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BDNF was a protein that has crucial role in development of brain in fetuses however its levels
were affected by maternal stress response that cause complications. Objective: To study the
effects of Brain Derived Neurotrophic Factor (BDNF) in stress response during pregnancy on
developing fetus in order to bring clinicopathological correlations. Methods: As PRISMA
guidelines suggested, an extensive database search was made from PubMed, Science Direct,
and Google Scholar for articles that were released between 2016 and 2024. Included studies
analyzed differences in BDNF as a function of maternal stress responses expressed by
increased levels of maternal stress activity and changes in maternal brain. This review also
included fetal neurodevelopmental issues which related to brain development and stress
biomarkers. Google Scholar was used for 60% of the articles with various locations. Results:
The review also revealed strong relations between high levels of BDNF and mothers' stress
reactions that included tangible changes in cortisol levels and some parts of the brain as the
amygdaloid complex. The effect of maternal stress was observed to be regulated through
alteration of brain plasticity by BDNF. Additionally, maternal BDNF concentration has been
associated with the changes in fetal brain development such as modifications in brain weight
and stress related biomarkers in cord blood serum samples. Conclusions: Maternal stress was
hence a critical driver of neurodevelopmental outcomes of fetuses and newborns through
BDNF. Ifimplemented, thisinformation may help to understand how BDNF regulates the types of
stressesthatamotherexperiencesalongwith fetal brain development.

INTRODUCTION

Brain-Derived Neurotropic Factor (BDNF) is a critical
protein that plays a big role in the development of neurons
and neuronal connections inside the brain. It is most
important during pregnancy because physiological
changes in a mother can influence BDNF levels, and thus,
fetal braindevelopment. Studies show that maternal stress
during pregnancy averages from 10 percent to 35 percent
with higher occurrence in susceptible mothers [1]. In the
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higher income region, the aggressiveness of maternal
stress, in general, is described in a range of 10-20% [2].
Both in maternal and fetal serum, stress was found to be
directly linked to decreased levels of Brain Derived
Neurotrophic Factor (BDNF) that is vital in fetal brain
development. Decreased levels of BDNF impact crucial
areas of the brain including the hippocampus and the
prefrontal cortex that affect a person's ability to think or
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respond emotionally [3]. These changes are usually
associated with increased cortisol levels that act to impair
fetal neurodevelopment [4]. There are many other factors
besides stress that affect BDNF levels during pregnancy
tied to maternal behavior. In this regard, nutritional factors
count for a lot. It was found that increase in omega
3polyunsaturated fatty acids as well as vitamins improved
the BDNF level while reduction in folic acid and iron
interfered with the improvement of the BDNF level [5].
Moreover, physical activity is positively associated with
BDNF because exercise promotes the release of
neurotrophins to help improve maternal well-being as well
as to help positively impact fetal brain [6]. Glial cell Line-
Derived Neurotrophic Factor (GDNF), affiliated with
neuronal survival and differentiation as well as trkB,
associated with neuronal differentiation and survival are
also important here. GDNF aids in the survival of
dopaminergic neurons and has also been observed to have
a role of neuroprotection during pregnancy [7]. TrkB, the
receptor for BDNF, is involved in the requlation of neuronal
survival and growth and those axons pathways involved in
fetal development [8]. Maternal stress is characterized by
increased levels of cortisol in the body of the mother that
effects the intrauterine environment and ultimately fetal
development. Neurodevelopment is affected when
neurotrophic support system is disrupted, one of such
systems are directed by BDNF therefore BDNF levels play
an important role as they are affected by maternal stress
factors and then they disturb the neural development in
fetus. By understanding this pathway, it is easier to
mitigate risk factors. Another important contributing
factor to pregnancy outcomes is maternal age with those
that are over 30 considered to be advanced in their
pregnancy. Although there is no direct evidence that links
advancing maternal age with reduced BDNF levels. But it
has been associated with stressful conditions like
gestational hypertension and preeclampsia, both affect
fetaldevelopment. Thisrevelation has highlighted a critical
gap in the literature, as indirect effects of maternal age on
BDNF through these complications have not been touched
yet. Addressing this gap will help understand the
connection between maternal factors and fetal outcomes
more comprehensively [9]. This review aims to provide an
up-to-date synthesis with regard to the way BDNF
translates maternal stress and other influencing factors
during pregnancy as well as their impact on the fetal brain.
Through offering an understanding of how BDNF and other
related neurotrophins engage with maternal health.

This study was positioned to help guide procedures that
could enhance health of pregnant people and their children
includingthe treatmentsthatinvolve BDNF supplements.

