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DISCUSSION

In the previous chapters, the mechanisms that may link antenatal depression 
to child neurodevelopment have been described, and effects of antenatal 
depression treatment on child neurodevelopmental clinical and biological 
outcomes have been explored. In this section, we will review our findings in 
the context of current knowledge, discuss their limitations and implications for 
future research and debate on their relevance in terms of clinical practice.  

The maternal and fetal stress system as potential mediating mechanism

In the first part of this thesis, we have identified sociodemographic factors and 
behavioural traits that are related to cortisol levels in pregnancy. Cortisol is a 
glucocorticoid that is produced by the hypothalamic pituitary adrenal (HPA) axis, 
and has been often viewed as key mediator in fetal programming.1 We included 
self-perceived stress, anxiety and depression as potential predictors of cortisol 
in our model as well, but these factors were not associated with cortisol values 
in pregnancy. There is increasing evidence to suggest that maternal anxiety 
and depression may affect offspring neurodevelopment through alternative 
mechanisms independent of cortisol. Research has repeatedly shown that self-
perceived stress, depression or anxiety measures do not often correlate with 
serum or saliva cortisol values in pregnancy.2–5 This indicates that cortisol is not 
the main pathway through which maternal psychological stress, depression or 
anxiety is transduced to the fetus or that self-perceived and biological stress 
are actually two completely different phenomena, operating through different 
mechanistic pathways.6 It is also well possible that not maternal cortisol values 
per se correlate with fetal cortisol exposure, but that the placental transfer 
of cortisol is increased as a result of maternal stress, depression or anxiety, 
through down-regulation of the enzyme hydroxysteroid 11-beta dehydrogenase 
2 (HSD11β2), which converts active cortisol into its inactive variant7. It may also 
be a timing issue, as questionnaires on mood symptoms and cortisol samples 
are not always obtained simultaneously. 

Also, basal cortisol levels are not necessarily reflective of HPA axis function, 
and to estimate HPA axis function more accurately, we suggest to measure 
cortisol in the context of a stress-test, or to include a hair sample as a more 
chronical measure of cortisol levels. This is also a shortcoming of our study 
described in chapter 2, as we only measured basal cortisol levels once, with 
a wide variety in the timing of the day and the gestational age of the woman 
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when the sample was collected. Although we adjusted for both confounding 
factors in our model, it is still likely that our measure of cortisol in this study only 
crudely represents HPA axis function. Nevertheless, the associations that we 
observed between cortisol and other biological factors, for example with pre-
pregnancy body mass index (BMI) and C-reactive protein (CRP), corresponded 
with findings from previous literature.8–10 

Perhaps, factors that are more or less constant across a longer period of time, 
such as BMI, exert more robust effects on HPA axis functioning, whereas effects 
of psychosocial stress, anxiety or depression on the HPA axis depend on timing, 
hence, are only substantial when symptoms are high, or when the HPA axis is 
particularly challenged in situations of stress. In that light, we systematically 
reviewed and critically assessed the evidence on whether children who had 
been prenatally exposed to maternal antenatal depression showed altered 
stress reactivity, in the presence of an induced stressor. We included both the 
HPA axis and the Autonomic Nervous System (ANS), as these physiological 
stress systems are simultaneously activated when someone experiences 
a ‘threat’ in terms of a stressor that one perceives as beyond their ability to 
adequately cope with. 

We concluded that the studies that have been performed on this topic up until 
now, are very heterogeneous in their study design, which complicates study 
results to be combined and interpreted in a way that is methodically and 
statistically sound. Many studies examined stress reactivity in the infants before 
the age of 6 months. Although this provides an advantage as the function of 
the stress system is likely to be less affected by the postnatal environment and 
therefore provides a relatively reliable reflection of intra-uterine experience, 
it is also very difficult to induce a psychological stressor at such a young age 
that induces a substantial HPA stress response.11 Overall, the stressor used to 
provoke a stress response differed greatly among studies, with some stressors 
leading to significant stress responses whereas other do not. This may, at least 
partly, explain why most studies did not find either a positive or a negative 
association between prenatal exposure to increased maternal depression and 
exaggerated or blunted salivary cortisol trajectories after stress.
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The effect of treatment  

The results from the second part of this thesis indicate potential ameliorating 
effects of maternal depression treatment in pregnancy with Cognitive 
Behavioural Therapy (CBT) on fetal (neuro)development. We performed a 
5-year follow-up of a Randomized Controlled Trial (RCT) in which the efficacy 
of CBT for antenatal depression was assessed, with large treatment effects 
on maternal antenatal depression and anxiety in favour of CBT compared to 
Treatment as Usual (TAU). Concurrently, in children from the CBT group, more 
beneficial outcomes were seen on a developmental assessment scale at the 
age of 9 months. 

