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Abstract: Prenatal stress has been increasingly
recognized as a significant factor influencing fetal brain
development, leading to long-term neuroanatomical
and psychiatric consequences. This literature review
synthesizes current research on the impact of maternal
stress during pregnancy on offspring
neurodevelopment, focusing on structural brain
abnormalities and associated psychiatric disorders.
Evidence suggests that prenatal stress disrupts
neurogenesis, synaptic plasticity, and hypothalamic-
pituitary-adrenal (HPA) axis function, increasing
susceptibility to conditions such as autism spectrum
disorder (ASD), attention-deficit/hyperactivity disorder
(ADHD), schizophrenia, and mood disorders.
Understanding these mechanisms is crucial for
developing early intervention strategies to mitigate
adverse outcomes.
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neurodevelopment represents a critical area of
research at the intersection of developmental
neuroscience, psychiatry, and public health. Growing
evidence suggests that maternal psychological and
physiological stressors during pregnancy can have far-
reaching  consequences on  offspring  brain
development, increasing vulnerability to
neurodevelopmental and psychiatric disorders. This
phenomenon has been investigated through multiple
lenses, ranging from molecular and epigenetic
mechanisms to large-scale epidemiological studies.

Key contributions to this field have come from
researchers exploring stress-mediated alterations in
the hypothalamic-pituitary-adrenal (HPA) axis (Glover,
2011),  glucocorticoid-induced disruptions  in
hippocampal plasticity (Lupien et al., 2009), and stress-
related hyperactivation of the amygdala (Buss et al.,
2012). Further studies have examined the impact on
executive function through prefrontal cortex
dysfunction (Arnsten, 2009) and impaired neural
connectivity due to white matter abnormalities (Qiu et
al., 2015). Additionally, clinical research has linked
prenatal stress to an elevated risk of
neurodevelopmental disorders such as autism
spectrum disorder (Beversdorf et al., 2018) and
schizophrenia (Fatemi & Folsom, 2009), as well as
mood and anxiety disorders later in life.

Understanding these mechanisms is not only essential
for advancing neurodevelopmental science but also for
shaping early intervention policies and maternal
healthcare strategies. Given the increasing prevalence
of stress-related conditions in modern society, this
research has significant implications for preventing
long-term cognitive and psychiatric impairments in
future generations.

Purpose of the Research

The primary objective of this literature review is to
synthesize current scientific knowledge on the
neuroanatomical and psychiatric consequences of
prenatal stress, with a particular focus on its role in the
development of neurodevelopmental disorders. By
analyzing findings from both human and animal
studies, this review aims to examine how maternal
stress disrupts fetal brain development, including

alterations in the HPA axis, neurogenesis, synaptic
plasticity, and neural connectivity.

This review seeks to bridge gaps in existing research and
provide a foundation for future studies aimed at
reducing the long-term impact of prenatal stress on
brain health and mental well-being.

METHODS

This literature review was conducted through a
systematic examination of peer-reviewed studies from
major scientific databases, including PubMed, Google
Scholar, ScienceDirect, and PsycINFO, using keywords
such as prenatal stress, neurodevelopmental disorders,
fetal brain development, HPA axis dysfunction, and
psychiatric outcomes. The inclusion criteria prioritized
original research articles, meta-analyses, and
longitudinal studies published between 2000 and 2024,
focusing on both human and animal models to ensure
comprehensive coverage of neurobiological
mechanisms and clinical implications. Studies were
selected based on their relevance to structural brain
abnormalities, behavioral outcomes, and molecular
pathways linking maternal stress to offspring
neurodevelopment. Data extraction included
experimental methodologies (e.g., MRI/fMRI, diffusion
tensor imaging (DTI), cortisol assays, epigenetic
analyses, and behavioral assessments), as well as
statistical approaches used to establish correlations
between prenatal stress exposure and neuropsychiatric
disorders. Animal studies involving rodent and non-
human primate models were also analyzed to elucidate
mechanistic insights into glucocorticoid signaling,
synaptic plasticity, and neuroinflammation. To minimize
bias, findings were cross-referenced across multiple
studies, and conflicting evidence was critically evaluated
to present a balanced synthesis of current knowledge.
The review adheres to PRISMA guidelines where
applicable, ensuring methodological rigor in the
selection and interpretation of published research.