DOI: https://doi.org/10.54393/pjhs.v5i12.2703

METHODS

According to the recommendations by PRISMA suggested
for reporting, the review was conducted from May 2024 to
August 2024. Initially it included 89 articles in English from
2016 to 2024. The articles were systematically sorted
based on inclusion criteria searched and reported the
details including: author, year, regions, title, design,
statistical analysis, methodology, maternal and fetal
variables, sample size, key findings, and references.
Several search engines were employed; Science Direct,
Google Scholar, and PubMed.The search through
databases emphasized upon comprehensiveness. It was
made sure that articles fetched from each database were
cross referenced with each other to control biasness.
Majority papers were taken from Google Scholar due to its
broader indexing but it was made sure that the indexing of
articles encompass multiple sources. Collected research
articles were taken from various parts of the world
including Asia, Europe and America mainly. Article search
was done using keywords: BDNF, stress markers,
pregnancy, fetal neurodevelopment, stress factor
exposure in pregnancy and stress response in body.
Pregnancy, BDNF, stress markers, fetus, neural
development, old women and maternal stress were the
significant words. The articles which did not fulfil this
inclusion criterion were eliminated. The inclusion criteria
were focused on fluctuations in levels of BDNF and its
effects in neurodevelopment along with other stress
markers and all papers taken were from latest years, no
paper older than year 2016 was taken. The collection and
filtering process were done by two independent reviewers
andtoavoidreviewer's conflictand biasness Cohen's Kappa
method was used. There were eighty-nine articles in total
that were downloaded from databases. Seven duplicate
articles were found and removed, leaving eighty-two for
analysis. A total of seventy-two articles from the
systematicreview were eliminated based onirrelevant data
added in them. After elimination, seventeen papers were
picked and sorted which fulfilled inclusion criteria. Cohen's
kappa, a statistical method, was employed to assess the
reliability among the raters during the study selection
process, ensuring consistency and agreement between
reviewers. PRISMA modelin Figure Tillustrated selection of
studies for review process showing elimination of studies
that were not lying under the inclusion criteria. Total 50
articleswere excluded according to specific reasons which
weredescribedinFigure.
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Figure 1: PRISMA Flowchart of Study Selection and Exclusion

Criteria

RESULTS

The majority of the pregnant women in all the studies
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studies were longitudinal studies, 5/17 were correlational/
prospective studies, 5/17 were experimental/
observational studies and 1/17 was exploratory study. The
studies were taken from all regions of the world including
Asia, Europe and America. Research studies were taken
from last five years i.e. 2020-2024. The study reviewed
papersthatwere conductedinAsia(47%), Europe(41%)and
America(12%)respectively. The studies taken from Google
Scholar (60%), Science Direct (30%), and others (10%) i.e.
PubMed. A meta-analytical approach was employed using
Comprehensive Meta-Analysis (CMA) software. This
enabled the pooling of comparable outcomes of studies
with effect of sizes. The trends related to impact of
maternal stress on BDNF levels and fetal
neurodevelopment were identified and pool effect size of -
0.45 (95% Cl: -0.65, -0.25) was seen between the
relationship of high maternal stress and reduced BDNF
levels. This method revealed some trends regarding the
impact of maternal stress on fetus. Confidence intervals
and biasness indices were also included to solidify the
robustnessof results. Avariability in effect sizes(1°=62%, p
<0.05)was given to heterogeneity seenin study design and
population characteristics. Results of these studies were

ranged from 18 to 45 years by age. The pregnant women
taken as sample had shown symptoms of stress. 6/17 of

Maternal Variables

Authorsand Study Population Sample Size

showninthe Table1[10-26].
Table 1: Schematic Review of Studies that were most Appropriate According the PRISMA Defined Rules

