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Abstract

Maternal mental health problems during pregnancy, especially
mood and anxiety disorders and symptoms, are common.
They not only hinder maternal well-being and health during
pregnancy but also are associated with physical and mental
health adversities in the offspring. We provide here a review of
the studies published between 2017 and 2019, which reported
on the associations between maternal mental health problems
during pregnancy and child neurocognitive outcomes. We
identified eight studies, which reported a mixed pattern of
findings. While the balance of evidence favors lack of associ-
ations, small sample sizes and heterogeneity in study designs,
exposures, outcomes, and covariate adjustments between the
studies preclude firm conclusions. The reviewed studies
encourage further research filling in the knowledge gaps we
identified.
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Introduction

Maternal mental health problems during pregnancy are
common. Of the maternal mental health problems,
depression, including major depressive disorder (MDD)
and dysthymia, and anxiety, including panic disorder,
generalized anxiety disorder, obsessive—compulsive
disorder, post-traumatic stress disorder, and fear of
childbirth, are the most common (Antenatal and post-
natal mental health: Clinical management and service
guidance. Clinical guideline; URL: www.nice.org.uk/
guidance/cg192). They affect around 10—13% of the
pregnant women [1,2]. The burden increases into 20—
30%, if women with clinically relevant, subthreshold

symptoms of depression and anxiety are included [3—5].
This burden may be even higher as maternal mental
health problems during pregnancy remain often unde-
tected and they are under-represented in surveys.
"Typical symptoms of depression include loss of interest,
depressed mood, hopelessness, worthlessness, sleep and
cognitive problems, altered eating patterns, social
withdrawal, and suicidal ideation, whereas those of
anxiety include panic attacks, hyperventilation, exces-
sive worry, and sleep problems. During pregnancy,
typical symptoms may also include doubts of being able
to bond with and nurture the infant, thoughts of
harming, or thoughts or images of something frightening
happening to the baby.

Maternal mental health problems cause a major burden
on health and quality of life of the women. They are a
key risk factor for suicide, which is among the most
common causes of death among women during preg-
nancy [6,7]. They are also often comorbid with obesity
[8] and obstetric complications [9,10] and show high
continuity to the postpartum period [3,4,8,11,12]. In
addition, maternal mental health problems during
pregnancy may generate a vicious cycle: one study
showed that daughters of women with depression during
pregnancy were themselves at 3-fold risk of depression
during their own pregnancies [13].

Research conducted over the past two decades has
demonstrated that maternal mental health problems
may also predict adverse developmental outcomes for
the offspring. Infants of women with mental health
problems are more often born preterm [14—17] or with
lower birth weight [14,15]. They also display problems
in cognitive, emotional, behavioral, and social develop-
ment [3,4,18—24]. These findings are in line with the
prenatal programming or Developmental Origins of
Health and Disease framework; because of high plas-
ticity of the rapidly developing fetal brain, exposure to
prenatal environmental adversities may carry adaptive
advantages or lasting vulnerabilities on fetal brain
development and brain developmental sequelae
[18,25—27].

As the literature on this topic has been expanding during
the past few years, we provide here a review of articles
published between 2017 and 2019. Van den Bergh et al.
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[18] have provided an extensive review of studies
published between 2010 and early 2017 on maternal
stress during pregnancy and child cognitive and mental
health outcomes. The review by Robinson et al. [19]
published in 2019 provides a systematic review of
studies published between 2014 and 2018 on maternal
depression during pregnancy and child neuropsychiatric
outcomes. Because the focus of the most recent sys-
tematic review was on child neuropsychiatric outcomes,
we provide here an update of the studies that have
assessed associations between maternal mental health
during pregnancy and child neurocognitive abilities,
published since the Van den Bergh review. In line with
this previous review, we restricted the reviewed studies
to those conducted in humans and that were prospective
and quasi-experimental, epidemiological, or clinical in
study design. We conducted the literature search
through PubMed, Psychlnfo, and Web of Science using
search words related to maternal prenatal stress (stress,
distress, anxiety, depression, anxiety disorder, mood
disorder, depressive disorder) and words related to child
neurodevelopment and cognition (neurodevelopment,
cognition, cognitive, cognitive tests, intelligence). We
also highlight the articles that we have considered to be
of special interest (*) or of outstanding interest (**).

