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Stress in Pregnancy 
Impacts on Mother and Child 

Lea Takács, Ph.D. 
Vanessa Babineau, Ph.D. 
Catherine Monk, Ph.D. 

Research conducted over the past 30 years has demonstrated that maternal 
emotional stress in pregnancy is associated with somatic diseases for children in later 
life (Painter et al. 2012; Tamashiro and Moran 2010). Although less studied than risks 
related to physical health, convincing evidence exists regarding detrimental effects of 
prenatal stress on child neurodevelopment, behavior, and mental health (Glover 2011; 
Graignic-Philippe et al. 2014; Van den Bergh et al. 2017). Such effects have been found 
not only for maternal distress related to a psychiatric disorder but also for various 
types of stress that do not fall within any definable category of mental illness. More 
specifically, there is a distinction between prenatal stress and distress, whereby prena-
tal stress includes daily hassles, perceived stress, pregnancy-related worries, and 
major life events, and prenatal distress includes psychological symptoms and disor-
ders such as anxiety and depression, both of which have been associated with adverse 
fetal and child outcomes. 

The effects of prenatal stress have usually been studied under the fetal programming 
hypothesis, which postulates that environmental risk factors to which a fetus is ex-
posed in utero (e.g., malnutrition) alter fetal development, exerting sustained effects on 
child health (Barker 1995a, 1995b). This hypothesis, also known as the Barker hypoth-
esis or the developmental origins of health and disease (DOHaD) model (Fleming et al. 
2015), suggests that the fetus adapts in reaction to environmental cues on physiological, 
neuroendocrine, and metabolic levels by programming or reprogramming its biological 
systems while they are still immature and therefore extremely malleable. Gestation is a 
particularly vulnerable period for brain development, and even subtle alterations in 
brain structure and function resulting from environmental conditions can have long-

281 



  

  
       

  
  

 

  
   

 
   

   

   

 
   

 
     
 

 
 

  

 
 

  

 

  
 

 
 

  

282 Textbook of Women's Reproductive Mental Health 

term consequences. Most studies report negative effects of prenatal exposure to ma-
ternal stress on brain–behavior development, indicating greater child susceptibility to 
mental health problems and disorders later in life. 

Surprisingly, some studies report positive effects of prenatal stress (DiPietro et al. 
2006, 2010; Kantonen et al. 2015; Lin et al. 2014; Rothenberger et al. 2011) and elevated 
maternal cortisol in pregnancy (Glynn and Sandman 2012) on child outcomes, suggest-
ing that prenatal stress is not necessarily pathogenic. Several hypotheses have been pro-
posed to explain such findings, diverging from the traditional diathesis–stress model 
(Zuckerman 1999) that links stress with increased vulnerability to disease. According 
to some authors, prenatal stress may provide more stimulation for the fetus, enhancing 
fetal sensitivity (and physiological and behavioral reactivity) to environmental cues 
and, thereby, postnatal developmental plasticity. This may be a risk factor but also an 
opportunity, depending on the child’s postnatal environment (Hartman et al. 2018, 
2019). More sensitive and reactive children may be at a higher risk of mental health 
problems if exposed to postnatal adversity (e.g., low parenting quality); conversely, 
they may benefit more from postnatal supportive environments compared with chil-
dren without prenatal stress exposure (Hartman et al. 2018). Another explanation may 
be that the exposure to prenatal stress leads to fetal adaptations or “programmed” 
changes (e.g., heightened vigilance, alertness, aggressiveness, or impulsivity) that may 
improve children’s chance for survival, preparing them for the demands of the extra-
uterine world. As some authors put it (Sandman et al. 2012b), it is not the stress, per se, 
but rather the incongruity between the pre- and postnatal environments that leads to 
less favorable outcomes in children who are exposed prenatally to conditions that differ 
from those into which they are born. 

What seems to be of pivotal importance is the magnitude of prenatal stress. While 
reporting positive effects for moderate levels of stress, DiPietro et al. (2006) and 
Laplante et al. (2008) also found detrimental outcomes for high levels of stress. In ad-
dition, Hartman et al. (2020) observed that children who were exposed to the least pre-
natal stress were the most affected by maternal postnatal stress. It seems, therefore, that 
both too little and too much stress may be pathogenic, whereas moderate levels of stress 
might be beneficial (DiPietro 2004, 2012). Yet these results must be interpreted with cau-
tion because they may apply to specific samples only. The studies showing positive ef-
fects of prenatal stress are mostly based on data from families of higher socioeconomic 
and educational status (DiPietro 2012; Laplante et al. 2008). Although there may be a 
positive association between moderate prenatal stress and specific child outcomes, little 
is known about the factors modulating such association (e.g., timing and type of stress) 
or the direction of the effects in different developmental domains (e.g., such that better 
performance in one domain is accompanied by worse performance in another domain). 

Despite some inconsistencies, the bulk of existing research shows a higher risk of 
detrimental neurodevelopmental outcomes and mental health disorders following 
exposure to stress in utero. As such, maternal stress in pregnancy may function as a 
“third pathway” of familial transmission of risk for psychiatric disorder, apart from 
shared genes and quality of parental care. It should, however, be emphasized that 
most children exposed to prenatal stress remain unaffected, and as such, the nature 
of this association consists in increasing the risk rather than causing inevitable mental 
health problems and disorders. Figure 11–1 summarizes the relationships between 
maternal stress and child outcomes. 
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Types of Prenatal Stress and Distress 

The term prenatal stress refers to a wide range of different types of stress that can occur 
during pregnancy. These include daily hassles, such as job strain; perceived stress, 
such as feeling overwhelmed or out of control; pregnancy-related anxieties, such as 
worrying about the baby’s health or fear of giving birth; and major life events, such as 
the death of a loved one (Class et al. 2011) or natural and manmade disasters. Prenatal 
distress, on the other hand, includes a range of psychological symptoms and disorders, 
such as depression and anxiety, which can be either preexisting to the pregnancy or on-
set during pregnancy (Table 11–1). These stresses and distresses can occur in the form 
of a single event, a series of events, or on a daily chronic basis in women with or with-
out definable psychiatric illnesses (Mulder et al. 2002). Although we can make distinc-
tions among different types of prenatal stress and distress, it remains unclear whether 
these distinctions coincide with differential effects on fetal and child outcomes (Monk 
et al. 2018). Nevertheless, they provide meaningful insights for treatment, and poten-
tial differences in outcomes continue to be investigated. 

Distinctions among different types of prenatal stress and distress can be made based 
on prevalence, because their estimated prevalence varies depending on the type of 
stress or distress being considered (Monk et al. 2019b; Van den Bergh et al. 2017; Ward 
et al. 2017). During pregnancy, 8%–12% of women are estimated to meet diagnostic 
criteria for major depressive disorder (Melville et al. 2010), a rate that doubles in low-
income and socioeconomically disadvantaged samples (Fisher et al. 2012). Similarly, 
13% of pregnant women are estimated to meet criteria for an anxiety disorder (Vesga-
López et al. 2008). These estimates increase when symptoms are self-reported. For 
instance, Loomans et al. (2013) found that 30% of women self-report high levels of 
concurrent depression and state anxiety during pregnancy. Loomans et al. (2013) ad-
ditionally found that up to 52% of pregnant women experience daily stress, such as job 
strain, during pregnancy and 9% experience pregnancy-related anxiety, although nei-
ther of these identified groups report high levels of depression or state anxiety. Depres-
sion and anxiety are the most common mental health disorders during pregnancy, and 
other common nonpsychotic disorders include PTSD and personality disorders, with 
estimated prevalence rates of 6%–8% and 6%, respectively (Howard et al. 2014). 

Although distinct, the different types of stress and distress are often correlated. For 
example, depression and anxiety are often comorbid during the prenatal period, and 
women who are depressed during pregnancy are more likely to meet criteria for an 
anxiety disorder than those who are not (Dindo et al. 2017). Additionally, women who 
have experienced a trauma prior to being pregnant are nearly five times more likely 
to be depressed in pregnancy than women without a trauma history (Seng et al. 2010). 
Even trauma that occurs as far back as childhood is associated with increased symp-
toms of both depression and anxiety during pregnancy (Letourneau et al. 2019). Co-
morbid prenatal stresses can thus be considered not only in terms of additive but also 
interactive effects, whereby one type of preexisting stress can enhance the likelihood 
of risk for another type of stress. The proper identification of different prenatal 
stresses and their comorbidities has the potential to lead toward more precise treat-
ment, as opposed to treatment that fails to recognize comorbidities and thus alleviates 
distress only partially (Dindo et al. 2017). 
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TABLE 11–1. Types of prenatal stress and distress and their estimated prevalence 

Prenatal stress (estimated prevalence) Prenatal distress (estimated prevalence) 

Stressful life events (63%) Prenatal anxiety (13%) 
Daily hassles (52%) Prenatal depression (8%–12%) 
Pregnancy-related anxieties (9%) PTSD (6%–8%) 
Perceived stress (8%–11%) Personality disorders (6%) 
Severe  life events (1%) 

Fetal and Child Outcomes 

Prenatal Stress and Fetal Neurobehavior 
Research focusing on the effects of prenatal stress on fetal neurobehavior most fre-
quently examines two indicators of fetal response to stress: motor activity and heart 
rate/heart rate variability (HRV) or reactivity. In general, studies investigate either the 
effects of maternal chronic stress (sometimes depression or anxiety) or the effects of 
stress that was induced experimentally. 

Maternal chronic stress in pregnancy has been linked to a higher fetal activity and 
heart rate. For example, DiPietro et al. (2002) found that the fetuses of stressed mothers 
were more active across gestation compared with those whose mothers showed more 
positive emotionality. In line with this finding, Dieter et al. (2001) reported increased 
fetal activity in depressed mothers. In another study, DiPietro et al. (2010) observed no 
association between maternal trait anxiety and fetal motor activity or heart rate, but 
they did find a link between higher maternal pregnancy-specific stress and marginally 
higher motor activity, increased coupling of fetal motor activity and heart rate, and 
higher fetal HRV. Higher HRV is typically considered a mark of better emotion regula-
tion (Sloan et al. 2017) and may be regarded as an index of more advanced CNS matu-
ration. Arecent study (Walsh et al. 2019) reported lower coupling of fetal motor activity 
and heart rate in physically stressed pregnant women (i.e., women with physical indi-
cators of stress, such as higher average blood pressure), but not in those with psycho-
logical stress. However, Monk et al. (2016) found an indirect effect of high perceived 
stress in pregnancy on lower fetal coupling through placental DNA methylation. 

Because the literature on fetal responses to maternal stress is variable, researchers 
have focused on the effects of experimentally induced stress to measure these effects 
more directly. Using the Stroop color-word task in a series of studies, Monk et al. 
(2000, 2003, 2004, 2011) found significant increases in fetal heart rate in response to the 
stressor in a group of mothers with psychological vulnerability (anxiety and depres-
sion) but not in those without such vulnerability. DiPietro et al. (2003) reported no 
changes in fetal heart rate using the same method to induce mild stress in pregnant 
women, but their results were based on a general sample of mothers regardless of psy-
chological vulnerability. Other studies employed direct stimulation of the fetus. For ex-
ample, Makino et al. (2009) observed that fetuses showed a different heart rate pattern 
in response to vibroacoustic stimulation depending on maternal trait anxiety scores. Fe-
tuses of mothers from a high trait anxiety scores group displayed a biphasic response 
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pattern characterized by acceleration followed by deceleration, whereas the response 
of fetuses from mothers with low trait anxiety scores consisted of a single long period 
of acceleration, one acceleration lasting >1 minute, or at least two accelerations lasting 
>15  seconds.  Maternal psychological status thus seems to be of crucial importance,  
modulating fetal reactivity to stress possibly as a consequence of shaping fetal develop-
ment over gestation. Moreover, different types of psychological vulnerability may 
elicit differential fetal response. Reissland et al. (2018) reported that anxiety was asso-
ciated with an increased fetal response (eye-blink reactions), whereas depression was 
associated with a decreased fetal response to sound and light stimulation. 

Taken together, maternal psychological status—chronic mood or distress—in preg-
nancy affects fetal neurobehavior and reactivity to stressful stimuli. Both chronic and 
acute stress elicit fetal response characterized mostly by higher intensity of motor ac-
tivity and heart rate. Some authors suggest that this is not necessarily a developmen-
tal disadvantage; higher fetal motor activity has been linked with more optimal motor 
maturation and development (DiPietro et al. 2010). It is, however, too early to draw 
final conclusions in this regard because the results of previous studies are ambigu-
ous—prenatal stress has also been associated with delayed fetal maturation (Sand-
man et al. 2012a). 

