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ABSTRACT

BACKGROUND: Pre-eclampsia (PE) is a significant disorder impacting 2%-8%
of pregnancies globally. Nevertheless, the key molecular etiology of this disease has
predominantly remained unclear. Recently published studies have suggested the
potential significance of miRNAs, particularly miRNA-210, in the etiology of PE.
This study aims to evaluate the role of miRNA-210 as a novel biomarker for

predicting pre-eclampsia (PE).

OBJECTIVE: This study objective is to assess the level of miRNA 210 in pre-

eclampsia (PE) and to evaluate its role in the diagnosis and prognosis of the disease.

MATERIALS AND METHODS: This was a case - control study, conducted from
April 2023 - February 2025, carried out in pre- eclamptic women and normotensive
women, who got admitted to the Department of OBSTERTICS &
GYNAECOLOGY in B.L.D.E. (DEEMED TO BE UNIVERSITY) Shri B.M. Patil
Medical College Hospital and Research Centre, Vijayapura. Women who fulfilled
the inclusion criteria were enrolled in the study after taking written and informed
consent. The study included 102 pregnant women, categorized into two groups:
Group 1 consisted of 51 women with pre-eclampsia as cases, while Group 2
consisted of 51 normotensive pregnant women matched age with £ 5 years,
gestational period with = 1 week, and Obstetric score, were included as the control
group. All women participating in this study had comprehensive history taking, a
full clinical examination, and laboratory tests, which included complete blood count

(CBC), Coagulation Profile, Renal Function Test (RFT), Liver Function Test (LFT),

proteinuria, and miRNA-210 gene expression analysis through RT-PCR. A sample

22




of peripheral venous blood was taken on admission and submitted for genetic
analysis. After the genetic analysis, the study's parameters were compared. Maternal

and neonatal outcome were also observed.

RESULTS: Patients with PE showed a highly significantly increase in serum
miRNA-210 (p value < 0.001) compared to control group. miRNA- 210 has highly
significant positive correlation with Systolic blood pressure, Diastolic blood
pressure, MABP, serum Protein, serum Albumin, serum Uric acid, serum ALP.
However, no significant correlation was found with Hb%, platelet count, INR and
serum creatinine. At a cutoff value of 9.63 -fold change, the serum miRNA-210
levels shows 100% sensitivity along with 96.1% specificity at while PPV and NPV

values were 96.2% and 100%, respectively.

CONCLUSION: The expression of miRNA-210 is elevated in women with pre-
eclampsia, with higher levels seen in the pre-eclamptic women compared to the
normotensive pregnant women. Thus, serum miRNA-210 may serve as a diagnostic

and predictive biomarker in patients with pre-eclampsia, as well as assist in the

understanding its etiology.

Key Words: miRNA-210, Pre-eclampsia, biomarker, RT PCR




INTRODUCTION

The World Health Organization (WHO) provides published recommendations
which define pre-eclampsia as a serious obstetrical condition with multiple
contributing factors. Pre-eclampsia (PE) develops in normotensive pregnant
individuals who develop blood pressure reaching >140/90 mm Hg combined with
proteinuria exceeding 0.3 gm in 24 hours urine collection or >1+ by dipstick beyond

20 weeks of gestation. [!!

Various hypotheses exist to explain PE's developmental process. All theories share
one central principle based on vascular elements that trigger endothelial damage or

cause vascular spasm. 2!

Several non-coding RNA molecules (ncRNAs) serve a role in the development of
pregnancy disorders. miRNA-210 released from the placenta becomes a primary
factor for trophoblastic endothelial vascular damage when hypoxic conditions
develop in pre-eclampsia. The regulatory functions of miRNA-210 appear to
influence cell division most significantly as well as DNA damage responses and

mitochondrial metabolism and angiogenesis activities.

Studies showed that oxidative stress triggers hypoxia-dependent gene expression
regulation mechanisms within trophoblast cells at the molecular level. Exosomes

carry different microRNAs with some placental-origin microRNAs serving as

accessible biomarkers for pre-eclampsia development. ]




miRNA-210 belongs to a group of hypoxia-inducing microRNAs known as hypoxia-
miRs. Many research studies indicate that hypoxic tissue contains higher levels of
miRNA 210 which occurs through HIF dependent as well as HIF independent
mechanisms. Oxygen depletion stabilizes HIFs heterodimers while it enhances
nuclear gene expression through mechanisms which activate miRNA-210
transcription. Subunit HIF-1a identifies and binds directly with a specific HRE
(hypoxia responsive element) found within the proximal region of the miRNA-210

promoter.

Under hypoxic conditions miRNA-210 shows elevated expression levels while
elevated miRNA-210 levels may function as a modulator of mitochondrial
dysfunction in PE. miRNA-210 functions as a key regulator of placental

mitochondrial performance in patients who develop PE. I°]

Research shows that circulating miRNAs demonstrate as potential biomarker
indicator of different human physiological conditions and diseases. A significant
characteristic of miRNAs exists in their consistent presence within body fluids
especially serum thus enabling minimal-invasive collection of samples for
subsequent study. Placenta serve as the primary origin of miRNA-210 detected in
pregnant women's serum yet it is crucial to consider that damaged endothelial cells
might also produce miRNA-210 in serum. The stability of miRNA-210 in body

fluids and serum allows it to function as a promising biomarker for pre-eclampsia

development during pregnancy assessment.*!




This case-control research aims to evaluate circulatory miRNA-210 functionality as

an approach to non-invasive biomarker prediction of PE for high-risk pregnant

women.




NEED FOR STUDY

Preeclampsia (PE) establishes itself as one of the most dangerous pregnancy
complication which also emerges as a major source of maternal and neonatal
mortality and morbidity. Thus, screening enables improved monitoring and
management procedures allowing early detection of complications affecting
pregnant individuals along with their neonates. The availability of specific
diagnostic and imaging tools keeps advancing but regulatory protocols for their wide
adoption have not been fully established making them ineligible for standard
medical practice. The systemic development of disease starts with biochemical
processes therefore focusing on established and emerging biomarkers related to

preeclampsia through point-of-care screening approaches to minimize its burden.

The cellular importance of miRNA-210 biogenesis proves to be a superior choice

for pre-eclampsia prognostic evaluations and future therapeutic approaches. 4!




AIMS AND OBJECTIVE

AIM:

Evaluation of miRNA - 210 as a Prognostic Biomarker in Pre-Eclampsia.

OBJECTIVE:

= To detect and study miRNA-210 upregulation in the maternal serum of pre-

eclamptic patients and compare it with normotensive pregnant women.