Child neurocognitive outcomes

Table 1 provides details of the included studies. Of
the eight studies published between 2017 and 2019
and reviewed here, two reported no significant asso-
ciations between maternal mental health during
pregnancy and child neurocognitive abilities in unad-
justed models and in models adjusted for covariates;
one study reported no significant associations but re-
ported findings from adjusted models only; three
studies reported significant unadjusted/partially
adjusted associations, which were no longer significant
when adjusted for covariates; one study reported sig-
nificant unadjusted associations, which remained sig-
nificant after adjustments for all covariates in some
subgroups; and one study reported significant unad-
justed associations, which remained significant after
covariate adjustments.

The studies that found no significant associations in
unadjusted or adjusted models are the Greek Rhea
Study on prenatal depressive symptoms and child
neurodevelopment [28], among 288 mother—child
dyads, and a small Swedish study [29] of 39 children
who were exposed to maternal mood disorders during
pregnancy treated with lithium, to maternal mood
disorders during pregnancy not treated with lithium,
and who were not exposed to either one. The study
that did not find associations and reported adjusted
associations only is the multiethnic Dutch Generation
R study among 5001 and 1994 mother—child dyads
[30].

29

The three studies that reported significant unadjusted
associations, which were no longer significant when
adjusted for covariates, are the French Eden study,
among 1039 mother—child dyads [12], the Canadian
Project Viva, among 1225 mother—child dyads [31], and
a small-scale Irish study of 100 children exposed to
maternal MDD diagnosed during pregnancy, to history
of maternal MDD before pregnancy, or to neither one
[32]. The Eden study reported that high maternal
depressive symptoms at 24—28 gestational weeks were
associated with child’s lower verbal, performance, and
full-scale intelligence quotient (IQ) at age 5—6 years
[12], and the Viva study reported that maternal
depressive symptoms in midpregnancy were associated
with poorer verbal skills of children at age 7—8 years
[31]. In the Irish study, in partially adjusted models,
children of women with MDD diagnosed during preg-
nancy had lower language development scores at 12
months than children of women with neither MDD nor
MDD history [32]. However, these associations were
not significant in adjusted models.

The one study that reported significant unadjusted as-
sociations, which remained significant after adjustment
for all covariates in some subgroups, is the multiethnic
Dutch Generation R study [30] among 4251 mother—
child dyads. In the Generation R study, in unadjusted
models, higher maternal prenatal stress at 20—25
gestational weeks was associated with lower nonverbal
IQ in 6-year-old children in Dutch, Caribbean, and
Moroccan/Turkish groups, but after covariate adjust-
ments, this association remained significant in the
Moroccan/Turkish group only [33].

The one study that reported significant unadjusted as-
sociations, which remained significant after all covariate
adjustments, is the Finnish PREDO study [3] among
2231 mother—child dyads. The PREDO study reported
that higher maternal depressive symptoms measured
biweekly between 12 and 39 gestational weeks were
associated  with  lower  total developmental
milestone scores and with higher odds to display at least
mild developmental delay across communication, gross
motor, fine motor, problem solving, and personal/social
skills in children at age 2—6 years. The children of
mothers with consistently high/clinically relevant
depressive symptoms during pregnancy had the lowest
total developmental milestone score of these skills.

Discussion

"This review focused on the recent studies on the asso-
ciations between maternal mental health problems
during pregnancy and child neurocognitive outcomes.
The reviewed findings were inconsistent and varied
according to the studied maternal stressor, child
neurocognitive outcome, study design, and population.
Seven studies focused on maternal prenatal depression.
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Table 1

Summary of included study characteristics and findings.