Prenatal Stress and Birth Outcomes 
According to the fetal programming hypothesis, the prenatal environment is of cru-
cial importance to health throughout the  lifespan (Barker 1995b). Originally, birth 
weight was considered a proxy for the quality of environment in utero (Barker 1990). 
Indeed, low birth weight and other unfavorable birth outcomes, such as preterm 
birth, have been linked with various prenatal factors, including maternal stress, as ex-
emplified in several studies (Copper et al. 1996; Lima et al. 2018; Wadhwa et al. 1993). 

However, the assertion that prenatal stress results in unfavorable birth outcomes 
is not without controversy. In his seminal work, Istvan (1986) suggested that although 
there is sound evidence of the negative effects of stress on birth outcomes in animal 
research, the results for humans remain inconsistent and unconvincing due to meth-
odological study limitations. Those limitations include retrospective assessment of 
stress in pregnancy or failure to account for important confounders, such as biomed-
ical factors that increase obstetrical risks (e.g., hypertension in pregnancy, preeclamp-
sia). A later meta-analysis supported this line of reasoning by concluding that there 
is no evidence for the association between general or pregnancy-specific anxiety and 
detrimental birth outcomes and that the significant associations that have been found 
were primarily in studies with lower-quality methodology (Littleton et al. 2007). A 
meta-analysis conducted by the same research team several years later reported that 
the association between prenatal psychosocial stress and low birth weight was in fact 
significant but very small (Littleton et al. 2010). Finally, a meta-analysis that was lim-
ited to prospective studies published from 1970 to 2012 (Bussières et al. 2015) substan-
tiated the association between prenatal stress and low birth weight and preterm birth, 
with findings specific to different types of stress: pregnancy-related anxiety and stress 
yielded a stronger association than general stress, life events, or natural disasters. 
Nevertheless, the results of the studies remain conflicting. For example, a recent study 
distinguishing different prenatal stress phenotypes (i.e., mental health or mood 
symptoms and physical indicators of stress) found that women showing physical but 
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not psychological indicators of stress had increased risk of preterm birth compared 
with the healthy group (Walsh et al. 2019). 

Prenatal Stress and Child Neurodevelopment 
and Psychopathology 
State Regulation, Stress Reactivity, and Temperament 
Several studies have shown that infants of mothers who had depressive symptoms in 
pregnancy have poorer regulation of behavioral states, autonomic stability, and neu-
robehavioral maturity in the first days of the postpartum period (Figueiredo et al. 
2017; Gerardin et al. 2011; Pacheco and Figueiredo 2012). The child’s stress reactivity 
is another frequently studied outcome in the context of prenatal stress, exposure to 
which has been linked with altered child’s hypothalamic-pituitary-adrenal (HPA) 
axis functioning. However, the direction of this effect is inconsistent and has been 
shown to vary depending on the type of stress, with different types eliciting blunted 
or increased HPA axis reactivity. For example, Romero-Gonzalez et al. (2018) found 
that maternal perceived stress in pregnancy predicted lower cortisol but that preg-
nancy-specific stress predicted higher cortisol in neonates. Measuring cortisol and 
cortisone in the first morning urine of 45-month-old children, Send et al. (2019) found 
a lower nocturnal rate of cortisol and cortisone in children who had been exposed to 
prenatal stress. In a similar study, children age 6 years had higher hair cortisone, but 
not cortisol, levels detected in association with prenatal stress (Molenaar et al. 2019). 
Cortisone is a metabolite of cortisol, with the enzyme 11β hydroxysteroid dehydroge-
nase type 2 (11β-HSD2) converting cortisol to cortisone in the peripheral tissues. Mea-
suring cortisone in addition to cortisol may thus provide a more complete picture of 
the cumulative amount of active and inactive corticosteroids (Molenaar et al. 2019). 

Prenatal stress has been linked with more difficult child temperament and negative 
emotionality, but this association appears to be modulated by child sex and by the 
type and timing of stress. For example, Simcock et al. (2017a) found that higher levels 
of objective hardship related to a flood disaster (Queensland Flood in 2011) during 
pregnancy were associated with more irritable temperament in boys but not in girls 
at age 6 months; moreover, the mothers with higher emotional response to the flood 
reported more active-reactive infants. Laplante et al. (2016), too, assessed the effects 
of disaster-related prenatal stress on infant temperament 6 months postpartum and 
observed poorer temperament in children exposed to higher maternal stress in utero. 

Examining the differential effects of various types of prenatal stress on infant tem-
perament at 3 months of age, Chong et al. (2016) demonstrated evidence for the effects 
of anxiety (both state and trait) on infants’ negative emotionality and poor attention 
regulation but found no effects of prenatal depression. Similarly, Nolvi et al. (2016) at-
tempted to disentangle the effects of prenatal depression, anxiety, and pregnancy-
specific anxiety on infant emotional reactivity at 6 months postpartum and concluded 
that only pregnancy-specific anxiety predicted infant reactivity (more specifically, 
overall negative emotional reactivity and its aspects fearfulness and falling reactiv-
ity). In a study by Austin et al. (2005b), only trait anxiety—not depression or perceived 
stress in pregnancy—predicted “difficult” infant temperament. 

Overall, it appears that maternal anxiety is a much stronger predictor of infants’ 
traits associated with temperament than is maternal depression, although depressive 
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symptoms in pregnancy were found to be associated with higher activity/impulsivity 
and sleep problems in young children (Gerardin et al. 2011). Nevertheless, most stud-
ies on the effects of prenatal distress on child temperament used parent-report ques-
tionnaires, which makes it impossible to disentangle child behavior from maternal 
perceptions of it that may be biased by maternal psychological status. As for the tim-
ing of stress, Sandman et al. (2012a) observed the strongest association between stress 
and impaired emotion regulation in infants if the stress occurred early in gestation, 
but research to date is insufficient to draw final conclusions about the effects of timing 
of prenatal stress on child reactivity and regulation. 

Motor Development 
Studies about the effects of prenatal stress focus frequently on motor development in in-
fancy because it is strongly predictive of later outcomes across different developmental 
domains. Substantial evidence shows that prenatal stress, such as depressive symptoms 
or stressful life events, predicts poorer motor skills and delayed motor development in 
young children (Cao et al. 2014; Gerardin et al. 2011; Lin et al. 2017; Moss et al. 2017) 
despite several positive or null findings. For example, Simcock et al. (2016) found better 
motor development outcomes in 2-month-old infants whose mothers were exposed to a 
flood during pregnancy, but this effect changed with increasing child age, such that pre-
natal exposure to a flood predicted delayed motor development in the children at 6 and 
16 months of age. Sandman et al. (2012b) found positive effects of prenatal depressive 
symptoms on motor development in the first postpartum year, but only in infants 
whose mothers had experienced congruent levels of depressive symptoms in preg-
nancy and postpartum. This was true even for children of mothers with relatively high 
levels of pre- and postpartum depression. Nevertheless, Koutra et al. (2013) found no 
association between prenatal stress and motor development in young children. 

The effect of prenatal stress on motor development appears to be stronger if the ex-
posure occurs in late pregnancy (Cao et al. 2014; Grace et al. 2016; Moss et al. 2017; 
Simcock et al. 2016). Additionally, differential effects according to the type of stress 
have also been found. For example, Simcock et al. (2016) observed that delayed motor 
development was associated with exposure to a flood in utero but not with maternal 
traumatic stress symptoms related to the flood. In contrast, Moss et al. (2017) found a 
negative effect of disaster-related stress on motor development in 16-month-old chil-
dren, but only for negative maternal appraisal of the overall flood consequences and not 
due to the flood exposure per se. Effects on motor development are documented be-
yond the period of early childhood. Grace et al. (2016), following children until adoles-
cence, evidenced suboptimal neuromuscular development at ages 10, 14, and 17 years 
in children whose mothers experienced a higher number of stressful life events in late 
pregnancy. However, stressful events occurring earlier in pregnancy were not associ-
ated with child’s later motor outcomes in this study. 

Cognitive Development 
Prenatal maternal stress is also associated with adverse outcomes in cognitive devel-
opment domains, including word comprehension, nonverbal cognitive tasks (Hen-
richs et al. 2011), language development (King et al. 2012), problem solving (Simcock 
et al. 2017b), IQ, working memory (Evans et al. 2012), and performance in math tasks 
(Pearson et al. 2016). A meta-analysis by Tarabulsy et al. (2014) detected a significant 
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association, albeit with a small effect size, between prenatal stress and cognitive de-
velopment, with a larger effect documented in studies assessing prenatal stress retro-
spectively. Moreover, they found that studies with objective indicators of prenatal 
stress (e.g., objective severity of a natural disaster or a number of stressful events) re-
ported greater effect sizes as compared with those examining subjective indicators (e.g., 
perceived stress, pregnancy-related stress or anxiety). This conclusion is also supported 
by other research groups (Moss et al. 2017; Simcock et al. 2017b). 

Differential effects were found for depressive symptoms, anxiety, and pregnancy-
related anxiety. For example, Koutra et al. (2013) found detrimental effects of depres-
sive symptoms, but not of anxiety, on child cognitive performance. Depression was 
associated with lower IQ score in children 8 years of age (Evans et al. 2012), whereas 
anxiety was associated with impaired working memory in children of the same age 
in another study (Pearson et al. 2016). Buss et al. (2011) observed that lower visuospa-
tial working memory in children ages 6–9 years was related to pregnancy-related anx-
iety; neither state anxiety nor depression explained any additional variance. 

The effects of prenatal stress on child cognition appear to be more severe for girls 
than for boys. Investigating the association between perceived stress during preg-
nancy and infant cognition at the age of 4.5 months, Merced-Nieves et al. (2020) ob-
served that maternal stress is associated with delayed development of physical 
reasoning, but this effect was only true for girls and not for boys. Li et al. (2013) also 
observed sex-specific effects at 10 years of age in association with maternal life stress 
events (e.g., job loss, residential move) in pregnancy, finding that prenatal exposure 
to stress was associated with lower reading scores in girls but with higher reading and 
math scores in boys. Simcock et al. (2017b) reported that at high levels of maternal 
subjective flood-related stress in pregnancy, girls had lower scores on the problem-
solving domain than boys at 6 months of age. In addition, Buss et al. (2011) found that 
pregnancy-specific anxiety was associated with lower inhibitory control in girls only 
at ages 6–9 years. However, King et al. (2012) found adverse effects of a natural disas-
ter (Quebec Ice Storm of 1998) during pregnancy on boys but not girls in terms of their 
IQ scores at 11 years of age. 

Similar to the motor development domain, the timing of the stress exposure may 
be decisive for the severity of outcomes in the cognitive domain. However, although 
late pregnancy has been found to be a critical period for motor development, the ef-
fects on cognitive performance appear to be stronger if stress occurs early in gestation 
(Sandman et al. 2012a). Moreover, the intensity of prenatal stress appears to alter cog-
nitive outcomes. Laplante et al. (2008) found a curvilinear and not a linear relation be-
tween prenatal stress and cognitive and language abilities in preschoolers, indicating 
that high levels of prenatal stress are related to less optimal performance in children, 
whereas moderate levels of stress may enhance it. 

Although evidence links prenatal stress with less optimal cognitive development, 
study results have been mixed, with some authors reporting no association (Karam et 
al. 2016) and others reporting positive effects (Li et al. 2013). Importantly, studies that 
accounted for maternal IQ observed that the significant association between prenatal 
stress and child cognitive outcomes does not persist after taking this additional factor 
into consideration (Van den Bergh et al. 2017). Thus, despite evidence for this associ-
ation, further research is needed to draw firm conclusions. Table 11–2 summarizes the 
relationship between stress and several neurodevelopmental outcomes. 
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TABLE 11–2. Effects of prenatal stress on fetal and child behavior and 
neurodevelopment 

Domain Specific outcomes Type of distress and timing 

Fetal neurobehavior ↑�Motor activity Chronic stress, depression 
↑ Heart rate  reactivity Experimentally induced stress in 

psychologically vulnerable 
women 

↑ �Heart rate variability Pregnancy-specific stress 
↑ ↓ Coupling of fetal motor 

activity and heart rate 
Pregnancy-specific stress, 

perceived stress 
Child temperament ↑ �Negative emotionality Maternal anxiety appears to have 

greater effect than depression ↓ Emotion/attention 
regulation No conclusive evidence regarding 

timing ↑ Emotional reactivity 
↑ Temperamental “difficulty” 

Child neurodevelopment ↓ �Motor development Exerts stronger effects if occurs in 
late pregnancy 

Findings about effects of different 
types are conflicting 

↓ �Cognitive  development Objective indicators (e.g., objective 
severity of a natural disaster) 
have greater effect than 
subjective indicators 

Stronger effects if occurs in early 
pregnancy 

Mental Health 
Accumulating evidence shows an association between maternal distress in preg-
nancy and offspring mental health problems (Table 11–3), particularly internalizing 
(emotional) and externalizing (behavioral) symptoms (Cents et al. 2013; Hentges et al. 
2019; Lahti et al. 2017; Leis et al. 2014; Loomans et al. 2011; O’Donnell et al. 2014; Pick-
les et al. 2017; Robinson et al. 2008, 2011; Tearne et al. 2015). Internalizing and exter-
nalizing behaviors have been found to be predicted by different types of stressful 
events, both those beyond mother’s control (e.g., death of a relative) and those at least 
partly within her control (e.g., marital problems) (Robinson et al. 2011) and have been 
linked to prenatal depressive symptoms, anxiety (Cents et al. 2013; Lahti et al. 2017; 
Leis et al. 2014; Loomans et al. 2011; O’Donnell et al. 2014), and pregnancy-specific 
anxiety (Pickles et al. 2017). 

