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1. Introduction

Depression and anxiety are highly prevalent in pregnancy, with an estimated prevalence of 12%
for depression [1], and 15.2% for anxiety [2]. Also, mild to moderate stress is reported by a third
to more than half of respondents in healthy populations of pregnant women across the globe [3-8].
Perinatal mental health problems impact maternal wellbeing and that of her direct social environment
to a great extent. Moreover, early-life exposure of children to maternal psychopathology or stress,
either chronic or acutely induced by a traumatic experience during in utero development or in the first
years of life, could have long-lasting consequences [9,10]. Prenatal exposure to an adverse environment
may have an effect on fetal development through physiological intrauterine mechanisms, while the
postnatal environment may adversely affect child development through the influence of negative
parental behaviors and (lack of) care [11]. Besides a potential direct biological effect of maternal stress
on fetal and/or child neurodevelopment, many environmental and socioeconomic factors may interact
with prenatal depression, anxiety and/or stress in affecting child neurodevelopment. The environment
can act as a buffer for maternal stress or it can increase maternal stress and its effects on child
neurodevelopment, accordingly. This is illustrated by the observation that chronic stress, depression,
and anxiety in the prenatal period are consistently more prevalent in low- and middle-income countries
(LMIC) [12,13]. Poverty, war, and domestic and/or sexual violence that occur more often in LMIC all
contribute to the increased levels of stress, depression, and anxiety described in pregnant women [14,15].
Knowledge about the actual moderating role of such risk or protective factors is important to be
able to identify women at highest risk for stress or psychopathology during the perinatal period,
and to tailor interventions in such a way that they benefit both mother and child.

2. Objective of the Special Issue

We are pleased to introduce a Special Issue of the International Journal of Environmental Research
and Public Health on prenatal psychological stress exposure and subsequent neurodevelopment
and health of children. Research on the effects of prenatal stress, depression, and anxiety on child
neurodevelopment is complicated by the numerous factors that influence both maternal mood and child
development. It is therefore particularly challenging to identify the independent contribution of maternal
mood to the child’s neurodevelopment. The collection of international cohort studies and (pilot)
randomized controlled trials (RCTs) presented in this Special Issue contribute to a better understanding
of the various socio-economic-environmental factors that play a role in early life stress, depression,
and anxiety, and through which mechanisms these symptoms may affect child neurodevelopment.
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3. The Papers