Author Source Population Sample size Study design Maternal exposure Child outcome Results of unadjusted and
adjusted models and
covariates in adjusted

models

El Marroun et al. (2017) [30] Generation Dutch/multiethnic 5001 at age 5 Cohort Clinically relevant SON-R at age 5 years, Prenatal depressive

Cortes Hidalgo et al. (2018) Generation

[33]

R

R

mother—child dyads

Dutch/multiethnic
mother—child dyads

years and
1194 at age
7 years

4251 Cohort

depressive symptoms,
as indexed by high
(>0.75) BSI score, at
20.6 gestational weeks.

Stress symptoms at 20—25
gestational weeks

NEPSY-II-NL at age 7 years

SON-R (Mosaics,
Categories) at age 6 years

symptoms were not
significantly associated with
child’s nonverbal 1Q at age 5
years or with memory and
learning, visuospatial
functioning, or sensorimotor
functioning at age 7 years.
All associations are from
adjusted models; no
unadjusted associations are
reported.
Covariates in adjusted
models: maternal education,
cognitive ability, ethnicity,
smoking habits, postnatal
depressive symptoms at 2
months and 3 years after
delivery, child age, gender,
and birth weight.
In unadjusted models,
higher prenatal stress was
significantly associated with
child’s lower nonverbal 1Q in
Dutch (B (S.E) = -1.57
(0.36), p = <0.001),
Caribbean (-1.58 (0.67),
p = 0.019), and Moroccan/
Turkish (-1.83 (0.65),

p = 0.005) groups but not
among non-Dutch Western,
African, and Indonesian
groups. In adjusted models,
prenatal stress was not
significantly associated with
child’s nonverbal 1Q, except
in the Moroccan/Turkish
group, where higher
prenatal stress was
significantly associated with
child’s lower nonverbal 1Q
(B (S.E.) = -1.53 (0.63),
p = 0.015).

Bulwweiboid [e1d94 0¢F


www.sciencedirect.com/science/journal/24519650

van der Waerden et al. French mother

WI09°1081IPBJUBIOS MMM

Koutra et al. (2017) [28]

85—82:€1 ‘0202 Yyoieesay odljoqels|\ pue auuoopug ul uoiuidQ uaiiny

CES-D at 24—-28 gestational WPPSI-IIl at age 5—-6 years

weeks. The study assessed
depressive symptoms
during and after
pregnancy and identified
symptom trajectories. One
of the trajectories identified
women with depressive
symptoms only during
pregnancy (n = 38), and the
children of these women
were compared with
children of women with no
symptoms in pregnancy or
concurrently to child follow-
up (n = 645).

Covariates in adjusted
models: maternal 1Q, family
income, maternal and
paternal education,
maternal alcohol
consumption, and smoking
during pregnancy.

In unadjusted models,
compared with no
symptoms, high depressive
symptoms specifically
during pregnancy were
significantly associated
with child’s lower verbal 1Q,
(B =-5.06, 95% Cl -9.68
to —0.44), performance 1Q
(-5.85, -10.41 to —1.30),
and full-scale 1Q
(-7.46, —11.90 to —3.02).
However, in adjusted
models, high depressive
symptoms specifically
during pregnancy were no
longer significantly
associated with child’s
verbal, performance, or full-
scale Q.
Covariates in adjusted
models: maternal age at
childbirth, history of mental
health problems, anxiety in
pregnancy, substance use
during pregnancy, mental
health treatment,
prepregnancy BMI, total
energy intake during
pregnancy, breastfeeding
duration, frequency of
maternal stimulations,
HOME score, parental
educational level, family
income, family situation,
domestic violence, social
support, family history of
language problems, study
center, child sex, preterm
birth, birth weight, birth
order, age at school entry,
bilingualism, and concurrent
maternal depression.

(continued on next page)
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Table 1. (continued)

Author

Source

Population

Sample size

Study design Maternal exposure

Child outcome

Results of unadjusted and
adjusted models and
covariates in adjusted

models

Tuovinen et al. (2018) [3]

Rhea
Study

PREDO

Greek and immigrant
mother—child dyads

Finnish mother—child dyads

2231

EPDS at 28-32
gestational weeks

Cohort CES-D biweekly between
weeks + days 12 + 0/13 + 6
and 38 + 0/39 + 6 or
delivery. Continuous and
categorical depression
scores and trajectories of
depressive symptoms were
used as independent
variables.

