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Harsh Parenting and Child Brain
Morphology: A Population-Based Study

Andrea P. Cortes Hidalgo'?, Sandra Thijssen’,

Scott W. Delaney4 , Meike W. Vernooijs, Pauline W. jansen"3,
Marian J. Bakermans-Kranenburg‘, Marinus H. van ljzendoorn®’ ®,
Tonya White'”, and Henning Tiemeier'*

Abstract

Evidence suggests that maltreatment shapes the child’s brain. Little is known, however, about how normal variation in parenting
influences the child neurodevelopment. We examined whether harsh parenting is associated with the brain morphology in
2,410 children from a population-based cohort. Mothers and fathers independently reported harsh parenting at child age
3 years. Structural and diffusion-weighted brain morphological measures were acquired with MRI scans at age 10 years. We
explored whether associations between parenting and brain morphology were explained by co-occurring adversities, and
whether there was a joint effect of both parents’ harsh parenting. Maternal harsh parenting was associated with smaller total
gray (B = —0.05 (95%CI = —0.08; —0.01)), cerebral white matter and amygdala volumes (§ = —0.04 (95%CIl = —0.07; 0)). These
associations were also observed with the combined harsh parenting measure and were robust to the adjustment for multiple
confounding factors. Similar associations, although non-significant, were found between paternal parenting and these brain
outcomes. Maternal and paternal harsh parenting were not associated with the hippocampus or the white matter
microstructural metrics. We found a long-term association between harsh parenting and the global brain and amygdala
volumes in preadolescents, suggesting that adverse rearing environments common in the general population are related to
child brain morphology.
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(Milad & Quirk, 2012), whereas the hippocampus is involved in
the memory encoding (Schiller et al., 2015) and the termination

A growing body of research in clinical samples suggests that
the exposure to early adverse caregiving is associated with
child neurodevelopment. In particular, an effect of early-life
maltreatment and traumatic events on the limbic morphology
has been postulated. The amygdala and hippocampus are brain
regions of interest in the context of adverse caregiving for
several reasons. First, both structures undergo a period of rapid
development in early childhood (Uematsu et al., 2012), and
thus adverse caregiving environments coinciding with this
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developmental timing could influence the developmental
trajectory (Tottenham & Sheridan, 2010). Second, as described
by Tottenham and Sheridan (2010), the amygdala and hippo-
campus have a high density of cortisol receptors and therefore
may be affected by variation in levels of this stress hormone. In
fact, cortisol has been shown to influence the neurogenesis
(Odaka et al., 2017), thus representing a pathway through
which stressful environments could shape brain morphology.
Finally, in addition to the biological relatedness between
the limbic structures and the stress response, a functional rela-
tion exists. The amygdala plays a key role in the response to
emotional stimuli (Bonnet et al., 2015) and fear conditioning
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of the stress response (McEwen & Akil, 2020). Further, differ-
ential patterns of amygdala and hippocampal activation have
been described among children exposed to threat (McLaughlin
etal., 2019).

Based on animal and human studies, several potential
mechanisms that link early life adversity with child brain
development have been proposed. First, childhood trauma has
been associated with the development of inflammation, and
there is evidence supporting the influence of the immune sys-
tem on brain morphology through an effect on the development
of axons, synapses and the production of myelin (Danese &
Lewis, 2017). Second, traumatic events have been related to
oxidative stress in the central nervous system. Oxidative stress,
defined as the excess of reactive oxygen species compared to
the neutralizing antioxidant response, may lead to alterations in
brain morphology, cause neuroinflammation and even generate
neuronal death (Schiavone et al., 2013). Third, a disruption
of the stress-response systems, including the hypothalamic-
pituitary-adrenal (HPA) axis, has been suggested to explain the
associations between adversities and brain differences (Wesarg
etal., 2020). This latter mechanism likely occurs in parallel and
in close relation with the previous two, and may exert an effect
in the brain morphology through the secretion of catechola-
mines and glucocorticoids (Wesarg et al., 2020). As posited
by the Allostatic Load Model, these different mechanisms may
be activated in normal responses to stressful events, offering an
adaptive and protective response (McEwen, 1998). However,
when the exposure to stress is sustained, these mechanisms may
be overstimulated and lead to a pathophysiological response
(McEwen, 2001; McEwen & Akil, 2020). This maladaptive
effect, termed “allostatic load” (McEwen & Akil, 2020), may
generate neurotoxicity and volumetric reduction of multiple
brain regions through processes such as neuronal damage, and
dendritic remodeling (Kim et al., 2015; McEwen, 2001).

Overall, most research suggests that child exposure to
adverse caregiving conditions is related to smaller volumes of
the amygdala and hippocampus (see for a review: McLaughlin
et al. (2019)). Also, associations between child maltreatment
and smaller total brain, grey and white matter volumes
have been described (McLaughlin et al., 2016; Teicher &
Samson, 2016).