Mclean et al. investigated the effects of various aspects of stress in pregnancy, as brought about by
a severe flood, on maternal reports of 16-month toddler temperament, four-year maternal-reported
childhood anxiety symptomatology, and teacher reports of internalizing behaviors [16]. Severity of
maternal hardship during pregnancy was uniquely associated with anxiety symptoms of the child
at four years of age. Mediation analyses showed that higher levels of child negative reactivity
at 16 months accounted, in part, for the relationship between increased maternal flood-related hardship
and greater internalizing behaviors (maternal but not teacher report). Neither child sex nor gestational
timing of exposure moderated the mediations. These findings highlight the several pathways
through which various aspects of (disaster-related) prenatal maternal stress may influence early
childhood anxiety symptomatology. Faleschini et al. examined the association between prenatal and
postnatal maternal mood and child development [17]. Strong features of this study are the inclusion
of maternal IQ as covariate, and a dual assessment of child development by both a parent and
a teacher, thereby limiting the potential confounding effect of parental mood on the interpretation
of the child’s development. High prenatal maternal depressive symptoms predicted poorer behavioral
executive functions and higher levels of behavioral difficulties in children using teachers’ and
mothers’ reports, highlighting the crucial role of prenatal depression in later child development.
A factor that has an impact on pre- and postnatal mental health and child development is sleep
quality during pregnancy. Studies have shown that poor sleep quality during pregnancy is associated
with higher antepartum and postpartum depression and adverse birth outcomes [18-20]. Bais et al.
explored both subjective and objective sleep parameters and their effects on the course of antepartum
depressive symptoms in a sample of 18 psychiatric patients [21]. They found that objectively measured
sleep (by use of a wrist-worn recorder that measured the number of movements during sleep),
total Pittsburgh Sleep Quality Index (PSQI) score (both continuous and dichotomous), and four
PSQI subscales (sleep quality, sleep duration, sleep disturbances, and daytime dysfunctions) were all
moderately to strongly correlated with depressive symptoms during pregnancy. Some sleep parameters
were associated with the course of antepartum depressive symptoms during the third trimester,
both unadjusted and adjusted for Edinburgh Postnatal Depression Score (EPDS) score at the start,
and other potential confounders (medication, treatment, psychiatric diagnosis, age, education level,
parity, work, and ethnicity). This suggests that women who report more depressive symptoms also
suffer from specific sleep problems. The authors conclude that further research is necessary to explore
the causal link between sleep problems and antepartum depressive symptoms found in psychiatric
patients. The role of social support in the perinatal period has also been of particular interest as
a possible protective factor for coping difficulties arising from the many challenges that motherhood
brings [22-25]. Milgrom and colleagues investigated the trajectory of the relationships between
perceived social support during pregnancy on depression and anxiety symptoms during pregnancy
and postpartum [26]. They additionally examined the influence of social support on child development
and parenting-related stress. Results suggested that during the period towards childbirth, the impact
of prior and current social support on pregnant women'’s psychological wellbeing becomes increasingly
important, although there was no evidence that the relationship between depression or anxiety and
child outcomes was mediated by social support. In a similar fashion, Aris-Meijer and colleagues
investigated to what extent specific life events during pregnancy, delivery complications, unfavorable
obstetric outcomes, and antenatal levels of anxiety or depression symptoms were independently
associated with postpartum levels of anxiety and depression symptoms [27]. They showed that life
events related to health and sickness of self or loved ones, to the relation with the partner or conflicts
with loved ones, or to work, finance, or housing problems were significantly associated with higher
postpartum levels of anxiety and depression symptoms, adjusted for antenatal levels, suggesting that
events during pregnancy not specifically related to the pregnancy and birth, are a highly important
predictor for postpartum mental health. Kim et al. hypothesized that the association between
symptoms of stress, depression, or anxiety during pregnancy and fetal development is stronger
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in pregnant women of high-risk compared to low-risk groups, defined by their socio-economic status.
More specifically, they investigated the relationship between maternal depression, stress, positive and
negative emotions, and maternal attachment to the fetus on estimated fetal body weight and biparietal
diameter in late pregnancy, both in groups of women with high or low income [28]. Pregnant women
in the low-income group showed higher levels of depression and stress compared to the high-income
group at 1620 weeks gestational age. Moreover, only the middle-income group showed a significant
positive correlation between maternal-fetal attachment and negative emotion at 16-20 weeks gestational
age that was associated with the biparietal diameter and fetal body weight at 33-35 weeks gestational
age. A possible explanation is that women with a higher income have better access to high quality health
care and are more likely to make healthier life choices. This emphasizes the need to monitor women
at high risk more closely during their pregnancy to prevent and/or treat stress and depression and
avert possible negative child outcomes. For psychiatric disorders, such as major depression disorder
or generalized anxiety disorder, women can receive psychiatric and psychological evidence-based
treatment, such as cognitive behavioral therapy (CBT). In an earlier pilot randomized controlled trial,
CBT proved to be an effective method for reducing depression and anxiety symptoms in pregnant
women. In a follow up of this trial, Bleker et al. investigated five years postpartum whether the children
born from these pregnancies showed differences in brain characteristics compared to the children born
to women who were allocated to the control group, and thus had not received CBT during pregnancy
for depression and anxiety [29]. Results suggested a positive effect of prenatal CBT on cortical thickness,
grey matter concentration, and white matter fiber cross-sections of fiber bundles that play a role
in the stress response. However, it should be noted that the study was explorative and the findings
require replication in larger studies. To effectively treat women who experience moderate to high levels
of stress, easy-to-learn stress reducing techniques may be helpful. One such novel and promising
method to reduce stress is heart rate variability (HRV)-biofeedback. The goal of HRV-biofeedback
is to increase HRV through paced breathing exercises (about six breaths per minute). In order to do
this, a small hand-held device measures the user’s heart rate, and the device uses this information
to provide feedback on the optimal breathing frequency. Van der Zwan et al. investigated whether
HRV-biofeedback is effective in reducing health complaints, including stress, anxiety, and depression,
and in improving general well-being and sleep quality in both pregnant and non-pregnant women [30].
HRV-biofeedback had a significant positive effect on psychological well-being for all women and had an
additional significant beneficial effect on anxiety complaints for pregnant women. Future research may
focus on whether HRV-biofeedback aids in limiting adverse consequences of maternal anxiety during
pregnancy on her offspring. In an opinion piece, we, Bleker, de Rooij and Roseboom, contemplate
on the evidence for the consequences of low versus high prenatal stress for child neurodevelopment,
and we discuss whether the message to pregnant women that stress is harmful for their child, should be
attenuated. In our opinion, the many methodological challenges that are still hampering our knowledge
about the actual effects of prenatal stress on child neurodevelopment should be acknowledged, and we
believe that there are good reasons to not unnecessarily alarm women about potential negative effects
of mild maternal stress during pregnancy on the developing fetal brain, based on (the gaps in) our
current knowledge on this subject.

4. Conclusions

Results from studies presented in this Special Issue on prenatal psychological stress and child
neurodevelopment, emphasize the influence of socio-environmental and economic factors on perinatal
mental health and hence the neurodevelopment of the (unborn) child. Preventive measures specifically
targeting pregnant women at a high risk for developing perinatal depression, anxiety, and stress
appear effective. In women who are already affected by depression, anxiety, or who suffer from
chronic stress during their pregnancy, tailored interventions show promising results in clinical trials,
with relatively low costs and a high usability. Moreover, the interventions for perinatal maternal mood
may concurrently improve fetal and child development, potentially benefiting multiple generations.
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These interventions thus have the potential to provide answers to the question on how to deal with
the global burden of adverse (perinatal) mental health. In a recent systematic review, quantitative
and qualitative studies evaluating the clinical effectiveness, cost-effectiveness, safety, and acceptability
of interventions to prevent postnatal depression were synthesized. The authors concluded that
several interventions appear to be cost-effective relative to usual care, but are subject to considerable
uncertainty, and that interventions warrant replication within randomized controlled trials (RCTs) [31].
As the results from the studies included in this Special Issue are promising, but overall based on small
studies in a limited number of different settings, we also recommend replication of findings in larger
clinical trials in different socio-economic settings to show whether these are indeed effective strategies
to improve maternal mental health and neurodevelopment of the offspring.

Conflicts of Interest: The authors declare no conflict of interest.
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