There are, however, some discrepancies in the current research on the effects of ma-
ternal prenatal distress on externalizing and internalizing behaviors in offspring. For 
example, Korhonen et al. (2014) observed that prenatal depression was associated 
with externalizing but not internalizing problems in adolescents, whereas Betts et al. 
(2014) found the opposite. In addition, a study assessing the effects of natural disas-
ter–related stress found that internalizing problems in young children were linked to 
maternal objective flood-related hardship (e.g., financial loss related to the disaster) 
rather than to stress experienced in response to the flood (McLean et al. 2019). How-
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TABLE 11–3. Effects of prenatal stress on offspring mental health 

Types of maternal prenatal distress associated with 
offspring mental health outcomes Mental health domain  

ADHD Stressful life events; major life events (bereavement); anxiety 
Anxiety Perceived  stress, depressive symptoms, anxiety,  pregnancy-

related anxiety, exposure  to a natural  disaster 
Autism Stressful life events; major life events (bereavement) 
Borderline personality disorder Anxiety, depression 
Conduct disorder Anxiety; stressful life events 
Depressive symptoms Perceived stress, stressful life events, depression, anxiety 
Eating disorders Exposure to a natural disaster 
Internalizing and externalizing 

problems 
Stressful events, depression, anxiety, pregnancy-specific  

anxiety, exposure  to  a natural disaster 
Schizophrenia Daily life stress, but results of studies are mixed 

ever, in a similar study, maternal subjective distress in response to the storm exposure, 
rather than the exposure itself, predicted both internalizing and externalizing problems 
in children (King et al. 2012). Nevertheless, it can be difficult to distinguish prenatal 
from postnatal effects; Velders et al. (2011) found that parental postnatal psychological 
functioning, rather than prenatal depressive symptoms, was associated with child 
emotional and behavioral problems. 

Interestingly, no differences in the effects of prenatal stress with respect to the time 
of exposure were observed in the study by Robinson et al. (2011); effects on child be-
havioral problems due to exposure to stressful life events in the first 18 weeks of preg-
nancy were similar to those of exposure at 34 weeks of gestation. Similarly, Lahti et al. 
(2017) found no effect of timing of maternal depression across pregnancy on child be-
havioral problems. However, they did find an effect of depression severity, whereby 
the most detrimental outcomes were detected in children whose mothers had shown 
clinically significant levels of depressive symptoms during pregnancy. 

The effects of prenatal stress on emotional and behavioral problems may persist 
from infancy to adolescence and into adulthood. These childhood outcomes have been 
reported in children ages 3–5 years (Cents et al. 2013; King et al. 2012; Loomans et al. 
2011; O’Donnell et al. 2014; Pickles et al. 2017), 6–9 years (King et al. 2012; O’Donnell 
et al. 2014), 10–11 years (King et al. 2012; Leis et al. 2014; O’Donnell et al. 2014), 12–13 
years (O’Donnell et al. 2014), 14 years (Betts et al. 2014), 16 years (Korhonen et al. 2014), 
and 21 years (Betts et al. 2014). 

Prenatal stress has also been linked with childhood anxiety. In one study, prenatal de-
pression was associated with higher scores on a generalized anxiety scale in 1-year-old 
infants (Gerardin et al. 2011). Similar results were found in another study where mater-
nal exposure to flood in pregnancy predicted anxiety in 4-year-old children; however, 
objective flood-related hardship, rather than subjective distress, predicted childhood 
anxiety (McLean et al. 2019). Evidence suggests that the effects of prenatal distress (e.g., 
perceived stress, depressive symptoms, anxiety, pregnancy-related anxiety) on anxiety 
symptoms in offspring may extend to preadolescence (Davis and Sandman 2012) and 
even into adulthood (Capron et al. 2015). 
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Children exposed to prenatal stress also appear to be at an increased risk for symp-
toms of depression, which were observed at different ages throughout childhood. For 
example, prenatal stress has been associated with depressive symptoms at 12 years of 
age (Davis et al. 2020), and stressful life events in early pregnancy have been linked 
with high levels of depressive symptoms in children 10–19 years of age (Kingsbury et 
al. 2016). Maternal prenatal anxiety and depression have been found to be associated 
with an increased risk of depression in the offspring up to 18 years of age (Capron et 
al. 2015; Pearson et al. 2013). 

Evidence also suggests that prenatal stress might play a role in the development of 
autism (Class et al. 2014; Rijlaarsdam et al. 2017; Ronald et al. 2011), particularly in 
boys. For instance, Ronald et al. (2011) found that stressful events in pregnancy, such 
as divorce or a residential move, predicted autistic traits in boys but not girls at the 
age of 2 years. The timing of prenatal stress may modulate the effects on autism, as 
evidenced in one study that showed a higher risk of autism following maternal be-
reavement specifically in the third trimester of pregnancy (Class et al. 2014). Never-
theless, the association between prenatal stress and autism is ambiguously supported; 
for example, a study by Rai et al. (2012), based on data from two large population 
studies, found no link between major life events in pregnancy and autism. 

Similarly, the risk for ADHD related to prenatal stress exposure has also been re-
ported to be higher in males than in females (Li et al. 2010; Loomans et al. 2011). How-
ever, not all studies documenting the association between prenatal stress and ADHD 
have found sex-specific results (Class et al. 2014; Ronald et al. 2011). Additionally, 
Class et al. (2014) reported a greater risk for ADHD in children who were exposed to 
stress specifically in late pregnancy. 

Prenatal distress has also been found to enhance the risk of conduct disorder (Gla-
sheen et al. 2013; MacKinnon et al. 2018), an association that has also been shown to 
be particularly pronounced in boys (Glasheen et al. 2013). Other mental health out-
comes linked with prenatal distress exposure include eating disorders (St-Hilaire et 
al. 2015), borderline personality disorder (Winsper et al. 2015), and psychosis (Fine-
berg et al. 2016). Moreover, the risk for schizophrenia related to prenatal stress expo-
sure also appears to be higher in male offspring (Fineberg et al. 2016). Nevertheless, 
in a review of prenatal stress effects on a risk of schizophrenia (Lipner et al. 2019), the 
authors concluded that the results of studies are mixed and that the question of 
whether specific types of prenatal stress or timing of exposure have differential effects 
remains unresolved. 

Biological Mechanisms 

The DOHaD hypothesis contends that maternal stress in pregnancy can affect the de-
veloping fetus through stress-based alterations in maternal biology, with potentially 
long-lasting implications for the offspring’s health. However, some doubts have been 
expressed regarding the causality of such associations. For example, women who ex-
perience stress during pregnancy are more likely to be living in poverty, which rep-
resents an environmental factor that is directly linked with child outcomes (Lefmann 
and Combs-Orme 2014). They might also smoke or drink alcohol more frequently and 
lack an appropriate diet and adequate physical activity (Goodwin et al. 2017; Hurley 
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et al. 2005; Schetter and Glynn 2011). Moreover, pregnant women who are stressed are 
more likely to also be stressed in the postpartum period (Field 2011; Lin et al. 2017), 
which might, in turn, lead to less favorable parenting practices (Huizink et al. 2017; 
Schechter et al. 2017) and difficulties in bonding (Figueiredo and Costa 2009). In fact, 
maternal stress in pregnancy is related to several factors that are linked with child out-
comes; thus, the effects of stress are difficult to disentangle from those of other related 
factors. In addition, it is reasonable to expect that mothers who appraise their preg-
nancy period as being more stressful have specific genetic predispositions that may be 
passed onto their children. 

It can thus be difficult to determine whether direct biological mechanisms connect 
maternal prenatal stress and child psychopathology in addition to indirect pathways, 
such as behavioral, and shared genetic factors (Glover 2019). Is it indeed biological fe-
tal programming that mediates, at least partially, the association between prenatal 
stress and offspring psychopathology? Based on results from animal studies, this ques-
tion can be answered affirmatively. Animal research provides strong evidence that off-
spring exposed prenatally to maternal stress are affected in several ways, including 
changes in HPA axis activity (Maccari et al. 1995), functional and structural alterations 
of the brain (Adrover et al. 2015; Charil et al. 2010; Coe et al. 2003), epigenetic changes 
(Jensen Peña et al. 2012; Weaver et al. 2004), and alterations in gut microbiota (Bailey 
et al. 2004), all of which also relate to variations in behavioral outcomes, such as in-
creased fear behavior and distractibility or reduced sociability (Austin et al. 2005a). 

Moreover, studies with human subjects have shown that stress experienced by moth-
ers during pregnancy holds a stronger association with child outcomes than stress expe-
rienced by fathers during the same period, which implies that the effects of prenatal stress 
cannot be attributed solely to shared genes (Capron et al. 2015). Although the biological 
pathways suggested in animal research may also apply to humans, there are considerable 
differences between humans and animals on physiological and neuroendocrine levels 
(Glover et al. 2010). Overall, the mechanisms by which prenatal stress may affect human 
offspring are emerging, and research has explored several systems that could be involved. 

One frequently studied domain is HPA axis functioning. The end product of the HPA 
axis—that is, the stress hormone cortisol—has been hypothesized as a leading agent 
in the association between prenatal stress exposure and child outcomes. It has been as-
sumed that maternal stress results in increased cortisol levels that, in turn, lead to a 
higher fetal exposure to cortisol, affecting the development of the fetal and child nervous 
system (Davis et al. 2017; Graham et al. 2019). Indeed, higher cortisol levels in amniotic 
fluid have been found to predict lower scores in cognitive development in 17-month-old 
infants (Bergman et al. 2010). Higher maternal cortisol levels have also been associated 
with decrements in child cognitive performance at 7 years of age (LeWinn et al. 2009). 

However, the results of the studies are conflicting, reporting both positive and neg-
ative effects of fetal exposure to higher cortisol levels. For instance, higher levels of ma-
ternal cortisol in late pregnancy have been shown to enhance fetal neurodevelopment 
(Glynn and Sandman 2012) and cognitive development in infancy and middle child-
hood (Davis and Sandman 2010; Davis et al. 2017). Making matters even more com-
plex, maternal cortisol levels do not always correspond to maternal levels of perceived 
distress, which is especially true later in pregnancy, where there is often a weak or no 
association between perceived stress and cortisol levels (Davis et al. 2011; Voegtline et 
al. 2013; Werner et al. 2013). 
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Given the lack of association between maternal perceived stress and cortisol levels in 
late pregnancy, it is unlikely that the effects of maternal stress in pregnancy on child out-
comes can be explained primarily by an increase in maternal cortisol levels. Therefore, 
other pathways have been investigated, including downregulation of the placental en-
zyme 11β-HSD2 (Bowers and Yehuda 2016; Monk et al. 2016; O’Donnell et al. 2012; 
Togher et al. 2017). 11β-HSD2 converts cortisol to an inactive form (i.e., cortisone), thus 
regulating the degree of maternal cortisol passing through the placenta to the fetal com-
partment. When this enzyme is downregulated, possibly through epigenetic changes on 
gene regulation (Seth et al. 2015), the fetus may become exposed to higher levels of cor-
tisol without increases in maternal levels. Indeed, Glover et al. (2009) observed that the 
association between maternal and amniotic fluid cortisol varies based on maternal anxi-
ety status, with a stronger association occurring among more anxious pregnant women. 
For all women, levels of 11β-HSD2 decrease during the third trimester to enable a higher 
proportion of maternal cortisol to circulate in the placenta, a process that is necessary for 
fetal lung maturation and preparation for birth; however, if maternal cortisol levels have 
been high for a longer period, the fetus becomes exposed to atypical cortisol levels, with 
a potential programming effect on its development and health (DeSocio 2018). Monk et 
al. (2016) observed the association between greater maternal stress and higher placen-
tal DNA methylation of HSD11B2, which, in turn, was linked with lower coupling of 
fetal movements and heart rate, an indicator of less mature CNS development. 