In comparison to the literature on extreme adverse caregiv-
ing, substantially less is known about the normative variation
of harsh parenting. Whittle et al. (2009) described a cross-
sectional relation between punishing maternal behaviors and
larger amygdala and regional cortical volumes in 12-year-old
children (N = 113). Maternal parenting was also assessed by
Blankenship et al. (2019), who found that children exposed to
negative parenting in early childhood had smaller volumes of
the hippocampus tail at ages 5—10 years (N = 63). Few studies
examined the association between adverse caregiving and
white matter microstructure. One diffusion tensor imaging
(DTI) study of 32 adults described a relation between parental
verbal abuse and reduced fractional anisotropy (FA) of several
white matter tracts, including the cingulum bundle (Choi et al.,
2009). Additionally, childhood abuse was shown to be

associated with reduced FA of the inferior fronto-occipital fas-
ciculus in a sample of 63 youth (Lim et al., 2019).

Several aspects limit the comparability across studies.
Whereas some assessed harsh parenting in early childhood,
others measured it in pre-adolescence, and studies also differed
in the brain outcomes examined. Moreover, most studies had a
small-to-moderate sample size, and some oversampled partici-
pants with high risk for mental disorders (Blankenship et al.,
2019; Whittle et al., 2009), limiting the generalizability of
results.

Sex-specific associations have been described in relation to
the brain vulnerability to environmental factors in early life. In
particular, some maltreatment studies have reported greater
brain morphological differences in males than in females, sug-
gesting that some structures may be more susceptible to
early-life stress in males (see for a review: Teicher and Samson
(2016)). Thus, the sex-specificity of the association between
parenting and child brain morphology should be considered.

A gap in the existing literature is the lack of research on
paternal parenting, although evidence supports a role of fathers
in offspring development. Both maternal and paternal sensitiv-
ity were associated with offspring brain differences in the pres-
ent cohort (Kok et al., 2015). Additionally, an interaction effect
has been described for maternal and paternal harsh parenting in
relation to the offspring outcomes (Meunier et al., 2012; Wang
etal., 2019). For example, children exposed to negative parent-
ing by both parents have been shown to have the highest levels
of emotional problems (Meunier et al., 2012). The primary aim
of this study was to examine whether maternal and paternal
harsh parenting behavior were associated with child brain mor-
phology. In additional analyses, we addressed the relation
between the combined maternal and paternal harsh parenting
exposure and the child brain outcomes, and the interaction
between both parental harsh parenting measures.

In 2,410 10-year-old children from the general population,
we examined the relation between early-life harsh parenting
and child brain morphology. Given that harsh parenting may
be considered a chronic exposure to adverse caregiving condi-
tions, we hypothesized parental harsh parenting would be asso-
ciated with smaller amygdala and hippocampal volumes. We
also examined the cortical thickness and the global brain
volumes. Building on existing evidence, we expected to find
an association between harsh parenting and smaller global
brain volume measures. Further analyses with white matter
microstructural metrics were performed with an exploratory
approach given the scarcity of previous evidence. Also, we tested
whether child sex modified the relation of harsh parenting with
brain morphology.

Method
Participants

This study is part of the Generation R Study, a population-based
cohort that follows the development of children in Rotterdam,
the Netherlands (Kooijman et al., 2016). The design of the
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cohort has been previously described in detail (Jaddoe et al.,
2006). Briefly, pregnant women residing in the study area with
a delivery date from April 2002 to January 2006 were eligible.
They received information about the study from midwives and
obstetricians and were contacted by study researchers for addi-
tional information (Jaddoe et al., 2006). In total, 9,778 mothers
were enrolled (response rate of 61% at birth).

The cohort study includes families with various national
origins (Dutch as the majority group). Mothers with higher
socioeconomic status were more likely to participate. The aim
of this ongoing cohort study is to identify environmental and
genetic factors that influence children’s growth, development
and health. Thus, data on multiple child and parent character-
istics, including biological and psychological factors, was
collected. The study was approved by the Medical Ethical
Committee of the Erasmus Medical Center and all participating
parents gave informed consent.

Of the 4,974 children with information on maternal and/or
paternal harsh parenting at age 3 years, 2,801 had neuroima-
ging data at age 10 years. For the analyses with structural MRI
(magnetic resonance imaging), we excluded 521 children with
poor image quality and nine with major incidental findings in
the MRI scans. For the analyses with DTI metrics, we excluded
556 children with non-usable DTI data and eight children
with major incidental findings. We also randomly excluded
siblings to avoid bias due to paired data (N = 147). In total,
2,410 children were included in analyses (2,141 with structural
MRI data and 2,108 with DTI data; Supplementary Figure 1).

