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Abstract: Maternal stress during pregnancy is increasingly recognized as a critical factor influencing fetal development 
and long-term child outcomes. This narrative review synthesizes findings from international and national studies, including 
recent epidemiological data, neurobiological research, and disaster-related stress models. The review explores 
mechanisms such as HPA axis dysregulation, placental mediation, and epigenetic modifications, and highlights the 
implications for neurodevelopment, cognitive functioning, and public health. The findings underscore the need for 
integrated prenatal care that includes mental health screening and psychosocial support. 
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1. Introduction 
Pregnancy is a period of profound physiological and 
psychological transformation. While physical health has 
traditionally dominated prenatal care, emerging research 
reveals that maternal psychological stress can 
significantly influence fetal development. This review 
aims to consolidate current evidence on the biological 
and behavioural consequences of prenatal stress, with a 
focus on neurodevelopmental outcomes and public 
health implications. 
2. Review of Literature 
2.1 Global Evidence 
Lautarescu et al. (2025) demonstrated that prenatal 
stress alters fetal brain development, particularly in the 
amygdala and hippocampus. Talge et al. (2007) 
emphasized the role of placental enzymes in mediating 
cortisol exposure to the fetus. Delagneau et al. (2023) 
conducted a meta-analysis showing that maternal 
anxiety correlates with reduced cognitive functioning in 
children. 
Project Ice Storm (Yong Ping et al., 2020; Li et al., 2023) 
provided longitudinal evidence that disaster-related 

prenatal stress leads to altered HPA axis reactivity and 
structural changes in brain regions associated with 
emotion and memory. 
Wei et al. (2024) identified epigenetic changes that 
impair cognitive function in prenatally stressed offspring, 
highlighting the molecular basis of stress transmission. 
2.2 Indian Context 
Fatima et al. (2017) found that maternal depression in 
Indian women is associated with disrupted neuronal 
development in neonates. National surveys (NFHS-5, 
ICMR) report that 22–28% of pregnant women in India 
experience moderate to severe stress. Cultural factors 
such as gender bias, financial instability, and limited 
access to mental health care exacerbate these effects. 
3. Methodology 
This review employed a narrative synthesis approach. 
Peer-reviewed articles published between 2007 and 
2025 were retrieved from databases including PubMed, 
Scopus, and Web of Science. Keywords used included 
“prenatal stress,” “maternal anxiety,” “fetal brain 
development,” and “epigenetics.” Inclusion criteria were 
studies involving human subjects, published in English, 

http://www.scientificjournal.in/
https://doi.org/10.5281/zenodo.17071882


www.scientificjournal.in  YEAR: 2025          VOLUME: 3           ISSUE: 2 
 

Copyright: Scientific Journal     147 

 

and focused on neurodevelopmental outcomes. A total 
of 42 articles were selected for detailed analysis. 
4. Results and Discussion 
4.1 Biological Mechanisms 
Maternal stress activates the HPA axis, increasing 
cortisol levels that cross the placenta and affect fetal 
brain development. Placental enzymes such as 11β-
HSD2 play a buffering role, but chronic stress impairs 
their function. Epigenetic modifications in genes like 
NR3C1 and FKBP5 have been linked to altered stress 
responses and cognitive deficits. 
4.2 Neurodevelopmental Outcomes 
Structural changes in the fetal brain, particularly in the 
prefrontal cortex and limbic system, have been observed 
in children exposed to prenatal stress. These changes 
are associated with increased risk of ADHD, anxiety, and 
depression. Simons et al. (2019) found that early 
postnatal distress further compounds these effects. 
4.3 Epidemiological Trends 
Globally, 10–20% of pregnant women experience 
significant psychological distress. In India, the 
prevalence is higher, with up to 28% affected. During the 
COVID-19 pandemic, some hospitals reported a 40% 
increase in antenatal depression cases. Children 
exposed to prenatal stress show a 30–40% increased 
risk of behavioral disorders. 
4.4 Public Health Implications 
The findings call for integrated prenatal care that 
includes mental health screening, community-based 
interventions, and policy reforms. Early identification and 
support can mitigate the long-term effects of maternal 
stress on child development. 
 