Approximately 5 years later, neurobiological and clinical parameters in the 
children from the CBT and the TAU group were examined and compared. 
Epigenetic analysis revealed that the majority of CpG sites on the promoter 
region of the glucocorticoid receptor, which has been shown to be associated 
with prenatal maternal mood disturbance12,13, exhibited lower mean methylation 
in children from the CBT group. The CpG site which was mostly differentially 
methylated between the intervention and control group, has been identified 
in earlier studies as sensitive to endogenous hypercortisolism and depressive 
symptoms.14,15 

In addition, we found increased grey matter concentration in the right temporal 
lobe as well as a thicker  matter cortices across brain regions in the right occipital 
lobe in children from the CBT group, potentially as a result of less neurotoxic 
effects of the biochemical alterations in the maternal compartment as a result 
of treatment. Another finding from this study was initially unexpected, namely, 
a lower cross-section of fibre bundles along the tracts of the Fornix, the Stria 
Terminalis and the Optical Tract in children from the CBT group, potentially 
reflecting a state of less maturation of neurons along these tracts, compared to 
children from the TAU group. This finding refutes our hypothesis that prenatal 
CBT leads to more beneficial brain maturation and development. However, what 
is actually more beneficial in terms of white matter microstructural maturation, 
in particular along the Fornix in a developmental context, is not clear. It has 
been suggested that decreased white matter maturation in early life is actually 
indicative of higher cognitive flexibility, of which the benefits may become 
apparent in later life.16,17 
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Although our findings point to a potential protective effect of CBT on child 
neurodevelopment that may translate into a more beneficial neurodevelopmental 
phenotype, current clinical outcomes in the children did not confirm this. 
Whereas at 9 months of age, beneficial effects of CBT on developmental child 
domains including problem solving, self-regulation and recovery from distress 
were found, and at 2 years of age, more favourable outcomes on the Parent 
Stress Index were observed in both the Child and Parent Domain, we currently 
did not find any differences in behavioural problems or cognitive scores in the, 
on average, 5-year-old children. A possible explanation for this discrepancy 
in neurobiological and clinical outcomes is that the clinical translation of the 
neurobiological findings in children from the CBT group is not substantial 
enough to detect, or that the translation will only emerge later in life, as the 
neurobiological outcomes observed may only represent an increased resilience 
for psychiatric diseases or behavioural or cognitive problems that usually 
emerge around pre-adolescence or early adulthood, such as conduct disorder 
or depression.18,19 

Limitations and recommendations for future research

It has to be noted that overall, the findings described in the second part of 
this thesis represented did not survive correction for multiple testing. This may 
have been a direct result of the small sample size we were able to include, and 
may have contributed substantially to the lack of robust findings. 

In addition, we cannot exclude the possibility that the effects that were seen on 
neurobiological outcomes were in fact mediated by the postnatal environment, 
as treatment of antenatal depression may have led to behavioural changes 
or changes in parent-child attachment that affect child neurodevelopment. 
It is also possible that beneficial treatment effects on certain developmental 
domains were undetected, because we did not evaluate them in our assessment 
battery. Also, the positive effects of CBT in pregnancy on neurodevelopmental 
outcomes may only appear at a later age, as the prevalence of some behavioural 
disorders and mental illnesses such as depression and conduct disorder 
increases when children get older.18,19 Longer term assessment of the children 
to monitor the occurrence of psychopathology, and to measure cognition and 
behaviour in, for example, late adolescence or early adulthood would therefore 
be highly informative. 
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Another limitation of the study is that we were not able to address all potential 
biological mechanisms that may be involved in the association between prenatal 
exposure to maternal depression and adverse offspring neurodevelopment, and 
in future studies, it would be recommended to measure for example maternal 
cytokine levels, besides cortisol, in relation to maternal depression, as well as 
with outcomes of fetal neurodevelopment. Also, we only briefly addressed fetal 
gender in this thesis, whereas the effects of stress, depression or anxiety on 
fetal development are very likely to be moderated by sex of the fetus. Animal 
studies consistently observe different neurodevelopmental phenotypes as 
a result of prenatal stress exposure in males and females.20,21 We found that 
women who were pregnant and carried a female fetus had higher cortisol levels 
compared to those who were carrying boys. This corresponded with the studies 
included in our review that have examined sex-specific associations between 
prenatal exposure to maternal depression and offspring stress reactivity, as 
they reported effects on the ANS mainly in boys, whereas effects on cortisol 
reactivity was much more pronounced in girls. 

