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Abstract: There is increasing interest for the potential harmful effects of prenatal stress on the
developing fetal brain, both in scientific literature and in public press. Results from animal studies
suggest that gestational stress leads to an altered offspring neurodevelopment with adverse behavioral
and cognitive consequences. Furthermore, there are indications in human studies that severe prenatal
stress has negative consequences for the child’s neurodevelopment. However, stress is an umbrella
term and studies of maternal stress have focused on a wide range of stress inducing situations, ranging
from daily hassles to traumatic stress after bereavement or a natural disaster. Mild to moderate
stress, experienced by many women during their pregnancy, has not consistently been shown to exert
substantial negative effects on the child’s neurodevelopment. Additionally, the vast majority of human
studies are observational cohort studies that are hampered by their fundamental inability to show a
causal relationship. Furthermore, our limited knowledge on the possible underlying mechanisms
and the effects of interventions for prenatal stress on child neurodevelopmental outcomes emphasize
our incomplete understanding of the actual effects of prenatal stress on child neurodevelopment.
Until we have a better understanding, it seems counterproductive to alarm all pregnant women for
possible harmful effects of all sorts of prenatal stress, if only to avoid the induction of stress itself.

Keywords: prenatal stress; fetal programming; neurodevelopment

1. Prenatal Stress Research

An individual’s neurodevelopmental trajectory is not only determined by their genetic heritage,
but also by interaction with the environment, in particular during sensitive periods of rapid cell
division throughout fetal and early postnatal life. An adverse early environment may lead to
neurodevelopmental changes that have lasting negative effects on health over the lifespan. During the
last decades, there has been increasing scientific interest in studying adverse programming effects of
the ‘environmental’ factor maternal psychosocial stress in pregnancy on offspring neurodevelopment.
A non-systematic search in PubMed using the terms maternal stress and child/offspring development,
crudely reflecting all articles that have been published on programming effects of prenatal stress,
yielded a total of 3824 articles, of which the majority (62.8%) were published in the past decade
(Figure 1).
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Figure 1. The relative portion of articles deposited on PubMed on maternal stress and child development.

2. Evidence from Animal Studies

Animal models in which the effects of stress during pregnancy on offspring neurodevelopment
were investigated, have demonstrated that applying various types of stress during gestation leads
to anxiety- and depression-like behavioral patterns, impaired learning and attention deficits, and
reduced social interaction in offspring [1,2]. However, the type of stress applied in animal studies,
typically in rodents, varies widely and also differs from the multifaceted phenomenon of stress as
it is experienced by human beings [3]. Repeated restraint, social isolation, immobilization, noise
exposure, strobe lighting, electric shocks, hypoxia, forced swim, exposure to cold, food deprivation,
and administration of dexamethasone injections are some examples of stressful paradigms that have
been applied in animal models [2,4]. The specific effects of the different forms of gestational stress on
various types of behavior in the offspring are not entirely clear, since usually, only one type is included
in an experimental model. In addition, the strain of animals, the gestational age at which the stressor is
applied, and the age of the offspring during the behavioral or cognitive tests differs widely between
studies. Despite this heterogeneity in study methodology, the evidence is convergent in that in animals
prenatal stress consistently leads to higher stress responses, more anxiety and depression-like behavior,
and reduced cognitive abilities in the offspring [1,2,4].