Measures

Harsh parenting. Information on harsh parenting practices was
collected when children were 3 years old using questionnaires
based on the Parent-Child Conflict Tactics Scale (CTSPC)
(Straus et al., 1998). Items on harsh punishment (e.g. spanking)
originally included in the CTSPC were removed, as these prac-
tices may be considered illegal in the Netherlands and we had
no mandate to follow-up on such practices. Additionally, one
item that was not age-appropriate (“said you would kick child
out of the house”) was removed. Mothers and fathers indepen-
dently reported the use of various harsh parenting practices in
the preceding 2 weeks (see Supplemental Material), using a
6-point frequency scale (from Never to More than four times).
In a previous study from this cohort, Jansen et al. (2012)
described the selection of items for the harsh parenting mea-
sure. Briefly, an exploratory factor analysis on the 10 items
included (using a 3-point frequency scale) showed a
two-factor structure, and the six items of the first factor, with
factor loadings >0.50, matched the construct and definition of
harsh parenting (Jansen et al., 2012). We computed maternal
and paternal harsh parenting scores by summing the scores on
the six harsh parenting items (range = 0-30). The internal
consistency of both maternal and paternal harsh parenting was
low (Cronbach’s a of 0.63 in the total sample, and in the study
sample 0.60 for maternal harsh parenting, and of 0.58 for pater-
nal harsh parenting), likely reflecting the small number of items

in these scales. Importantly, the six items of the harsh parenting
measure showed good model fit in both mothers (comparative
fit index (CFI) = 0.970, Tucker-Lewis index (TLI) = 0.966,
root mean square error of approximation (RMSEA) = 0.044)
and fathers (CFI = 0.972, TLI = 0.965, RMSEA = 0.040)
(Jansen et al., 2012). Several determinants and correlates of
harsh parenting (e.g. socioeconomic status, family dysfunction,
child behavioral problems) have been identified in the current
cohort (Jansen et al., 2012; Mackenbach et al., 2014) support-
ing the validity of our harsh parenting measure.

Brain imaging

Acquisition. Magnetic resonance images were acquired at age
9-11 years using a 3-Tesla General Electric scanner (MR750w,
Milwaukee, WI, US), with signal reception through an eight-
channel head coil (White et al., 2018). T;-weigthed images were
collected with an Inversion Recovery Fast Spoiled Gradient
Recalled sequence (TR = 8.77 ms, TE = 3.4 ms, TI = 600 ms,
Flip angle = 10°, Field of View (FOV) = 220 x 220 mm,
Acquisition matrix = 220 x 220, Slice thickness = 1 mm,
Number of slices = 230, ARC acceleration factor = 2). The
diffusion-weighted images were collected using an echo planar
sequence with 3 b = 0 s/mm?” volumes and 35 diffusion-weighted
images (TR = 12.500 ms, TE = 72.8 ms, FOV = 240 x 240 mm,
Acquisition matrix = 120 x 120, slice thickness = 2 mm, number
of slices = 65, ARC acceleration factor = 2 and b = 900 s/mm?).

Image processing. Images were processed with the FreeSurfer
version 6.0 image suite (http://surfer.nmr.mgh.harvard.edu/),
as previously described (Muetzel et al., 2019). In brief, we
performed removal of non-brain tissue, voxel intensity normal-
ization, volumetric segmentation and cortical reconstruction.
Cortical thickness was estimated for each vertex as the distance
between the grey/white matter boundary and the grey matter/
cerebrospinal fluid boundary. Thickness maps were smoothed
with a 10 mm full-width half-maximum Gaussian kernel.
Image quality of the FreeSurfer reconstructions was assessed
as described previously (Muetzel et al., 2019). Further details
of the image quality control are described in the Supplement
Material. We included the total grey and cerebral white matter
volumes, amygdala and hippocampal volumes (averaged over
both hemispheres) and cortical thickness vertex-wise data in
analyses. The hemisphere-specific amygdala and hippocampus
were examined in sensitivity analyses.

The DTI data was processed using the FMRIB Software
library (FSL) (Jenkinson et al., 2012) and the Camino toolkit
(Cook et al., 2006). We removed non-brain tissue and corrected
the images for eddy-current artifacts and translations/rotations
caused by head motion. The diffusion tensor was fitted and
fully-automated probabilistic tractography was run, generating
connectivity distributions for multiple white matter tracts.
Average fractional anisotropy (FA) and mean diffusivity
(MD) values were computed for each tract, weighted by the
connectivity distributions, and global FA and MD metrics were
derived from the metrics of multiple large fiber bundles with
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confirmatory factor analysis (Muetzel et al., 2018). We used
the global FA and MD factor scores. Detailed quality control of
the brain images was performed and data rated as inadequate
were excluded from analyses (see Supplemental Material).

Covariates. Potential confounders were selected based on pre-
vious studies (Kok et al., 2015; Whittle et al., 2016). Marital
status, maternal ethnicity, prenatal smoking and alcohol con-
sumption were self-reported with questionnaires during preg-
nancy. Information on child birth weight was collected from
hospital registries and midwives. Maternal and paternal educa-
tion were assessed prenatally and at age 3 years. Family income
and parental depressive symptoms were self-reported at age
3 years. Maternal and paternal depressive symptoms were
assessed with the depression subscale of the Brief Symptom
Inventory (BSI) (Derogatis, 1993), a validated questionnaire
that assesses psychiatric symptoms. The total intracranial vol-
ume was extracted from the structural imaging data (Additional
information in the Supplemental Material).