= To correlate maternal outcome and neonatal outcome with miRNA - 210

expression levels.




REVIEW OF LITERATURE

Pre-eclampsia (PE) affects 2%-8% of pregnant women as a multisystem disorder

which leads to the highest morbidity and mortality rates for both maternal and

46.78] This condition every

neonate especially when detected in early onset cases. !

year leads to the mortality of around 76,000 women and 500,000 babies all over the
world. ®1 The risk of developing preeclampsia remains higher among women in low-

resource nations than women in high-resource nations.

DEFINITION OF PRE-ECLLAMPSIA:

Recent times have broadened the definition of PE. [!-14]

A previously normotensive woman develops PE when hypertension along with new-
onset condition(s) appear after 20 weeks of pregnancy. The following conditions
represented as one or more criteria to PE after 20 weeks of pregnancy (By FIGO,
2019): 10l

= Proteinuria (i.e., >1 + by dipstick, >300 mg/24 hours, or >30 mg/mol protein:

creatinine ratio)

= Additionally, maternal organ dysfunction may include: acute kidney injury
(creatinine >90 pmol/L or 1mg/dL); hepatic involvement (with elevated
transaminases, such as alanine aminotransferase or aspartate aminotransferase
>40 [U/L) with or without right upper quadrant or epigastric abdominal pain;
neurological complications (e.g., eclampsia, altered mental status, blindness,

stroke, headaches, and visual changes; or hematological complications (such




as thrombocytopenia with a platelet count <150,000/puL, disseminated

intravascular coagulation, or hemolysis).

= Uteroplacental insufficiency, includes fetus-related conditions like growth
restriction combined with abnormal umbilical artery Doppler changes or

stillbirth. 17

The interpretation of PE epidemiological studies remains complicated because
researchers use various definitions to diagnose the condition. Studies have presented
multiple diagnostic definitions for PE which have appeared in published literature
and professional guidelines. As a result, professional organizations globally have
developed multiple protocols for the diagnosis and treatment of PE. [LIL1516]
Nonetheless, an internationally recognized definition of preeclampsia (PE) has been

established by the International Society for the Study of Hypertension in Pregnancy

(ISSHP) ¥ as endorsed by the International Federation of Gynecology and
Obstetrics (FIGO).

PATHOGENESIS OF PRE-ECLLAMPSIA:

The underlying causes of preeclampsia remain unclear although a two-stage process

stands as the most commonly accepted origin of this condition.

The initial trophoblastic invasion remains limited thereby causing poor spiral artery
remodeling. This early stage transitionally leads into a second phase which shows
maternal responses to endovascular malfunction alongside an imbalance between
pro-angiogenic and ant-angiogenic components that produce distressing clinical

[17-19

symptoms. 1The placenta produces antiangiogenic factors like Soluble fms-like

30




tyrosine kinase-1 (sFLT-1) and Soluble endoglin (sENG) that enter the maternal
bloodstream. Elevated sFLT-1 concentrations in PE women lead to proteinuria and
damage their kidneys and hypertension but sENG triggers intrauterine growth
restriction (IUGR) alongside reduced platelet counts and cerebral edema. The gene
expression of sFLT-1 requires reactive oxygen species (ROS) to block VEGF and

PIGF functions. This impairs endothelial cell function and causes the organ

dysfuction.!]
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(Figure - 1) Two-phase pathophysiology of PE. Stage 1 features improper

placental development and abnormal blood flow patterns. The hypoxic placenta of
Stage 2 generates anti-angiogenic agents that enter maternal blood circulation

leading to PE.(Sandra Kannampuzha et al. 2022)




Precise prediction together with uniform prevention of PE remains an ongoing major

challenge. The early prediction of PE seeks to identify maternal risks leading to PE
development among pregnant women. The early detection of conditions allows
essential preventive measures to improve placental development thereby minimizing
PE occurrence. Additionally, the identification of a "high-risk" category allows for
the individualization of antenatal surveillance to predict, identify, and treat the

development of the clinical syndrome in a timely manner.
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(Figure - 2) Pathogenesis Of Pre-Eclampsia (Aishwarya Gupta et al. 2024)




MATERNAL AND PERINATAL MORBIDITY AND MORTALITY
ASSOCIATED WITH PRE-ECLAMPSIA

MATERNAL MORBIDITY AND MORTALITY:

Intracranial hemorrhage stands as the leading cause that results in fatalities among
women suffering from pre-eclampsia. Pre-eclampsia can lead to several serious
complications including HELLP syndrome along with acute pulmonary edema,
placental abruption and acute renal failure and respiratory distress syndrome. 2!l
Chesley et al.??! Their research introduced the idea that pregnancy serves as a stress
test while studying how women with no pre-eclampsia history show lower
cardiovascular risk than other females do. A comprehensive analysis of 24 clinical
studies reveals pre-eclampsia history increases women's relative cardiovascular

disease risk to 3.13 (95% CI: 2.51-3.89) while their odds of chronic hypertension
development reach 2.28 (95% CI: 1.87-2.78) and they exhibit an elevated

cardiovascular event probability of 1.8 (95% CI: 1.43-2.21). 231 According to a

prospective cohort study high subsequent risk of end-stage renal disease developed
in patients with PE (Relative Risk of 4.7; 95% CI, 3.6-6.1).241 People who
experienced pre-eclampsia need awareness about developing cardiovascular disease
[26-281 and metabolic syndrome %! together with end-stage or chronic renal disease.*”!
Monitoring symptoms of metabolic syndromes combined with appropriate lifestyle

changes postpartum for women with PE lowers the associated risks.




PERINATAL MORBIDITY AND MORTALITY:

(Table 1) - The following table summarizes perinatal and neonatal complications

of pre-eclampsia which have short and long term. 3%

SHORT TERM COMPLICATIONS

LONG TERM COMPLICATIONS

Intrauterine fetal death (IUFD)
Fetal growth restriction
Oligohydramnios
Nonreassuring NST/FHR

Low Apgar score

Need for NICU admission

Cerebral palsy

Low Intelligence quotient
Hearing, Visual impairment
Diabetes mellitus

Coronary artery disease

Hypertension

The most critical issue with pre-eclampsia demands immediate proper prediction
and prevention methods because IUFD remains the main concern. The chance for

IUFD varies extensively based on population demographics while also considering

PE severity levels and preexisting medical conditions.!! Infant mortality rates are

three times higher for women with pre-eclampsia across low and middle-income

321 Regarding the impact on adult life,

nations in comparison to high-income nations.
the Osmond and Barker et. al 3 study supports the notion that conditions from
intrauterine life impact both adult health along with disease development.
Suboptimal in-utero nutrition caused by placental insufficiency activates metabolic
and hormonal adaptations along with organ morphological alterations that increase
the potential for insulin resistance and diabetes mellitus alongside coronary artery

disease and hypertension.




