives of the report-
ers or the result of situation specificity of behavior (e.g., at

home vs. at school), which represent reliable and meaningful
variation [58]. For example, Loomans, et al. [59] found that
higher levels of maternal anxiety during pregnancy were
associated with more externalizing problems at age 5 years
(e.g., hyperactivity/inattention problems, conduct prob-
lems) as rated by mothers. When child behavior was rated
by teachers, children prenatally exposed to higher levels of
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maternal anxiety showed more peer-relationship problems.
On the other hand, it can be argued that the stronger asso-
ciation found for mother reports is due to rater bias [60], as
depressive or hostile mothers may perceive their children’s
behavior to be more problematic, when these prenatal symp-
toms persist into the postnatal period. It is also possible that
our analyses on teacher reports were underpowered to detect
a potential association, particularly given its smaller sam-
ple size and more restricted variation (M =2.04, SD=4.59)
compared with mother reports (M =6.48, SD =5.86).
Previous research has largely focused on the importance
of parenting behavior and family environment as a mecha-
nism linking maternal affective problems to externalizing
problems in childhood [61-63]. The current study extended
past work by identifying another possible mechanism
through which maternal affective problems affect subsequent
externalizing problems: by impairing offspring self-regu-
lated compliance in early childhood. The child with self-reg-
ulated compliance embraces the parental agenda and social
standards, and thus experiences compliance as autonomous
[4]. Ultimately, self-regulated compliance may lead to vol-
untary, thoughtful, adaptive, and effective regulatory capaci-
ties, even in the absence of external monitors, which may
be particularly crucial during the transition to school. Our
findings suggest that self-regulated compliance at age 3 can
mediate the risk from prenatal exposure to maternal affec-
tive problems to children’s externalizing outcomes 6 years.
Additionally, our study examined the prenatal effect of
maternal hostility on later externalizing problems in off-
spring. Although maternal hostility during postnatal periods
has previously been positively linked to infant regulatory
processes [28] and behavioral problems in childhood [64], it
was unclear whether and how prenatal exposure to maternal
hostility affects child outcomes. We assumed that high levels
of prenatal hostility may also reflect mothers’ own regula-
tory difficulties to cope with stressors. Maternal hostility
during pregnancy may place the fetus at high risk of being
exposed to elevated maternal stress hormones, such as corti-
sol [65], eventually resulting in compromised self-regulatory
processes of the offspring. In a recent meta-analysis, almost
1.5 to 2 times higher risk of behavioral problems was found
in children of mothers reported higher levels of affective
problems during pregnancy, independent of postnatal symp-
toms [10]. Previous research has demonstrated that the per-
sistence of prenatal effects can be explained by both genetic
and environmental factors [18, 66]. For example, genetic
factors that influence maternal hostility are inherited by off-
spring, thereby conferring risk on the development of exter-
nalizing problems in offspring. In addition, these genetic
loading for maternal hostility may be indirectly reflected in
the parenting behavior (e.g., harsh parenting) in the postnatal
period, affecting child externalizing problems. Our findings
are consistent with the hypothesis that prenatal exposures

@ Springer

to both affective problems and hostility can have persisting
effects on future problem behaviors in children via impaired
self-regulation.

It is important to note that our study indicates signifi-
cant, yet small, mediating effects of self-regulated compli-
ance between prenatal maternal psychological problems and
externalizing problems in childhood. Since the assessments
of maternal psychological problems (20 weeks pregnancy),
child self-regulated compliance (age 3) and externalizing
problems (age 6) were conducted over a large span of time,
we expect to see that the magnitude of effects decreases.
Over this large time span, protective factors, such as social
support, can appear and might buffer the negative impact
[67] of prenatal maternal psychological problems. It is also
possible that if prenatal psychological symptoms persist or
even increase during the postnatal period, they may nega-
tively affect mother—child interactions, which in turn could
compromise further the early development of self-regulation.
However, when maternal affective problems and hostility at
child age 3 were controlled for separately in our sensitiv-
ity analyses, the effects of maternal psychological problems
during pregnancy on child self-regulated compliance were
not explained by corresponding postnatal problems. Finally,
the nature of our low-risk population sample probably may
have led to an underestimate of the observed effects. Thus,
stronger mediating effects may be present when examining
maternal psychological problems and child externalizing
problems in clinical samples. Our mediation model has con-
firmed previous findings that lower levels of self-regulated
compliance during toddlerhood predict more externalizing
problems in school age [68, 69]. Self-regulation and child
externalizing problems are both known to have a heritable
component [41, 42]. Twin studies indicated that the rela-
tion between self-regulation and externalizing problems is
partially driven by shared genetic factors [69, 70]; however,
it has not been examined yet to which extent child self-regu-
latory difficulties and externalizing problems are influenced
by common genetic variants across the entire genome. Given
our earlier work of the PRS [71], we expected to observe an
association between the aggression PRS and externalizing
problems, as the genetic overlap between psychiatric traits
is substantial [72]. This study is the first, to our knowledge,
to investigate the contribution of early self-regulation to
children’s externalizing problems while taking into account
genetic predispositions.

