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The nerve growth factor has a significant role in fetal neurogenesis and sustaining pregnancy.
Objectives: To investigate the effects of nerve growth factor in stress response during
pregnancy on developing fetus to bring clinicopathological correlation on the role of nerve
growth factor in maternal stress markers (cortisol levels, glucocorticoids, depression, anxiety,
and brain-derived neurotrophic factor levels) and fetal brain development. Methods: Following
PRISMA guidelines, this study was extracted from PubMed, ScienceDirect, Nature, and Google
Scholar articles from January 2014 to April 2024. The examination of pregnant women in
published research gave a possibility to understand the application of nerve growth factoras a
suitable biomarker for brain stress and fetal neuronal development. To exclude studies with
lower ranks, each of the selected studies was assessed for adherence to evidence-based
research methodology. The studies were taken from China, Europe, America and South Asia
(including Pakistan). Results: Increased nerve growth factor levels were associated with
maternal stress reactions which caused changes in cortisol levels and the amygdaloidal
complex area. However, the increased nerve growth factor level was linked to changes in the
fetal brain such as the weight of the fetal brain and stress biomarkers in the amniotic fluid
sample inferring a critical role in the modulation of maternal stress on the fetal
neurodevelopmental spheres. Conclusions: It was concluded that it is important to note how
stress and nerve growth factors interact during pregnancy to create effective interventions to
reduce stressdependence forthe better health of both the motherand child.

INTRODUCTION

of NGF have been associated with structural

Nerve growth factor (NGF) has been found to have
multifunctional tasks, including the contribution to the
fetal neurodevelopment and stabilization of pregnancy
processes[1]. Current studies reveal that hypoglycaemiais
linked with preterm delivery, which affects the fetal
organisms' growth, including the basic neurotrophin NGF
present in maternal and umbilical cord plasma in lesser
measure in our cases. On the other hand, increased levels
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reorganisation of the fetal head, especially the amygdala
and hippocampus thus causing developmental anomalies.
Moreover, NGF plays a role in the modulation of
physiological interactions between the nervous,
endocrine, and immune systems and stress associated
with the increase in NGF levels is able to cause negative
pregnancy outcomes such as spontaneous abortion [2].
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There is an increased oxidative stress during pregnancy,
coupledwithvariationsinneurotrophin levels, which affect
the growth of the fetal brain [3]. This can impose on
preterm offspring cardiovascular, metabolic and
neurodevelopmental risks throughout their lifetime [4].
Maternal stress levels also differ across the world with Asia
having the highest (up to 31% of the surveyed mothers),
Europe next and America, with up to 15% [5-7]. The
situation is the same with maternal age; women above the
age of 3b are more at risk of stress-related complications
than younger women. These age differences may be
attributable to age-related changes in stress buffering, as
postpartum women reported higher levels of prenatal
stress, increased cortisol, anxiety, and depressive
symptoms [8]. For that, stress markers are significantly
higher among Asians than Western people and give solid
evidence of the impact of socioeconomic status on stress
in mothers[9, 10]. Because of these internal and external
factors combined, it isimportant to understand the role of
maternal stress, NGF and fetal neurodevelopment[11].
This study aims to review and consolidate existing
literature on NGF as a mediator of the stress response
during pregnancy and its impact on the fetal brain. If NGF is
proven to have a strong correlation with maternal stress
and fetal neurodevelopment then by controlling its levels
complications during pregnancies can be controlled. Thus,
through making such linkages, this research aims to
contribute to programmes that can reduce maternal stress
with the view of enhancing the general welfare of pregnant
and postnatal mothers and their unborn babies in different
communities.