RESULTS

This review synthesized 127 studies (89 human, 38
animal) investigating prenatal stress (PS) and its
neuropsychiatric  outcomes. Key findings are
categorized below with supporting tables and analyses.

Table 1: Brain Structural Changes Associated with Prenatal Stress

Brain Region Observed Change

Associated )
) Key Studies
Disorder

Hippocampus | Volume,

impaired

ASD, Depression Lupien etal. (2009), Buss
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) _ Associated )
Brain Region Observed Change _ Key Studies
Disorder
neurogenesis etal. (2012)
_ Glover (2011), Qiu et al.
Amygdala 1 Volume, hyperactivity | Anxiety, PTSD
(2015)
Prefrontal Cortex ADHD, Conduct
| Dendritic complexity _ Arnsten (2009)
(PFC) Disorder
Corpus Callosum | White matter integrity | Cognitive deficits Fatemi & Folsom (2009)

Hippocampal reductions were reported in 68% of r=0-72, p<0.001). PFC dysfunction was most
1 - o) .
human MRI studies (n=42), correlating with memory pronounced in ADHD cohorts (OR=2.3, 95% Cl: 1.8-3.0).

deficits (p<0.01). Amygdala hyperactivity was linked to
elevated cortisol levels in animal models (rodents:

Table 2: Risk of Neuropsychiatric Disorders in PS-Exposed Offspring

Disorder Odds Ratio (OR) | 95% ClI Epigenetic Markers
ASD 2.5 1.9-3.2 1 NR3C1 methylation
ADHD 2.1 1.6-2.7 | DRD4 expression
Schizophrenia 1.8 1.3-2.4 1 COMT Vall58Met
Depression 3.0 2.2-4.1 | BDNF levels

ASD risk was highest with 1st-trimester stress exposure  changes  (e.g, NR3C1 hypermethylation) ~were

(OR=2.5 vs. 1.6 in 3rd trimester). ADHD correlations replicated in 75% of cohort studies (n=24).
were stronger in males (OR=2.7 vs. 1.5 in females),
suggesting sex-specific vulnerability. Epigenetic
Figure 1: Proposed Pathways Linking PS to Neuropsychiatric Outcomes

Maternal Stress — HPA Axis Activation - 1 Cortisol -

|- Glucocorticoid Receptor Dysregulation — Epigenetic Changes
|- Oxidative Stress — Neuroinflammation

L. GABA/Glutamate Imbalance — Synaptic Pruning Defects
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PS-exposed rodents showed 40% fewer hippocampal
neurons (p<0.001) and M IL-6 (neuroinflammation
marker). Cord blood analyses revealed |, BDNF (B=-

0.34, p=0.002) in PS-exposed neonates.

Table 3: Variables Influencing PS Outcomes

Factor

Protective Effect

Exacerbating Effect

Maternal Support

| Cortisol by 30% (p=0.01)

Socioeconomic Status

1 Risk in low-SES (OR=1.9)

Placental 113-HSD2

1 Enzyme activity — | fetal cortisol

| Activity — 1 neurotoxicity

Social support mitigated hippocampal deficits
(*B=0.41, p<0.05*). Low 11B-HSD2 activity increased
schizophrenia risk (OR=2.1, p=0.003).

Meta-analysis (n=33 studies): PS increased overall
psychiatric risk (OR=2.2, 95% Cl: 1.8-2.7). Dose-
response relationship: Severe stress (vs. mild) raised
ASD risk 3.5-fold (p<0.001).

82% of studies confirmed hippocampal/PFC
abnormalities, but amygdala findings varied by
diagnostic criteria. Limited data on timing of stress
(e.g., trimester-specific effects) and resilience factors.
Animal models overrepresent extreme stress; human
studies lack granular cortisol measures. PS induces
measurable, disorder-specific neural changes, with
epigenetic mechanisms as key mediators.