Fetal Variables

Study Methodology
(Longitudinal, Correlational

Key Findings Related

Year (Region)  (Age Range) (N) related to BDNF Related to BDNF " | 4 Statistical Tools to BDNF
Pre-Preg Bmi, Weight -
DaiYetal., P Wi Gain AtgGestation%I Prospective Cohort Study, Four PFAS were Negatively
2024[10] regnant Women 1189 Period, Maternal Age, BNDF Levels In GLMs, 0GC, BKMR, and Sex- Pr.oportlonal to BNDF Leyels
(China) (<35 Years 0ld) Smoking, Education, Cord Serum Stratified Analysis in Females, Especially in
Occupation Female Fetus
Depressive Symptoms, Correlation Prospective :
Lamadé et al. Prenatal Stress, Study, Linear Regression Depressive Symptoms and
2024 [11] "| Pregnant Women M Cortisone and Cortisol | BDNF LevelsIn Model)g Stratified Analvsis Socioeconomic _Status were
(Germany) (18-50 Years 0Id) Levels in Amniotic Cord Blood Nat[JraI Lo arithmig ' | Related to the Higher BNDF
Fluid, Socioeconomic T gar! Levels Positively
Status ransformations
PM2.5 Exposure in
Cuibing Wan Exposure to PM2.5 BDNF in Cord Pregnancy were Associated
etpal 920239 Pregnant Women 7 During Pregnancy, Age, Blood, Birth Prospective Cohort Study, | with Lower Levels of BDNF
[12]fbhina) (>=20 years old) Smoking, Education, | Weight, Gender, | Linear Regression Models | Especially in Male Infants.
Pre-Preg BMI Delivery Mode Normal Deliveries had Higher
BDNF Levels than Caesarean
Infants of Mothers with GDM
b Cohort Stud had Lower BDNF Levels and
Chung-Hao Su . . rospective Cohort Study, | Poor Language Composite
etal, 2021 I?;agts(ﬁlrg}dto 1E254 (8 IPI’IIV(I;[;JE,J _Gestational Serum BNDF |5 51 4'S Correlation, Logistic | Scores, PQOOFg LOM D?efines
[13](Taiwan) onths Old) non- )| Diabetes Mellitus Levels Regression Models Defective Neurodevelopment
in Subjects. IMGD Has Lower
BNDF Levels
BNDF Levels of Mother
Showed Negative
Association with fetal Delta
Mercado et al., BNDF Levelsin Exploratory Study, fMEG, Brain Activity but Showed
2024 [14] F%tuses (3gt0 23 BB;\IDFID_eI\{eIs Cord Blood After | Pearson Correlation, Partial | Positive Association with
(USA) 39 Weeks GA) etore Lellvery Delivery Correlation, PSD Analysis Alpha, Beta, and Theta
Activity. Cord Blood BNDF
Didn't Show Any Association
with Brain Activity
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Prospective Observational

Fetal Brain Sparing was
Associated with Hyper-

Richter et al., Children of Not BNDF DNA Cohort Study, Methylation methylation of BDNF at
2022[15] 4 Years Old 21 Examined Methylation at Analysis, Neuro- CREB Binding Site in
(Netherlands) 4 Years Old developmental Testing, Children. This Correlates
Regression analysis with Better Inhibitory Self-
Control
Babies S Prenatal Reduced Levels of
Karunanithi Longitudinal Study in Vivo | Mature BDNF and Increased
Sivasangari St?;spgggi‘/tlei‘gger (7 Cc])itrol Exposure to Bacoppa B’\F‘,E;hz‘,églls’ Experiments, ANOVA and Levels of Pro-BDNF.
etal., 2020 N ‘—\| monnieri Extract in GA : Bonferroni Post Hoc Treatment with Bacoppa
! Rats (15-30 Days |6 PNS, 6 BME) Behaviour
[16](India) 0ld) ' Analyses Monnieri Restored the
Levels of BDNF
Hesperidin Increased the
Abdollahi et al., ) Hesperidin Dosage, Experimental Study with Levels of BDNF and TrkB.
2021(17] | £regnantivistar 40 Oxidative Stress, | o BONF T, | Longitudinal Design, ANOVA | BONF-TrkB Signaliing