Prenatal stress has been associated with other epigenetic changes. The most fre-
quently studied epigenetic mechanism is DNA methylation, consisting of the addition 
of methyl groups to the promoter region of genes. Since the HPA axis is considered the 
main regulator of the stress response, research in this area has focused on the associ-
ation between prenatal stress and methylation of a glucocorticoid receptor gene 
(NR3C1). Methylation of this gene prevents the expression of the glucocorticoid re-
ceptors in the hippocampus, resulting in suppression of negative feedback that turns 
down HPA axis activity when cortisol levels are too high for an extended period 
(DeSocio 2018). Variation in NR3C1 regulation has been studied in the placenta as an 
indicator of variation in cortisol that may reach the fetus; it has also been studied in 
other samples thought to be representative of children’s biology. 

Conradt et al. (2013) reported that maternal depression was related to greater pla-
cental DNA methylation of NR3C1, which in turn predicted lower self-regulation and 
higher hypotonia and lethargy in infants. Also, maternal emotional distress during 
pregnancy was linked with methylation of NR3C1 in cord blood (Harris and Seckl 
2011; Hompes et al. 2013), and changes in NR3C1 methylation have been associated 
with a higher risk of psychopathology (Dadds et al. 2015; Tyrka et al. 2016). Investi-
gating the effects of intimate partner violence during pregnancy on NR3C1 methyla-
tion, Radtke et al. (2011) found no effect on methylation in the mothers but did find 
an effect in their adolescent children. The link between maternal distress and offspring 
methylation of NR3C1 is further supported by a meta-analytic study by Palma-Gudiel 
et al. (2015), which reported a significant correlation between stress in pregnancy and 
methylation levels at a CpG site located at the NR3C1 promoter. Regulation of other 
genes also seems to be involved in the association between maternal prenatal distress 
and child behavior (Cao-Lei et al. 2017). 

Maternal immune response might also be a pathway by which maternal prenatal 
stress exerts its effects on the fetus. Research has indicated that not only infection but 
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also maternal psychosocial stress elicits a release of the proinflammatory cytokines. 
More specifically, depressive symptoms in pregnant women have been found to be as-
sociated with higher levels of circulating proinflammatory cytokines interleukin (IL)-
6 and IL-15, tumor necrosis factor (TNF)-α, and C-C motif chemokine 3 (CCL3) (Chris-
tian et al. 2009; Osborne et al. 2019). Another study reported higher levels of IL-1β and 
IL-6 in association with stress in pregnant women (Coussons-Read et al. 2007). Mater-
nal infections during pregnancy have been linked with neuropsychiatric disease in off-
spring later in life (Brown 2011), yet the evidence for the mediating role of maternal 
cytokines is still emerging. Existing studies are mostly based on animal models, and 
those conducted in humans have shown no effect of most of the proinflammatory ma-
ternal cytokines on the offspring’s psychopathology; positive associations have been 
found between specific maternal cytokines (e.g., TNF-α or IL-8) and neuropsychiatric 
disease in the offspring, but they have not always been successfully replicated in other 
studies (Rakers et al. 2017). 

Nevertheless, recent research has suggested an association between maternal cyto-
kines (IL-6) and infant brain changes and cognitive development. Spann et al. (2018) 
observed an association between maternal IL-6 levels in pregnancy and resting state 
functional connectivity in newborn brain and toddler cognitive outcomes, suggesting 
that maternal immune activation in pregnancy influences the human nervous system 
in both the short and long term (Spann et al. 2018). In addition, Graham et al. (2018) 
found that above-average concentrations of maternal proinflammatory cytokine IL-6 
during pregnancy is associated with larger newborn right amygdala volume and 
stronger left amygdala connectivity in the newborn, which are in turn associated with 
lower impulse control at 2 years of age. 

A promising area of research is the role of the microbiome in prenatal stress pro-
gramming. Altered gut microbiota composition has been linked with metabolic and 
immune disorders and with brain development and behavior (O’Mahony et al. 2017). 
Recognizing this association has led to establishing the so-called gut-brain axis (Ber-
cik et al. 2012). Communication between gut microbiota and the brain appears to be 
bidirectional, such that the brain exerts influence on gut microbiota, and the gut mi-
crobiota affects neurodevelopment (de Weerth 2017). 

Distress and anxiety experienced in pregnancy have been associated with changes 
in the composition of the maternal intestinal and vaginal microbiome (Gur et al. 2017; 
Hechler et al. 2019; Jašarevic et al. 2015), suggesting that the microbiome might be a 
link between prenatal stress and neurodevelopment (Gur et al. 2015). Although off-
spring gut colonization has long been thought to commence during birth by passage 
through the birth canal and to develop with subsequent breastfeeding, the “sterility 
of the uterus” dogma has been challenged by several studies, indicating that offspring 
gut microbiome colonization may occur in utero. Nevertheless, studies are only be-
ginning to investigate the intrauterine transmission of microbes from mother to fetus 
resulting in fetal colonization (Chong et al. 2018). 

Additional/Moderating Influences 

The inconsistency in research findings indicates that exploration of moderating fac-
tors that buffer or exacerbate the effects of prenatal stress on fetal and child outcomes 
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is paramount. As previously mentioned, the intensity of prenatal stress may modulate 
its effects on offspring, with some authors suggesting that moderate levels of stress 
might even be beneficial and others showing that the opposite is true for high levels of 
prenatal stress (DiPietro et al. 2006; Laplante et al. 2008). Nevertheless, researchers 
have indicated that these positive effects, such as advanced maturation and resilience 
to stress in later life, do not come without cost, because prenatal stress is associated with 
alterations in brain development (Van den Bergh et al. 2017). Moreover, it may be the 
case that the potential benefits of prenatal stress only manifest under specific circum-
stances, such as a supportive postnatal environment and high-quality parental care 
(Hartman et al. 2018). 

Although the timing of prenatal stress may also play a role, to date research has not 
identified a particular period more vulnerable to stress. It is more likely that the effects 
of stress differ depending on the gestational period in which the exposure occurs, con-
curring with sensitive windows for the development of specific brain regions (Van den 
Bergh et al. 2017). For example, first- and second-trimester exposure has been associ-
ated with effects on cognitive development, and the first trimester of pregnancy has 
been linked with behavioral problems (Van den Bergh et al. 2017). Further research is 
needed to corroborate these initial findings about specific effects of stress at specific 
gestational ages. 

The term prenatal distress covers various types of stress whose effects need to be dis-
entangled despite their intercorrelation. For example, depression and anxiety are often 
comorbid, but they may have differential effects on the developing child. As indicated, 
several authors have reported that anxiety, not prenatal depression, is associated with 
temperamental features in infants (Austin et al. 2005b; Chong et al. 2016). Nolvi et al. 
(2016) identified only pregnancy-related anxiety (and not general anxiety or depres-
sion) as being related to infant temperament. On the other hand, suboptimal cognitive 
functioning has been associated with prenatal depression but not anxiety (Koutra et al. 
2013). Research has also shown the differences between the effects of natural disasters 
(i.e., objective hardship due to exposure to the event) and their subjective appraisal, 
demonstrating that their effects often diverge and that they may exert differential effects 
for specific child outcomes. For example, McLean et al. (2019) observed that internaliz-
ing problems were associated with objective disaster-related hardship, whereas Moss 
et al. (2017) found that only maternal subjective distress, and not objective hardship re-
lated to the flood, was directly associated with delays in child motor development. 

Moreover, sex-specific differences in the effects of prenatal stress imply that child 
sex may modify prenatal programming. In their review, Sutherland and Brunwasser 
(2018) reported that sex-dependent results were found primarily in studies evaluating 
the impact of prenatal stress on nervous system development and temperament. Girls 
were found to be at a higher risk of elevated negative emotionality and reactivity, anx-
iety, and internalizing symptoms and displayed delayed motor and cognitive devel-
opment more frequently if exposed to stress in utero. Boys, on the other hand, showed 
reduced reactivity and emotionality and had a higher risk of externalizing problems 
and schizophrenia. 

These findings can be interpreted within an evolutionary framework. Male fetuses 
are more vulnerable to stress in terms of viability, which manifests in a diminished sec-
ondary sex ratio (males to females born) in the context of prenatal stress (Walsh et al. 
2019). Although it threatens viability in males (where the fittest are more likely to sur-
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vive), prenatal stress leads to a higher vulnerability in later development in females, 
who are disposed to develop strategies for surviving in an adverse prenatal environ-
ment but pay the price of being more susceptible to delayed neurodevelopment, in-
creased reactivity, and mood-related problems (Sandman et al. 2013). In fact, higher 
reactivity and greater vigilance in a stressful environment could have been an evolu-
tionary advantage for females, who looked after the children, whereas males may have 
benefited more from lower stress reactivity so as to better explore the environment and 
face potential dangers (Glover and Hill 2012). Thus, both males and females are likely 
affected by prenatal stress, but the consequences and developmental domains con-
cerned appear to differ (Van den Bergh et al. 2017). It is of note that sex-specific differ-
ences in the effects of prenatal stress may contribute to the well-known sex differences 
in psychopathology, particularly an increased risk for internalizing problems in fe-
males (Hicks et al. 2019). 

Family socioeconomic status is another factor to consider as a moderator of the ef-
fects of prenatal stress on child outcomes. As indicated, positive effects of moderate 
levels of stress are found in higher-income populations, where families have more 
economic, social, and cultural resources that are expected to buffer the potential det-
rimental effects of stress (DiPietro 2012; Laplante et al. 2008). Given the adverse effects 
of low socioeconomic status on child development (Bradley and Corwyn 2002), we 
can expect that the positive effects of moderate doses of stress do not apply to disad-
vantaged populations, who are also more prone to experience extreme stress. For ex-
ample, Robinson et al. (2016) reported that women from ethnic minority groups are 
more likely to experience depression and anxiety during pregnancy than are women 
who identify themselves as white. 

The effects of prenatal stress may also be modulated by state policies to support 
women during pregnancy. Comparing the levels of depression and anxiety symptoms 
in pregnant women in the United States and the Netherlands, Gartstein et al. (2020) 
found higher levels of depression and anxiety in the U.S. population. The authors hy-
pothesized that different workplace and health care policies (e.g., access to health care 
and paid maternity leave) in those countries may have contributed to different levels 
of stress in pregnancy. Thus, the strength of the effects of prenatal stress might be mod-
ulated not only by the difference between low- and high-income countries but also by 
disparities in the support provided to pregnant women and new mothers in Western 
cultures that are economically similar. 

Currently, research has indicated that maternal stress in pregnancy is associated 
with a prior maternal history of childhood trauma (e.g., abuse, neglect) and may thus 
function as a pathway underlying the intergenerational transmission of maternal 
trauma to offspring. Maternal childhood trauma has been found to be associated with 
several adverse outcomes in the offspring, including altered autonomic nervous sys-
tem regulation (Gustafsson et al. 2017), altered brain structure (Moog et al. 2018), and 
behavioral problems (Plant et al. 2017). There is evidence that women with a trauma 
history are more likely to experience distress in pregnancy, especially symptoms of 
depression or anxiety (Ghosn et al. 2019; Plant et al. 2017). Interestingly, Plant et al. 
(2013) found that maternal childhood maltreatment and prenatal depression com-
bined (but neither separately) predicted a higher risk of adolescent antisocial behavior 
in the offspring. Moreover, women with childhood trauma show raised placental cor-
tisol-releasing hormone (Moog et al. 2016) and elevated levels of the proinflammatory 
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cytokine TNF-α in pregnancy (Blackmore et al. 2011), which may suggest that inter-
generational transmission of trauma involves placental-fetal stress physiology and 
immune system activation. 

Social support is another factor to be considered in the context of prenatal stress, but 
it is seldom measured. A positive effect of partner support in pregnancy on maternal 
emotional well-being and infant temperament was reported by Stapleton et al. (2012). 
Zhu et al. (2015) observed an interaction between prenatal stressful life events and so-
cial support in an analysis stratified by child sex, such that boys whose mothers expe-
rienced severe stressful events accompanied by lower social support were at a higher 
risk of developing ADHD symptoms. Walsh et al. (2019) reported that controlling for 
social support largely mitigated the effects of prenatal stress on birth outcomes. 

Women who experience prenatal stress are more likely to experience stress in the 
postnatal period as well (Field 2011; Lin et al. 2017). To avoid confounding by postna-
tal stress, most recent studies focusing on the effects of prenatal stress have controlled 
carefully for this variable. Postnatal stress may nevertheless moderate the association 
between prenatal stress and child neurodevelopmental outcomes. As previously de-
scribed, there are conflicting findings regarding the nature of such moderation: on the 
one hand, postnatal stress has been found to exacerbate detrimental effects of prenatal 
stress (Hartman et al. 2020); on the other hand, some authors have observed more op-
timal outcomes for children whose mothers experienced congruent levels of both pre-
and postpartum stress, regardless of its intensity, suggesting that postnatal stress may 
actually result in favorable outcomes if combined with comparable levels of prenatal 
stress (Sandman et al. 2012b). 