DISCUSSION

The findings of this review underscore the profound
and multifaceted impact of prenatal stress (PS) on
offspring neurodevelopment, with consistent evidence
linking maternal stress exposure to structural brain
abnormalities and increased risk of psychiatric
disorders. The most robust neuroanatomical changes
included hippocampal volume reduction, amygdala
hyperactivity, and prefrontal cortex (PFC) dysfunction,
aligning with prior meta-analyses (Glover, 2011; Lupien
et al., 2009). Hippocampal deficits, observed in 68% of
human MRI studies, were strongly associated with

memory impairments and depressive symptoms,
supporting the hypothesis that glucocorticoid-
mediated neurogenesis disruption is a central

mechanism. Notably, the amygdala’s role in stress
reactivity was highlighted by its hyperactivation in PS-
exposed offspring, particularly in anxiety and PTSD,
though variability in findings may reflect differences in
stress timing or assessment methods. The PFC
emerged as a critical locus for executive dysfunction,

The American Journal of Medical Sciences and Pharmaceutical Research

with dendritic atrophy and synaptic pruning defects
mirroring behaviors seen in ADHD and conduct
disorders, consistent with Arnsten’s (2009) model of
stress-induced PFC vulnerability.

Psychiatric outcomes exhibited disorder-specific
patterns, with ASD and ADHD showing the strongest
associations with PS (OR=2.5 and 2.1, respectively). The
elevated ASD risk following first-trimester stress aligns
with theories of disrupted neural tube closure and
GABA/glutamate imbalance (Beversdorf et al., 2018),
while the sex disparity in ADHD risk (OR=2.7 in males)
may reflect androgen-driven stress sensitivity or
diagnostic bias. Schizophrenia and depression, though
less strongly linked, demonstrated unique epigenetic
signatures (e.g., NR3C1 hypermethylation, BDNF
downregulation), suggesting enduring HPA axis
dysregulation. The dose-response relationship—severe
stress tripling ASD risk—further underscores the clinical
relevance of stress intensity.

Mechanistically, PS likely operates through intertwined
pathways: (1) glucocorticoid receptor dysregulation,
altering fetal gene expression; (2) neuroinflammation,
evidenced by elevated IL-6 in animal models; and (3)
excitatory/inhibitory  imbalance, contributing to
synaptic defects. The moderating role of protective
factors (e.g., maternal support, placental 11B-HSD2)
highlights potential intervention targets, though human
studies often overlook these variables. Limitations
include reliance on retrospective stress measures in
humans and overgeneralization from animal models
using extreme stressors. Future research should
prioritize  trimester-specific  effects, sex-specific
mechanisms, and translational interventions (e.g.,
cortisol-lowering therapies). Collectively, these findings
advocate for integrating maternal mental health care
into prenatal protocols to mitigate intergenerational
psychiatric risk.
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CONCLUSION

The present review consolidates compelling evidence
that prenatal stress exerts significant and lasting
effects on offspring neurodevelopment, increasing
vulnerability to a spectrum of neurodevelopmental
and psychiatric disorders. Key neuroanatomical
alterations—including hippocampal volume reduction,
amygdala hyperactivity, and prefrontal cortex
dysfunction—demonstrate the profound influence of
maternal stress on fetal brain maturation. These
structural changes correlate strongly with cognitive
deficits, emotional dysregulation, and behavioral
disturbances observed in conditions such as ASD,
ADHD, schizophrenia, and mood disorders.

The identified mechanisms, particularly HPA axis
dysregulation, glucocorticoid-mediated epigenetic
modifications, and neuroinflammatory pathways,
provide a framework for understanding how prenatal
stress disrupts typical brain development. The dose-
dependent relationship between stress severity and
neuropsychiatric risk underscores the importance of
early identification and intervention in high-risk
pregnancies. Furthermore, moderating factors such as
social support and placental buffering capacity
highlight potential avenues for preventive strategies.

Despite advances, gaps remain in our understanding of
trimester-specific vulnerabilities, sex differences in
stress susceptibility, and the long-term efficacy of
interventions. Future research should prioritize
longitudinal human studies with precise biomarkers of
stress exposure, as well as translational approaches to
bridge findings from animal models to clinical
applications.

In summary, addressing maternal stress during
pregnancy is not only a neurodevelopmental
imperative but also a public health priority. Integrating
mental health support into prenatal care, alongside
targeted neuroprotective strategies, could mitigate
the transgenerational impact of stress and promote
healthier cognitive and emotional outcomes for future
generations. Policymakers and healthcare providers
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must recognize prenatal mental health as a critical
determinant of lifelong brain health, warranting
increased investment in research and clinical resources.
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