(Iran) ats and retuses BDNF, TrkB xidative Stress | gng Tukey's Post Hoc Tests | Pathway is Necessary for
Neurodevelopment of Fetus
Hippocampal
Dentate Granule BONF-TrkB Path
.o | Cells of Immature _ ) Yo TKD Fathways was
Szymanski & Mouse, CA3 Not Oxvtocin NKCC1. BONF Longitudinal Experimental Slgmflca.nt for NKCQ
Minichiello, Principél Cells Mentioned NKC[%] GABA TrkB 'GABA’ Study, smFISH and Wilcoxon Modulation Which is
2022 [181(UK) for Postnatal ' ! Tests were Used Important for Formation of
Development Hippocampal Circuits
Study
YuGetal., Prospective Cohort Study, |Prenatal Exposure to PFHxS
2021[19] Pvrveognqgﬂt 725 Lpeflélss I_BeDvl\el::s Linear Regression Models | ResultsinIncreased Levels
(China) and SPLS was Used of BDNF in Fetal Cord Blood
Experimental Lab-Based Placental Cells Showed
M:trt;?e;gz[‘qd HTJ%F;:OIEIIaair?tfa Not PFAS BDNF, Study, Western Blotting, |Presence of BDNF Signalling.
[20](”China) Ti Mentioned Levels PFAS Immunofluorescence, and PFAS Didn't Significantly
Issues ANOVA was Used Alter BDNF Signalling
de Mendonca Mental Health, BDNF Network Balances
Filhoetal., | Children(Birthto 157 Smoking, Socio- BDNF Longitudinal Study, LME the Effect of Prenatal
2021[21] 12 Years Old) economic Factors Levels and pICA was Used Adversity in Neural and
(Canada) etc. Cognitive Development
Cord Blood BDNF
. Concentrations Are Lower
y af}if}%“:t"a, Ao Precclamps CBD dNBFlLege'FS " |Longitudinal Study, ELISA, in Fetus with Growth
2022[22] v Fetuses 130 U ge,f Cre%c amtpmqa or D ool Fetal Mann- Whitney and Chi Restriction Compared to
(Spain) se ot Lorticosteroids Alt ?.pp erIUGR Square Tests Were Used AGA fetus BDNF May Play a
P erations, Role in FGR Related Neuro-
developmental Disorders
Infants of Diabetic Mothers
had Low BDNF Levels.
Prospective Cohort Study, | These Infants Showed Poor
Zhang T etal., . . BSIDIIl, t Tests, Pand S Language Development
2024[23] Infte())n1tzs|5460rr’1ltohn;)hs 24 D'Satgflgis BSDe,I\’llenl']n Correlations and Logistic Outcomes Compared to
(China) Regression Modelsare  |Healthy Ones. BDNF Showed
Used Positive Association with
Language Composite
Scores
- : Maternal and Fetal BDNF
; Lead and Cadmium Cross-Sectional and
Gr:;rgtzz['e[rze:]al., Pregnant Women 65 Exposure, Iron Levels, BONF Correlational Study, ELISA, Ievrt]elst\;]verel COFBSI?.te.d to
; (18-45 Years) BDNF Levels, KISS-1 Levels Spearman Correlation and | 8aCh other. iron Leticiency
(Austria) Levels CATREG Analysis was Associated with Lower
BDNF Levels
: - Longitudinal Cohort Study, :
Dingsdale et Pregnant Women 251 Maternal Anxiety, Depression, BDNF Levelsin Spearman Correlation and Stress Symptoms_ln Mothers
al., 2021[25] (18-45 Years) and 212 Fetal BONF Levels Serum of Cord Logistic Regression was | Were Related to Higher BDNF
(UK) Pairs Blood 9 Usged Levels
Chronic Hypobaric Hypoxia
is Related to Low Levels of
Longitudinal Study with p f
Shchelchkova P 35 Pregnant Chronic Hypobaric Experimental Components, BONF in Eregnant Mice. U_p
regnant Mice and 88 : BDNF, GDNF, L Regulation of the Neuro
[ggc]ll(.éZOZ.O) C57BL/6 Mice | Parturient | H/pOxia: BONF Levels | \gr iF1p Statistica 10.0 Software | trophic Factors (BDNF,
ussia Mice grreg y andMann Whitney U-1est | gGoNF) were Associated with