MSCA (Verbal, Quantitative,
Memory, Perceptual-
Performance, and Motor
scales) at
age 4 years

ASQ at age 1.9-5.7 years

Prenatal depressive
symptoms were not
significantly associated with
child’s verbal or quantitative
memory, perceptual
performance, or motor
abilities in unadjusted or
adjusted models.
Covariates in adjusted
models: quality of
assessment, child sex,
examiner, maternal age at
delivery, maternal
education, working status at
4 years, maternal smoking
at 4 years, number of
children in the family,
breastfeeding duration,
child’s day care at
assessment, TV watching.
Higher prenatal depressive
symptoms were significantly
associated with child’s lower
total developmental
milestone scores
(B =-0.84. 95% Cl, -1.13
to -0.55, p < 0.001) and with
child’s higher odds to
display at least mild
developmental delay
(OR =1.33,95% Cl, 1.17 to
1.50, p < 0.001) in
unadjusted and adjusted
models.
Covariates in adjusted
models: maternal age,
parity, education,
occupation, history of
depression, antidepressant
and other psychotropic
medication use, alcohol use
and smoking during
pregnancy, type 1 diabetes,
chronic hypertension, early
pregnancy body mass
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Forsberg et al., 2018 [29]

Swedish mother—child
dyads

39

Clinical cohort

20 mood disorder and
lithium treatment during
pregnancy, 8 mood disorder
and no lithium treatment
during pregnancy, 11 no
mood disorder and no
lithium treatment during
pregnancy

WPPSI-IIl at age 4-5 years

index, gestational diabetes,
hypertensive pregnancy
disorders, family structure,
child age and sex,
gestational length, and
child’s birth weight for
gestation. The effects of
maternal prenatal
depressive symptoms were
also independent of
depressive symptoms
postpartum and in early
childhood.
No significant differences
were found between the
groups in child’s verbal,
performance, or full-scale IQ
in unadjusted or adjusted
models.
However, in unadjusted
models, children of women
with mood disorders with
(B=-7,8, p=0.05) or
without (B =-10.3, p = 0.04)
lithium treatment scored
lower on processing speed
quotient than children of
women without mood
disorder and lithium
treatment. In models
adjusted for prematurity, the
significant difference
between children of women
with mood disorders and
without lithium treatment
and those not exposed was
not significant, and in
models adjusting for
maternal education and
social problems, the
significant difference
between children of women
with mood disorders and
with lithium treatment and
those not exposed was not
significant. None of the
models adjusted for all
covariates
Covariates in adjusted
models: child prematurity or

(continued on next page)
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Table 1. (continued)

Author Source

Population

Sample size Study design

Maternal exposure

Child outcome

Results of unadjusted and
adjusted models and
covariates in adjusted

models

O’Leary et al. (2019) [32]

Faleschini et al. (2019) [31] Project Viva

Irish mother—child dyads

Canadian mother—child
dyads

100

1225

Case control

Cohort

23 MDD diagnosed during
pregnancy, 34 MDD history
and euthymic during
pregnancy, 43 no MDD
diagnosis during pregnancy
or history of MDD

High EPDS score (>13) in KBIT-2, WRAVMA, WRAML

midpregnancy < 22
gestational weeks (n = 122)

BSID-lll at age 6
and 12 months

at age 7-8 years

maternal level of education
and social problems.
Children of women with
MDD diagnosed during
pregnancy had significantly
lower language
development scores at 12
months (M = 87.33,

SD = 10.54 vs M = 95.06,
SD = 11.78, p = 0.037) than
children of women with no
MDD or MDD history. All
associations are from
adjusted models; no
unadjusted associations are
reported.
Covariates in models:
maternal education and
parity.