Maternal alcohol drinking problems and marital problems
were included in sensitivity analyses. Information on maternal
alcohol consumption was collected by postal questionnaires
when children were 5 years old. If mothers reported drinking
any alcohol over the past 3 months, several follow-up questions
were asked to examine the drinking pattern. We distinguished
two problematic maternal alcohol drinking patterns: “regular
drinking problems,” defined as drinking more than one glass of
alcohol a day on average (vs no alcohol consumption or con-
sumption of one or fewer alcohol glasses per day), and “binge
drinking,” defined as drinking more than six glasses in 1 day
more than once a month (vs drinking more than six glasses in
1 day less than once a month, or no consumption of more than
six glasses in 1 day). Regarding marital problems, the primary
caregiver (in most cases the mother) reported at child age
3 years whether problems in the couple relationship had
occurred (yes/no) in the preceding 2 years.

Statistical Analyses

We examined whether the maternal and paternal harsh parent-
ing scores were related to the regions of interest (ROIs, i.e. total
grey and cerebral white matter volume, mean amygdala and
hippocampal volumes; and global FA and MD) with linear
regression. We controlled for confounders in two models. First,
analyses were adjusted for total intracranial volume (in models
with the amygdala and hippocampus), child age at the MRI
scan, child sex, and maternal ethnicity. In a second model,
we additionally controlled for birth weight, prenatal smoking
and alcohol consumption, family income, maternal education,
marital status and maternal depressive symptoms. Analyses
with the paternal harsh parenting included paternal education
and paternal depressive symptoms instead of the respective
maternal covariates. Similar models were fitted to examine the
association of parenting with cortical thickness at each cortical
vertex (QdecR package, version 0.8.4, https://github.com/
slamballais/QDECR) (Muetzel et al., 2019). We tested the

interaction between child sex and (maternal and paternal) harsh
parenting for the ROIs and followed-up significant results with
sex-stratified analyses.

The eight analyses with the structural ROIs (four tests for
each parent’s harsh parenting) and the eight analyses of the
interaction between child sex and harsh parenting (four
tests for each parent’s harsh parenting) were adjusted for mul-
tiple testing with the false discovery rate approach (FDR)
(Benjamini & Hochberg, 1995). The vertex-wise analyses were
adjusted for multiple testing using Gaussian Monte Carlo Simu-
lations (Hagler et al., 2006) with a cluster-forming threshold
(CFT) of p = 0.001 (Greve & Fischl, 2018) and a cluster-wise
p-value (CWP) of p < 0.025 (Bonferroni-corrected for both
hemispheres).

We performed several additional analyses, fully-adjusted for
covariates (i.e. total intracranial volume (in amygdala and
hippocampus analyses), child sex and age at the MRI scan,
maternal ethnicity, birth weight, prenatal smoking and alcohol
consumption, family income, maternal education, marital
status and maternal depressive symptoms. In analyses with
paternal harsh parenting, paternal education and depressive
symptoms were included instead of the respective maternal cov-
ariates). First, as the amygdala and hippocampal volumes follow
hemisphere-specific developmental trajectories (Uematsu et al.,
2012), we examined left- and right-hemisphere measures in
independent analyses. Second, we explored whether there was
an interaction between maternal and paternal harsh parenting for
the brain ROIs. Third, we explored the relation between the
combined parental harsh parenting measure and child brain mor-
phology. To this aim, we performed a principal component
analysis (PCA), based on the original items of the harsh parent-
ing maternal and paternal measures (six items per parent; miss-
ing values imputed with the median). Given that the purpose of
this analysis was to combine maternal and paternal harsh par-
enting metrics in one measure, only the first component was
extracted. The association between this combined parental harsh
parenting measure and the child brain outcomes was examined
with linear regression, fully adjusted for confounders (addition-
ally, both maternal and paternal education and depression were
included as covariates). Fourth, we examined whether our find-
ings were explained by two other stressful experiences: maternal
alcohol drinking problems, and marital problems. Parental alco-
hol abuse has been suggested to influence child psychological
development (Raitasalo et al., 2019), and the likelihood of child
maltreatment is higher in families where parents abuse alcohol
(Dube et al., 2001). Similarly, family dysfunction has been asso-
ciated with more parental harsh discipline (Jansen et al., 2012)
and with offspring brain morphology (Xerxa, Delaney, et al.,
2020). We further explored associations observed in the main
analyses, by adjusting, first, for maternal regular drinking prob-
lems and binge drinking; and second, for marital problems.

All analyses were run with the statistical software R (version
3.6.1) (R Core Team, 2018). Estimates were standardized for
ease of interpretation. Missing values in covariates (maximum
missingness: Paternal depressive symptoms: 19.4%) were
imputed with the Multivariate Imputations by Chained
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Table I. Baseline Characteristics.