was Used.

Protection of Neonates
Against Hypoxic Damage.
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DISCUSSION

This review provided the evaluation on the contribution of
BDNF as a biomarker in fetal neurodevelopment with a
focus on maternal stress and related disorders. These
studies provided evidence that stress and related
psychological conditions make pregnancies lead to poor
neurodevelopment of fetuses. BDNF was found to play a
major role in this relation, affecting the neural circuits that
were vulnerable to maternal influences. In particular,
stress during pregnancy, hormonal changes, and
numerous psychosocial disorders may negatively impact
fetal brain formation. It had been proved that maternal
anxiety and depression were associated with decreased
fetal brain weight and changes in the pattern of fetal
neuronal development, but the exact pathways had not
been investigated comprehensively [26]. Other external
factors such as maternal diet, toxic exposure and physical
activity levels also played particular roles in the
development of the fetal brain [27]. In addition,
environmental factors including air pollution and
socioeconomic status might also further have contributed
to increase in inflammation and oxidative stress in the
maternal side thus modifying fetal brain morphogenesis
through epigenetic change[28]. BDNF played animportant
role in the stress response system and was known to be
upregulated by many stressors, including psychological
and environmental [29]. This neurotrophin does not only
play the role of the neuronal survival and development but
also guarantees the interaction between nervous system
and the organism'’s reaction to stress. Increased levels of
BDNF had been reported to over mood disorders including
the depression and schizophrenia demonstrating that
BDNF contributes differently in neurodevelopment and
mental disorders[30, 31]. Also, there was an emerging body
of evidence on so called 'brain-skin connection’, which
suggests that BDNF may impact skin conditions related to
stress as well [32]. The mechanisms of BDONF action
include BONF binding to its high affinity receptor
tropomyosin receptor kinase B (TrkB). BNDF binds-and-
activates the extracellular domain of the TrkB receptor,
which in turn triggers several intracellular signaling
cascade, namely the Mitogen Activated Protein Kinase
(MAPK), Phosphatidylinositol 3-Kinase (PI3K)/Akt and
phospholipase C-gamma (PLC-y signals [33, 34]. These
pathways were involved in cell differentiation, proliferation
and survival, neuronal development and activity-
dependent synaptic plasticity. Forinstance, MAPK pathway
activation was involved in neuronal differentiation and
survival. However, PI3K/Akt signalling was necessary for
cell survival and growth[35]. BDNF can also bind to the low
affinity receptor p75NTR, which may promote either
survival/survival or apoptotic signals [36, 37]. There was
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evidence of changes in BDNF levels during pregnancy.
Some investigations had shown lower concentrations of
BDNF in cord blood in the context of preterm birth
compared with pregnancies at term. This difference may
wellhold a partin havinganimpact on fetal development as
well as development of the nervous system [1]. BDNF
concentration must remain optimal throughout gestation
as both the high and low levels were proven to be
detrimental for pregnancy [34]. For example, although it
had been shown that BDNF levels decrease as pregnancy
progresses, pro-BDNF had been found to increase and it
had been established that there was intricate control of
neurotrophin levels that was important in maintaining the
health of both uterine and fetal environments [35, 36].
Smokers had higher serum BDNF levels during pregnancy
and this has elevated questions on its impact to fetal
neurodevelopment [37]. BDNF was vital to the pregnancy
progress as its concentration lack during pregnancy which
may cause preeclampsia and preterm delivery that harm
both the mother and baby [38]. Moreover, it also has
neuroprotective functions which may be of importance in
its therapeutic use especially for Alzheimer diseases and
other neurodegenerations. Reduced BDNF levels have
been reported in Alzheimer's patients and help study the
chances of using this protein as diagnostic and
remediations markersat aninitial stage of the disease[39].
So far, the experiments were undergoing experimental
strateqgies for sustaining effectual delivery procedures for
BDNF therapy, such as intranasal delivery system and the
utilization of nanocarrier to increase the availability of
BDNF with also lowering adverse effects[40, 41]. However,
there were limitations in studying BDNF that stem with
research studies on neurodevelopmental processes.
These include population characteristics, method
differences, and differences in instruments used when
conducting the studies [36, 37]. Many studies relied on
small sample sizes or cross-sectional designs which
hinders the inference of casual relationships. For example,
DaiY etal., associated prenatal stress factor exposure with
reduced BDNF levels but their study was not generizable
due to narrow cohort[10]. Zhang T et al., found that infants
of diabetic mothers had lower serum BDNF levels, which
were positively associated with poor language
development outcomes[23]. Granitzer S et al., focused on
small European population that limited the study's
applicability on other nations [24]. Similarly, Richter AE et
al., showed significant finding but ignored environmental
factors that could have confounding results [15]. Mercado
et al., incorporated fMEG to analyse maternal BDNF levels
but couldn't include biochemical assays limiting
mechanistic insights [14]. There was also publication
biasedness on BDNF's effectiveness since trials with
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negative outcomes were often ignored. Another factor
which poses a challenge to the selection of research
options in vulnerable patient groups such as infants and
children was ethical issues especially when evaluating
long-term development al impact [39]. Considering the
variation of BDNF's rolesin fetal development and potential
relation to ASD and ADHD, large-scale extension studies
were needed. Longitudinal studies were required to track
the levels of BDNF with outcomes of neurodevelopment
overtime. These studies should try to establish the method
and the kind of assessment that should be used to further
the knowledge on the normal as well as the abnormal
developments of brain derived neurotrophic factor BDNF
[38]. Standardized protocols were needed to make the
measure of BDNF and maternal stress marker comparable
across studies. In sum, BDNF seems an attractive target to
improve neurodevelopmental outcomes in high-risk
children. However, since the above was a consolidation of
studies, there were limitations that were experienced
throughout this research. Firstly, the studies were highly
heterogeneous including differences in methodological
approaches, study sample size, and methods used in BODNF
assessment. Secondly, while comparing the study
populations, demographic and distributional differences
between geographic regions and various socioeconomic
statuses were likely to put into questions the
generalizability of the results. Furthermore, the ethical
concerns regarding measuring BDNF in pregnant women
andfetusesrestricted the validity of long-term observation
studies of maternal stress and BONF on fetal neuronal
development which was important to the scope of the
analysis. Lastly, there was publication bias in which
experiments with negative orincomplete results were less
likely to be published, which couldlead toanincline towards
positive relationships between BDONF and fetal brain
development.

CONCLUSIONS

Thisreview highlights how BDNF was importantinrelating
maternal stress with fetal neurodevelopment. Increased
levels of maternal stress activity affect BDNF levels and
fetal brain growth as well as stress biomarkers in
offspring. Since such findings hold high levels of
significance the results could be applied to women during
early prenatal care for indicative of risk of poor
neurodevelopmental outcome. Stress intervention
measures such as mindfulness, nutritional and physical
activity may be incorporated into the antenatal care to
possibly reverse the abnormal BDNF levels due to stress
induced neuro developmental problems. Moreover,
strategies that focus on modulating the levels of BDNF,
such as BDNF administration or neurotrophic support
therapies, may be considered for treatment in high-risk

DOI: https://doi.org/10.54393/pjhs.v5i12.2703

pregnancies. Thus, by practicing such approaches it will
be possible todecrease the threat of neurodevelopmental
disordersinchildren, especiallyinmothers experiencinga
high level of stress, and improve further cognitive and
emotional development.