PREDICTION OF PRE-ECLAMPSIA USING CLINICAL TOOLS AND
BIOMARKERS:

The need for predictive biomarkers for preeclampsia has been consistently rising. A
suitable predictive test enables rapid detection for individualized monitoring
followed by early treatment. A biomarker which identifies high-risk pregnant
women prior to 16 weeks of pregnancy provides clinical value to prevent preterm
preeclampsia and preterm birth as well as perinatal morbidity by enabling low-dose
aspirin prophylaxis treatment for premature disease prevention. The identification

of individuals at increased risk for preeclampsia in late stage of pregnancy, which

allows for increased prenatal surveillance and timely delivery, has been proven by

the findings of the PHOENIX trial by Prof. Lucy C. Chappell et al. in 2019. 34

Potential sources of biomarkers for preeclampsia

Placental Endothelial Organ
disease dysfunction involvement

Sy -‘vc//
///
—~—

Biomarkers measurable in the circulation or urine
.9

@”
]

. 2 99,
T Y

.9

RNA species DNA Metabolites Proteins

(Figure -3) Sources and types of biomarkers that could be analyzed for
preeclampsia assessment. (Teresa M MacDonald et al.2021)




Blood pressure monitoring functions as a preeclampsia screening method that
medical professionals have used since the early 1900s. The diagnostic value of high
blood pressure becomes apparent after preeclampsia commences but fails to
effectively predict future occurrences of the condition. Early pregnancy testing for
preeclampsia includes detecting clinical risk factors yet exhibits minimal predictive

potential (Table 2).

Two screening tests were introduced for clinical practice during the past decade
throughout various clinical settings. These 2 screening approaches exist with
different targets: First-trimester screening identifies high-risk patients for preterm
pre-eclampsia development while the second test assesses late pregnancy women
who face uncertainties about preeclampsia risk. The latter test demonstrates a high
negative predictive value for PE development while simultaneously displaying

exceptional accuracy at determining preeclampsia risk (positive prediction value).

= CLINICAL GUIDELINES FOR THE APPLICATION OF A PRE-
ECLAMPSIA RISK SCORE:

According to ACOG and NICE guidelines previous preeclampsia together with

chronic renal disease and chronic hypertension and preexisting diabetes mellitus and
autoimmune disease constitute the highest risk factors for PE. The ACOG guidelines
include multifetal gestation as one of its risk factors which NICE classifies as
moderate. The combination of > 2 mild risk criteria classifies women as pre-
eclampsia high-risk cases. Among these moderate risks factors are nulliparity and

advanced age with high BMI values as well as > 10-year inter pregnancy intervals

36




and familial preeclampsia history. These protocols provide effective guidelines for

treating all pregnant patients without any extra diagnostic methods or financial

35,36]

expenses but demonstrate inadequate detection abilities. |

= FIRST TRIMESTER COMBINED ALGORITHM:

A new validated screening algorithm uses first-trimester assessment to predict
preterm preeclampsia as a solution to the deficiency seen in clinical risk factor score.
The screening protocol combines mean arterial blood pressure measurements with
Doppler ultrasound examination of uterine artery resistance index alongside
circulating placental growth factor (PIGF). Compared to clinical risk factor
evaluation alone this screening test displays enhanced effectiveness in anticipating

preterm preeclampsia occurrence. [3336]




CURRENT TESTS USED FOR EVALUATION OF PRE-ECLAMPSIA %7

(Table -2)

TEST

SPECIFICATIONS

ADVANTAGES

DISADVANTAGES

Clinical
guidelines for
PE risk score
application.
Given by
National
Institute for
Health and Care
Excellence and

American

College of

Obstetricians
and

Gynecologists.

The combination of
maternal
characteristics along
with pregnancy
conditions and co-
existing medical
problems classifies
as either high risk or
moderate risk

factors.

1) It necessitates an

evaluation of easily

accessible clinical

factors.

2) The  assessment
applies to every pregnant
woman during her first
ANC visit so healthcare
professionals can
determine which patients
require low-dose aspirin
medication for preterm

preeclampsia prevention.

3) This method requires
no specific blood tests or
Doppler

ultrasonography.

4) No additional cost

required.

test

The

1) Limited
performance.

diagnostic tool shows a
sensitivity  of  41%
specifically for pre-term
pre-eclampsia and
demonstrates reduced
accuracy across all pre-

eclampsia cases.

2) The practical
observations
demonstrate that
women at risk do not
show consistent
adherence to low-dose
aspirin as a

preventative measure.




First trimester
screening with
combined

for

of

algorithm
evaluation

preeclampsia

Risk assessment

evaluates maternal
characteristics while
incorporating  both
mean arterial blood
pressure and mean
uterine artery
resistance index
with

PIGF

measurements
circulating

measurements.

1) Achieves a sensitivity

exceeding 82%  for

preterm preeclampsia.

2) Proven to attain a high

level of compliance with

prophylactic aspirin.

1) The testing process
of PIGF from blood
samples together with
ultrasonography of
maternal uterine
arteries resistance

requires extra expense.

2) This method does not
demonstrate high
sensitivity in predicting
term pre
eclampsia.  Identifies
only 42.5% of all cases

of preeclampsia.

3) The combination of
its use with aspirin
prophylaxis does not
decrease the incidence
of preeclampsia
37

which

occurring  after
weeks,
constitutes the majority

of cases.




Soluble fms-like
tyrosine kinase

I (sFlt-1) :
Placental

growth factor

(PIGF) Ratio

Value
than 38

exceeding

indicates

screening positive

1)sF1t1:PIGF
measurement at or below
38 points demonstrates a
99.3% probability that
pre-eclampsia will not
develop  within  the
following week therefore
making it a reliable test
to eliminate pre-
eclampsia as a diagnosis.
(“rule-out” test).

2) This methodology
helps prevent hospital
admissions of women
who are suspected of

having pre-eclampsia.

1) Applicable only to
suspected pre-
eclampsia at beyond 37
weeks; and not relevant
to the general pregnant

women.

2) Assessment of pre-
eclampsia development
remain imprecise with
and

poor  sensitivity

positive predictive
value performance

rates.