Mean (SD)
or %*
Child characteristics
Sex, % girls 50.7
Age at the MRI scan, years 10.1 (0.5)
Age at maternal harsh parenting measure, years (N 3.0 (0.1)
= 2,358)
Parental characteristics
Maternal characteristics
Harsh parenting, maternal score, median (QI, Q3) 2.0 (1.0, 4.0)
(N =2,358)
Education, %
Low 37.1
Medium 283
High 34.6
Maternal Ethnicity
Dutch 65.7
Non-Western 21.7
Non-Dutch Western 12.6
Marital status, % married or living together 914
Prenatal smoking, % never during pregnancy 79.8
Prenatal alcohol use, % never during pregnancy 34.7
Depression symptoms, BSI depression score, 0 (0, 0.17)
median (QI, Q3)
Paternal characteristics
Harsh parenting, paternal score, median (QI, Q3) 1.0 (0.0, 3.0)
(N = 1957)
Education, %
Low 394
Medium 24.0
High 36.6
Depression symptoms, BSI depression score, 0 (0, 0.0l)

median (QI, Q3)

Note. Sample with available data for maternal and/or paternal harsh parenting
and brain T| and/or DTI MRI (N = 2410) *Otherwise indicated.

Equations (mice) package (version 3.6.0) (van Buuren &
Groothuis-Oudshoorn, 2011) generating 20 imputed datasets.
One participant with an outlying global MD score (>4 standard
deviations below the mean) was excluded from the DTI
analyses.

Non-response Analysis

Children in the analyses (N = 2,410) did not differ from children
lost-to-follow-up (with harsh parenting data but no neuroima-
ging data, N = 2,173) in sex and maternal marital status. Chil-
dren included in analyses were exposed to less harsh parenting
by mothers and fathers than children with no imaging data (e.g.
mean maternal harsh parenting: 2.88 vs 3.11, p = 0.02). Of the
children in our study, 35% had highly-educated mothers
whereas this was of 33% in those lost to follow-up (chi-square
p=0.02). Likewise, 66% of the children in our study sample had
mothers with Dutch ethnicity, whereas this was of 63% in the
lost-to-follow-up group (p = 0.02).

Results

Among the 2,410 children in analyses, 51% were girls. The
correlation between maternal and paternal harsh parenting was
moderate (Pearson’sr = 0.36, p <0.001, N = 1,905). The med-
ian (unstandardized) maternal harsh parenting score was the
same for boys and girls (median = 2.0, IQR = 1.0, 4.0), whereas
the median paternal harsh parenting score was 2.0 (IQR = 1.0,
3.0) for boys and 1.0 (IQR = 0, 3.0) for girls. Most mothers were
married or living with a partner (91%) and 35% of mothers and
37% of fathers were highly educated (Table 1).

The exposure to maternal harsh parenting was associated
with smaller total gray matter (B = —0.07 (95% confidence
interval (95%CI) = —0.10; —0.03)) and cerebral white matter
volumes (B = —0.06 (95%CI = —0.09; —0.02)) after adjusting
for child age at the MRI scan, child sex, and maternal ethnicity.
These associations remained after additionally accounting for
birth weight, prenatal smoking and alcohol consumption, fam-
ily income, maternal education, marital status and maternal
depressive symptoms (total gray matter volume: f = —0.05
(95%CI = —0.08; —0.01)). Maternal harsh parenting was also
related to smaller amygdala volumes (p = —0.04 (95%CI =
—0.07; 0)), but not to hippocampal volumes. No association
was found between maternal harsh parenting and global white
matter microstructural metrics (Table 2).

Paternal harsh parenting had similar direction of effects as
maternal harsh parenting for the associations with global brain
volumes (e.g. cerebral white matter volume (f = —0.03
(95%CI = —0.07; 0.01)) and amygdala volume (B = —0.03
(95%CI = —0.07; 0.01)). However, these associations were not
statistically significant. Similarly, no association was found
between paternal harsh parenting and hippocampal volume or
white matter microstructural metrics (Table 2).

After adjustment for multiple testing in the analyses with
maternal and paternal harsh parenting and the brain structural
regions of interest (eight tests), only the association between
maternal harsh parenting and total gray matter volume survived
(p-adjusted = 0.05). The associations of maternal parenting
with cerebral white matter (p-adjusted = 0.09) and amygdala
volumes (p-adjusted = 0.09) did not survive. No associations
were found between maternal or paternal harsh parenting and
vertex-wise cortical thickness.

We examined whether the relation between harsh parenting
and the ROIs differed by child sex. However, no interaction
effect was found between harsh parenting and the child sex for
any of the brain outcomes examined (data not shown).

Next, we explored whether the associations between harsh
parenting and amygdala and hippocampal volumes were
hemisphere-specific. Maternal harsh parenting was consistently
related to the left and right amygdala volumes (left: = —0.04
(95%CI = —0.08; 0); right: p = —0.03 (95%CI = —0.07; 0)),
although the analyses with the right amygdala were not statisti-
cally significant. We found similar estimates for the relation of
paternal harsh parenting and the amygdala volumes (e.g. left:
B=—0.03 (95%CI = —0.07; 0.01)), which did not reach signifi-
cance. There was no association between each parent’s harsh
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Table 2. Harsh Parenting and the Child Brain Outcomes.