Authors Contribution

Conceptualization: AA, SP

Methodology: SP

Formal analysis: NA, MAA, AS

Writing, review and editing: MA, SP, KA, NA, AS, MAA

All authors have read and agreed to the published version
of the manuscript

Conflicts of Interest
All the authors declare no conflict of interest.
Source of Funding

The author received no financial support for the research,
authorship and/or publication of this article.

REFERENCES

[1] Dunkel Schetter C. Psychological science on
pregnancy: stress processes, biopsychosocial
models, and emerging research issues. Annual
Review of Psychology. 2011 Jan; 62(1): 531-58. doi:
10.1146/annurev.psych.031809.130727.

[2] Bath KG, Schilit A, Lee FS. Stress effects on BDNF
expression: effects of age, sex, and form of stress.
Neuroscience. 2013 Jun; 239: 149-56. doi: 10.1016/j.
neuroscience.2013.01.074.

[3] Braun K and Champagne FA. Paternal influences on
offspring development: behavioural and epigenetic
pathways. Journal of Neuroendocrinology. 2014 Oct;
26(10): 697-706.doi: 10.1111/jne.12174.

[4] Garcés MF, Sanchez E, Torres-Sierra AL, Ruiz-Parra
Al, Angel-Mdller E, Alzate JP et al. Brain-derived
neurotrophic factor is expressed in rat and human
placenta and its serum levels are similarly regulated
throughout pregnancy in both species. Clinical
Endocrinology. 2014 Jul; 81(1): 141-51. doi: 10.1111/
cen.12391.

[6] Santos ID, Crivellenti LC, Franco LJ, Sartorelli DS.
Relationship between the quality of the pregnant
woman's diet and birth weight: a prospective cohort
study. European Journal of Clinical Nutrition. 2021
Dec; 75(12): 1819-28. doi: 10.1038/s41430-021-00894-
6.

[6] Silvente Troncoso C, Hern'andez-Mart'inez C, Voltas
Moreso NU, Canals Sans J, Jard'i Pifiana C, Basora
Gallisa J et al. Impact of physical activity during
pregnancy on infant neurodevelopment. Journal of
Reproductive and Infant Psychology. 2024 Aug;
42(4):620-35.doi: 10.1080/02646838.2022.2155626.

PJHS VOL. 5 Issue. 12 Dec 2024 Copyright ® 2024. PUHS, Published by Crosslinks International Publishers
BY This work is licensed under a Creative Commons Attribution 4.0 International License. 352




Afridi A et al.,

(7]

(1]

[14]

PJHS VOL. 5 Issue. 12 Dec 2024

BDNF in Pregnancy

Duarte Azevedo M, Sander S, Tenenbaum L. GDNF, a
neuron-derived factor uprequlated in glial cells
during disease. Journal of Clinical Medicine. 2020
Feb; 9(2): 456. doi: 10.3390/jcm9020456.

Miyasaka Y and Yamamoto N. Neuronal activity
patterns requlate brain-derived neurotrophic factor
expression in cortical cells via neuronal circuits.
Frontiersin Neuroscience. 2021 Dec; 15: 699583. doi:
10.3389/fnins.2021.699583.

Schwartz A, Many A, Shapira U, Rosenberg Friedman
M, Yogev Y, Avnon T et al. Perinatal outcomes of
pregnancy in the fifth decade and beyond-a
comparison of very advanced maternal age groups.
Scientific Reports. 2020 Feb; 10(1): 1809. doi: 10.1038/
s41598-020-58583-6.

DaiY, DingJ, WangZ, Zhang B, Guo , Guo J et al. Sex-
specific associations of per-and polyfluoroalkyl
substances with Brain-Derived Neurotrophic
Factors (BDNF) in cord serum. Environmental
Research. 2024 Dec; 262:119922. doi: 10.1016/j.envre
s.2024.119922.

Lamadé EK, Pedraz-Petrozzi B, Lindner O, Meininger
P, Coenen M, Witt SH et al. Stress during pregnancy
and fetal serum BDNF in cord blood at birth.
Psychoneuroendocrinology. 2024 Jul; 165: 107035.
doi: 10.1016/j.psyneuen.2024.107035.

Wang C, Jia X, Jin H, Meng Y, Ye W, Zhang N et al.
Maternal exposure to fine particulate matter and
brain-derived neurotrophic factor (BDNF) in the
fetus: a prospective cohort study. Ecotoxicology and
Environmental Safety. 2023 Jun; 257: 114912. doi: 10.1
016/j.ecoenv.2023.114912.

