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GENERAL INTRODUCTION

Pregnancy is a period of great physiological and emotional change in a woman’s 
life. Although pregnancy is often perceived as a happy period, it is also a 
time of increased emotional vulnerability. Many pregnant women experience 
symptoms of stress and anxiety and some even develop depression. The 
prevalence of antenatal (= during pregnancy, prior to childbirth) depression 
has been estimated to vary from 7 to 12% in developed countries1, and up to 
30% in developing countries.2 Depression during pregnancy affects maternal 
health, as it is accompanied by poorer health choices3 and increased health-
care use, including higher rates of delivery through cesarean section.4 

Clinical depression, which according to the DMS major depressive disorder 
diagnostic (MDD) criteria requires the occurrence of one or more major 
depressive episodes, can easily be missed during routine prenatal care, possibly 
because physical well-being of the woman and growth and condition of the 
fetus are given priority over maternal mental health, and/-or because signs 
of depression are sometimes wrongly interpreted as “normal” physical and 
hormonal pregnancy associated discomforts. For example, fatigue or a change 
in appetite are typical symptoms of depression, but are also often experienced 
in pregnancy in which they are considered to be relatively normal. As a result, 
depression in pregnancy often goes undetected.5 

Besides affecting the expectant woman’s health by decreasing adequate self-
care3 and increasing the risk for pregnancy complications such as preeclampsia6,7 
as well as postnatal depression8, depression during pregnancy may also affect 
the unborn child. Many studies in the past decades have shown that children 
from mothers experiencing symptoms of depression during pregnancy are 
at increased risk for low birth weight9, and for developing a wide range of 
neurodevelopmental disorders.10–12 

Genetic susceptibility for psychopathology and exposure to a depressed 
parent postnatally evidently contribute to, but do not fully explain the 
associations between prenatal exposure to maternal depression and adverse 
neurodevelopmental profiles in children. For example, one study observed 
that antenatal stress was associated with higher rates of conduct disorder in 
the offspring, both in children conceived from genetically related as well as 
unrelated oocytes after in vitro fertilization, showing that genetic relatedness is 
not a necessity for the antenatal transfer of vulnerability to psychopathology.13 
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Furthermore, studies that took into account many confounding factors, such 
as postnatal stressors, paternal stress and maternal life-events, have shown 
persistent associations between prenatal exposure to maternal depression 
and increased depressive symptoms14, as well as poorer cognitive and 
motor development in the offspring15,16, suggesting that maternal depression 
during pregnancy independently increases offspring’s susceptibility to 
neurodevelopmental disorders.

More recently, a growing interest in the underlying biological pathways that link 
prenatal maternal depression exposure to altered neurodevelopment in children 
has emerged. Cortisol, the end-product of the hypothalamic pituitary adrenal 
(HPA) axis, which is generated in response to stress, may act as a mediator of 
the detrimental effects of prenatal depression on offspring mental health.17 It 
has been hypothesized that increased levels of cortisol in depressed pregnant 
women may lead to fetal overexposure to cortisol, as it partially crosses the 
placental barrier, where it can negatively influence fetal brain development. 

However, human studies that have examined associations between depressive 
symptoms in pregnancy and concurrent maternal cortisol levels in serum, 
plasma or saliva, have often reported no association at all.18 Rather than directly 
increasing maternal production and concurrent fetal exposure to cortisol, it 
has been suggested that maternal depression leads to an increased placental 
transfer of cortisol, as a result of reduced functional expression of the placental 
enzyme hydroxysteroid 11-beta dehydrogenase 2 (HSD11β2), which converts 
most of the active cortisol into inactive cortisone19, a hypothesis that has been 
confirmed in some studies.20,21