3. Evidence from Human Studies

Translating the findings from animal studies to human populations is challenging. There is
evidence that transient fluctuations in early experiences such as stress could have greater long-term
impacts in small, short-lived species compared with large, long-lived species such as humans.
This implies greater buffering of the negative effects of early-life stress in humans compared to
animals [5]. Furthermore, human studies on prenatal stress rely on observations of a wide variety of
stressful experiences, traumatic events and mood disorders, which are commonly clustered under the
term stress both in the scientific literature as well as in public press. Stress may refer to common daily
hassles (e.g., work- or parenting-related), but also to severe traumatic experiences such as domestic
violence or the death of a close relative. Another category is formed by the acute stress caused by
natural disasters, terrorist attacks, or wars. Thus, stress is used as an umbrella term for a whole range
of phenomena reflecting different types of negative experiences or feelings ranging from uncomfortable
(mild) to extremely traumatic (severe). It seems unlikely that all these types of stress induce a similar
biochemical response in the pregnant women and that they have similar consequences for the offspring.
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Mild to moderate stress is also highly common. For example, in healthy populations of pregnant
women across the globe, mild to moderate stress is reported by more than half of respondents [6,7].
If this level of stress would lead to an impaired neurodevelopment of the unborn child following the
fetal programming paradigm, the majority of children alive today would be affected. The number
of women who experience more severe forms of stress during their pregnancy is substantially lower.
For example, intimate partner violence (IPV) or post-traumatic stress disorder (PTSD) during pregnancy
are reported by much smaller numbers of women, 3% and 3.3% for IPV and PTSD respectively [8,9].
‘Internal’ causes of stress, such as psychopathology including a clinical depressive disorder or a general
anxiety disorder affect respectively 11.9% [10] and 4.1-15% [11] of pregnant women. However, studies
that use a screening tool to identify women at risk of developing a depressive or anxiety disorder
report much higher numbers: up to 25% during pregnancy [11,12]

The substantial differences in percentages of pregnant women experiencing these various types
of prenatal ‘stress’ reflects the unique nature of each stressor, in terms of its cause, symptoms and
treatment. The potential consequences for child neurodevelopment of each distinctive type of stress
should be distinguished accordingly, because they are likely to be very different.

The conceptualization and quantification of ‘stress severity” is extremely challenging, and cut-off
scores for ‘severe’ symptoms of stress, depression, or anxiety vary among studies. Nevertheless,
studies on associations between extreme prenatal stress, for example caused by the death of a loved one
or a natural disaster, and child (neuro)development in humans generally suggest that severe prenatal
stress is associated with an increased risk for preterm birth, low birth weight, and a wide variety of
neurodevelopmental, behavioral, and emotional disorders as well as impaired cognitive function.
For example, women who experienced the death or serious illness of a close relative during pregnancy
or in the 6 months before conception gave birth to babies with an average weight of 27 grams lighter
compared to babies born from women who did not experience such an event [13]. Another study
showed that severe objective stress during pregnancy caused by an Ice Storm in the Canadian Provence
of Quebec resulting in 40 days of power loss was associated with lower 1Q scores of the offspring
at age 5.5 years [14]. In contrast to these severe forms of stress, studies on milder forms of prenatal
stress, such as elevated anxiety and depression symptoms without an actual clinical diagnosis, daily
hassles, or parenting stress, do not consistently show an increased risk for poorer neurodevelopment
in children [15,16]. For example, in one study, prenatal depression, anxiety, and daily stress symptoms
were measured during the second trimester in financially stable, well-nourished women without
traumatic experiences in pregnancy. Neither depression, nor anxiety, nor non-specific stress predicted
poorer child development at age two, suggesting that in non-clinical populations, stress is not harmful
for the developing child’s brain [17].

Another important consideration in interpreting human studies that describe associations between
prenatal stress and child neurodevelopmental outcomes is their fundamental inability to prove a
causal relationship. Some of these studies use a cross-sectional design, where women are asked to
recall their pregnancy and report whether they were stressed at the time. This is highly susceptible to
recall bias, as mothers of children with behavioral deficits may be more prone to report prenatal stress
in retrospect. Observational studies, in which women are prospectively followed from pregnancy
onwards, eliminate recall bias. However, observational studies are hampered by the presence of
co-occurring risk factors that may relate to both prenatal stress as well as an altered child developmental
trajectory, such as socioeconomic status or smoking behavior. Additionally, postnatal alterations in
maternal behavior likely explain at least part of the associations observed between prenatal stress
and child neurodevelopment. This is reflected by the fact that in many studies associations between
prenatal stress and an adverse neurodevelopmental outcome in children disappear after adjusting for
postnatal maternal mood [15].
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4. Consequences for Society