This also implies that fetal programming in general is not a unidirectional process, 
but that communication occurs between maternal and fetal biochemistry and 
physiology, with the placenta as the main regulatory organ.22,23 The placenta is 
derived from fetal tissue, and is thus, sex-specific. The transfer of nutrients and 
hormones, as well as the production of growth factors and immune activation 
are important placental processes that influence fetal (neuro)development. 
These processes are likely to be influenced by placental gene expression and 
function, a process that can be regulated through DNA methylation, which on 
its turn has been shown to be insult-sensitive.24,25 Therefore, DNA methylation 
of genes that are involved in neurodevelopment either directly or via placental 
regulation provide a promising alley through which environmental experiences, 
such as stress, depression or anxiety, can exert programming effects on fetal 
neurodevelopment. To establish placenta-dependent effects of prenatal 
exposure to maternal psychological adversity on child neurodevelopment, a 
tissue-sample of the placenta shortly after birth, as well as a cord blood sample, 
are very valuable in research, to determine which genes are either activated 
or down-regulated as a result of stress-induced DNA methylation, and how 
this relates to neurodevelopment and psychopathology in later life. Studies 
included in the review discussed in chapter 3 also highlighted the importance 
of potential mediating or moderating factors in the transmission of maternal 
psychological adversity to child stress system reactivity. This included, besides 
sex-specific effects and DNA methylation of genes involved in placental 
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function or neurodevelopment, partner support in pregnancy, stroking of the 
infant postnatally, congruity in the pre- and postnatal environment in respect to 
severity of depression, which are therefore recommended to consider including 
in future study cohort designs that aim to investigate associations between 
maternal depression, anxiety and/or stress on maternal and fetal stress system 
reactivity. 

Translation to clinical practice

In obstetrical practice, the main focus lies on physical aspects of pregnancy and 
childbirth, with relatively little attention for mental well-being of the pregnant 
women. This is in remarkable contrast with the relative contribution of mental 
health problems to the worldwide burden of disease. Research has shown 
that the global disease burden of mental illness accounts for 32.4% of years 
with disability (YLD), placing it at a distant first in global burden disease in 
terms of YLD’s, and 13% of disability adjusted life-years.26 The magnitude of the 
impact of mental illnesses on public well-being globally (let alone the financial 
consequences) also resonates through in the pregnant population, arguably 
even more so as compared to the non-pregnant population across the course 
of life.27,28 Pregnancy has traditionally been viewed as a very happy period in 
life, and clinicians used to believe that the hormonal changes in pregnancy 
are actually protective of mental illness, but current evidence has indicated 
otherwise. 