Screening, Treatment, and Prevention 

There are bidirectional psychological and biological influences between the mother 
and her fetus or child, which underscores the need for a dyadic approach to treatment 
that takes into consideration both the mother’s and the child’s well-being (Monk et al. 
2019a). For example, in addition to the woman’s own experience of distress during 
pregnancy, that distress can lead to adverse fetal and child neurobehavioral outcomes, 
which can also in turn produce increased distress for the mother in a dyadic back-and-
forth relationship between mother and child. Although the precise mechanisms of 
transmission from mother to child (i.e., the mechanisms by which maternal prenatal 
distress can transcend to the fetus) are not yet fully understood, a complete under-
standing of these pathways is not necessary to provide treatment, especially when 
considering how distress or symptoms of depression and anxiety are modifiable with 
access to adequate health services (Monk et al. 2018). 

When maternal distress during pregnancy goes unidentified by health care profes-
sionals, most women will not seek treatment for themselves (MacLennan et al. 1996). 
To ensure that distressed pregnant women do receive treatment, the first step is to per-
form routine screening for prenatal mental health issues as recommended by leading 
professional and government organizations. As of 2015, the American College of Ob-
stetricians and Gynecologists (ACOG) issued a formal recommendation that all obstet-
rical care providers screen women for depression and anxiety at least once during 
pregnancy, in addition to screening in the postpartum period (American College of Ob-
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stetricians and Gynecologists 2018). The U.S. Preventive Services Task Force (USPSTF) 
also recommends screening for maternal depression during and after pregnancy (Siu et 
al. 2016). These recommendations by ACOG and USPSTF are supported by conclusions 
in a systematic review that demonstrated that screening for depression during both 
pregnancy and postpartum can lead to 1) reduced prevalence of depression, and 2) in-
creased remission (O’Connor et al. 2016). (For specific recommendations on screening 
and measures to use, please consult Chapter 13, “Depressive Disorders,” Chapter 19, 
“Anxiety  Disorders and Insomnia in the Perinatal Period,” and chapters on individual 
disorders.) 

However, in addition to screening for prenatal depression and anxiety, screening 
for adverse childhood experiences may also be warranted, given that women who 
have a history of early life trauma are more likely to experience depression and anxiety 
during pregnancy (Letourneau et al. 2019). The standard measure of assessing a his-
tory of trauma is the Adverse Childhood Experiences questionnaire (Felitti et al. 1998), 
a 10-item self-report scale that has been validated in both research and clinical settings 
(Glowa et al. 2016) and is suitable for use during pregnancy (Monk et al. 2018). Given 
that obstetrical care providers and other women’s health providers play a key role in 
the evaluation and management of women who survive sexual assault, ACOG recom-
mends routine screening for a history of sexual assault, including screening during 
pregnancy (American College of Obstetricians and Gynecologists 2019). 

Interventions that focus on treating prenatal distress can improve women’s experi-
ence during pregnancy and prevent postpartum depression (Monk et al. 2018). Full 
recommendations for treatment modalities are given in the chapters on anxiety (Chap-
ter 19) and depression (Chapter 13) and include specific psychotherapies (e.g., rational-
emotive behavior therapy; Anton and David 2015) and mindfulness-based cognitive 
therapy adapted for women with perinatal depression (Dimidjian et al. 2015), as well 
as pharmacotherapy where indicated. In addition, interventions aimed at reducing dis-
tress among women who may not be identified as having clinically significant illness 
can be helpful. Practical Resources for Effective Postpartum Parenting, a dyadic treat-
ment that begins in pregnancy and is designed to teach women about infant cues and 
sleep patterns, has been associated with reduced symptoms of maternal depression and 
anxiety and with less infant fussiness and crying behavior at 6 weeks postpartum (Wer-
ner et al. 2016). 

When prevention is focused on improving mood during pregnancy, this offers an op-
portunity to foster more positive representations of the child in utero. These approaches, 
in turn, can carry over into the quality of the mother–child attachment and promote 
the healthy development of the child (Glover and Capron 2017). Screening, preven-
tion, and treatment of maternal pre- and postnatal stress are intended to improve the 
mental health and well-being of both the mother and her child, and evidence supports 
the positive effects they bring to both. 

Special Considerations 

Regardless of whether one engages in research or clinical practice, there are consider-
ations to be made when working with women who are experiencing distress during 
pregnancy. When designing a study, interpreting results, or considering potential clin-
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ical applications, confounding factors must be taken into account both in the pre- and 
postnatal environment. For example, a common factor to consider when investigat-
ing the influence of maternal prenatal mood on child outcomes is maternal postnatal 
mood. Other examples, among many possible confounds or factors, include maternal 
social support, socioeconomic status, maternal age, child sex, child gestational age at 
birth and birth weight, birth complications, maternal history of trauma, race, ethnic-
ity, and cultural background. 

The generalizability of findings should also be considered, especially given the lack 
of diversity in trial samples, which do not match the U.S. population. For example, 
Latinx and Black Americans represent nearly one-third of the U.S. population, yet 
comprise only 6% of participants in federally funded clinical trials (Coakley et al. 
2012). Lack of diversity in research is both an ethical and a scientific problem because 
race and ethnicity can lead to increased risk for disease and decreased likelihood of 
responding to treatment (Monk et al. 2019a). In prenatal stress research, the commu-
nities and minority groups who are underrepresented are often those at greater risk 
of prenatal stress. Thus, greater diversity in sampling is needed to better reflect the 
reality of women who are disproportionately exposed to adversity throughout preg-
nancy and the postpartum period. 

A final and fundamental consideration in research and clinical practice that sup-
ports women with prenatal stress is how to not blame the mother. Researchers and 
clinicians who work with women during pregnancy can engage in thoughtful, delib-
erate, and dynamic practices such that women and mothers are not blamed for ways 
in which their fetus or child’s development can be affected. Research and clinical prac-
tice in this domain have the purpose of supporting women’s health and experience 
during pregnancy, as well as supporting the health of their fetuses and children. Pres-
sure can be relieved by reinforcing how prenatal stress is only one of a multitude of 
factors that can influence fetal and child development and by emphasizing that sup-
port is being provided for both the mother and the child’s health and well-being, as 
individuals and as a dyad. 

Conclusion 

Several decades ago, David Barker formulated his hypothesis that adult disease might 
be programmed in utero. This hypothesis was extended from physical to mental 
health outcomes, including the hypothesis that environmental factors occurring early 
in life—including maternal stress—can alter neurodevelopment and increase risk of 
later psychiatric disorder. Evidence has been provided to support the association be-
tween prenatal stress and child developmental outcomes, including psychopathology, 
yet further identification of mechanisms and the role of moderating factors remain to 
be discovered. Although clinical, translational, and basic researchers continue to make 
new discoveries in DOHaD research as it relates to maternal stress and child outcomes, 
clinicians can rely on evidenced-based interventions to provide women and their fu-
ture children with support. 
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Key Points 
• Prenatal (di)stress includes daily hassles, perceived stress, and major life 

events and a range of mental health problems, such as depression and anxiety. 

• Prenatal (di)stress is associated with adverse neurobehavioral outcomes 
throughout fetal, infant, and child development. 

• Traumatic events prior to pregnancy can influence prenatal (di)stress. 

• The influence of prenatal (dis)tress can be moderated by factors such as so-
cioeconomic status and social support. 

• Evidence-based screening tools are available to identify prenatal (di)stress. 

• Evidence-based interventions are available for the treatment of prenatal de-
pression and other mood disturbances. 

• Careful considerations must be made to avoid blaming mothers and women 
for the influence of prenatal (di)stress on child outcomes. 

References 

Adrover E, Pallarés ME, Baier CJ, et al: Glutamate neurotransmission is affected in prenatally 
stressed offspring. Neurochem Int 88:73–87, 2015 26026592 

American College of Obstetricians and Gynecologists: ACOG Committee Opinion No. 757: 
screening for perinatal depression. Obstet Gynecol 132(5):e208–e212, 2018 30629567 

American College of  Obstetricians and Gynecologists: ACOG Committee Opinion No. 777:  
sexual assault. Obstet Gynecol 133(4):e296–e302, 2019 30913202  

Anton R, David D: A randomized clinical trial of a new preventive rational emotive and behav-
ioral therapeutical program of prepartum and postpartum emotional distress. J Evid Based 
Psychother 15:3–15, 2015 

Austin MP, Hadzi-Pavlovic D, Leader L, et al: Maternal trait anxiety, depression and life event 
stress in pregnancy: relationships with infant temperament. Early Hum Dev 81(2):183–190, 
2005a 15748973 

Austin MP, Leader LR, Reilly N: Prenatal stress, the hypothalamic-pituitary-adrenal axis, and 
fetal and infant neurobehaviour. Early Hum Dev 81(11):917–926, 2005b 16169164 

Bailey MT, Lubach GR, Coe CL: Prenatal stress alters bacterial colonization of the gut in infant 
monkeys. J Pediatr Gastroenterol Nutr 38(4):414–421, 2004 15085020 

Barker DJ: The fetal and infant origins of adult disease. BMJ 301(6761):1111, 1990 2252919 
Barker DJ: Fetal origins of coronary heart disease. BMJ 311(6998):171–174, 1995a 7613432 
Barker DJ: Intrauterine programming of adult disease. Mol Med Today 1(9):418–423, 1995b 9415190 
Bercik P, Collins SM, Verdu EF: Microbes  and  the gut-brain axis. Neurogastroenterol Motil 

24(5):405–413, 2012 22404222 
Bergman K, Sarkar P, Glover V, et al: Maternal prenatal cortisol and infant cognitive development: 

moderation by infant-mother attachment. Biol Psychiatry 67(11):1026–1032, 2010 20188350 
Betts KS, Williams GM, Najman JM, et al: Maternal depressive, anxious, and stress symptoms 

during pregnancy predict internalizing problems in adolescence. Depress Anxiety 31(1):9–18, 
2014 24395339 

Blackmore ER, Moynihan JA, Rubinow DR, et al: Psychiatric symptoms and proinflammatory 
cytokines in pregnancy. Psychosom Med 73(8):656–663, 2011 21949424 

Bowers ME, Yehuda R: Intergenerational transmission of stress in humans. Neuropsychophar-
macology 41(1):232–244, 2016 26279078 



    

  

 

  

 

  

   
  

  

  

 
   

  
 

   
  

    

 

 

   

  

302 Textbook of Women's Reproductive Mental Health 

Bradley RH, Corwyn RF: Socioeconomic status and child development. Annu Rev Psychol 
53:371–399, 2002 11752490 

Brown AS: Exposure to prenatal infection and risk of schizophrenia. Front Psychiatry 2:63, 2011 
22131978 

Buss C, Davis EP, Hobel CJ, et al: Maternal pregnancy-specific anxiety is associated with child 
executive function at 6–9 years age. Stress 14(6):665–676, 2011 21995526 

Bussières EL, Tarabulsy GM, Pearson J, et al: Maternal prenatal stress and infant birth weight 
and gestational age: a meta-analysis of prospective studies. Dev Rev 36:179–199, 2015 

Cao X, Laplante DP, Brunet A, et al: Prenatal maternal stress affects motor function in 5½-year-
old children: project ice storm. Dev Psychobiol 56(1):117–125, 2014 23143986 

Cao-Lei L, De Rooij SR, King S, et al: Prenatal stress and epigenetics. Neurosci Biobehav Rev 
117:198–210, 2017 28528960 

Capron LE, Glover V, Pearson RM, et al: Associations of maternal and paternal antenatal mood 
with offspring anxiety disorder at age 18 years. J Affect Disord 187:20–26, 2015 26301478 

Cents RA, Diamantopoulou S, Hudziak JJ, et al: Trajectories of maternal depressive symptoms 
predict child problem behaviour: the Generation R study. Psychol Med 43(1):13–25, 2013 
22490169 

Charil A, Laplante DP, Vaillancourt C, et al: Prenatal stress and brain development. Brain Res 
Brain Res Rev 65(1):56–79, 2010 20550950 

Chong CYL, Bloomfield FH, O’Sullivan JM: Factors affecting gastrointestinal microbiome de-
velopment in neonates. Nutrients 10(3):274, 2018 29495552 

Chong SC, Broekman BF, Qiu A, et al: Anxiety and depression during pregnancy and temper-
ament in early infancy: findings from a multi-ethnic, Asian, prospective birth cohort study. 
Infant Ment Health J 37(5):584–598, 2016 27548536 