The growing body of literature on prenatal stress and child neurodevelopment has led to
increased attention for prenatal stress and following recommendations to prevent stress during
pregnancy [15,18-20]. Although these recommendations are aimed at preventing prenatal stress, they
may paradoxically induce it. In the non-pregnant population, it has been shown that the perception
that stress impacts health is associated with poor (mental) health [21]. The increased awareness about
stress among women of childbearing age was reflected in a poll we recently conducted on an online
platform (www.womb-project.nl) among platform visitors (mostly women between 18-40 years of
age). In this poll, stress during pregnancy was chosen by 32% of the voting women of reproductive
age, above other topics including smoking, nutrition, sleep, exercise, and infant attachment as a topic
related to child development that “requires more attention from researchers”. Although we do not
know the exact reasons why the majority of women of childbearing age chose stress as the most
important topic to be studied, the poll results indicate that the topic highly appeals to women of
childbearing age. As a scientific community, we should consider whether these apparent concerns
are well-grounded, in particular since the majority of pregnant women is likely to experience some
sort of stress. Distressing the majority of pregnant women by communicating to them that stress
will directly harm their unborn child seems intuitively counterproductive. Warning women about
the harmful effects of stress may merely induce more stress. For example, a study including 3000
predominantly highly-educated white pregnant women measured psychosocial hassles, such as money
worries, worries about the pregnancy, job problems, or fights with the partner. It appeared that 64%
of women could be classified as experiencing medium to high stress. High prenatal stress (reported
by 27% of participants) was a significant predictor of maternal reporting of gastrointestinal illness,
respiratory illness, and total illness of the child during the first year, and also to more urgent care
visits and emergency department visits concerning the child [7]. The general public could draw the
immediate conclusion that worries about money or a fight with a partner during pregnancy leads to a
child with fragile health. However, an important limitation in this study, acknowledged by the authors
in the discussion section of this article, is that the questionnaires on child illnesses were completed
by the mothers. It is not inconceivable that women who report a lot of stress during their pregnancy
are also more concerned later on about the health of their children and are thus more likely to seek
medical aid compared to women who do not experience high stress. Moreover, more objective disease
parameters, such as fever or actual hospitalization, were not increased in the children of mothers with
high prenatal stress, indicating that in this study high prenatal stress did not seem to affect child disease
risk. Such nuances are of great importance for the interpretation of study results and the subsequent
recommendations that reach healthy pregnant women with occasional stress [7]. A final but no less
important argument for reassuring pregnant women and eventually society about the effects of mild
stress during pregnancy on child neurodevelopment is to alleviate the blame that is often placed on
pregnant women themselves by society. Typically, pregnant women are publicly blamed for any type
of behavior or experience that may adversely affect the health of the fetus, regardless of the significance
of the actual impact, while the substantial contribution from her partner, her direct social environment,
and society are unjustly being underexposed [22]. In fact, the role of society in the context of individual
prenatal stress is substantial, and potentially modifiable. Chronic stress, depression, and anxiety in the
prenatal period are consistently more frequent in low- and middle-income countries (LMIC) [23,24].
Poverty, war, and domestic and/or sexual violence, which occur more often in LMIC, all contribute to the
increased levels of stress, depression, and anxiety described in pregnant women [25,26]. Hence, there
is a huge potential for improving maternal mental well-being globally by addressing these risk factors
individually, which is pre-eminently a role for local governments and global health organizations.