In models also adjusting for
concurrent maternal
depressive
symptom scores, the
association with language
development became
nonsignificant, and motor
development score at 6
months became significant
(M =95.48, SD = 11.87 for
children of women with
MDD vs 99.97, SD = 10.6 for
children of women with no
MDD or MDD history,

p = 0.026). No significant
associations with child’s
general cognitive
development scores at 6 or
12 months or with language
development at 6 months or
motor development at 12
months were found.

In unadjusted models,
prenatal depressive
symptoms were significantly
associated with child’s
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vs. low depression poorer verbal skills
(n=1103). (B =-4.69, 95% CI: -8.01
to —1.36). This association
was not significant after
adjustment for covariates.
Prenatal depressive
symptoms were not
associated with child’s
nonverbal 1Q, visual motor,
or design, picture or visual
memory total score in
unadjusted or adjusted
models.
Covariates in adjusted
models: maternal race/
ethnicity, age at enroliment,
education, household
income, prepregnancy BMI,
smoking during pregnancy,
and child sex, and further for
maternal 1Q.

ASQ, Ages and Stages Questionnaire; B, unstandardized regression coefficient; BMI, body mass index; BSID-IIl, Bayley Scale of Infant Development — 3rd edition; BRIEF-P, Behavior Rating Inventory of
Executive Function — Preschool Version; BSI, Brief Symptom Inventory; CES-D, Center for Epidemiologic Studies Depression Scale; Cl, confidence interval; EPDS, Edinburgh Postnatal Depression
Scale; EPQ-R, Eysenck Personality Questionnaire — Revised; HOME score, Home Observation for the Measurement of the Environment Scale; 1Q, intelligence quotient; KBIT-2, Kaufman Brief
Intelligence Test; M, mean; MDD, major depressive disorder; MSCA, McCarthy Scales of Children’s Abilities; NEPSY-II-NL, Dutch version of the NEPSY-Il; OR, odds ratio; S.E., standard error; SD,
standard deviation; SON-R, Snijders—Oomen Niet-verbale intelligentie Test—Revisie (nonverbal 1Q); WPPSI-IlIl, Wechsler Preschool and Primary Scale of Intelligence — 3rd edition; WRAML, Visual
Memory Index of the Wide Range Assessment of Memory and Learning; WRAVMA, Wide Range Assessment of Visual Motor Abilities.
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Significant associations of maternal prenatal depression
in children with lower 1Q and poorer general neuro-
development, developmental delay, and motor and lan-
guage development were found. However, findings were
mixed, and only rarely did associations of maternal
depression and child neurodevelopment remain signifi-
cant after adjustment for maternal, neonatal, and/or
child characteristics. In addition, only one study exam-
ined the associations between maternal prenatal stress
symptoms and child neurocognitive outcomes, and the
findings varied according to the ethnicity of the partic-
ipants. Interestingly, none of the studies focused on
maternal anxiety disorders or symptoms. Methodolog-
ical limitations were present in many studies, as
described in detail in the following paragraphs.

All eight studies included in this study were conducted
in high-income countries, which limits the generaliz-
ability of the findings to other populations. The Finnish
PREDO study [3] and the Swedish clinical cohort study
[29] examined European Nordic populations. The
French EDEN [12], and Irish O’'Leary [32] studies
comprised southern European populations, while the
Dutch Generation R studies [30,33] comprised a multi-
ethnic European population. The Greek Rhea study
[28] included both Greek and immigrant participants.
Only the Canadian Project Viva study [31] was con-
ducted outside Europe.

Seven studies were cohort studies, one of which was a
clinical cohort [29]. One study was a case—control study
[32]. Two studies used objective maternal stress mea-
sures, mood disorder diagnoses, or MDD [29,32]. Five
other studies used validated maternal self-report ques-
tionnaires, Brief Symptom Inventory [30], Center for
Epidemiologic Studies Depression Scale [3,12], and
Edinburgh Postnatal Depression Scale [28,31]. One
study used a self-report composite stress score including
contextual, personal, interpersonal, and life stress which
had previously shown good model fit [34]. Only one
study measured prenatal symptoms at multiple time
points, enabling assessment of gestation-specific effects

[3].