SuCH, LiuTY,ChenIT, Ou-Yang MC, Huang LT, Tsai CC
et al. Correlations between serum BDNF levels and
neurodevelopmental outcomesininfants of mothers
with gestational diabetes. Pediatrics & Neonatology.
2021May; 62(3): 298-304. doi: 10.1016/j.pedneo.2020.
12.012.

Mercado L, Rose S, Escalona-Vargas D, Dajani N,
Siegel ER, Preissl H et al. Correlating maternal and
cord-blood inflammatory markers and BDNF with
human fetal brain activity recorded by
magnetoencephalography: an exploratory study.
Brain, Behavior, & Immunity-Health. 2024 Jun:
100804. doi: 10.1016/j.bbih.2024.100804.

Richter AE, Bekkering-Bauer |, Verkaik-Schakel RN,
Leeuwerke M, Tanis JC, Bilardo CM et al. Altered
neurodevelopmental DNA methylation status after
fetal growth restriction with brain-sparing. Journal
of Developmental Origins of Health and Disease.
2022 Jun; 13(3): 378-89. doi: 10.1017/S2040174421000
374.

[24]

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i12.2703

Sivasangari K, Sivamaruthi BS, Chaiyasut C, Rajan
KE. Maternal stress-induced changes in adolescent
and adult offspring: Neurobehavioural improvement
and telomere maintenance. Heliyon. 2023 Oct; 9(10).
doi: 10.1016/j.heliyon.2023.e20385.

Abdollahi H, Edalatmanesh MA, Hosseini E,
Foroozanfar M. The effects of hesperidin on
BDNF/TrkB signaling pathway and oxidative stress
parameters in the cerebral cortex of the utero-
placental insufficiency fetal rat model. Basic and
Clinical Neuroscience. 2021Jul; 12(4): 511. doi: 10.325
98/bcn.2021.2187.1.

Szymanski J and Minichiello L. NKCC1 deficiency in
forming hippocampal circuits triggers
neurodevelopmental disorder: role of BDNF-TrkB
signalling. Brain Sciences. 2022 Apr; 12(4): 502. doi:
10.3390/brainscil2040502.

YuG, LuoF, NianM, Li S, Liu B, Feng L et al. Exposure
to Perfluoroalkyl substances during pregnancy and
fetal BONF level: a prospective cohort study.
Frontiersin Endocrinology. 2021Jun;12: 653095. doi:
10.3389/fend0.2021.653095.

Marchese MJ, Li S, Liu B, Zhang JJ, Feng L.
Perfluoroalkyl substance exposure and the BDNF
pathway in the placental trophoblast. Frontiers in
Endocrinology. 2021 Jul; 12: 694885. doi: 10.3389/
fendo.2021.694885.

de Mendoncga Filho EJ, Barth B, Bandeira DR, de Lima
RM, Arcego DM, Dalmaz C et al. Cognitive
development and brain gray matter susceptibility to
prenatal adversities: Moderation by the prefrontal
cortex brain-derived neurotrophic factor gene co-
expression network. Frontiersin Neuroscience. 2021
Nov;15: 744743. d0i: 10.3389/fnins.2021.744743.
Pascual-Mancho J, Pintado-Recarte P, Morales-
Camino JC, Romero-Roman C, Hernandez-Martin C,
Bravo C et al. Brain-derived neurotrophic factor
levels in cord blood from growth restricted fetuses
with Doppler alteration compared to adequate for
gestational age fetuses. Medicina. 2022 Jan; 58(2):
178.doi:10.3390/medicinab8020178.

Zhang T, WangH, OuyangF, YangH, ZhangJ, ZhangN.
Does brain-derived neurotrophic factor play arole in
the association between maternal prenatal mental
healthand neurodevelopmentin 2-year-old children?
Journal of Affective Disorders. 2024 Aug; 359: 171-9.
doi:10.1016/j.jad.2024.05.074.

Granitzer S, Widhalm R, Atteneder S, Fernandez MF,
Mustieles V, Zeisler H et al. BDNF and KISS-1levels in
maternal serum, umbilical cord, and placenta: The
potential role of maternal levels as effect biomarker.
Exposure and Health. 2024 Apr; 16(2): 445-61. doi:

353




Afridi A et al.,

[25]

[27]

[31]

PJHS VOL. 5 Issue. 12 Dec 2024

BDNF in Pregnancy

10.1007/s12403-023-00565-w.

Dingsdale H, Nan X, Garay SM, Mueller A, Sumption
LA, Chacon-Fernandez P et al. The placenta protects
the fetal circulation from anxiety-driven elevationsin
maternal serum levels of brain-derived neurotrophic
factor. Translational Psychiatry. 2021 Jan; 11(1): 62.
doi:10.1038/s41398-020-01176-8.