5. Mechanisms

An additional reason to apply caution in warning pregnant women for the dangers of prenatal
stress for their child’s neurodevelopment is the lack of understanding we currently have about a
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clear mechanism providing a satisfactory explanation on how prenatal stress may affect the fetal
brain in humans. In preclinical studies, we can directly study the biological alterations on a cellular
level in prenatally stressed animals. These studies have shown that various types of gestational
stress and excess maternal and fetal plasma corticosterone levels can induce epigenetic changes,
leading to a reduced glucocorticoid and mineralocorticoid receptor density in the hippocampus,
accompanied by a greater and prolonged hypothalamic-pituitary-adrenal (HPA) response to stress
in the offspring [4,27]. Directly examining brain tissue is not feasible in humans, and studies that
indirectly assess the assumed biological mechanisms, for example by studying buccal cells, cord blood,
or placental tissue, are still in its infancy [19]. Increased HPA axis activity in the stressed pregnant
woman resulting in higher levels of the human stress hormone cortisol has often been proposed as
a key mediator linking maternal stress to an altered fetal neurodevelopment. However, studies in
overall healthy pregnant women with low to moderate levels of stress have not shown robust support
for the hypothesis that prenatal stress directly increases maternal cortisol levels [28,29]. On the other
hand, a study that included pregnant women with a clinically significant major depressive disorder
did show a substantially altered cortisol dysregulation compared to healthy pregnant individuals [30].
This suggests that only in pregnant women with severe symptoms of ‘stress’, a substantial biological
response in terms of heightened cortisol may be present. In line with findings from animal studies,
depression and anxiety, as well as partner violence and war-related stress during pregnancy, have
been associated with increased Deoxyribonucleic acid (DNA) methylation of fetal genes involved in
the stress response in human studies [31]. However, DNA methylation studies in humans generally
include small numbers. Additionally, in these studies, the alterations of DNA methylation have
not yet been linked to long-term neurobehavioral changes in children, and the clinical relevance of
changes in DNA methylation remains uncertain. Robust evidence from Randomized Controlled
Trials that aim to investigate whether reducing prenatal stress by psychological treatments prevents
epigenetic alterations, structural and functional brain measures and neurodevelopmental, behavioral,
emotional, and cognitive deficits should provide further insight. Such experimental trials in humans
pose many methodological challenges and have only recently started to emerge. Some small studies
have provided clues that treatment of clinically depressed pregnant women improves short-term infant
outcomes and ameliorates DNA methylation of the glucocorticoid receptor gene in buccal cells [32,33].
However, these studies are underpowered, and substantially larger studies are warranted before we
can conclude that prenatal psychological treatment of depression and anxiety has a beneficial effect
on child neurodevelopment, and which biochemical alterations in the maternal-fetal compartment
are involved. Intervention studies directed at other stressors such as daily hassles, or bereavement
induced by the death of a relative, and how this relates to the neurodevelopment of the child needs to
be further investigated, because as each different type of stressor may initiate a different biological
cascade with unique effects on child neurodevelopment.

6. Involving Participants

Another strategy in research on prenatal stress and child neurodevelopment that has thus far
been largely unexploited is a more active involvement of the target group during the design of
prenatal stress studies. By exploring the beliefs, concerns, expectations, and needs in women who are
pregnant or trying to conceive, we might be able to better align study outcomes relevant to women of
childbearing age themselves as well as researchers and clinicians. There are many opportunities for
patients to participate more actively in the entire research process, from identifying research priorities
to disseminating and applying research findings [34]. A recent systematic review included 26 studies
that examined the effect of patient and public involvement (PPI) on rates of enrolment and retention in
clinical interventions. PPI modestly, but significantly, increased the odds of participant enrolment [35].
For studies on stress and maternal mental health this is particularly important, because women with
severe symptoms often decline participation in clinical trials, partly explained by the stigma attached
to mental illness [36]. The awareness of the importance of involving participants is growing, shown
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by the origins of the patient engagement movements, such as the Patient Engagement Collaborative
(PEC) [37].

Eventually, we should aim to provide clear evidence-based advice to stressed pregnant women, and
offer effective interventions. This may be of particular importance in socioeconomically disadvantaged
populations and LMIC, in which poverty, housing insecurities, and war occur more often compared to
high-income countries [23,38]. Furthermore, pregnant women who suffer from chronic high levels of
stress, a psychiatric disorder, or severe stress caused for example by bereavement, should be identified
and supported accordingly. Not only to help these women and prevent potential direct harm for the
developing fetal brain, but also to address possible consequences of prenatal stress that can indirectly
impair neurodevelopment of the child, for example poorer lifestyle choices [39].

7. Conclusions

In our opinion, stress research could improve by improving methodology and involving patients.
We should acknowledge the many methodological challenges in prenatal stress research, which we
have not yet been able to overcome. Therefore, it seems unsubstantiated, and even counterproductive,
to alarm pregnant women with some degree of stress about possible harmful effects on their unborn
child’s neurodevelopment, if only to prevent the prophecy from fulfilling itself.