METHODS

According to the recommendations by PRISMA for
reporting, the review was conducted from June 2024 to
August 2024. Initially, itincluded 60 articles in English from
2014 to 2024. The articles were systematically sorted
based on inclusion criteria searched and reported the
detailsincluding author, year, region, title, design, analysis,
method, variables, sample, outcome, and references.
Several search engines were employed; Science Direct,
Google Scholar, Springer and, PubMed. Google Scholar was
used for 50% of the articles. Search phrases included
China, Asia, and South Asia. It assisted in providing more
relevant papers for scrutinizing research and its
evaluation. Research conducted in peripheral regions was
also represented in the pool of articles. Article searches
were done using keywords: NGF, stress, pregnancy, fetal
neurodevelopment, and stress response in pregnancy.
Pregnancy, NGF, stress markers, fetus, neural
development, young women, and maternal stress were
significant words. The articles which did not fulfil our
inclusion criterion were eliminated. The inclusion criteria
were focused on NGF and its effects on neurodevelopment
along with other stress markers and all papers taken were
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fromthe latest years, no paperolder than the year 2015 was
taken. Sixty articles in total were downloaded from
databases. Eighteen duplicate articles were found and
removed, leaving forty-two for analysis. A total of twenty
articles from the systematic review were eliminated based
on merely the qualitative data added to them. After
elimination, twenty-two papers were picked and sorted
which fulfilledinclusion criteriaas showninfigure 1.

Articles Searched Through the
Database=60

Duplicate Articles=18

After Removing Duplicating
Article=42

Exclusion of Articles by Only
the Presence of Qualitative Data
N=20

Final Articles Reviewed N=22

Studies Performed on Prenatal
Stage n=19

After Exclusion=22

Studies Performed on
Postnatal Stage N=3

Figure 1: PRISMA Model lllustrating Selection of Studies for
Review Process Showing Elimination of Studies That Were Not
LyingUnderthe Inclusion Criteria.

RESULTS

The majority of the pregnant women in all the studies
ranged from 18 to 45 years of age. The pregnant women
taken as a sample had shown signs of stress. One of the
studies took adolescent pregnant women between 14 to 19
years of age. 19/22 of studies were taken from the prenatal
stage however 3/22 of studies were conducted on the
postnatal stage. The studies were taken from all regions of
the world including Asia, Europe and America. Research
studies were taken from the last five years (70%) and from
year 2014 to 2019 (30%). The study reviewed papers that
were conducted in Europe (40%), Asia (30%) and America
(30%) respectively. The studies were taken from Google
Scholar (47%), Science Direct (30%), Nature (20%) and
others(3%)from Research Gate and PubMed. The research
used a cross-sectional study design (60%), longitudinal
study design (30%) and perspective-based and
observational studies (10%). Results of these studies [12-
26]areshowninthe Table1.
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Table 1: Characteristics of The Studies Included in Systematic Review

Reference

Study Population

(Mean Age in years * SD)

Study Methodology, Statistical Tool,
Software (Sample Size, N)
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Study Variables

Key Findings

[12]

Normotensive women
(27+2.7)
Women with preeclampsia
(26 +3.8)

In alongitudinal study, Promega was
used for measuring NGF levels in the
plasma of the motherand cord, the
analysis of data was done by SPSS/
PC+ package

Maternal: NGF levels, BP, BMI
Fetal: Cord NGF levels,
baby's birth weight, head
and chest size

-Stable Maternal NGF
levels-Higher Cord NGF
levels in women with
preeclampsia-NGF
levels of cord affected
by fetal parameters

[13]

Term infants at birth and
at age 4 months

Longitudinal study, MILLIPLEX®
MAP was used for determining
NGF levels, IBM SPSS statistics 19.0
was used for statistical analyses

Fetal: Birth weight
Z-score, NGF levels

-Higher NGF levels in
SGA infants.
-NGF levels remained
elevated for 4 months
-NGF levels
correlated negatively
with the index at birth.

[14]

Pregnant women with
>20 years of age

Correlational study, Bayley 3
was used for the assessment of
neurodevelopment, and ANOVA

and chi-square tests were
used for statistical analyses.