Paternal Harsh Parenting

Maternal Harsh Parenting

Model 2

Model |

Model 2

Model |

P

B (95%CI)

P

B (95%Cl)

N

B (95%Cl)

P

B (95%Cl)

Brain Outcomes

1754

2090

Global brain measures

0.152  —0.02 (—0.06; 0.02) 0.298
—0.03 (~0.07; 0.01)

0.100

—0.03 (—0.07; 0.01)
~0.03 (—0.07; 0.01)

<0.001 —0.05 (—0.08; —0.01) 0.006
—0.04 (—0.08; 0)

—0.07 (~0.10; —0.03)
—0.06 (—0.09; -0.02)

Total gray matter volume

0.177

0.035

0.003

Cerebral white matter volume

Subcortical structures

0.124
0.835

—0.03 (~0.07; 0.01)

0.226

—0.02 (—0.06; 0.01)

0.028
0.286

—0.04 (—0.07; 0)
~0.02 (—0.05; 0.02)

0.043

0.200

—0.04 (—0.07; 0)
—0.02 (—0.06; 0.01)

Amygdala volume

0 (~0.04; 0.03)

0.924

0 (—0.04; 0.04)

Hippocampus volume

Global DTl measures

1720

2064

0.763

—0.01 (~0.05; 0.04)

0.898

0 (~0.05; 0.04)
0.01 (—0.04; 0.05)

—0.02 (—0.07; 0.02)  0.275

—0.01 (—0.05; 0.04)

0.198
0.758

—0.03 (~0.07; 0.01)
—0.01 (—0.05; 0.04)

Global FA

0.585

0.01 (~0.03; 0.06)

0.710

0.743

Global MD

Note. Associations between parental harsh parenting at age 3 years and child brain outcomes at age |10 years. Amygdala and hippocampal volumes averaged over both hemispheres. Model | is adjusted for: total
ICV (total intracranial volume), child age at brain MRI scan, child sex and maternal ethnicity. Model 2 is additionally adjusted for birth weight, prenatal smoking and alcohol consumption, family income, maternal
education, marital status and maternal depressive symptoms. In paternal harsh parenting analyses, paternal education and depressive symptoms are included instead of the maternal covariates. Global brain

measures are not adjusted for total ICV. Estimates are standardized.

parenting and the hippocampal volumes (Supplementary
Table 1).

To further explore the role of maternal and paternal harsh
parenting in the relation with the child brain morphology, we
performed two sensitivity analyses. First, we examined the
interaction between maternal and paternal harsh parenting.
We found no evidence for an interaction effect in relation to
any of the brain outcomes examined (Table 3). Second, we
modelled the joint effect of maternal and paternal harsh parent-
ing, by performing a PCA based on the 12 items of the maternal
and paternal harsh parenting reports. We extracted the first
component, explaining 24% of the total variance, with an eigen
value of 2.87. Factor loadings ranged from 0.31 to 0.57 for all
items. We then examined the association between the harsh
parenting factor score and the brain outcomes. Parental harsh
parenting was related to smaller total gray matter volume
(B = —0.04 (95%CI = —0.07; 0.00)) and amygdala volume
(B = —0.04 (95%CI = —0.07; -0.01)) in analysis adjusted for
all covariates. A suggestive, although non-significant associa-
tion was observed between the parental harsh parenting mea-
sure and cerebral white matter volume (Supplementary Table
2). Considering the moderate correlation between maternal and
paternal harsh parenting and the relatively low percentage of
explained variance by the extracted principal component, we
recommend caution in the interpretation of these results.

Finally, we explored whether our findings were explained
by two potentially co-occurring stressors. We followed-up the
associations of maternal harsh parenting with total gray matter,
cerebral white matter and amygdala volumes, by adjusting for
maternal alcohol drinking problems and for the presence of
marital problems. However, neither of these factors even partly
explained the associations between maternal harsh parenting
and child brain morphology (Supplementary Table 3).

Discussion

In this population-based study, early-life maternal harsh par-
enting was associated with smaller total gray matter volumes in
10-year-old children. These results were robust to the adjust-
ment for multiple confounding factors, and were not explained
by the presence of other child stressful experiences. Similar
associations were observed for the cerebral white matter and
the amygdala volumes. However, these findings did not survive
after adjustment for multiple testing. The associations between
paternal harsh parenting and child brain morphology showed
the same direction and largely similar effect sizes as maternal
harsh parenting, but did not reach significance. Further, anal-
yses with a joint parental harsh parenting measure showed
results consistent with those of the separate maternal and pater-
nal analyses: parental harsh parenting was associated with
smaller global brain and amygdala volumes. Differences in the
hippocampal volumes were not related to past harsh parenting
exposure. Also, parental harsh parenting was not associated
with regional cortical thickness or white matter microstructural
metrics.
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Table 3. Interaction Between Maternal and Paternal Harsh Parenting in Relation to Child Brain Morphology.