Author Contributions: Conceptualization, T.J.R., L.S.B. and S.R.d.R.; methodology, L.S.B.; software, L.S.B.;
validation, L.S.B., S.R.d.R. and T.J.R,; formal analysis, L.S.B.; investigation, L.S.B.; resources, L.S.B.; data curation,
L.S.B.; writing—original draft preparation, L.S.B.; writing—review and editing, T.J.R. and S.R.d.R.; visualization,
L.S.B.; supervision, T.J.R.; project administration, T.].R.; funding acquisition, T.J.R. and S.R.d.R.

Funding: This research received no external funding.

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

References

1. Weinstock, M. Changes induced by prenatal stress in behavior and brain morphology: Can they be prevented
or reversed? Adv. Neurobiol. 2015, 10, 3-25. [PubMed]

2. Weinstock, M. Prenatal stressors in rodents: Effects on behavior. Neurobiol. Stress 2016, 6, 3—13. [CrossRef]
[PubMed]

3. Kim, D.R; Bale, T.L.; Epperson, C.N. Prenatal programming of mental illness: Current understanding of
relationship and mechanisms. Curr. Psychiatry Rep. 2015, 17, 5. [CrossRef] [PubMed]

4. Brunton, PJ. Effects of maternal exposure to social stress during pregnancy: Consequences for mother and
offspring. Reproduction 2013, 146, R175-R189. [CrossRef] [PubMed]

5. Kuzawa, C.W.; Thayer, Z.M. Timescales of human adaptation: The role of epigenetic processes. Epigenomics
2011, 3, 221-234. [CrossRef] [PubMed]

6. Loomans, E.M.; van Dijk, A.E.; Vrijkotte, T.G.M.; van Eijsden, M.; Stronks, K.; Gemke, R.J.B.].; Van den
Bergh, B.R.H. Psychosocial stress during pregnancy is related to adverse birth outcomes: Results from a large
multi-ethnic community-based birth cohort. Eur. ]. Public Health 2013, 23, 485-491. [CrossRef] [PubMed]

7. Phelan, A.L.; DiBenedetto, M.R.; Paul, LM.; Zhu, |.; Kjerulff, K.H. Psychosocial Stress During First Pregnancy
Predicts Infant Health Outcomes in the First Postnatal Year. Matern. Child Health ]. 2015, 19, 2587-2597.
[CrossRef] [PubMed]

8. Chisholm, C.A,; Bullock, L.; Ferguson, J.E.]J., 2nd. Intimate partner violence and pregnancy: Epidemiology
and impact. Am. |. Obstet. Gynecol. 2017, 217, 141-144.

9. Yildiz, PD.; Ayers, S.; Phillips, L. The prevalence of posttraumatic stress disorder in pregnancy and after
birth: A systematic review and meta-analysis. . Affect. Disord. 2017, 208, 634-645. [CrossRef]

10. Woody, C.A.; Ferrari, AJ.; Siskind, D.J.; Whiteford, H.A.; Harris, M.G. A systematic review and
meta-regression of the prevalence and incidence of perinatal depression. ]. Affect. Disord. 2017, 219,
86-92. [CrossRef]

11.  Dennis, C.L.; Falah-Hassani, K.; Shiri, R. Prevalence of antenatal and postnatal anxiety: Systematic review
and meta-analysis. Br. J. Psychiatry 2017, 210, 315-323. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/25287533
http://dx.doi.org/10.1016/j.ynstr.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/28229104
http://dx.doi.org/10.1007/s11920-014-0546-9
http://www.ncbi.nlm.nih.gov/pubmed/25617041
http://dx.doi.org/10.1530/REP-13-0258
http://www.ncbi.nlm.nih.gov/pubmed/23901130
http://dx.doi.org/10.2217/epi.11.11
http://www.ncbi.nlm.nih.gov/pubmed/22122283
http://dx.doi.org/10.1093/eurpub/cks097
http://www.ncbi.nlm.nih.gov/pubmed/22850187
http://dx.doi.org/10.1007/s10995-015-1777-z
http://www.ncbi.nlm.nih.gov/pubmed/26152890
http://dx.doi.org/10.1016/j.jad.2016.10.009
http://dx.doi.org/10.1016/j.jad.2017.05.003
http://dx.doi.org/10.1192/bjp.bp.116.187179
http://www.ncbi.nlm.nih.gov/pubmed/28302701