Maternal: Anxiety,
Depression, Blood lead
levels. Fetal: Umbilical
cord blood lead levels

-Impaired neuro
development
in offspring due to
lead and stress.-NGF
downregulation is
caused by hormonal
stress during pregnancy.
-Social-emotional skills,
communication, and
language development
were affected.

[15]

Pregnant women of
18 to 43 years

Prospective study, NGF and NT-3
levels were determined using
ELISA kits, statistical analyses
were done by SPSS statistic
package.

Fetal Variables:
NT-3, NGF

-NT-3 levels rose as
fetal growth velocity
decreased.-NGF levels
are affected by the
nutritional status
of the fetus.

[16]

Pregnant women
from 20 to 40 years

Cross-sectional study, ELISA
was used for the determination
of FGF-2, and ANOVA was used

for statistical analysis.

Maternal Variables:
Depression, FGF-2

-Higher FGF-2 linked
with maternal anxiety.
- NGF regulates FGF-2
expression and
signalling.

[17]

Pregnant women
from 29 to 39

Cross-sectional prospective study,
the Luminex 200 reader was used
to measure BNDF levels,SPSS 20.0
package was used for statistical
analysis.

Maternal Variables: BDNF
levels. Fetal Variables:
Umbilical cord blood
BDNF levels

-Umbilical cord BDNF
levels were generally
lower than maternal

serum BDNF levels.-NGF

- NGF-induced BNDF
expression enhances

neuron survival
and brain plasticity.

(18]

Pregnant women
aged 23 to 40 years

Cross-sectional study, ELISA was

used for the measurement of BNDF

in amniotic fluid, Shapiro-Wilk test
was used for statistics.

Fetal Variables: BDNF
levels in amniotic fluid,
glucocorticoids

-Higher glucocorticoids
in amniotic fluid were
linked with raised
fetal BDNF levels.-Both
BNDF and glucocorticoids
are linked with the
expression of NGF.

(19]

Pregnant women
from 20 to 45 years

Longitudinal study, UPLC-MS/MS was
used for measuring cortisol levels,
LMR test was used for statistical
analysis

Fetal Variables: FHR
reactivity, salivary cortisol

-Fetuses in the PHSG
showed slower central
nervous system
development.
-Levels of cortisol and
FHR are both factors that
influence the levels of
NGF,an important factor
in neurodevelopment.
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[20]

Neonates at 30-40 days
followed up to 2 years
of age.

Observational prospective
study,an ELISA kit was
used for measuring biochemical
parameters, and GraphPad
Prism 6.01 was used for
the statistical study.

Fetal Variables:
Urinary levels of NGF

-NGF showed potential
as an indicator of motor
and cognitive impairment.

[21]

Pregnant women
older than 18 years

Cross-sectional study, IA-LC-
MS/MS was used for measuring
NGF levels, and ANOVA was used
for statistical analysis

Levels of total NGF
(tNGF ), proNGF

-tNGF levels rose
significantly from
the first to the
third trimester

[22]

Pregnant women
younger than 35 years

Prospective cohort study,
an ELISA kit was used to
measure BNDF levels, and
Kruskal-Wallis and Kolmogorov
-Smirnov tests were used for
statistical analysis.

Fetal variables: BDNF
levels in cord blood

-BDNF levels had a
non-linear relationship
with cognitive
development.-During fetal
neurodevelopment,
the expression of BNDF is
modulated by NGF.

[23]

Children aged 7-12 years,
Specific Learning Disorder
(SLD)

Correlational study,
an ELISA kit was used for
measuring neurotrophic levels in
serum,IBM SPSS 20.0 statistics
was used for statistical analysis

Neurotrophic factor
(BDNF, NGF, GDNF)
levelsin serum

-BDNF and NGF serum
levels were significantly
higher in children
with SLD.

Pregnant women less
than 40 years of age

Inlongitudinal and cross-
sectional studies, MRl was
used, and Shapiro-Wilks and
chi-square tests were used
as statistical methods.