Contrary to our hypothesis, child aggression PRS did not
moderate the association between self-regulated compli-
ance and externalizing problems. Despite the relatively large
sample size in the current study, it is still possible that we
were underpowered to detect a significant interaction effect.
Consistent with previous studies [73], aggression PRS only
explained a small percentage of the variance in external-
izing problems. The low explained variance could be the
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result of the limited sample size of aggression GWAS, which
reduced the power to accurately detect genetic risk variants.
We suggest that larger GWAS are needed to be able to con-
struct polygenic risk scores with better predictive ability of
children’s externalizing problems. Although the PRS may
not be especially predictive of externalizing problems at the
population level, our results suggest that both self-regulated
compliance and aggression PRS have an independent impact
on externalizing problems of the child.

Strengths and Limitations

The present study has several strengths including the rela-
tively large sample and the prospective design which lim-
its the risk of reversed causality. Another strength of this
study is the use of independent assessments (i.e., self-
reports of maternal psychological problems, independent
observational measurement of self-regulated compliance,
and multi-informant reports on externalizing problems),
which accounts for the potential influence of shared method
variance and thereby further enhances the validity of our
findings. Moreover, using polygenic risk scores, the present
study demonstrates the importance of early self-regulated
compliance for externalizing problems, independent of the
effect of potentially shared genetic risks.

Yet, the results of the present study should be interpreted
taking into account its limitations. First, despite using pro-
spective data, causal conclusions cannot be drawn, given
that transactional relations may also exist between child
self-regulation and externalizing behavior [74]. Longitudi-
nal or experimental studies are needed to confirm the causal
directions. Second, it is difficult to disentangle whether the
discrepancies between mother and teacher reports of exter-
nalizing problem are due to sample size differences, rater
bias (mother reports) and/or the specificity of rating con-
text. Third, our data do not allow us to determine which
mechanisms, e.g. intrauterine programming, additive effects
of maternal symptoms in prenatal and postnatal periods,
spillover effects on mother—child interaction, may explain
the observed association between maternal prenatal expo-
sure and child self-regulation. Fourth, our study used a self-
reported measure to assess maternal psychological problems
during one week around 20 weeks of pregnancy, which can
bias our results and fail to capture the chronic effects of
these problems across the whole pregnancy. Further research
is needed to complement these findings using clinician-
administered ratings and data at multiple time points during
pregnancy. Fifth, excluded children were younger and less
self-regulated than those included. The absence of these par-
ticipants in our study may affect the generalizability of our
results. Last, although the adjustment for aggression PRS
does partly account for shared genetic liability for aggres-
sion in both hostile mothers and offspring, we cannot fully

disentangle the maternal prenatal versus genetic effects as
we only used the child’s genetic information.

Summary

Overall, our study provides evidence that maternal psycho-
logical problems (i.e., affective problems and hostility) dur-
ing pregnancy might influence the development of children’s
subsequent externalizing behavior by affecting their self-
regulated compliance during early childhood. Furthermore,
the study provides evidence that the mediating effect of self-
regulation did not depend on child’s genetic predisposition
to aggression and sex. In this population-based sample, both
self-regulated compliance in early childhood and aggres-
sion PRS were uniquely associated with externalizing prob-
lems in later childhood. All in all, these findings illustrate
the importance of both prenatal environment factors (i.e.,
maternal psychological problems during pregnancy) and
child characteristics (i.e., self-regulated compliance, sex
and genetic factors), for the development of externalizing
problems in childhood.
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