4.1 Biological Mechanisms 
Maternal stress during pregnancy exerts profound 
biological effects on fetal development, primarily 
mediated through the hypothalamic-pituitary-adrenal 
(HPA) axis. When a pregnant woman experiences 
psychological or physiological stress, her HPA axis 
becomes hyperactivated, leading to increased secretion 
of cortisol and other glucocorticoids. Cortisol, the primary 
stress hormone, can cross the placental barrier and 
directly influence the intrauterine environment. Normally, 
the placenta possesses protective mechanisms such as 

the enzyme 11β-hydroxysteroid dehydrogenase type 2 
(11β-HSD2), which inactivates cortisol into its less active 
form cortisone, thereby shielding the fetus from 
excessive exposure. However, in cases of chronic or 
severe stress, the expression and efficiency of 11β-
HSD2 are compromised, resulting in heightened fetal 
cortisol exposure (O’Donnell & Meaney, 2017). 
Excess glucocorticoid exposure disrupts critical 
pathways in fetal brain development. Cortisol can alter 
neuronal proliferation, differentiation, and 
synaptogenesis, particularly in brain regions such as the 
hippocampus, amygdala, and prefrontal cortex. These 
structures are responsible for emotional regulation, 
memory, and executive functioning, and disruption 
during gestation predisposes the child to long-term 
cognitive and behavioral challenges. Experimental 
studies have shown that high maternal cortisol levels are 
associated with reduced fetal head circumference and 
altered brain morphology, suggesting a biological 
imprinting effect (Buss et al., 2012). 
In addition to direct hormonal influences, epigenetic 
mechanisms play a crucial role in mediating the effects 
of maternal stress. Epigenetic changes, including DNA 
methylation and histone modification, alter gene 
expression without modifying the DNA sequence. 
Research has identified specific genes affected by 
prenatal stress, including NR3C1, which encodes the 
glucocorticoid receptor, and FKBP5, which regulates 
stress reactivity. Aberrant methylation patterns in these 
genes are associated with heightened stress sensitivity, 
impaired emotional regulation, and cognitive deficits in 
children (Conradt et al., 2018). These findings highlight 
that maternal stress not only influences immediate fetal 
growth but also programs long-term stress responses 
across the lifespan. 
Furthermore, stress-induced inflammation also 
contributes to adverse fetal outcomes. Elevated 
maternal stress is linked to increased levels of pro-
inflammatory cytokines such as interleukin-6 (IL-6), 
which cross the placenta and influence 
neurodevelopment. Chronic exposure to such 
inflammatory mediators has been associated with 
abnormal connectivity in fetal brain networks, laying the 
foundation for future psychiatric vulnerability (Glover, 

http://www.scientificjournal.in/


www.scientificjournal.in  YEAR: 2025          VOLUME: 3           ISSUE: 2 
 

Copyright: Scientific Journal     148 

 

2015). Collectively, these biological findings emphasize 
that maternal stress is a potent teratogen that impacts 
child health through hormonal, enzymatic, epigenetic, 
and inflammatory pathways. 

 
4.2 Neurodevelopmental Outcomes 
The biological alterations induced by prenatal stress 
translate into measurable neurodevelopmental 
consequences for offspring. One of the most significant 
findings in the literature is the effect of prenatal stress on 
the structural and functional development of the 
prefrontal cortex and the limbic system, particularly the 
amygdala and hippocampus. These brain regions are 
central to emotional regulation, learning, memory, and 
attention processes. Exposure to elevated cortisol levels 
during sensitive developmental windows results in 
atypical neuronal pruning and abnormal synaptic 
connectivity in these regions. 
Children prenatally exposed to maternal stress 
demonstrate increased vulnerability to a spectrum of 
neurodevelopmental disorders. Studies have 
consistently linked maternal anxiety and depression 
during pregnancy with an elevated risk of attention deficit 
hyperactivity disorder (ADHD). The hyperactivation of 
neural circuits associated with impulse control and 
attention regulation predisposes children to ADHD 
symptoms such as inattention, hyperactivity, and 
impulsivity (Van den Bergh et al., 2017). Similarly, 
dysregulation in the amygdala-prefrontal circuitry 
contributes to heightened emotional reactivity and 
predisposition to anxiety and depressive disorders 
during childhood and adolescence. 
Evidence also supports the role of prenatal stress in 
shaping cognitive development. Longitudinal studies 
reveal that children exposed to high maternal stress 
score lower on tests of language, executive functioning, 
and working memory. Simons et al. (2019) demonstrated 
that early postnatal distress, such as maternal-infant 
separation or continued maternal depression, 
compounds the neurodevelopmental impact of prenatal 
stress. This suggests a cumulative risk model, where 
both prenatal and postnatal environments interact to 
shape child outcomes. 

Additionally, neuroimaging studies provide structural 
evidence of these associations. Magnetic resonance 
imaging (MRI) has shown altered gray matter volume in 
stress-sensitive regions such as the hippocampus, with 
corresponding deficits in learning and memory. White 
matter abnormalities in connectivity pathways also 
suggest disruptions in communication between brain 
regions, further explaining observed behavioral 
difficulties. 
Notably, not all children exposed to prenatal stress 
develop disorders. Factors such as genetic resilience, 
supportive postnatal environments, and maternal 
caregiving behaviors can buffer negative outcomes. This 
underscores the importance of considering prenatal 
stress within a broader biopsychosocial framework that 
acknowledges risk and protective factors in child 
development. 