Maternal Variables:
Psychological distress,
anxiety Fetal Variables:

Brain volume measurements,
cortical features.

-Maternal depression
scores were significantly
higher in psychological
distress.
-Decreased volumes in
fetal white matter, and
cerebellar
-Psychological stress
plays an important factor
in disrupting the
expression of neurotrophic
factors like NGF.

[25]

Pregnant young
females 14 to 19 years

longitudinal study, maternal
cortisol levels were assessed
using 24-hour ambulatory
cortisol collection, SPSS 23
and Spearman rank correlation
was used as statistical analysis.

Maternal Variables:
Depression scores,
salivary cortisol Fetal
Variables: Neonatal
hippocampal connectivity,
Infant memory

-Higher levels of
perceived stress-Different
dimensions of maternal
distress on the
neurodevelopment of
fetus.

-the change in maternal
cortisol levels caused by
stress can potentially
affect neurodevelopmental
changes influenced by NGF.

[26]

Infants 2 to 5 weeks

Cross-sectional study,
MRI was used, and IBM SPSS
Statistics 23 was used
for statistical analysis

Maternal Variables:
Psychological
distress, anxiety

-Maternal psychological
distress effects negatively
on amygdala volumes.

- NGF is crucial for
the development of
neurons in the amygdala.

DISCUSSION

This study aimed to address the NGF as a precursor to
neurodevelopmentin fetuses. By large studies showed that
pregnancies related to stress and stress-related disorders
faced complications in fetal neurodevelopment and NGF
hadbeenseenasanunderlyingcause of it. Stress, anxiety,
and depression during pregnancy are associated with
decreased fetal brain weight but the pathways are unclear
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[27]. Risk factors situated in maternal nutrition, exposure
to toxins, and exercise behaviour can influence fetal brain
development. Environmental stimuli such as polluted air
and socioeconomic status may cause maternal
inflammation and oxidative stress that may in turn have an
impact on fetal brain morphogenesis through epigenetic
regulation [28]. One of the proteins that are involved in
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stress responses and stress-induced disorders in the
nervous system is NGF. Studies have demonstrated that
levels of NGF rise with stress stimuli of psychological,
aggression and other environmental pressures[29, 30]. As
mentioned earlier, NGF is not only involved in stress
responses but also takes part in communicating the
external information to the physiological and pathological
outcomes. Research has shown that NGF contributes to
stress-induced mental disorders including schizophrenia
and depression, as well as metabolic disorders [29]. The
stress-induced skin disorders have been revealed to share
the “brain-skin connection” system and the NGF-
dependent pathways act within this system [31]. In
addition, NGF has also been identified to rise in the plasma
and central nervous system of both animals and humans
during stress events, implying a role in vertebrate
physiological regulation. Pregnancy-associated changes
have been reported in the aspect of NGF with diverse
trends. There are lower concentrations of NGF in maternal
and cord plasma in preterm deliveries compared to term,
which can influence fetal growth or neurodevelopment
[32]. It has been established that NGF plays a vital role in
normal pregnancy since both depletion and excessive
amounts have been associated with adverse pregnancy
outcomes [33]. Mature NGF -B reduces in rat uteri during
pregnancy, while pro-NGF accumulates, which could aid
pregnancy-associated uterine denervation [34]. In
humans, serum total NGF levels exhibit a moderate upward
trend in smokers. 7-fold increase through gestation, while
pro-NGF levels were unchanged at 36 weeks.
Neurotrophins(NTs)are afamily of trophic factors that play
a major role in controlling crucial traits of development,
survival, and the function of neurons [35]. The complete
form of NTs binds to high-affinity tropomyosin-related
kinase(Trk)A, B, or C receptors or the low-affinity p75 pan-
neurotrophin receptor (p75NTR). The TrkA receptor
demonstrates the highest affinity for NGF. The major
cytosolic/endosomal pathways stimulated by the TrkA are
Ras-mitogen-activated protein kinase (MAPK),
extracellular signal-requlated kinase (ERK),
phosphatidylinositol 3-kinase (PI3K)-Akt, and
Phospholipase C(PLC)-y[1]. The binding of NGF to p75NTR
triggers additional signalling pathways that, in the absence
of co-expressed TrkA, may lead to the apoptosis of the cell.
NGF formed by hippocampal and cortical neuronsis known
tobind TrkAand p75NTRand create atrimeric complexwith
NGF, leading to neuronal survival pathways [36]. NGF is
essential for the development and phenotypic
maintenance of neurons in the peripheral nervous system