Still, it seems likely that cortisol is not the sole mediator of the association between 
antenatal depression and increased vulnerability to neurodevelopmental 
disorders in children, but that additional mechanistic pathways are 
simultaneously activated. These may involve, but are probably not limited 
to, pro-inflammatory cytokines such as interleukin-622 , or neurotransmitters 
including serotonin.23 As a result, epigenetic changes in fetal DNA may occur. 
Epigenetics are reversible changes in DNA structure that control the amount 
of mRNA and protein production, for example through DNA methylation, and 
therefore influence cell and tissue development.24 Alternatively, or subsequently, 
the highly plastic fetal brain may be affected by maternal depression during 
critical stages of development, resulting in heightened susceptibility to 
behavioural and emotional problems in child- and adulthood.25 
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Evidence for a mediating role of fetal epigenetics and brain alterations as a 
result of biochemical processes that are activated in depressed pregnant 
women, mainly comes from animal studies. Prenatal exposure to stress in rats 
increases central corticotrophin-releasing factor and glucocorticoid receptor 
expression and subsequent HPA axis responsivity26, and reduces neurogenesis 
of the dentate gyrus with impaired performance in hippocampal-related spatial 
tasks.27 In non-human primates, prenatal exposure to stress leads to sex-specific 
alterations in hippocampal volumes (increases in females and decreases in 
males).28,29 In humans, observational studies have generally replicated the 
findings from animal studies, showing increased DNA methylation of genes 
involved in neurodevelopment30,31 as well as cortical thinning and larger 
amygdala volumes32–35 in offspring from prenatally depressed compared to 
non-depressed women. 

Nonetheless, animal studies are limited by the fact that depression is difficult 
to mimic in rats and non-human primates, and observational human studies 
are hampered by confounding factors that are associated with both prenatal 
depression and offspring neurodevelopment. To truly disentangle the 
mechanisms that underlie the associations between maternal depression and 
offspring adversity, experimental evidence in humans is highly essential.36,37 
Randomized Controlled Trials (RCT’s) are scarce in this field of research, and 
the studies that have been done, did not include long-term or neurobiological 
outcomes in the children.38,39

This thesis aims to provide further insight into the underlying biological 
mechanisms that link prenatal exposure to maternal depression to an altered 
neurodevelopmental phenotype, and assesses whether a psychological 
intervention for depression during pregnancy can ameliorate neurobiological 
and behavioural outcomes in children. 
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Outline of the thesis
In part I, we examine the role of the stress system, with a main focus on the 
hypothalamic pituitary adrenal (HPA) axis, as a potential mediator linking 
antenatal depression in pregnancy to child neurodevelopmental outcome. In 
chapter 2, we describe maternal sociodemographic factors and behavioural 
traits that are related to cortisol levels in pregnancy.  In chapter 3, we 
systematically review studies that have examined the association between 
prenatal exposure to maternal depressive symptoms and reactivity of the HPA 
axis and the Autonomic Nervous System (ANS) in response to a stressor in the 
offspring.

In part II we explore, for the first time, the effects of antenatal depression treatment 
with Cognitive Behavioural Therapy (CBT) on child neurodevelopmental 
outcomes and underlying biological mechanisms that may be involved. 
Chapter 4 illustrates the presentation and course of treatment of one of the 
participating women in detail, and describes follow-up of mood symptoms, 
and child development up to the age of 7 years, by means of a case report. 
In chapter 5, we present cognitive and behavioural outcomes in children at 
approximately 2 and 5 years after maternal antenatal depression treatment in 
the RCT. 

We describe neurobiological outcomes, firstly in chapter 6, where we compare 
DNA methylation in buccal cell DNA between children from the CBT group and 
the Treatment as Usual (TAU) group, and secondly in chapter 7, in which we 
compare brain grey matter morphometry and white matter tract fibre densities 
and cross-sections derived from anatomical and diffusion weighted Magnetic 
Resonance Image (MRI)-scans between children from the CBT group and the 
TAU group. Chapter 8 provides a narrative review of our findings and how they 
may relate to one another. In Chapter 9, we reflect on the results in a general 
discussion and consideration of future implications. 

The answers to these questions will guide us further in our understanding of how 
antenatal depression negatively affects child neurodevelopment. Furthermore, 
the results of our exploratory pilot follow-up study will be the first to show 
whether an intervention for depression in pregnancy may potentially prevent 
adverse neurobiological and/-or clinical effects in children. The findings from 
this thesis will provide valuable information on neurobiological substrates in 
children that are likely to be affected by prenatal depression exposure, and 
show us whether an intervention for antenatal depression can ameliorate these 
neurodevelopmental outcomes, with potential long-term health benefits for 
mother, child and eventually society. 
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