Interaction Model

Maternal Harsh

Paternal Harsh Interaction Maternal x Paternal

Parenting Parenting Harsh Parenting
N B (95%ClI) P B (95%ClI) P B (95%ClI) P
Brain Outcomes

Global brain measures

Total gray matter volume 1703 —0.04 (—0.08; 0.01) 0.104 —0.02 (—0.06; 0.02) 0.329 0 (—0.03; 0.03) 0.897

Cerebral white matter volume 1703 —0.03 (—0.08; 0.01) 0.188 —0.04 (—0.08; 0.01) 0.093 0.01 (—0.02; 0.04) 0.406
Subcortical structures

Amygdala volume, average 1703 —0.03 (—0.07; 0.02) 0.234 —0.04 (—0.08; 0) 0.071 0 (—0.03; 0.03) 0.845

Hippocampus volume, average 1703 —0.03 (—0.07; 0.01) 0.182 —0.01 (—0.06; 0.03) 0.522 0.02 (—0.01; 0.05) 0.126
Global DTI measures

Global FA 1677 —0.04 (—0.1;0.01)  0.129 0 (—0.05; 0.06) 0.898 0.01 (—0.02; 0.04) 0.500

Global MD 1677 0.01 (—0.04; 0.07) 0.649 0(—0.05;0.05) 0978 —0.01 (—0.04;0.03) 0.730

Note. Predictors included: maternal and paternal harsh parenting, total ICV (total intracranial volume), child age at MRI scan, child sex, maternal ethnicity, birth
weight, prenatal smoking and alcohol consumption, family income, maternal education, paternal education, marital status, maternal depressive symptoms, paternal
depressive symptoms and an interaction term between maternal and paternal harsh parenting. Global brain measures are not adjusted for total ICV.

Estimates are standardized.

Multiple studies have examined the brain morphology of
children exposed to severe early-life adverse caregiving con-
ditions and have consistently found that children who experi-
enced adversity, such as maltreatment, have smaller global
brain volumes than controls, with wide-spread differences
observed in grey and white matter (Bick & Nelson, 2016; De
Brito et al., 2013). In this large population-based cohort, we
examined whether harsh parenting, which can be conceptua-
lized along a continuum of parenting with maltreatment at the
extreme end (Gershoff, 2002; Kim et al., 2010), was related to
the child brain morphology. Interestingly, our results are in line
with the existing maltreatment literature: harsh discipline was
associated with smaller global brain volumes. Contrary to what
we expected, harsh parenting was not related to child cortical
thickness. Thinner cortices in specific regions, such as the pre-
frontal cortex, have been described by some studies of children
exposed to severe caregiving adversity (McLaughlin et al.,
2019). Yet, even though we observed global brain volumetric
differences in relation to harsh parenting, no specific associa-
tion with cortical thickness was found. Given the
population-based design of our study, cortical thickness differ-
ences could be too subtle to be detected with our current sample
size. It is also possible that the observed global differences are
accounted for by differences in other components of grey mat-
ter rather than cortical thickness, such as the cortical surface
area or the local gyrification (Kelly et al., 2013). Our findings
add to the evidence linking harsh parenting with subsequent
offspring behavioral problems (Jackson & Choi, 2018;
Mackenbach et al., 2014), demonstrating a difference in child
grey matter volumes. Research has shown that sustained expo-
sure to stress can lead to allostatic load, and trigger pathophy-
siological reactions at the endocrine and molecular levels,
among others (McEwen & Akil, 2020). Thus, the smaller grey
matter volume could be related to neurotoxicity and dendritic

remodeling, caused by a maladaptive stress response. Further
studies are needed to better understand how brain morphology
correlates at the local neuroanatomical level and how this cor-
responds to the association of parental harsh discipline with
subsequent poor child outcomes.

The literature shows mixed results regarding the relation of
early-life adverse caregiving with amygdala volume. Some
research results suggest that the amygdala may be smaller in
children exposed to severe adverse caregiving (McLaughlin
et al., 2016), but larger amygdala volumes have also been
described (Whittle et al., 2009). We report that harsh parenting
was associated with smaller amygdala volumes, and this find-
ing was consistently observed in the left and right hemisphere.
Overall, it is difficult to compare findings across studies given
the differences in age and measurements. For example, Whittle
et al. (2009) examined the relation of mothers’ punishing
responses in reaction to adolescents’ positive affective beha-
vior with adolescents’ brain morphology. Further, this parental
behavior pattern was most probably related to the adolescents’
neural circuitry of reward. In contrast, our study focused on
parenting of 3-year-old children and examined the daily-life
use of harsh discipline strategies, which are often seen as
related to child maltreatment (Stith et al., 2009). Additionally,
the age at the brain MRI assessment could influence the results,
considering that the amygdala has a non-linear developmental
trajectory plateauing in preadolescence (Uematsu et al., 2012).
Importantly, our finding of a relation between harsh parenting
and a smaller amygdala volume in children expands the exist-
ing evidence regarding adverse caregiving environments in the
general population. Further, the experience of maltreatment has
also been related to the functional connectivity between the
amygdala and the prefrontal cortex, suggesting that early-life
adversity could be related not only to the amygdala morphol-
ogy, but also to its functional reactivity (Peverill et al., 2019).