Christian LM, Franco A, Glaser R, et al: Depressive symptoms are associated with elevated serum 
proinflammatory cytokines among pregnant women. Brain Behav Immun 23(6):750–754, 
2009 19258033 

Class QA, Lichtenstein P, Langstrom N, D’Onofrio BM: Timing of prenatal maternal exposure 
to severe life events and adverse pregnancy outcomes: a population study of 2.6 million 
pregnancies. Psychosom Med 73:234–241, 2011 

Class QA, Abel KM, Khashan AS, et al: Offspring psychopathology following preconception, pre-
natal and postnatal maternal bereavement stress. Psychol Med 44(1):71–84, 2014 23591021 

Coakley M, Fadiran EO, Parrish LJ, et al: Dialogues on diversifying clinical trials: successful strat-
egies for engaging women and minorities in clinical trials. J Womens Health (Larchmt) 
21(7):713–716, 2012 22747427 

Coe CL, Kramer M, Czéh B, et al: Prenatal stress diminishes neurogenesis in the dentate gyrus 
of juvenile rhesus monkeys. Biol Psychiatry 54(10):1025–1034, 2003 14625144 

Conradt E, Lester BM, Appleton AA, et al: The roles of DNA methylation of NR3C1 and 11beta-
HSD2 and exposure to maternal mood disorder in utero on newborn neurobehavior. Epi-
genetics 8(12):1321–1329, 2013 24135662 

Copper RL, Goldenberg RL, Das A, et al: The preterm prediction study: maternal stress is associ-
ated with spontaneous preterm birth at less than thirty-five weeks’ gestation. Am J Obstet 
Gynecol 175(5):1286–1292, 1996 8942502 

Coussons-Read ME, Okun ML, et al: Psychosocial stress increases inflammatory markers and al-
ters cytokine production across pregnancy. Brain Behav Immun 21(3):343–350, 2007 17029703 

Dadds MR, Moul C, Hawes DJ, et al: Individual differences in childhood behavior disorders 
associated with epigenetic modulation of the cortisol receptor gene. Child Dev 86(5):1311– 
1320, 2015 26152664 

Davis EP, Sandman CA: The timing of prenatal exposure to maternal cortisol and psychosocial 
stress is associated with human infant cognitive development. Child Dev 81(1):131–148, 
2010 20331658 

Davis EP, Sandman CA: Prenatal psychobiological predictors of anxiety risk in preadolescent 
children. Psychoneuroendocrinology 37(8):1224–1233, 2012 22265195 

Davis EP, Glynn LM, Waffarn F, et al: Prenatal maternal stress programs infant stress regula-
tion. J Child Psychol Psychiatry 52(2):119–129, 2011 20854366 



 

   

  

 
 

 

    

     

   
 

  

 

  
 

  
 

  
 

 
  

 
   

   

 
    

 
  

 
 

  
 

303 Stress in Pregnancy 

Davis EP, Head K, Buss C, et al: Prenatal maternal cortisol concentrations predict neurodevel-
opment in middle childhood. Psychoneuroendocrinology 75:56–63, 2017 27771566 

Davis EP, Hankin BL, Glynn LM, et al: Prenatal maternal stress, child cortical thickness, and 
adolescent depressive symptoms. Child Dev 91(2):e432–e450, 2020 31073997 

DeSocio JE: Epigenetics, maternal prenatal psychosocial stress, and infant mental health. Arch 
Psychiatr Nurs 32(6):901–906, 2018 30454636 

de Weerth C: Do bacteria shape our development? Crosstalk between intestinal microbiota and 
HPA axis. Neurosci Biobehav Rev 83:458–471, 2017 28918360 

Dieter JNI, Field T, Hernandez-Reif M, et al: Maternal depression and increased fetal activity. 
J Obstet Gynaecol 21(5):468–473, 2001 12521799 

Dimidjian S, Goodman SH, Felder JN, et al: An open trial of mindfulness-based cognitive ther-
apy for the prevention of perinatal depressive relapse/recurrence. Arch Women Ment 
Health 18(1):85–94, 2015 25298253 

Dindo L, Elmore A, O’Hara M, et al: The comorbidity of Axis I disorders in depressed pregnant 
women. Arch Women Ment Health 20(6):757–764, 2017 28842756 

DiPietro JA: The role of prenatal maternal stress in child development. Curr Dir Psychol Sci 
13(2):71–74, 2004 

DiPietro JA: Maternal stress in pregnancy: considerations for fetal development. J Adolesc 
Health 51(2 suppl):S3–S8, 2012 22794531 

DiPietro JA, Hilton SC, Hawkins M, et al: Maternal stress and affect influence fetal neurobehav-
ioral development. Dev Psychol 38(5):659–668, 2002 12220045 

DiPietro JA, Costigan KA, Gurewitsch ED: Fetal response to induced maternal stress. Early 
Hum Dev 74:125–138, 2003 14580752 

DiPietro JA, Novak MF, Costigan KA, et al: Maternal psychological distress during pregnancy 
in relation to child development at age two. Child Dev 77(3):573–587, 2006 16686789 

DiPietro JA, Kivlighan KT, Costigan KA, et al: Prenatal antecedents of newborn neurological 
maturation. Child Dev 81(1):115–130, 2010 20331657 

Evans J, Melotti R, Heron J, et al: The timing of maternal depressive symptoms and child cognitive 
development: a longitudinal study. J Child Psychol Psychiatry 53(6):632–640, 2012 22211468 

Felitti VJ, Anda RF, Nordenberg D, et al: Relationship of childhood abuse and household dys-
function to many of the leading causes of death in adults: the Adverse Childhood Experi-
ences (ACE) study. Am J Prev Med 14(4):245–258, 1998 9635069 

Field T: Prenatal depression effects on early development: a review. Infant Behav Dev 34(1):1– 
14, 2011 20970195 

Figueiredo B, Costa R: Mother’s stress, mood and emotional involvement with the infant: 3 months 
before and 3 months after childbirth. Arch Women Ment Health 12(3):143–153, 2009 19259772 

Figueiredo B, Pinto TM, Pacheco A, et al: Fetal heart rate variability mediates prenatal depression 
effects on neonatal neurobehavioral maturity. Biol Psychol 123:294–301, 2017 27984086 

Fineberg AM, Ellman LM, Schaefer CA, et al: Fetal exposure to maternal stress and risk for 
schizophrenia spectrum disorders among offspring: differential influences of fetal sex. 
Psychiatry Res 236:91–97, 2016 26753951 

Fisher J, Cabral de Mello M, Patel V, et al: Prevalence and determinants of common perinatal 
mental disorders in women in low- and lower-middle-income countries: a systematic re-
view. Bull World Health Organ 90(2):139G–149G, 2012 22423165 

Fleming TP, Velazquez MA, Eckert JJ: Embryos, DOHaD and David Barker. J Dev Orig Health 
Dis 6(5):377–383, 2015 25952250 

Gartstein MA, Erickson NL, Cooijmans KHM, et al: Is prenatal maternal distress context-
dependent? Comparing United States and the Netherlands. J Affect Disord 260:710–715, 
2020 31561114 

Gerardin P, Wendland J, Bodeau N, et al: Depression during pregnancy: is the developmental 
impact earlier in boys? A prospective case-control study. J Clin Psychiatry 72(3):378–387, 
2011 21208585 

Ghosn F, Almansa B, Moreno-Giménez A, et al: Trajectories of stress biomarkers and anxious-
depressive symptoms from pregnancy to postpartum period in women with a trauma his-
tory. Eur J Psychotraumatol 10(1):1601990, 2019 31069025 



 

 

 

     

  

 

 

  
    

      
 

    

   
  

   
  

 
 

  

 
 

  

    

304 Textbook of Women's Reproductive Mental Health 

Glasheen C, Richardson GA, Kim KH, et al: Exposure to maternal pre- and postnatal depres-
sion and anxiety symptoms: risk for major depression, anxiety disorders, and conduct dis-
order in adolescent offspring. Dev Psychopathol 25(4 Pt 1):1045–1063, 2013 24229548 

Glover V: Annual Research Review: Prenatal stress and the origins of psychopathology: an evo-
lutionary perspective. J Child Psychol Psychiatry 52(4):356–367, 2011 21250994 

Glover V: Is the association between maternal stress during pregnancy and the child’s depres-
sion partly causal, and what should we do about it? Acta Psychiatr Scand 139(4):301–303, 
2019 30891746 

Glover V, Capron L: Prenatal parenting. Curr Opin Psychol 15:66–70, 2017 28813271 
Glover V, Hill J: Sex differences in the programming effects of prenatal stress on psychopathol-

ogy and stress responses: an evolutionary perspective. Physiol Behav 106(5):736–740, 2012 
22353310 

Glover V, Bergman K, Sarkar P, et al: Association between maternal and amniotic fluid cortisol is 
moderated by maternal anxiety. Psychoneuroendocrinology 34(3):430–435, 2009 19019559 

Glover V, O’Connor TG, O’Donnell K: Prenatal stress and the programming of the HPA axis. 
Neurosci Biobehav Rev 35(1):17–22, 2010 19914282 

Glowa PT, Olson AL, Johnson DJ: Screening for adverse childhood experiences in a family 
medicine setting: a feasibility study. J Am Board Fam Med 29(3):303–307, 2016 27170787 

Glynn LM, Sandman CA: Sex moderates associations between prenatal glucocorticoid expo-
sure and human fetal neurological development. Dev Sci 15(5):601–610, 2012 22925508 

Goodwin RD, Cheslack-Postava K, Nelson DB, et al: Serious psychological distress and smoking 
during pregnancy in the United States: 2008–2014. Nicotine Tob Res 19(5):605–614, 2017 
28403468 

Grace T, Bulsara M, Robinson M, et al: The impact of maternal gestational stress on motor de-
velopment in late childhood and adolescence: a longitudinal study. Child Dev 87(1):211– 
220, 2016 26462448 

Graham AM, Rasmussen JM, Rudolph MD, et al: Maternal systemic interleukin-6 during preg-
nancy is associated with newborn amygdala phenotypes and subsequent behavior at 2 years 
of age. Biol Psychiatry 83(2):109–119, 2018 28754515 

Graham AM, Rasmussen JM, Entringer S, et al: Maternal cortisol concentrations during preg-
nancy and sex-specific associations with neonatal amygdala connectivity and emerging in-
ternalizing behaviors. Biol Psychiatry 85(2):172–181, 2019 30122286 

Graignic-Philippe R, Dayan J, Chokron S, et al: Effects of prenatal stress on fetal and child de-
velopment: a critical literature review. Neurosci Biobehav Rev 43:137–162, 2014 24747487 

Gur TL, Worly BL, Bailey MT: Stress and the commensal microbiota: importance in parturition 
and infant neurodevelopment. Front Psychiatry 6:5, 2015 25698977 

Gur TL, Shay L, Palkar AV, et al: Prenatal stress affects placental cytokines and neurotrophins, 
commensal microbes, and anxiety-like behavior in adult female offspring. Brain Behav Im-
mun 64:50–58, 2017 28027927 

Gustafsson H, Doyle C, Gilchrist M, et al: Maternal abuse history and reduced fetal heart rate 
variability: abuse-related sleep disturbance is a mediator. Dev Psychopathol 29(3):1023– 
1034, 2017 27760572 

Harris A, Seckl J: Glucocorticoids, prenatal stress and the programming of disease. Horm Be-
hav 59(3):279–289, 2011 20591431 

Hartman S, Freeman SM, Bales KL, et al: Prenatal stress as a risk—and an opportunity—factor. 
Psychol Sci 29(4):572–580, 2018 29412055 

Hartman S, Sayler K, Belsky J: Prenatal stress enhances postnatal plasticity: the role of microbiota. 
Dev Psychobiol 61(5):729–738, 2019 30575950 

Hartman S, Eilertsen EM, Ystrom E, et al: Does prenatal stress amplify effects of postnatal ma-
ternal depressive and anxiety symptoms on child problem behavior? Dev Psychol 
56(1):128–137, 2020 31682144 

Hechler C, Borewicz K, Beijers R, et al: Association between psychosocial stress and fecal mi-
crobiota in pregnant women. Sci Rep 9(1):4463, 2019 30872645 

Henrichs J, Schenk JJ, Kok R, et al: Parental family stress during pregnancy and cognitive func-
tioning in early childhood: the Generation R Study. Early Child Res Q 26:332–343, 2011 



    

 

     

  
 

    
 

  

  
  

  
 

   

 

   
  

   
  

    
    

 

  

    

 
 

   

305 Stress in Pregnancy 

Hentges RF, Graham SA, Plamondon A, et al: A developmental cascade from prenatal stress to 
child internalizing and externalizing problems. J Pediatr Psychol 44(9):1057–1067, 2019 
31166597 