Placental
growth factor

(PIGF)

Value of <100pg/ml

indicates

positive

screening

1) The diagnostic
accuracy of this test for
identifying preeclampsia
risk among pregnant

women below 35 weeks

period of gestation stands

at sensitivity of 96% and
negative predictive value

of 98% when monitoring

1) This
method

screening

targets
individuals who are
suspected of having
preeclampsia  before
week 35 of pregnancy
but does not assess the
normal pregnant

population.




developing preeclampsia | 2)Can not predict which
over the following 2 |individuals will develop

weeks. preeclampsia at term.

2) The implementation of
this test has
demonstrated decreased
diagnostic timelines
while reducing
unfavorable maternal
health consequences
along with outpatient

doctor appointments and

healthcare expenses.

A study by Leona C.Y. Poon, Nikos A. Kametas, Nerea Maiz et al. (2009) !

showed that PIGF screening along with pregnancy-asssociated plasma protein A
(PAPP-A) and uterine artery Doppler tests in the first trimester can detect early-onset
PE effectively while maintaining a 5% false-positive rate in low-risk women.
Screening early onset PE among healthy people becomes a realistic option because

five percent of potentially positive test results would result in later PE diagnosis.




A study by Lagana AS, Domenico Giordano et al. (2017) ! demonstrated that first-

trimester pregnancy peripheral blood tests of circulating endothelial progenitor cells

together with natural killer cells can predict the risk of pre-eclampsia development.

The combination of biochemical and molecular biomarkers forms a plausible
screening and diagnostic tool for the detection of PE. The placenta-originated stable
noninvasive molecular markers that circulate in maternal plasma or serum include
miRNAs. Multiple studies reveal that preeclampsia causes specific miRNA
expression changes to occur in placentas and maternal serum (Lagana’ and Vitale

SG et al. 2018). 40!




NON-CODING RNAs:

A recent high-throughput transcriptome studies show that ~90% of eukaryotic
genomic DNA is transcribed. The majority of these transcripts are translated into
non-coding RNAs (ncRNAs) while about 1% to 2% encode different proteins. The
regulatory influence of ncRNAs shows evidence in developmental processes as well
as stress-related and environmental response pathways. The identification and
functional characterization of the entire spectrum of noncoding RNAs (ncRNAs) in

relation to normal physiological functions and their roles in medical conditions is a

41,42]

primary objective of conventional molecular biology. !

Non-coding RNAs function as two main categories which include infrastructure-
related and regulatory functions. The class of constitutive ncRNAs contains
Ribosomal RNAs, Transfer RNAs, Small Nuclear RNAs and Small Nucleolar
RNAs. MicroRNAs (miRNAs) belong to a regulatory ncRNA group together with
Piwi-interacting RNAs (piRNAs) and small interfering RNAs (siRNAs) as well as
long non-coding RNAs (IncRNAs). Recently, Enhancer RNAs (eRNAs) emerged as

a novel promoter-associated RNA (PAR) subclass. [4*]
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(Table-3) TYPES OF NCRNAS AND THEIR BIOLOGICAL ROLES

LONG
NAME

LENGTH
(NT)

CHARACTERISTICS

FUNCTION

Micro RNA

20 to 24

1) The nucleus produces pri-
miRNA as polyadenylated and
capped single stranded RNA with
stem-loop structure that has
improper base pairing.

2) Drosha and Dicer's processing
results in the generation mature
dsRNA with structured terminal
ends.

3) The Ago protein regulates the
effector phase, which mostly

takes place in the cytoplasm.

1)Complete
complementarity: ~ Ago2-
mediated mRNA cleavage
2) mRNA breakdown
(deadenylation, decapping,
and exonucleolytic
degradation) or translation
suppression are examples
of non-perfect
complementarity.

3) Insignificant roles for

translational activation and

transcriptional silencing

PIWI-
interacting

RNA

24 to 31

1) The modified precursor ssRNA
includes 3-terminal 2-O-methyl
2) The 5 end Uridine is highly

preferred.

Transposable germline
genes remain in a state of

dormancy.

Small
interfering

RNA

1) Long, linear base-paired
dsRNA in canonical form

2) Dicer transforms it into mature
siRNA with a diverse final

composition.

1) Endonucleocytic
cleavage is the ideal match.
2)  Endonuclease-inactive
RISC or non-perfect match:
exonucleolytic degradation

or translational suppression




3) Ago proteins promote effector
actions, which mostly take place

in the cytoplasm.

3) Induction of development
of heterochromatin.

4) The locus becomes
inactive from where the
material

initial  genetic

originated.

PAR
(PASR,
TSSa-RNA,
tiRNA,
PROMPT)

Promoter-
associated

RNA

16 to 200

1) ssRNAs which are expressed
weakly.

2) Shorter half-life

3) A bidirectional expression that

reflects the spread of Pol II

Signs of transcriptional
regulation that are partially
unknown (e.g., association
with the Polycomb class of

proteins)

Enhancer

RNA

100 to 9000

1) The ssRNA molecular
sequences derived from enhancer
elements  demonstrate  two-
directional RNA synthesis while
containing Pol II protein and
H3K4mel modifications
alongside coactivator p300.

2) Limited half-life.

3) Sequences that are preserved
across evolution
4) Adaptively controlled by
signaling.

5) The degree of expression
demonstrates a positive
relationship with the

transcriptional activity of

proximal mRNA.

Mostly undiscovered but
involved in the activation of

transcriptional genes




Long non-

coding

RNA

1) The precursor single stranded
RNA

2) Variety of post-transcriptional
changes, including splicing and
polyadenylation, can  affect
IncRNAs.

3) The majority of RNAs
originate from the cell nucleus yet
the cytoplasm contains a tiny
fraction of these molecules.

4)  Except for lincRNAs
(H3K4me3-H3K36me3
signature) and large intergenic
ncRNAs, they are not

evolutionary conserved.