The studies also varied in what covariates and con-
founders were accounted for, further complicating in-
terpretations across the different studies. While 5
studies accounted for child sex, three did not [29,32,33].
All except two studies [29,32] controlled for maternal
substance use during pregnancy. Three studies
controlled for prepregnancy and pregnancy disorders
and/or gestational age and/or birth weight [3,12,29].
One study additionally controlled for paternal education
[33], two studies for family income [12,33], and three
studies for maternal cognitive ability or 1Q [30,31,33],
each of which account for genetic and postnatal envi-
ronmental effects. One study controlled for anxiety in
pregnancy, which may have induced statistical

multicollinearity. Four studies controlled for maternal
postnatal or concurrent depressive  symptoms
[3,12,30,32]. Hence, many studies left open the ques-
tion whether the associations or lack of them were
specific to the prenatal period.

Four studies reported selective nonresponse among
social disadvantaged families or less educated mothers
[3,12,29,33]. Hence, the selection bias in participation
may have influenced the results and limit
generalizability.

Focus on different domains of cognition and variations in
methods for measuring cognition may also explain the
contradictory results. One study used parental reports
[3] and others used objective tests of neurocognitive
outcomes. Studies combining different methods would
yield the most comprehensive picture of child
neurodevelopment.

Finally, many of the studies included in this review were
conducted in small samples. Null findings may therefore
reflect lack of statistical power rather than a true lack of
association. Publication bias is also a possibility and
should be taken into account when interpreting the
findings.

Our findings of inconsistent associations between
maternal mental health during pregnancy and child
neurodevelopment are somewhat contradictory to those
of the review by Van den Bergh et al. [18], which
concluded that maternal psychological distress during
pregnancy was associated with poorer
neurocognitive and especially motor development in the
offspring. However, also that study pointed out that the
effect sizes were small and the findings needed
replication.

The biological mechanisms underlying the possible ef-
fects of maternal prenatal mental health on offspring
neurocognitive development may include genetic and
epigenetic changes in the structure and functioning of
the placenta, in the activity of the glucocorticoid regu-
lation of the hypothalamus—pituitary—adrenal axis
regulating the stress response, and in the functioning of
the inflammatory system. Studies in PREDO showed
that maternal depression and/or anxiety during preg-
nancy were associated with increased levels of proin-
flammatory  biomarkers  high-sensitive  C-reactive
protein and glycoprotein throughout pregnancy [35],
with morphological changes in the placenta [36], with
changes in placental mRINA expression of genes regu-
lating glucocorticoid functioning [37], and with lower
epigenetic gestational age [38] and altered poly-
epigenetic scores of glucocorticoid-responsive genes
[39] of the newborn. The increased maternal proin-
flammatory biomarker levels during pregnancy also
predicted increased neurodevelopmental delay risk in

Current Opinion in Endocrine and Metabolic Research 2020, 13:28—-38

www.sciencedirect.com


www.sciencedirect.com/science/journal/24519650

Prenatal programming of neurocognitive abilities Tuovinen et al.

the offspring and mediated the effects of prenatal
adversity on child neurodevelopmental delay [40].
Maternal treatment with synthetic glucocorticoids
during pregnancy also associated with depressive
symptoms during pregnancy and predicted offspring risk
of neurodevelopmental delay [41]. Other longitudinal
studies also suggest placental epigenetic changes in
glucocorticoid-regulating genes as a consequence of
maternal prenatal anxiety [42] and poorer neuro-
development in children overexposed to maternal glu-
cocorticoids due to maternal prenatal licorice
consumption [43]. Genetic factors may also contribute,
as the genetic polymorphisms predicting depression risk
may have pleiotropic effects of neurocognitive devel-
opment [44].

To conclude, findings on the associations between
maternal prenatal mental health problems and child
neurocognitive outcomes are inconsistent. While most
recent findings do not support an independent effect,
representative studies in larger study samples assessing
and comparing the effects of different maternal stressors
are needed to elucidate whether maternal prenatal
mental health is associated with neurocognitive devel-
opment in their children.
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