Hicks LM, Swales DA, Garcia SE, et al: Does prenatal maternal distress contribute to sex differ-
ences in child psychopathology? Curr Psychiatry Rep 21(2):7, 2019 30729361 

Hompes T, Izzi B, Gellens E, et al: Investigating the influence of maternal cortisol and emotional 
state during pregnancy on the DNA methylation status of the glucocorticoid receptor gene 
(NR3C1) promoter region in cord blood. J Psychiatr Res 47(7):880–891, 2013 23566423 

Howard LM, Molyneaux E, Dennis CL, et al: Non-psychotic mental disorders in the perinatal 
period. Lancet 384(9956):1775–1788, 2014 25455248 

Huizink AC, Menting B, De Moor MHM, et al: From prenatal anxiety to parenting stress: a lon-
gitudinal study. Arch Women Ment Health 20(5):663–672, 2017 28634716 

Hurley KM, Caulfield LE, Sacco LM, et al: Psychosocial influences in dietary patterns during 
pregnancy. J Am Diet Assoc 105(6):963–966, 2005 15942549 

Istvan J: Stress, anxiety, and birth outcomes: a critical review of the evidence. Psychol Bull 
100(3):331–348, 1986 3797559 

Jašarevic E, Howerton CL, Howard CD, et al: Alterations in the vaginal microbiome by mater-
nal stress are associated with metabolic reprogramming of the offspring gut and brain. En-
docrinology 156(9):3265–3276, 2015 26079804 

Jensen Peña C, Monk C, Champagne FA: Epigenetic effects of prenatal stress on 11beta-hydroxy-
steroid dehydrogenase-2 in the placenta and fetal brain. PLoS One 7(6):e39791, 2012 22761903 

Kantonen T, Karlsson L, Nolvi S, et al: Maternal alexithymic traits, prenatal stress, and infant 
temperament. Infant Behav Dev 41:12–16, 2015 26263082 

Karam F, Sheehy O, Huneau MC, et al: Impact of maternal prenatal and parental postnatal 
stress on 1-year-old child development: results from the OTIS antidepressants in preg-
nancy study. Arch Women Ment Health 19(5):835–843, 2016 26957509 

King S, Dancause K, Turcotte-Tremblay AM, et al: Using natural disasters to study the effects 
of prenatal maternal stress on child health and development. Birth Defects Res C Embryo 
Today 96(4):273–288, 2012 24203917 

Kingsbury M, Weeks M, MacKinnon N, et al: Stressful life events during pregnancy and off-
spring depression: evidence from a prospective cohort study. J Am Acad Child Adolesc 
Psychiatry 55(8):709.e2–716.e2, 2016 27453085 

Korhonen M, Luoma I, Salmelin R, et al: Maternal depressive symptoms: associations with ad-
olescents’ internalizing and externalizing problems and social competence. Nord J Psychi-
atry 68(5):323–332, 2014 24070429 

Koutra K, Chatzi L, Bagkeris M, et al: Antenatal and postnatal maternal mental health as deter-
minants of infant neurodevelopment at 18 months of age in a mother-child cohort (Rhea 
Study) in Crete, Greece. Soc Psychiatry Psychiatr Epidemiol 48(8):1335–1345, 2013 
23248031 

Lahti M, Savolainen K, Tuovinen S, et al: Maternal depressive symptoms during and after preg-
nancy and psychiatric problems in children. J Am Acad Child Adolesc Psychiatry 
56(1):30.e7–39.e7, 2017 27993226 

Laplante DP, Brunet A, Schmitz N, et al: Project Ice Storm: prenatal maternal stress affects cog-
nitive and linguistic functioning in 5½-year-old children. J Am Acad Child Adolesc Psy-
chiatry 47(9):1063–1072, 2008 18665002 

Laplante DP, Brunet A, King S: The effects of maternal stress and illness during pregnancy on 
infant temperament: Project Ice Storm. Pediatr Res 79(1–1):107–113, 2016 26375472 

Lefmann T, Combs-Orme T: Prenatal stress, poverty, and child outcomes. Child and Adoles-
cent Social Work Journal 31(6):577–590, 2014 

Leis JA, Heron J, Stuart EA, et al: Associations between maternal mental health and child emo-
tional and behavioral problems: does prenatal mental health matter? J Abnorm Child Psy-
chol 42(1):161–171, 2014 23748337 

Letourneau N, Dewey D, Kaplan BJ, et al: Intergenerational transmission of adverse childhood 
experiences via maternal depression and anxiety and moderation by child sex. J Dev Orig 
Health Dis 10(1):88–99, 2019 30175696 



    

   

 

  
   

 

 

  

  

  

     

 

   

 
 

 

 
   

 

 
 

 

   

 
 

306 Textbook of Women's Reproductive Mental Health 

LeWinn KZ, Stroud LR, Molnar BE, et al: Elevated maternal cortisol levels during pregnancy 
are associated with reduced childhood IQ. Int J Epidemiol 38(6):1700–1710, 2009 19423658 

Li J, Olsen J, Vestergaard M, et al: Attention-deficit/hyperactivity disorder in the offspring fol-
lowing prenatal maternal bereavement: a nationwide follow-up study in Denmark. Eur 
Child Adolesc Psychiatry 19(10):747–753, 2010 20495989 

Li J, Robinson M, Malacova E, et al: Maternal life stress events in pregnancy link to children’s 
school achievement at age 10 years. J Pediatr 162(3):483–489, 2013 23084705 

Lima SAM, El Dib RP, Rodrigues MRK, et al: Is the risk of low birth weight or preterm labor 
greater when maternal stress is experienced during pregnancy? A systematic review and 
meta-analysis of cohort studies. PLoS One 13(7):e0200594, 2018 30048456 

Lin B, Crnic KA, Luecken LJ, et al: Maternal prenatal stress and infant regulatory capacity in 
Mexican Americans. Infant Behav Dev 37(4):571–582, 2014 25113917 

Lin Y, Xu J, Huang J, et al: Effects of prenatal and postnatal maternal emotional stress on tod-
dlers’ cognitive and temperamental development. J Affect Disord 207:9–17, 2017 27665073 

Lipner E, Murphy SK, Ellman LM: Prenatal maternal stress and the cascade of risk to schizo-
phrenia spectrum disorders in offspring. Curr Psychiatry Rep 21(10):99, 2019 31522269 

Littleton HL, Breitkopf CR, Berenson AB: Correlates of anxiety symptoms during pregnancy and 
association with perinatal outcomes: a meta-analysis. Am J Obstet Gynecol 196(5):424–432, 
2007 17466693 

Littleton HL, Bye K, Buck K, et al: Psychosocial stress during pregnancy and perinatal out-
comes: a meta-analytic review. J Psychosom Obstet Gynaecol 31(4):219–228, 2010 21039328 

Loomans EM, van der Stelt O, van Eijsden M, et al: Antenatal maternal anxiety is associated 
with problem behaviour at age five. Early Hum Dev 87(8):565–570, 2011 21576004 

Loomans EM, van Dijk AE, Vrijkotte TG, et al: Psychosocial stress during pregnancy is related 
to adverse birth outcomes: results from a large multi-ethnic community-based birth co-
hort. Eur J Public Health 23(3):485–491, 2013 22850187 

Maccari S, Piazza PV, Kabbaj M, et al: Adoption reverses the long-term impairment in gluco-
corticoid feedback induced by prenatal stress. J Neurosci 15(1 Pt 1):110–116, 1995 7823121 

MacKinnon N, Kingsbury M, Mahedy L, et al: The association between prenatal stress 
and externalizing symptoms in childhood: evidence from the Avon Longitudinal Study 
of Parents and Children. Biol Psychiatry 83(2):100–108, 2018 28893381 

MacLennan A, Wilson D, Taylor A: The self-reported prevalence of postnatal depression. Aust 
NZ J Obstet Gynaecol 36(3):313, 1996 8883758 

Makino I, Matsuda Y, Yoneyama M, et al: Effect of maternal stress on fetal heart rate assessed 
by vibroacoustic stimulation. J Int Med Res 37(6):1780–1788, 2009 20146876 

McLean MA, Cobham VE, Simcock G, et al: Toddler temperament mediates the effect of prena-
tal maternal stress on childhood anxiety symptomatology: the QF2011 Queensland Flood 
Study. Int J Environ Res Public Health 16(11):1998, 2019 31195616 

Melville JL, Gavin A, Guo Y, et al: Depressive disorders during pregnancy: prevalence and risk 
factors in a large urban sample. Obstet Gynecol 116(5):1064–1070, 2010 20966690 

Merced-Nieves FM, Aguiar A, Dzwilewski KLC, et al: Association of prenatal maternal per-
ceived stress with a sexually dimorphic measure of cognition in 4.5-month-old infants. 
Neurotoxicol Teratol 77:106850, 2020 31812786 

Molenaar NM, Tiemeier H, van Rossum EFC, et al: Prenatal maternal psychopathology and 
stress and offspring HPA axis function at 6 years. Psychoneuroendocrinology 99:120–127, 
2019 30223193 

Monk C, Fifer WP, Myers MM, et al: Maternal stress responses and anxiety during pregnancy: 
effects on fetal heart rate. Dev Psychobiol 36(1):67–77, 2000 10607362 

Monk C, Myers MM, Sloan RP, et al: Effects of women’s stress-elicited physiological activity 
and chronic anxiety on fetal heart rate. J Dev Behav Pediatr 24(1):32–38, 2003 12584483 

Monk C, Sloan RP, Myers MM, et al: Fetal heart rate reactivity differs by women’s psychiatric 
status: an early marker for developmental risk? J Am Acad Child Adolesc Psychiatry 
43(3):283–290, 2004 15076261 

Monk C, Fifer WP, Myers MM, et al: Effects of maternal breathing rate, psychiatric status, and 
cortisol on fetal heart rate. Dev Psychobiol 53(3):221–233, 2011 21400485 



   
 

    
   

 

 
   

 

 
   

 
 

    
 

 

   

 

  

 

   

  
 

 
 

307 Stress in Pregnancy 

Monk C, Feng T, Lee S, et al: Distress during pregnancy: epigenetic regulation of placenta glu-
cocorticoid-related genes and fetal neurobehavior. Am J Psychiatry 173(7):705–713, 2016 
27013342 

Monk C, Foss S, Desai P, Glover V: L’esposizione del feto ai disturbi psicologici della madre, in 
Psicologia Clinica Perinatale: Dalla Teoria Alla Pratica. Edited by Grussu P, Quatraro RM. 
Trento, Italy, Erickson, 2018, pp 71–104 

Monk C, Lugo-Candelas C, Trumpff C: Prenatal developmental origins of future psychopathol-
ogy: mechanisms and pathways. Annu Rev Clin Psychol 15:317–344, 2019a 30795695 

Monk C, Webster RS, McNeil RB, et al: Associations of perceived prenatal stress and adverse 
pregnancy outcomes with perceived stress years after delivery. Arch Womens Ment 
Health 23:361–369, 2019b 31256258 

Moog NK, Buss C, Entringer S, et al: Maternal exposure to childhood trauma is associated 
during pregnancy with placental-fetal stress physiology. Biol Psychiatry 79(10):831–839, 
2016 26444076 

Moog NK, Entringer S, Rasmussen JM, et al: Intergenerational effect of maternal exposure to 
childhood maltreatment on newborn brain anatomy. Biol Psychiatry 83(2):120–127, 2018 
28842114 

Moss KM, Simcock G, Cobham V, et al: A potential psychological mechanism linking disaster-
related prenatal maternal stress with child cognitive and motor development at 16 months: 
the QF2011 Queensland Flood Study. Dev Psychol 53(4):629–641, 2017 28333525 

Mulder EJH, Robles de Medina PG, Huizink AC, et al: Prenatal maternal stress: effects on preg-
nancy and the (unborn) child. Early Hum Dev 70(1–2):3–14, 2002 12441200 

Nolvi S, Karlsson L, Bridgett DJ, et al: Maternal prenatal stress and infant emotional reactivity 
six months postpartum. J Affect Disord 199:163–170, 2016 27107891 

O’Connor E, Rossom RC, Henninger M, et al: Primary care screening for and treatment of de-
pression in pregnant and postpartum women: evidence report and systematic review for 
the US Preventive Services Task Force. JAMA 315(4):388–406, 2016 26813212 

O’Donnell KJ, Bugge Jensen A, Freeman L, et al: Maternal prenatal anxiety and downregulation 
of placental 11beta-HSD2. Psychoneuroendocrinology 37(6):818–826, 2012 22001010 

O’Donnell KJ, Glover V, Barker ED, et al: The persisting effect of maternal mood in pregnancy 
on childhood psychopathology. Dev Psychopathol 26(2):393–403, 2014 24621564 