1) Remodeling of chromatin
Regulation of transcription
2)Post-transcriptional
modulation (Transcription
Factors localization,
splicing)

3) SiRNA precursors

4) A constituent of nuclear
organelles, such as nuclear

and paraspeckles




The complexity and heterogeneity of pre-eclampsia complicate its diagnosis,
prediction, and therapy. Due to the inability to identify the molecular patterns of the
primary afflicted organ, the placenta, until pregnancy terminates, prompt monitoring
of PE progression is challenging. Consequently, biomarkers present in peripheral
blood have significant potential for noninvasive surveillance. Various biochemical
indicators can identify placental growth factor together with soluble FMS-like
tyrosine kinase receptor 1 and PP13 (placental protein 13) as well as placental
protein A within serum though their diagnostic value (sensitivity and specificity
remains low) remains limited. Screening and diagnosing pre-eclampsia demonstrate
better precision through molecular biomarkers than biochemical indicators.
Maternal peripheral blood-derived ncRNAs are anticipated to serve as potential

noninvasive biomarkers. A wide array of research investigations focused on

ncRNAs found in peripheral blood samples from PE patients. [4°!




miRNAs (MicroRNAs) AND PRE-ECLAMPSIA:
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(Figure- 5) illustrates the conventional pathway of miRNA biogenesis where RNA
polymerase Il initiates transcription of pri-miRNA molecules within the nucleus.
These primary sequences then undergo processing by the Drosha—DGCRS
complex to generate pre-miRNAs. The transport of precursor miRNAs through
Exportin 5 enables their entry into the cytoplasm for Dicer-TRBP processing that
finally results in their integration into AGO2-RISCs which inhibits target gene
expression. The binding of GW182 to PABP blocks mRNA circularization during
a process that leads to accelerated RNA breakdown. Additionally, miRNAs can be
produced through non-canonical pathways which do not require Drosha cleavage.

(Kelsey R. Bounds et al. 2017)

Small noncoding RNA molecules known as miRNAs consist of 20-24 nucleotides
that control gene expression through targeting of seed sequences located in 3'-
untranslated regions (UTRs) of mRNAs which eventually results in translation
reduction and fragmented mRNA. The biological process of gene expression

functions through miRNAs as they target messenger RNAs (mRNAs) to cause

translation repression while degrading RNA molecules. 61,

Genome sequences containing their own promoter regions generate naturally
occurring small non-coding RNAs known as miRNAs within cells. The transcription
products from miRNAs produce stem-loop structures that measure an average of 70
nucleotides in length. These molecules achieve gene regulation by attaching to target

gene mRNAS to cause post-transcriptional repression. 47481

Some miRNAs possess unique binding ability to target mRNAs that results in their
destruction process. A failure of miRNAs to properly align with target mRNA

3’UTR regions leads to translation process disruption. The nuclear channel initiates

50




precursor miRNA transcript processing through Drosha and RNase III while the
karyopherin-exportin 5 complex facilitates their nuclear export. The exonuclease
activity of Dicer transforms precursor miRNAs into 21-22 nucleotide microRNAs

within the cytoplasmic compartment. )

Next, the miRNA duplex binds to the RNA induced silencing complex (RISC) for
processing within the argonaute (AGO) family in conjunction with two cofactors:
protein kinase RNA (PACT) and protein activator of interferon induced protein
kinase (PRKRA). The target mRNA identification of RISC by miRNAs leads to two
potential outcomes: mRNA cleavage or translational suppression. miRNAs belong
to a class of small non-coding RNA molecules that bind mRNA targets to activate
post-transcriptional repression. The regulation of gene expression depends
fundamentally on the action of miRNAs. Single miRNA expression variation creates
a chain reaction throughout multiple cell genes which leads to simultaneous changes

in their translation capabilities causing altered cell phenotypic expression.

The modifications of miRNAs can potentially modify their target affinity or
functioning ability. miRNA editing enhances multiple stages of miRNA production
thereby modifying target mRNAs while providing regulatory control to the RNA-
mediated gene functional network. RNA editing proteins ADARs control miRNA

biogenesis through their role as adenosine deaminases acting on RNA.

Several studies reveal that disturbances in miRNA homeostasis indicate the presence
of pathological conditions inside the body. The abnormal expression of miRNAs
causes changes in cell processes such as proliferation and differentiation and

apoptosis which links miRNA modifications to pathological conditions. >%>!]
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(Figure-6) presents potential biomarkers used for predicting both early and

preterm cases of PE. High levels of ncRNAs produced by the placenta together
with extravillous trophoblasts are responsible for early placentation and
contribute to both early/preterm onset PE development.( Manabu Ogoyama et al.
2022)




(Table-4) SEVERAL miRNAs INVOLVED IN PRE-ECLAMPSIA P2

SOURCE

REGULATION

miRNAs

METHOD
OF
DETECTION

REFERENCES

Placenta

Upregulated

miRNA-210

Microarray
and
(Quantitative
Reverse
Transcription
Polymerase
Chain
Reaction)
qRT-PCR

Enquobahrie et al.
(2011)

miRNA-515-3p, miRNA-
31, miRNA-210, miRNA-
518a, miRNA-524,
miRNA-518c, miRNA-
520a, miRNA-515-5p,
miRNA- 516a-5p, miRNA-
519e, miRNA-193b,
miRNA-4532, miRNA-
518f, miRNA-527,
miRNA-518e

Next
Generation
Sequencing

(NGS)

Vashukova et al.
(2016)

miR-30a-3p

qRT-PCR

Niu et al. (2018)

Placenta

Downregulated

miRNA-1247, miRNA-
328, miRNA-584, miRNA-
139-5p, miRNA-500,
miRNA-34c- 5p, miRNA-1

Microarray
and qRT-PCR

Enquobahrie et al.
(2011)

miRNA-135b, miRNA-
195, let-7f, miRNA- 34c,
miRNA-1, miRNA-98,
miRNA-223

Vashukova et al.
(2016)




miRNA-532-5p, miRNA-
423-5p, miRNA- 127-3p,
miRNA-539-5p, miRNA-
519a- 3p, miRNA-629-5p,
let-7c-5p

Timofeeva et al.$
(2018)

Upregulated

miRNA-141, miRNA-29a

NGS and
qRT-PCR

Li et al. (2013)

miRNA-24, miRNA-26a,
miRNA-103, miRNA-
130b, miRNA-181a,
miRNA-342-3p, miRNA-
574-5p

Microarray
and qRT-PCR

Wu et al. (2012)

miRNA-215, miRNA-155,
miRNA-650, miRNA- 210,
miRNA-21

gRT-PCR

Jairajpuri et al.
(2017)

miRNA-423-5p, miRNA-
519a-3p, miRNA- 629-5p,
let-7c-5p

NGS and
qRT-PCR

Timofeeva et al.
(2018)

Maternal
plasma

Downregulated

miRNA-144

NGS and
qRT-PCR

Li et al. (2013)

miRNA-18a, miRNA-19b1

qRT-PCR

Jairajpuri et al.
(2017)

Maternal
serum

Upregulated

miRNA-210, miRNA-
520a, miRNA-1233

Microarray
and qRT-PCR

Ura et al. (2014)

miRNA-152, miRNA-183,
miRNA-210, miRNA- 182

gRT-PCR

Li et al. (2015)

Downregulated

miRNA-144

Microarray
and qRT-PCR

Ura et al. (2014)




(Figure 7) — Various miRNAs involved in pathogenesis (Stage 1 &2) of PE
(Georgios Skalis et al. 2019)
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THE ROLE OF miRNA-210 IN PRE-ECLLAMPSIA:

The circulating miRNA-210 originates from the placenta and plays an essential role
in hypoxia-triggered disturbances which cause trophoblast vascular endothelial
impairment during pre-eclampsia. The miRNA-210 shows elevated expression in
preeclampsia-affected placentas according to multiple independent scientific

studies. [33-54]
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(Figure -8) - During gestation miRNA-210 under hypoxic conditions repress
spontaneous transient outward currents in uterine arteries (Xiang-Qun Hu et al.