Int. |. Environ. Res. Public Health 2019, 16, 2301 70f8

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gotlib, LH.; Whiffen, V.E.; Mount, ].H.; Milne, K.; Cordy, N.L Prevalence rates and demographic characteristics
associated with depression in pregnancy and the postpartum. J. Consult. Clin. Psychol. 1989, 57, 269-274.
[CrossRef] [PubMed]

Khashan, A.S.; McNamee, R.; Abel, K.M.; Pedersen, M.G.; Webb, R.T.; Kenny, L.C.; Mortensen, P.B.; Baker, P.N.
Reduced infant birthweight consequent upon maternal exposure to severe life events. Psychosom. Med. 2008,
70, 688-694. [CrossRef] [PubMed]

Laplante, D.P; Brunet, A.; Schmitz, N.; Ciampi, A.; King, S. Project Ice Storm: Prenatal maternal stress affects
cognitive and linguistic functioning in 5 1/2-year-old children. . Am. Acad. Child Adolesc. Psychiatry 2008, 47,
1063-1072. [CrossRef] [PubMed]

Van den Bergh, B.R.H.; van den Heuvel, M.; Lahti, M.; Braeken, M.; de Rooij, S.R.; Entringer, S.; Hoyer, D.;
Roseboom, T.; Réikkonen, K.; King, S.; et al. Prenatal developmental origins of behavior and mental health:
The influence of maternal stress in pregnancy. Neurosci. Biobehav. Rev. 2017. (In press) [CrossRef] [PubMed]
Van den Bergh, B.R.; Mulder, E.J.H.; Mennes, M.; Glover, V. Antenatal maternal anxiety and stress and
the neurobehavioural development of the fetus and child: Links and possible mechanisms. A review.
Neurosci. Biobehav. Rev. 2005, 29, 237-258. [CrossRef] [PubMed]

DiPietro, J.A.; Novak, M.ES.X,; Costigan, K.A.; Atella, L.D.; Reusing, S.P. Maternal psychological distress
during pregnancy in relation to child development at age two. Child Dev. 2006, 77, 573-587. [CrossRef]
Schuurmans, C.; Kurrasch, D.M. Neurodevelopmental consequences of maternal distress: What do we really
know? Clin. Genet. 2013, 83, 108-117. [CrossRef]

Glover, V. Prenatal stress and its effects on the fetus and the child: Possible underlying biological mechanisms.
Adv. Neurobiol. 2015, 10, 269-283.

Alvarez, S.L.; Meltzer-Brody, S.; Mandel, M.; Beeber, L. Maternal Depression and Early Intervention: A Call
for an Integration of Services. Infants Young Child. 2015, 28, 72-87. [CrossRef]

Keller, A.; Litzelman, K.; Wisk, L.E.; Maddox, T.; Cheng, E.R.; Creswell, P.D.; Witt, W.P. Does the perception
that stress affects health matter? The association with health and mortality. Health Psychol. 2012, 31, 677-684.
[CrossRef] [PubMed]

Richardson, S.S.; Daniels, C.R.; Gillman, M.W.; Golden, J.; Kukla, R.; Kuzawa, C.; Rich-Edwards, J. Society:
Don’t blame the mothers. Nature 2014, 512, 131-132. [CrossRef] [PubMed]

Fisher, J.; Cabral de Mello, M.; Patel, V.; Rahman, A.; Tran, T.; Holton, S.; Holmes, W. Prevalence and
determinants of common perinatal mental disorders in women in low- and lower-middle-income countries:
A systematic review. Bull. World Health Org. 2012, 90, 139G-149G. [CrossRef] [PubMed]