 
4.3 Epidemiological Trends 
Epidemiological data highlight the global prevalence and 
societal impact of maternal stress during pregnancy. 
Studies estimate that between 10–20% of pregnant 
women worldwide experience clinically significant levels 
of anxiety, depression, or psychological distress (WHO, 
2018). In low- and middle-income countries (LMICs), 
including India, prevalence rates are significantly higher, 
often reaching 25–28%, owing to factors such as 
poverty, domestic violence, lack of social support, and 
limited access to mental healthcare. 
The COVID-19 pandemic further amplified maternal 
stress globally. Lockdowns, fear of infection, social 
isolation, and disruption of maternity services led to a 
40% increase in antenatal depression and anxiety in 
certain hospital settings (Lebel et al., 2020). In countries 
like India, economic insecurities and reduced access to 
antenatal check-ups exacerbated stress levels, further 
compounding risks for both mother and fetus. These 
findings demonstrate that maternal stress is not merely 
an individual issue but also a systemic public health 
concern shaped by social and environmental contexts. 
Children of mothers who experienced high prenatal 
stress demonstrate 30–40% increased risk of developing 
behavioral disorders such as conduct problems, 
emotional dysregulation, and learning difficulties. These 
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epidemiological findings align with biological evidence, 
strengthening the argument that prenatal stress is a 
determinant of long-term child health outcomes. 
Importantly, epidemiological trends also point to 
intergenerational effects. Women who experienced high 
maternal stress during their own prenatal period are 
more likely to display altered stress reactivity and 
increased vulnerability to depression during adulthood, 
which may influence their pregnancies in turn. This cycle 
of vulnerability highlights the urgent need for early 
preventive strategies. 
Regional disparities are also evident. In high-income 
countries, increased awareness and access to mental 
health services reduce prevalence rates, while in LMICs, 
stigma and limited resources perpetuate under-
diagnosis and under-treatment. This underscores the 
necessity for culturally tailored interventions and 
equitable healthcare access to address the burden of 
maternal stress globally. 

 
4.4 Public Health Implications 
The findings from biological, neurodevelopmental, and 
epidemiological evidence converge to highlight critical 
public health implications. Maternal stress is not solely 
an individual clinical issue; it is a societal determinant of 
child health and development, requiring a multi-level 
approach to intervention. 
First, integrating mental health screening into routine 
prenatal care is paramount. Antenatal visits often focus 
exclusively on physical health, leaving psychological 
well-being under-assessed. Screening tools such as the 
Edinburgh Postnatal Depression Scale (EPDS) or the 
Patient Health Questionnaire (PHQ-9) can be 
administered easily by healthcare providers, enabling 
early identification of at-risk women. Medical-surgical 
and community health nurses can play a pivotal role in 
conducting these screenings and providing referrals. 
Second, community-based interventions are crucial in 
resource-limited settings. Community health workers, 
midwives, and trained nurses can deliver low-cost, 
scalable interventions such as psychoeducation, group 
counseling, mindfulness-based stress reduction, and 
relaxation training. In rural regions, mobile health 
applications and telehealth platforms offer innovative 

approaches to extend mental health support to 
underserved populations. 
Third, policy reforms are necessary to institutionalize 
maternal mental health within broader maternal and child 
health programs. Governments must allocate resources 
to strengthen perinatal mental health services, reduce 
stigma, and provide training for healthcare providers. 
Policies should also address social determinants such as 
domestic violence, poverty, and gender inequality, which 
exacerbate maternal stress. 
Fourth, supporting mothers postnatally is equally critical. 
Maternal caregiving behavior strongly influences 
whether prenatal stress translates into child 
psychopathology. Interventions that promote maternal-
infant bonding, breastfeeding support, and parental 
counseling can mitigate risks. For example, home-
visitation programs where nurses provide psychosocial 
support to new mothers have shown positive outcomes 
in improving both maternal and child well-being. 
Lastly, a strong emphasis must be placed on 
interdisciplinary collaboration. Obstetricians, 
pediatricians, psychiatrists, psychologists, and nurses 
must work together in a coordinated manner to provide 
holistic care. Public health campaigns that raise 
awareness of maternal mental health are also essential 
to reduce stigma and encourage help-seeking. 
In conclusion, maternal stress during pregnancy is a 
public health priority with long-lasting consequences on 
child development. Early screening, integrated care, 
community-based programs, and supportive policies are 
vital to mitigate risks. By addressing maternal stress as 
both a clinical and societal concern, healthcare systems 
can significantly improve maternal and child health 
outcomes. 
 
5. Conclusion 
Maternal stress during pregnancy is a potent 
environmental factor that shapes fetal development 
through neuroendocrine, placental, and epigenetic 
pathways. The evidence underscores the need for 
holistic prenatal care that addresses both physical and 
psychological health. Future research should focus on 
intervention strategies and longitudinal outcomes to 
inform public health policy. 
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