2021)

The initial analysis conducted by Pineles et al. (2007) B3 utilized gRT-PCR to
investigate 157 miRNAs which demonstrated increased miRNA-210 levels in
preeclampsia-affected placentas. The research findings from Zhu et al., together with
subsequent work of Mayor-Lynn et al. and Enquobahrie et al. reported elevated
miRNA-210 expression levels are seen in pre-eclamptic women. 6371 The genomic

locus of transcript AK123483 contains miRNA-210 as an intronic miRNA. The
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expression of miR-210 depends on regulatory factors such as hypoxia-inducible

factors (HIF-1a, HIF-20) together with NF-«xB.8!

Placental miRNA-210 shows higher expression levels in cases of preeclampsia yet
its identified targets remain limited for understanding preeclampsia pathogenesis.
Abnormal expression of miRNA-210 correlates directly to hypoxic conditions which

restrict both trophoblast invasion capabilities and spiral artery remodelling therefore

triggering preeclampsia onset.>*l HIF-1a protein mediates this process by binding to

the HIF-responsive element situated 400 base pairs above the proximal promoter.
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(Figure - 9) demonstrates how ceRNAs composed of IncRNAs and circRNAs
guide microRNA targets to achieve competitive endogenous RNA control over
Trophoblast cell proliferation and invasion, migration and apoptosis throughout

the GO0/G1 phase. (Ningxia Sun et al. 2021)

The overexpression of miRNA-210 allows hypoxia-inducible factors (HIFs) to
modulate hypoxic cellular responses through gene regulation of erythropoiesis along
with differentiation, inflammation, angiogenesis, cell proliferation, apoptosis and

metabolism.[®0!
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J

~
Stimulated by hypoxic conditions

(Figure - 10) The overexpression of miR-210 disrupts different biological

processes starting from placental angiogenesis to trophoblast cell invasion and

migration events. (Sandra Kannampuzha et al. 2022)

The research done by Zhang et al. (2012) discovered increased miRNA-210
expression in preeclampsia placenta samples while showing hypoxic conditions

trigger rapid miRNA-210 elevation in trophoblast cell line. This study showed that
NF-kB p50 and HIF-1a both regulate miRNA-210. Homeobox-A9 (HOXA9) and
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ephrin-A3 (EFNA3) serve as miRNA-210 direct targets while performing diverse
genetic functions that include cellular migration as well as embryonic vascular
remodeling and developmental processes. The downstream genes that encode
KCMF1, NOTCHI1, and MAPK become miRNA-210 targets potentially disrupting

trophoblast invasion together with proliferation and angiogenesis.[®!]

According to Luo et al. (2014) 21 KCMF1 levels exhibited an opposite relationship
with miRNA 210 expression levels and presented reduced amounts in PE patient
placental tissue. The dual luciferase method demonstrated experimentally that
KCMFI1 functions directly as a target of miRNA 210 in HTR8/SVneo cells.
Furthermore, tumor necrosis factor-o. (TNF-a)), an inflammatory factor, suppress
KCMF1 levels while increasing miRNA-210 expression. Therefore, by disrupting
KCMFI1 mediated signaling in the human placenta, aberrant miRNA-210 expression

potentially contributes to the development of PE.

According to Murali Manoharan et al. (2012) %1 placentas with PE had

mitochondrial dysfunction, which was linked to increased reactive oxygen species
(ROS) production and stable Hypoxia-inducible factor -1 levels. Additionally, they
further discovered that PE placentas had downregulated ISCU (iron-sulfur cluster
scaffold homolog) and upregulated miRNA-210. According to their findings,
mitochondrial function 1s suppressed by miRNA-210 upregulation through

mitochondria-associated ISCU.

The hypoxia-induced experiment of Lee et al. (2011) [**! demonstrated that Swan-71
trophoblasts showed increased iron deposition. They observed elevated retention of
intracellular iron and reduced matrigel invasion in Swan-71 trophoblasts when the

ISCU was transfected with inhibitors. This implicates that miRNA-210-mediated
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ISCU reduction might prevent trophoblast invasion that leads to PE. This study
represents a new pathophysiological link between miRNA-210 and PE development.

The specific function of miRNA-210 emerges prominently through its control of cell
division together with DNA damage responses and mitochondrial oxidative
metabolism and angiogenesis regulation. Due to its biogenesis and physiological

significance, miRNA-210 is a prospective gene for use as a prognostic biomarker for

therapeutic interventions and future treatment strategies.!’!

Several studies have found preeclampsia through markers, including plasma
microRNAs (miRNAs), which function as gene regulators [°®). Despite the
association of mRNAs with the pathophysiology of PE, the findings remain
ambiguous 7 % Research has identified several miRNAs, including miRNA-210
and miRNA-155, in maternal circulation that correlate with an elevated risk of

preeclampsia (PE) [6!]




(Figure - 11) - showing a summary of cellular processes which miRNA-210

modifies through direct and indirect influences based on GO (Gene Ontology)
analysis. (Guomin Shen et al. 2013)
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The hypoxia-induced miRNA group, or hypoxamiRs, is expressed by miRNA-210

and is present in both normal and altered cells as a response to hypoxia. [61: 8]

Hypoxia has been established as a characteristic of preeclampsia, and miRNA-210
is increased by hypoxia-inducible factor-1a under hypoxic conditions, identified as
the mediator between preeclampsia and miRNA-210 [%¢), R Kannan Mutharasan et.
al [7Thave reported that hypoxic tissue has higher levels of miRNA-210, either in
an HIF-dependent or HIF-independent way. Consequently, miRNA-210 may serve
as a prospective biomarker for the early identification and diagnosis of pre-
eclampsia [®8], Plasma tests demostrate that miRNA-210 exists in circulating blood

while also revealing its detectable levels in plasma samples. (¢!