DOI:https://doi.org/10.54393/pjhs.v5i09.2249

(PNS)andits highest amount is produced in the cortex, the
hippocampus, and the pituitary gland, although important
amounts of this neurotrophin are also produced in other
areas, including the basal ganglia, thalamus, spinal cord
and in the retina. In pediatric neurology, NGF is
progressively recognized as a key player in the
pathophysiology of various brain disorders affecting
children, such as autism spectrum disorders (ASD),
attention deficit hyperactivity disorder (ADHD), and
pediatric epilepsy. Dysregulation of NGF signalling
pathways has been implicated in the abnormal
neurodevelopmental trajectories detected in these
conditions, suggesting potential insights into novel
therapeutic strategies targeting NGF modulation[37]. NGF
is important for neuron survival and there are several
issueswhenregarding findings of studies thatinclude NGF.
Hypotheses involving social demographics and
population-specific factors including pre-terms and IUGR
further add variability that reduces the possibility of the
results reflecting the actual normal population. Because
NGF supports neuronal growth, survival, and regeneration,
it is considered a promising candidate for multiple
neurological disorders [38, 39]. Thus, during pregnancy,
NGF and other neurotrophins regulate fetal brain
development and activity of placenta; disturbance inthese
processes may result in such complication as
preeclampsia and preterm births [40]. The application of
diverse assessment measures across multiple studies
makes the integration of the results a challenging process:
this is accompanied by the development of the divergent
picture of the effect of NGF dysregulationin ASD, ADHD and
pediatric epilepsy. Neurogenesis does not only occur
during development but also during an adult life as part of
neuroprotection and repair and may, therefore, be
therapeutic for neurodegenerative disorders such as
Alzheimers and Parkinsons diseases. For example, the
relation between synthesis and release of NGF in the brain
and cognitive deteriorization in Alzheimer's disease have
been revealed and therefore, it may be used for diagnostic
and treatment purposes [41]. Novel treatments intended
for increasing NGF availability are under development and
include intranasal application and the use of nano-carriers
to increase concentration and reduce off-target effects.
Further, including NGF therapy with blood-brain barrier
techniques such as focused ultrasound may enhance
treatment outcomes of neurodegenerative disorders[42].

CONCLUSIONS

It was concluded that this review highlights the
importance of Nerve Growth Factor (NGF) in fetal
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neurodevelopment and the related maternal factors
involved during pregnancy. It has beeninferred that stress
indirectly or indirectly correlates with disruption in levels
of NGF. BNDF and cortisol levels are also other important
factors of stressinduction and find their linkage with NGF
expression. To reduce the threats arising from stress
during pregnancy there is a need to employ stress-
reducing measures, which could comprise psychological
interventions, relaxation, and treatment for maternal
mental health. It would therefore be advisable for every
pregnant woman to improve her lifestyle by taking a
balanced diet, exercising and avoiding substances such
as tobacco and alcohol. The considerations for further
research include the use of better diagnostic markers of
stress-associated ND risks in early pregnancy, as well as
potential therapeutic interventions promoting NGF
delivery and fetal brain development. By targeting these
factors, we canimprove the conditions of the mother and
fetus to decrease inconvenient neurodevelopmental
consequences.
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