Gelaye, B.; Rondon, M.; Araya, R.; Williams, M.A. Epidemiology of maternal depression, risk factors, and
child outcomes in low-income and middle-income countries. Lancet Psychiatry 2016, 3, 973-982. [CrossRef]
Chung, EK,; Siegel, B.S.; Garg, A.; Conroy, K.; Gross, R.S.; Long, D.A.; Lewis, G.; Osman, C.J.; Jo Messito, M.;
Wade, R;; et al. Screening for Social Determinants of Health Among Children and Families Living in Poverty:
A Guide for Clinicians. Curr. Probl. Pediatr. Adolesc. Health Care 2016, 46, 135-153. [CrossRef] [PubMed]
Bogic, M.; Njoku, A.; Priebe, S. Long-term mental health of war-refugees: A systematic literature review.
BMC Int. Health Hum. Rights 2015, 15, 29. [CrossRef]

Weinstock, M. The potential influence of maternal stress hormones on development and mental health of the
offspring. Brain Behav. Immun. 2005, 19, 296-308. [CrossRef]

Bleker, L.S.; Roseboom, T.J.; Vrijkotte, T.G.; Reynolds, R.M.; de Rooij, S.R. Determinants of cortisol during
pregnancy—The ABCD cohort. Psychoneuroendocrinology 2017, 83, 172-181. [CrossRef]

Van den Heuvel, M.I,; van Assen, M.A.L.M.; Glover, V.; Claes, S.; Van den Bergh, B.R.H. Associations
between maternal psychological distress and salivary cortisol during pregnancy: A mixed-models approach.
Psychoneuroendocrinology 2018, 96, 52—60. [CrossRef]

Osborne, S.; Biaggi, A.; Chua, T.E; Du Preez, A.; Hazelgrove, K.; Nikkheslat, N.; Previti, G.;
Zunszain, P.A.; Conroy, S.; Pariante, C.M. Antenatal depression programs cortisol stress reactivity in
offspring through increased maternal inflammation and cortisol in pregnancy: The Psychiatry Research and
Motherhood—Depression (PRAM-D) Study. Psychoneuroendocrinology 2018, 98, 211-221. [CrossRef]
Palma-Gudiel, H.; Cérdova-Palomera, A.; Eixarch, E.; Deuschle, M.; Fafiands, L. Maternal psychosocial
stress during pregnancy alters the epigenetic signature of the glucocorticoid receptor gene promoter in their
offspring: A meta-analysis. Epigenetics 2015, 10, 893-902. [CrossRef] [PubMed]


http://dx.doi.org/10.1037/0022-006X.57.2.269
http://www.ncbi.nlm.nih.gov/pubmed/2785127
http://dx.doi.org/10.1097/PSY.0b013e318177940d
http://www.ncbi.nlm.nih.gov/pubmed/18606728
http://dx.doi.org/10.1097/CHI.0b013e31817eec80
http://www.ncbi.nlm.nih.gov/pubmed/18665002
http://dx.doi.org/10.1016/j.neubiorev.2017.07.003
http://www.ncbi.nlm.nih.gov/pubmed/28757456
http://dx.doi.org/10.1016/j.neubiorev.2004.10.007
http://www.ncbi.nlm.nih.gov/pubmed/15811496
http://dx.doi.org/10.1111/j.1467-8624.2006.00891.x
http://dx.doi.org/10.1111/cge.12049
http://dx.doi.org/10.1097/IYC.0000000000000024
http://dx.doi.org/10.1037/a0026743
http://www.ncbi.nlm.nih.gov/pubmed/22201278
http://dx.doi.org/10.1038/512131a
http://www.ncbi.nlm.nih.gov/pubmed/25119222
http://dx.doi.org/10.2471/BLT.11.091850
http://www.ncbi.nlm.nih.gov/pubmed/22423165
http://dx.doi.org/10.1016/S2215-0366(16)30284-X
http://dx.doi.org/10.1016/j.cppeds.2016.02.004
http://www.ncbi.nlm.nih.gov/pubmed/27101890
http://dx.doi.org/10.1186/s12914-015-0064-9
http://dx.doi.org/10.1016/j.bbi.2004.09.006
http://dx.doi.org/10.1016/j.psyneuen.2017.05.026
http://dx.doi.org/10.1016/j.psyneuen.2018.06.005
http://dx.doi.org/10.1016/j.psyneuen.2018.06.017
http://dx.doi.org/10.1080/15592294.2015.1088630
http://www.ncbi.nlm.nih.gov/pubmed/26327302

Int. |. Environ. Res. Public Health 2019, 16, 2301 80f8

32.