Recent studies have shown that PE pathophysiology links to specific changes in
plasma-associated miRNA levels particularly miRNA-210 and miRNA-155. The
serum and urine expression levels of miRNA-210 in preeclamptic women can be
examined. Discrepancies were identified when compared to healthy pregnancies in
an attempt to evaluate possible biomarkers for predicting the risk of preeclampsia.
The analysis of these miRNAs may yield insights into the pathophysiological

mechanisms of PE. [70-73]

Despite substantial research by experts on the etiology of preeclampsia, the
underlying causes remain unresolved, complicating early detection and risk
assessment and impeding effective prevention and treatment efforts. The
identification of novel biomarkers linked to preeclampsia may facilitate early
diagnosis and aim to uncover the molecular processes that result in this pregnancy

related condition, therefore enabling targeted therapeutics and preventive

strategies.!’




Therefore, it is imperative to conduct research for identification and validation of

new preeclampsia biomarkers to improve pregnancy outcomes across the globally.

Also, existing invasive methods, including amniocentesis and chorionic villus
sampling, result in miscarriage. Thus, development of non-invasive methods are
developed for diagnostic and prognostic purposes because of these limitations.
miRNA analysis through circulating fluids 1s possible because these molecules exist

steadily in multiple bodily liquids.

The analysis of biomarkers at the molecular level within peripheral blood along with
saliva and urine offers a non-invasive approach. Biomarker testing provides a
combination of accuracy and affordability for early screening, prognosis assessment,
along with disease monitoring in pre-eclampsia. Early pre-eclampsia diagnosis occur
through screening for women who are at elevated risk to start prompt interventions
aimed at preventing preeclampsia complications. Additional research must be done
to properly validate and maximize the effectiveness of biomarkers for better

objective diagnosis and prediction outcomes. [

The main purpose of this study is to establish circulating miRNA-210 as a non-
invasive molecular prognostic marker to predict pre-eclampsia onset in women with
elevated risk factors. The incidence, progression, and diagnosis of PE continue to

pose for challenge in clinical research. Nevertheless, current diagnosis

predominantly depends on blood pressure assessments, hematological evaluations,

and urine examination (proteinuria).




I Did a Literature Search about same topic.

Robert Morey, Lara Poling, Srimeenakshi Srinivasan et al. (2023) U%; study
done at California, San Diego, La Jolla, CA, USA on total of 131 women. This case
- control study aimed to detect ex-miRNA indicators for diagnosing pre-eclampsia
while predicting its prognosis among women under evaluation for pre-eclampsia.
Small RNA seq libraries were generated with maternal serum specimens that were
obtained during 20-to-40-weeks of gestation. Bivariate biomarkers were developed
from multiple ex-miRNA pair ratios that served as the biomarkers. The evaluation
process determined 110 bivariate ex-miRNA biomarkers for both discovery (48
cases and 34 controls) and verification (23 cases and 18 controls). A machine
learning approach combined with iterative methods yielded three biomarkers as
bivariate pairs of miRNA that managed to distinguish between preeclampsia cases
and controls while reaching 93% sensitivity with 55% positive predictive value and
clinical PE severity classification. The independent validation study tested 11 PE
cases and 7 controls with these three biomarkers obtaining results with 91%
sensitivity and 85% positive predictive value. Three bivariate ex-miRNA biomarkers
have been identified, tested, and confirmed, which, when applied sequentially,

provide precise early detection of preeclampsia.

Ilona Jaszczuk, Dorota Koczkodaj , Adrianna Kondracka et al. (2022) ™ The

study emphasized miRNA-210's role in pre-eclampsia development. The article
drew its conclusions from various studies about how circulating miRNAs function
as promising biomarkers to detect human physiological and disease states. The
biological advantage of miRNAs lies in their resistance to degradation in bodily
fluids including serum alongside the accessibility of obtaining these samples for

analysis using non-invasive procedures. The main origin of miRNA-210 in maternal
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serum during pregnancy comes from the placenta although damaged endothelium
should be included as a potential source. Serum from pregnant women who develop
clinical pre-eclampsia symptoms shows increased levels beginning at week 8 and
extending to week 12 before delivery. Study findings show that miRNA-210
functions well as a potential biomarker tool for predicting pre-eclampsia onset

during pregnancy.

Deeba S. Jairajpuri, Zainab H. Malalla, Sameh Sarray et al. (2021) U"); Between

November 2017 and January 2018 case-control study was done which included 30
Arab women diagnosed with PE—15 were classified as having mild PE and 15 as
having severe PE along with 15 healthy pregnant women. The study analyzed
possible hypoxia-mediated pathological pathways involved in pre-eclampsia
development. miRNA-210 plasma expression levels in patients were examined of
severe PE and mild PE then assessed how altered relative expression influences
target gene differential expression between both groups. Both groups (mild PE and
severe PE) showed statistically significant relative expression compared to controls
using P-values below 0.01 and fold changes higher than 2 as established cutoff
criteria. All severe PE patients showed higher miR-210 expression compared to mild
PE patients as their relative expression was measured at 19.20 (P value = 0.003) and
10.43 (P value = 0.005), respectively. The study results show that preeclampsia
patients exhibit higher miRNA-210 levels than patients without preeclampsia.




Yousra M. Mammdoh, Omar, Hanan et al. (2021) "8 ; A prospective cohort study
was conducted in Assiut University hospital, Egypt. The study analyzed plasma
samples of 40 pregnant women during a period between December 2018 to March
2020 with gestational ages ranging from 14 to 26 weeks who had several risk factors
for preeclampsia. Pregnant women with preeclampsia showed increased plasma
levels of miRNA-210 when compared to those who did not develop PE. Plasma
levels of miRNA-210 demonstrate potential value for predicting preeclampsia onset
in high-risk pregnant women. Q-PCR technique was used to measure miRNA-210
concentrations within plasma samples. The investigation followed pregnant patients
through antenatal clinic appointments to assess predicted PE outcomes in the study
population. Plasma miRNA-210 showed substantial elevation among pregnant
women with pre-eclampsia (PE) risk factors who developed PE after follow-up
[mean = SE (19.23 + 6.95)], with a median of 15.48 versus those without PE [mean
+ SE (4.29 + 1.36)], with a median of 1.51 (P = 0.001). The ROC curve helped
determine the predictive power of miRNA-210 for pre-eclampsia diagnosis in
pregnant women exhibiting risk factors. With a 2.28-fold change cutoff plasma
miRNA-210 achieved an 87.5% sensitivity combined with 68.8% specificity for
preeclampsia prediction in at-risk pregnant patients as measured by the area under

the curve (AUC) of 0.852.