Shchelchkova NA, Kokaya AA, Bezhenar VF,
Rozhdestvenskaya OV, Mamedova MA, Mishchenko
TAetal. Therole of brain-derived neurotrophic factor
and glial cell line-derived neurotrophic factor in
chronic fetal oxygen deprivation. CoBpeMeHHble
TexHornorun B meauumHe. 2020; 12(1 (eng)): 25-31.
doi:10.17691/stm2020.12.1.03.

ManzariN, Matvienko-Sikar K, BaldoniF, O'Keeffe GW,
Khashan AS. Prenatal maternal stress and risk of
neurodevelopmental disorders in the offspring: a
systematic review and meta-analysis. Social
Psychiatry and Psychiatric Epidemiology. 2019 Nov;
54:1299-309.doi: 10.1007/s00127-019-01745-3.
Jadhav A, Khaire A, Gundu S, Wadhwani N, Chandhiok
N, Gupte S et al. Placental neurotrophin levels in
gestational diabetes mellitus. International Journal
of Developmental Neuroscience. 2021 Jun; 81(4):
352-63.d0i:10.1002/jdn.10107.

Fitzgerald E, Hor K, Drake AJ. Maternal influences on
fetal brain development: The role of nutrition,
infection and stress, and the potential for
intergenerational consequences. Early Human
Development. 2020 Nov; 150: 105190. doi: 10.1016/j.
earlhumdev.2020.105190.

Sahay A, Kale A, Joshi S. Role of neurotrophins in
pregnancy and offspring brain development.
Neuropeptides. 2020 Oct; 83: 102075. doi: 10.1016/j.
npep.2020.102075.

LiY,LiF,QinD, ChenH, Wang J, WangJ etal. Therole
of brain derived neurotrophic factor in central
nervous system. Frontiers in Aging Neuroscience.
2022 Sep; 14:986443. doi: 10.3389/fnagi.2022.98644
3.

Xue Z, Shui M, Lin X, Sun Y, Liu J, Wei C et al. Role of
BDNF/ProBDNF imbalance in postoperative
cognitive dysfunction by modulating synaptic
plasticity in aged mice. Frontiers in Aging
Neuroscience. 2022 Mar; 14: 780972. doi:
10.3389/fnagi.2022.780972.

Wang CS, Kavalali ET, Monteggia LM. BDNF signaling
in context: From synaptic regulation to psychiatric
disorders. Cell. 2022 Jan; 185(1): 62-76. doi: 10.1016/].
cell.2021.12.003.

Greenberg PE, Fournier AA, Sisitsky T, Pike CT,
Kessler RC. The economic burden of adults with
major depressive disorder in the United States (2005

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i12.2703

and 2010). The Journal of Clinical Psychiatry. 2015
Feb; 76(2): 5356. doi: 10.4088/JCP.14m09298.
Mosiotek A, Mosiotek J, Jakima S, Pieta A, Szulc A.
Effects of antidepressant treatmentonneurotrophic
factors (BDNF and IGF-1) in patients with Major
Depressive Disorder (MDD). Journal of clinical
medicine. 2021Jul; 10(15): 3377. doi: 10.3390/jcm1015
3377.

Castrén E and Monteggia LM. Brain-derived
neurotrophic factor signaling in depression and
antidepressant action. Biological Psychiatry. 2021
Jul; 90(2): 128-36. doi: 10.1016/j.biopsych.2021.05.0
08.

Bélanger JC, Bouchard V, Le Blanc J, Starnino L,
Welman M, Chabot-Blanchet M et al. Brain-derived
neurotrophic factor mitigates the association
between platelet dysfunction and cognitive
impairment. Frontiers in Cardiovascular Medicine.
2021Sep; 8:739045.doi: 10.3389/fcvm.2021.739045.
Gustafsson D, Klang A, Thams S, Rostami E. The role
of BDNF in experimental and clinical traumatic brain
injury. International Journal of Molecular Sciences.
2021Mar; 22(7): 3582.doi: 10.3390/ijms22073582.
Rana T, Behl T, Sehgal A, Srivastava P, Bungau S.
Unfolding the role of BDNF as a biomarker for
treatment of depression. Journal of Molecular
Neuroscience. 20210ct; 71(10): 2008-21. doi: 10.1007
/s12031-020-01754-x.

Czéh B and Simon M. Benefits of animal models to
understand the pathophysiology of depressive
disorders. Progress in Neuro-Psychopharmacology
and Biological Psychiatry. 2021 Mar; 106: 110049. doi:
10.1016/j.pnpbp.2020.110049.

de Miranda AS, de Barros JL, Teixeira AL. Is
neurotrophin-3(NT-3): a potential therapeutic target
for depression and anxiety?. Expert Opinion on
Therapeutic Targets. 2020 Dec; 24(12): 1225-38. doi:
10.1080/14728222.2020.1846720.

354