It is now well known that a substantial number of women in pregnancy 
encounter feelings of stress, depression or anxiety to a degree in which their 
complaints interfere with their daily level of functioning and general well-
being.29 Nevertheless, it remains difficult for women to speak up when they are 
feeling down. However, a promising movement is currently on the rise in the 
Netherlands. A national campaign with the aim of acknowledging depression 
and stimulating individuals to talk about their feelings is currently at large 
and includes commercials on television and social media, as well as organized 
meetings and sports events.30 This also reflects the increased awareness of 
the government on the topic of depression, which is vital for on the one hand 
increasing acceptance towards people with a mental illness, as well as for 
implementing national (preventive) strategies to increase nation-wide mental 
well-being.  
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As discussed in this thesis, treatment of depression in pregnancy is extremely 
important for the mother’s well-being, as it may be for her unborn child, but 
also potentially even for her grandchildren, as the primordial follicles are already 
present in the embryo that resides in utero and is exposed to the biochemical 
effects of maternal depression. This transgenerational transmission of mental 
illness suggests that environmental exposures antenatally may not only induce 
epigenetic mechanisms of gene regulation in the developing fetus itself, but 
also in the developing germ cells within that fetus, leading to altered behaviour 
or ‘inherited’ traits in the next generation, that has not been directly exposed 
to the stressor, which has been shown in animal studies.31,32 Human studies have 
also provided similar evidence, for example, prenatal exposure to maternal 
undernutrition in the Dutch famine has been associated with an increased 
neonatal adiposity and poor health in later life in their offspring.33 If we are 
therefore able to break the cycle of mental health illnesses, by intervening at 
the earliest stage in life, we may well be able to decrease the large burden 
of mental illnesses globally. Especially if monitoring or treatment continuous 
after birth, the effort is likely to pay off in later life, as general vulnerability 
for later life (mental) adversity is being programmed into the child’s brain 
and body particularly in the first 1000 days of his or her life, starting at 
conception. Clinicians should be alert to signs of depression, anxiety or stress 
during pregnancy, especially in women with multiple risk factors. An easy and 
quick method to evaluate how a woman is feeling mentally, is by asking two 
questions; whether the woman has been feeling down or depressed during the 
past two weeks and whether she has been lacking the feeling of pleasure or 
satisfaction from activities she usually perceives as pleasant. If both questions 
are answered positively, a more comprehensive assessment is indicated.34 
Pharmacological treatment with antidepressants may be necessary in cases 
of very severe symptoms and/-or suicidal ideation. Otherwise, psychological 
treatment should be offered, such as Interpersonal Therapy (IPT) or CBT.35,36 
Identification of women at risk for developing a mental disorder in pregnancy 
can be achieved by implementing relatively simple screening procedures, 
which should be feasible for any clinician to integrate into his or her daily 
practice. However, a clear and easily accessible pathway towards psychological 
assistance is a necessary condition in order to make this approach worthwhile.
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CONCLUSION

The work described in this thesis provides the first experimental evidence in 
humans to suggest that treatment of depression in pregnancy by means of 
CBT may ameliorate neurobiological outcomes in the offspring that include 
decreased DNA methylation of genes in stress regulation as well as increased 
grey matter concentration, cortical thickness and reduced maturation of white 
matter tracts that are involved in, among others, the stress response. The 
associations may (hypothetically) be mediated by a reduced (transfer across 
the placenta of) cortisol as a result of treatment; however, cortisol in pregnancy 
is influenced by many biological and lifestyle factors, and is potentially only 
affected by psychosocial stress or depression when symptoms are in a clinical 
range of severity. The effects of antenatal depression on the fetal brain may 
then alter the set-point of the stress system and later life susceptibility for 
psychopathology through adverse reactivity of the stress system, including 
both the HPA axis and the ANS, but an overview of existing studies has shown 
that this is not clear cut. However, this may also be due to a lack of sufficient 
stress protocols in existing studies, and also because of the many moderating 
and mediating factors that are likely to play a role in transferring the effects of 
maternal depression onto the developing fetal brain, such as prenatal partner 
support or postnatal mother-infant child attachment. 

The experimental evidence from the follow up of an RCT provides substantial 
methodological advantage, allowing the underlying mechanistic effects to be 
investigated. We could not provide evidence that the effects on neurobiological 
systems also translated into more beneficial clinical outcomes (yet). A small 
sample size and possible attrition may have contributed substantially to 
the lack of robust findings, and larger trials are needed to confirm or refute 
our preliminary conclusions that CBT during pregnancy may affect child 
neurodevelopment in the desired directions. 

Nevertheless, the large disease burden of mental illness worldwide needs to be 
addressed, as it also affects pregnant women in relatively large numbers, and 
screening for individuals at risk and monitoring or treating them accordingly is 
vital, not only for their own mental well-being, but potentially also to protect 
their children and grandchildren from the detrimental effects of mental illness, 
such as depression. 
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