O’Mahony SM, Clarke G, Dinan TG, et al: Early life adversity and brain development: is the 
microbiome a missing piece of the puzzle? Neuroscience 342:37–54, 2017 26432952 

Osborne LM, Yenokyan G, Fei K, et al: Innate immune activation and depressive and anxious symp-
toms across the peripartum: an exploratory study. Psychoneuroendocrinology 99:80–86, 2019 
30195110 

Pacheco A, Figueiredo B: Mother’s depression at childbirth does not contribute to the effects of 
antenatal depression on neonate’s behavioral development. Infant Behav Dev 35(3):513– 
522, 2012 22717759 

Painter RC, Roseboom TJ, de Rooij SR: Long-term effects of prenatal stress and glucocorticoid 
exposure. Birth Defects Res C Embryo Today 96(4):315–324, 2012 24203920 

Palma-Gudiel H, Córdova-Palomera A, Eixarch E, et al: Maternal psychosocial stress during 
pregnancy alters the epigenetic signature of the glucocorticoid receptor gene promoter in 
their offspring: a meta-analysis. Epigenetics 10(10):893–902, 2015 26327302 

Pearson RM, Evans J, Kounali D, et al: Maternal depression during pregnancy and the postna-
tal period: risks and possible mechanisms for offspring depression at age 18 years. JAMA 
Psychiatry 70(12):1312–1319, 2013 24108418 

Pearson RM, Bornstein MH, Cordero M, et al: Maternal perinatal mental health and offspring ac-
ademic achievement at age 16: the mediating role of childhood executive function. J Child 
Psychol Psychiatry 57(4):491–501, 2016 26616637 

Pickles A, Sharp H, Hellier J, et al: Prenatal anxiety, maternal stroking in infancy, and symp-
toms of emotional and behavioral disorders at 3.5 years. Eur Child Adolesc Psychiatry 
26(3):325–334, 2017 27464490 

Plant DT, Barker ED, Waters CS, et al: Intergenerational transmission of maltreatment and psy-
chopathology: the role of antenatal depression. Psychol Med 43(3):519–528, 2013 



 

 

   
 

  

 

 
 

  
 

 

  

 

 
 

 

 
 

  
   

 
  

     
 

308 Textbook of Women's Reproductive Mental Health 

Plant DT, Jones FW, Pariante CM, et al: Association between maternal childhood trauma and 
offspring childhood psychopathology: mediation analysis from the ALSPAC cohort. Br J 
Psychiatry 211(3):144–150, 2017 28729357 

Radtke KM, Ruf M, Gunter HM, et al: Transgenerational impact of intimate partner violence on 
methylation in the promoter of the glucocorticoid receptor. Transl Psychiatry 1:e21, 2011 
22832523 

Rai D, Golding J, Magnusson C, et al: Prenatal and early life exposure to stressful life events 
and risk of autism spectrum disorders: population-based studies in Sweden and England. 
PLoS One 7(6):e38893, 2012 22719977 

Rakers F, Rupprecht S, Dreiling M, et al: Transfer of maternal psychosocial stress to the fetus. 
Neurosci Biobehav Rev S0149–7634(16):30719–9, 2017 28237726 

Reissland N, Froggatt S, Reames E, et al: Effects of maternal anxiety and depression on fetal 
neuro-development. J Affect Disord 241:469–474, 2018 30149334 

Rijlaarsdam J, van IJzendoorn MH, Verhulst FC, et al: Prenatal stress exposure, oxytocin recep-
tor gene (OXTR) methylation, and child autistic traits: the moderating role of OXTR rs53576 
genotype. Autism Res 10(3):430–438, 2017 27520745 

Robinson AM, Benzies KM, Cairns SL, et al: Who is distressed? A comparison of psychosocial 
stress in pregnancy across seven ethnicities. BMC Pregnancy Childbirth 16(1):215, 2016 
27514674 

Robinson M, Oddy WH, Li J, et al: Pre- and postnatal influences on preschool mental health: a 
large-scale cohort study. J Child Psychol Psychiatry 49(10):1118–1128, 2008 19017026 

Robinson M, Mattes E, Oddy WH, et al: Prenatal stress and risk of behavioral morbidity from 
age 2 to 14 years: the influence of the number, type, and timing of stressful life events. Dev 
Psychopathol 23(2):507–520, 2011 23786692 

Romero-Gonzalez B, Caparros-Gonzalez RA, Gonzalez-Perez R, et al: Newborn infants’ hair 
cortisol levels reflect chronic maternal stress during pregnancy. PLoS One 13(7):e0200279, 
2018 29979751 

Ronald A, Pennell CE, Whitehouse AJ: Prenatal maternal stress associated with ADHD and au-
tistic traits in early childhood. Front Psychol 1:223, 2011 21833278 

Rothenberger SE, Resch F, Doszpod N, et al: Prenatal stress and infant affective reactivity at five 
months of age. Early Hum Dev 87(2):129–136, 2011 21194854 

Sandman CA, Davis EP, Buss C, et al: Exposure to prenatal psychobiological stress exerts program-
ming influences on the mother and her fetus. Neuroendocrinology 95(1):7–21, 2012a 21494029 

Sandman CA, Davis EP, Glynn LM: Prescient human fetuses thrive. Psychol Sci 23(1):93–100, 
2012b 22173740 

Sandman CA, Glynn LM, Davis EP: Is there a viability-vulnerability tradeoff? Sex differences 
in fetal programming. J Psychosom Res 75(4):327–335, 2013 24119938 

Schechter JC, Brennan PA, Smith AK, et al: Maternal prenatal psychological distress and preschool 
cognitive functioning: the protective role of positive parental engagement. J Abnorm Child 
Psychol 45(2):249–260, 2017 27150387 

Schetter CD, Glynn LM: Stress in pregnancy: empirical evidence and theoretical issues to guide 
interdisciplinary researchers, in Handbook of Stress Science Biology, Psychology, and 
Health. Edited by Contrada R, Baum A. New York, Springer, 2011, pp 321–343 

Send TS, Bardtke S, Gilles M, et al: Prenatal maternal stress is associated with lower cortisol and 
cortisone levels in the first morning urine of 45-month-old children. Psychoneuroendocri-
nology 103:219–224, 2019 30711899 

Seng JS, Rauch SA, Resnick H, et al: Exploring posttraumatic stress disorder symptom profile 
among pregnant women. J Psychosom Obstet Gynaecol 31(3):176–187, 2010 20482290 

Seth S, Lewis AJ, Saffery R, et al: Maternal prenatal mental health and placental 11beta-HSD2 
gene expression: initial findings from the Mercy Pregnancy and Emotional Wellbeing Study. 
Int J Mol Sci 16(11):27482–27496, 2015 26593902 

Simcock G, Kildea S, Elgbeili G, et al: Age-related changes in the effects of stress in pregnancy 
on infant motor development by maternal report: the Queensland Flood Study. Dev Psy-
chobiol 58(5):640–659, 2016 27004939 



  

  
 

  

 

 
 

    
 

   

     

  
 

 
 

 

    
  

   

 

 

   
  

 

 

309 Stress in Pregnancy 

Simcock G, Elgbeili G, Laplante DP, et al: The effects of prenatal maternal stress on early tem-
perament: the 2011 Queensland Flood Study. J Dev Behav Pediatr 38(5):310–321, 2017a 
28448308 

Simcock G, Laplante DP, Elgbeili G, et al: Infant neurodevelopment is affected by prenatal mater-
nal stress: the QF2011 Queensland Flood Study. Infancy 22(3):282–302, 2017b 33158359 

Siu AL, Bibbins-Domingo K, Grossman DC, et al: Screening for depression in adults: US Preven-
tive Services Task Force recommendation statement. JAMA 315(4):380–387, 2016 26813211 

Sloan RP, Schwarz E, McKinley PS, et al: Vagally mediated heart rate variability and indices of 
well-being: results of a nationally representative study. Health Psychol 36(1):73–81, 2017 
27570892 

Spann MN, Monk C, Scheinost D, et al: Maternal immune activation during the third trimester 
is associated with neonatal functional connectivity of the salience network and fetal to tod-
dler behavior. J Neurosci 38(11):2877–2886, 2018 29487127 

St-Hilaire A, Steiger H, Liu A, et al: A prospective study of effects of prenatal maternal stress 
on later eating-disorder manifestations in affected offspring: preliminary indications 
based on the Project Ice Storm cohort. Int J Eat Disord 48(5):512–516, 2015 25808647 

Stapleton LR, Schetter CD, Westling E, et al: Perceived partner support in pregnancy predicts 
lower maternal and infant distress. J Fam Psychol 26(3):453–463, 2012 22662772 

Sutherland S, Brunwasser SM: Sex differences in vulnerability to prenatal stress: a review of the 
recent literature. Curr Psychiatry Rep 20(11):102, 2018 30229468 

Tamashiro KL, Moran TH: Perinatal environment and its influences on metabolic program-
ming of offspring. Physiol Behav 100(5):560–566, 2010 20394764 

Tarabulsy GM, Pearson J, Vaillancourt-Morel MP, et al: Meta-analytic findings of the relation 
between maternal prenatal stress and anxiety and child cognitive outcome. J Dev Behav 
Pediatr 35(1):38–43, 2014 24345757 

Tearne JE, Allen KL, Herbison CE, et al: The association between prenatal environment and 
children’s mental health trajectories from 2 to 14 years. Eur Child Adolesc Psychiatry 
24(9):1015–1024, 2015 25431038 

Togher KL, Treacy E, O’Keeffe GW, et al: Maternal distress in late pregnancy alters obstetric 
outcomes and the expression of genes important for placental glucocorticoid signalling. 
Psychiatry Res 255:17–26, 2017 28511050 

Tyrka AR, Parade SH, Welch ES, et al: Methylation of the leukocyte glucocorticoid receptor 
gene promoter in adults: associations with early adversity and depressive, anxiety and 
substance-use disorders. Transl Psychiatry 6(7):e848, 2016 27378548 

Van den Bergh BRH, Van den Heuvel MI, Lahti M, et al: Prenatal developmental origins of be-
havior and mental health: the influence of maternal stress in pregnancy. Neurosci Biobe-
hav Rev 117:26–64, 2017 28757456 

Velders FP, Dieleman G, Henrichs J, et al: Prenatal and postnatal psychological symptoms of 
parents and family functioning: the impact on child emotional and behavioural problems. 
Eur Child Adolesc Psychiatry 20(7):341–350, 2011 21523465 

Vesga-López O, Blanco C, Keyes K, et al: Psychiatric disorders in pregnant and postpartum 
women in the United States. Arch Gen Psychiatry 65(7):805–815, 2008 18606953 

Voegtline KM, Costigan KA, Kivlighan KT, et al: Concurrent levels of maternal salivary cortisol 
are unrelated to self-reported psychological measures in low-risk pregnant women. Arch 
Women Ment Health 16(2):101–108, 2013 23269500 

Wadhwa PD, Sandman CA, Porto M, et al: The association between prenatal stress and infant 
birth weight and gestational age at birth: a prospective investigation. Am J Obstet Gynecol 
169(4):858–865, 1993 8238139 

Walsh K, McCormack CA, Webster R, et al: Maternal prenatal stress phenotypes associate with 
fetal neurodevelopment and birth outcomes. Proc Natl Acad Sci USA 116(48):23996–24005, 
2019 31611411 

Ward TS, Kanu FA, Robb SW: Prevalence of stressful life events during pregnancy and its asso-
ciation with postpartum depressive symptoms. Arch Womens Ment Health 20:161–171, 
2017 



     

 

    

  

310 Textbook of Women's Reproductive Mental Health 

Weaver IC, Cervoni N, Champagne FA, et al: Epigenetic programming by maternal behavior. 
Nat Neurosci 7(8):847–854, 2004 15220929 

Werner E, Zhao Y, Evans L, et al: Higher maternal prenatal cortisol and younger age predict 
greater infant reactivity to novelty at 4 months: an observation-based study. Dev Psycho-
biol 55(7):707–718, 2013 22778036 

Werner EA, Gustafsson HC, Lee S, et al: PREPP: postpartum depression prevention through the 
mother-infant dyad. Arch Women Ment Health 19(2):229–242, 2016 26231973 

Winsper C, Wolke D, Lereya T: Prospective associations between prenatal adversities and bor-
derline personality disorder at 11–12 years. Psychol Med 45(5):1025–1037, 2015 25171495 

Zhu P, Hao JH, Tao RX, et al: Sex-specific and time-dependent effects of prenatal stress on the 
early behavioral symptoms of ADHD: a longitudinal study in China. Eur Child Adolesc 
Psychiatry 24(9):1139–1147, 2015 25791080 

Zuckerman M: Diathesis-stress models, in Vulnerability to Psychopathology: A Biosocial 
Model. Washington, DC, American Psychological Association, 1999, pp 3–23 