33.

34.

35.

36.

37.

38.

39.

Bleker, L.S.; Milgrom, J.; Sexton-Oates, A.; Roseboom, T.J.; Gemmill, A.W.; Holt, C.J.; Saffery, R.; Burger, H.;
de Rooij, S.R. Exploring the effect of antenatal depression treatment on children’s epigenetic profiles: Findings
from a pilot randomized controlled trial. Clin. Epigenetics 2019, 11, 18. [CrossRef] [PubMed]

Milgrom, J.; Holt, C.; Holt, C.J.; Ross, J.; Ericksen, J.; Gemmill, A.W. Feasibility study and pilot randomised
trial of an antenatal depression treatment with infant follow-up. Arch. Womens Ment. Health 2015, 18, 717-730.
[CrossRef] [PubMed]

Sacristan, J.A.; Aguardn, A.; Avendafio-Sola, C.; Garrido, P,; Carrién, J.; Gutiérrez, A.; Kroes, R.; Flores, A.
Patient involvement in clinical research: Why, when, and how. Patient Prefer. Adherence 2016, 10, 631-640.
[CrossRef] [PubMed]

Crocker, J.C.; Crocker, J.C.; Ricci-Cabello, I.; Servet, M.; Parker, A.; Hirst, J.A.; Chant, A.; Petit-Zeman, S.;
Evans, D.; Rees, S. Impact of patient and public involvement on enrolment and retention in clinical trials:
Systematic review and meta-analysis. BM]J 2018, 363, k4738. [CrossRef] [PubMed]

Woodall, A.; Morgan, C.; Sloan, C.; Howard, L. Barriers to participation in mental health research: Are there
specific gender, ethnicity and age related barriers? BMC Psychiatry 2010, 10, 103. [CrossRef] [PubMed]
Patrick-Lake, B. Patient engagement in clinical trials: The Clinical Trials Transformation Initiative’s leadership
from theory to practical implementation. Clin. Trials 2018, 15, 19-22. [CrossRef]

Stein, A.; Pearson, R.M.; Goodman, S.H.; Rapa, E.; Rahman, A.; McCallum, M.; Howard, L.M.; Pariante, C.M.
Effects of perinatal mental disorders on the fetus and child. Lancet 2014, 384, 1800-1819. [CrossRef]
Zuckerman, B.; Amaro, H.; Bauchner, H.; Cabral, H. Depressive symptoms during pregnancy: Relationship
to poor health behaviors. Am. J. Obstet. Gynecol. 1989, 160, 1107-1111. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1186/s13148-019-0616-2
http://www.ncbi.nlm.nih.gov/pubmed/30717815
http://dx.doi.org/10.1007/s00737-015-0512-5
http://www.ncbi.nlm.nih.gov/pubmed/25709044
http://dx.doi.org/10.2147/PPA.S104259
http://www.ncbi.nlm.nih.gov/pubmed/27175063
http://dx.doi.org/10.1136/bmj.k4738
http://www.ncbi.nlm.nih.gov/pubmed/30487232
http://dx.doi.org/10.1186/1471-244X-10-103
http://www.ncbi.nlm.nih.gov/pubmed/21126334
http://dx.doi.org/10.1177/1740774518755055
http://dx.doi.org/10.1016/S0140-6736(14)61277-0
http://dx.doi.org/10.1016/0002-9378(89)90170-1
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Prenatal Stress Research 
	Evidence from Animal Studies 
	Evidence from Human Studies 
	Consequences for Society 
	Mechanisms 
	Involving Participants 
	Conclusions 
	References