170

Child Maltreatment 27(2)

It is well known that adverse experiences tend to co-occur
(Felitti et al., 1998). Factors such as low SES (Roubinov &
Boyce, 2017), alcohol drinking problems (Dube et al., 2001)
and marital problems (Jansen et al., 2012) predict the use of
harsh discipline strategies, and are related to child brain and
psychological development (McDermott et al., 2019; Raitasalo
et al., 2019; Xerxa, Rescorla, et al., 2020). Sensitivity analyses
showed that our findings were not explained by these poten-
tially co-occurring stressful factors. Rather, we hypothesize
that harsh parenting represents a chronic stressor, that in the
long term may alter the brain’s developmental trajectory
through a cascade of disruptions in the stress response system
and in the physiological responses to external events (Evans
et al., 2013). The prolonged exposure to stress has been sug-
gested to alter neuronal morphology, the normative trajectory
of neuronal proliferation, and synaptic plasticity (Kim et al.,
2015).

Interestingly, mothers’ and fathers’ parenting were similarly
related to the child brain outcomes, although the association of
the father’s parenting was attenuated. Differential parenting
practices have been described for mothers and fathers
(McKinney & Renk, 2008), yet, little is known regarding the
relation of paternal parenting with the child brain morphology.
Our study gives only a preliminary answer to this question.
Given the smaller sample size of children with paternal parent-
ing reports than maternal reports and the smaller effect sizes of
the associations with the brain outcomes, it is possible that
larger sample sizes are needed to observe a slightly subtler
effect. The analyses with the joint parental harsh parenting
measure supported a joint effect of maternal and paternal par-
enting, suggesting that the exposure to more harsh parenting
from both parents is related to similar brain differences as those
observed in the separate maternal and paternal analyses. Addi-
tionally, some researchers suggest that the harsh discipline of
mothers and fathers could interact in relation to the offspring
outcomes (Wang et al., 2019). However, we found no evidence
for a maternal and paternal harsh parenting interaction effect in
relation to the brain regions of interest. Also, some studies have
described that boys may be more susceptible to poor parenting
than girls (Spruijt et al., 2019), but we observed no interaction
of maternal and paternal harsh parenting with child sex.

In this study, we found no association between parental
harsh parenting and the hippocampal volumes. Although the
literature is not very consistent, some studies have reported
smaller hippocampal volumes in children exposed to early
adversity (Bick & Nelson, 2016; McLaughlin et al., 2019). One
study found that early-life negative parenting predicted smaller
hippocampal tail volumes via cortisol reactivity, suggesting
that stress reactivity may underlie the relation between parent-
ing and offspring neurodevelopment (Blankenship et al., 2019).
Moreover, extreme caregiving adversity has been related to
deficits in memory (Bick & Nelson, 2016) and other
hippocampal-related cognitive tasks (Edmiston & Blackford,
2013). Given that the hippocampus and amygdala have a period
of rapid growth and development during early childhood
(Uematsu et al., 2012), this may represent a period of critical

vulnerability of these limbic structures to environmental
effects. Thus, the lack of association between harsh parenting
and the hippocampal volume in our study could simply reflect
the fact that larger study samples of children from the general
population are needed to detect small but possibly relevant
hippocampal volumetric differences, and that these may be
more apparent in children exposed to severe adverse caregiving
conditions.

Similarly, we found no association between harsh parenting
and the global white matter microstructural metrics in our
exploratory analyses. While childhood abuse studies reported
white matter microstructural differences in adults (Lim et al.,
2019), further studies in children and in the general population
are needed to understand the relation between caregiving
adversity and child white matter microstructure.

Our findings must be interpreted considering some limita-
tions. First, causality cannot be inferred. Future studies should
include repeated parenting and neuroimaging measures, to
examine the direction of effect. Second, harsh parenting mea-
sures were based on self-reports, which could be biased by
social desirability. However, observational parenting assess-
ments also have a tendency toward socially desirable beha-
viors, and other data collection methods, like child reports,
are especially challenging when assessing harsh parenting in
early childhood (Bennett et al., 2006). Third, children lost-to-
follow-up less often had mothers with a Dutch national origin
and high education than children included in our study. More-
over, the relatively high educational level of families in our
cohort study and the low poverty rate in the Netherlands
(Statistics Netherlands, 2019) may have limited the variation
in our harsh parenting measure. Fourth, paternal harsh parent-
ing data was less often available than maternal parenting.
Although our sample is large compared to previous studies,
and that there was an overall consistency of effect between
both parents, larger population-based samples could be needed
to capture subtle effects. Fifth, alcohol consumption was col-
lected by postal questionnaires, which could have led to an
underestimation of the amount of consumed alcohol.

Our findings in this population-based study suggest that
early-life harsh parenting is related to smaller global brain and
amygdala volumes in preadolescence. These results have pub-
lic health relevance as these offer an extension of the evidence
of child maltreatment studies, suggesting that adverse rearing
environments common in the general population are related to
child brain morphology.
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