Fetnat M. Tolba, Adel Agha, Maha Rachwan et al (2020) "); A study conducted

at Benha University, Egypt throughout 2018-2019 demonstrated that pre-eclampsia
patients exhibit higher miRNA-210 in their plasma and this increase is more
significant in severe pre-eclampsia than in moderate pre-eclampsia cases. The
analysis of serum miRNA-210 stands as a non-invasive tool for detecting pre-
eclampsia in pregnant women and predicting its development. The study examined

30 pregnant women with preeclampsia in which Group I contained 15 mild cases
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and Group II contained 15 severe cases. The analysis included 20 healthy pregnant
women who matched the study participants in terms of age and sex. Women
participating in this study received extensive medical history evaluation and
complete health examinations and laboratory testing and gene analysis for miRNA-
210 through RT-PCR. Serum miRNA-210 levels surged markedly higher in pre-
eclampsia patients compared to controls (P value <0.001) and severity of pre-
eclampsia directly correlated to raised miRNA levels (P value <0.001). miRNA 210
displayed robust positive connections to blood pressure readings and proteinuria and
both AST and ALT concentrations showed significance as well (P value 0.002). The
research showed a positive relationship along with statistical significance (P value
0.002) between miRNA-210 and the values for AST and ALT and PTT. The
diagnostic accuracy of PE reached 90.0% sensitivity and 85.0% specificity

according to this study's results.

Andrea Hornakova, Zuzana Kolkova, Veronika Holubekova et al (2020)3% |

Slovakia, published a research article on Diagnostic Potential of miRNAs as the
Biomarkers in Detection of PE. Studies confirmed that women with preeclampsia
presented elevated levels of miRNA-210 and miRNA-182. Regressive research
studies on preeclampsia women have focused on two key microRNA elements:
miRNA155 and miRNA-210. Increased levels of miRNA-210 were found in
preeclampsia patients which generated trophoblast inhibition and limited migration
and invasion capabilities. The blood testing of miRNA210 revealed increased
expression in both placenta and patient plasma samples from preeclampsia cases. To
clarify miRNA function as disease biomarkers new experimental strategies must

emerge and acquired experimental findings must link with database records and




computational prediction assets to reveal miRNA activities across medical

conditions while selecting appropriate biomarkers.

Mehdi Koushki, Nasrin Amiri Dash Atan, Hossein Omidi-Ardali et al. (2018)
[70] have done a meta-analysis search strategy on
evaluation of the relationship between miRNA-210 expression and risk of pre-
eclampsia. The analysis used a fixed-effect model which showed absence of
heterogeneity. They identified 12 studies on PE that reported alterations in miRNA-
210 levels. The PE and control groups comprised 238 and 277 participants. The
standardized mean differences (SMDs) for miRNA-210 levels were evaluated,
resulting in an SMD of 0.32, a 95% confidence interval of 0.14 to 0.49, and a p-

value 0.97. The results suggested the expression level of miRNA-210 could serve as

a predictive marker and a diagnostic tool for pre-eclampsia.

Lu Gan, Zheng Liu, Ming Wei et al. (2017) BY; A case-control investigation

performed between November 2015 and October 2016 on 40 pregnant women at the
First Affiliated Hospital of Jinan University in China demonstrated an association
between preeclampsia development and elevated serum levels of miRNA-210 and
miRNA-155. The observed findings present potential novel methods to determine
PE risk among pregnant women. Research findings throughout the past decades
demonstrate that microRNA molecules play critical roles in the pathophysiology of
PE. The exact mechanisms that drive PE development remain a unclear matter.
Comparative genetic expression of four microRNAs (microRNA-210, microRNA-
155, microRNA-125b-5p, and microRNA-125a-5p) in 20 pregnancies with

preeclampsia versus 20 normotensive pregnancies. Both population cohorts
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underwent Ct level assessment through real-time quantitative reverse transcriptase
polymerase chain reaction methodology. The research showed -elevated
microRNA210 and microRNA155 levels in preeclampsia-affected pregnancy
patients. The diagnostic testing showed AUC results at 0.750 for miRNA-210
evaluation and 0.703 for microRNA-155 assessment. The values for AUC regarding
microRNA-210 (serum/urine ratio) and AUC for microRNA-155 (serum/urine ratio)
reached 0.761 and 0.718. A positive relationship existed between 24hour urine
protein concentrations and urinary levels of both microRNA-210 and microRNA-
155. The research shows serum microRNA-210 along with microRNA-155
establishes both sensitivity and specificity for diagnosing PE in pregnant patients.
The discovered miRNAs serve as promising diagnostic tools to detect women who

may develop PE.

Pooneh Nikuei, Nahid Davoodian, Iman Tahamtan et al. (2015) 8?; A systematic

electronic search of observational studies including cohort, case-control alongwith
cross-sectional studies was conducted through Pubmed, Embase, Web of Science,
Scopus and Cochrane and OvidSP MEDLINE along with LILACS. According to the
study, miRNAs gained considerable attention as potentially new diagnostic
biomarkers for pre-eclampsia (PE), tissue damage, and cancer. According to recent
reports, preeclamptic patients' serum and placenta exhibit aberrant miRNA
expression. miRNA-210 emerges as the most prevalent placental miRNA during
preeclampsia because it functions as a hypoxia-responsive microRNA. Across all
cell types, miRNA-210 levels increase in response to low oxygen availability, and
they are elevated in hypoxia-related conditions such as PE and cancer. The specific
microRNAs discovered possess potential value as tools to determine women who

may develop PE.




Qian Li, Anxiong Long, Liansheng Jiang et al. (2015) [**); A case-control study at

Shanghai First People's Hospital in China involved 64 female participants to
measure ten distinctive placental miRNAs while assessing their diagnostic potential
for early PE detection. The study demonstrates that miRNA-210 and two other
miRNA types present elevated levels in preeclampsia affected mothers starting at 20
weeks of pregnancy that continue through the third trimester versus healthy controls.
Their study involved measuring ten placenta-derived distinctive microRNAs in
blood samples because these microRNAs might help diagnose preeclampsia at an
early stage. The investigation analyzed ten microRNAs showing differential
expression patterns with four elevated microRNAs (microRNA-152,
microRNA-182, microRNA-183, and microRNA-210) and six reduced microRNAs
(microRNA-1, microRNA-328, microRNA-363, microRNA-377, microRNA-500,
and microRNA-584). The levels of miRNAs (microRNA-152, microRNA-183, and
microRNA-210) increase from the 20th to 24th gestational weeks and indicate future
risk of developing preeclampsia. The AUC for PE prediction from the 20th to 24th
gestational weeks using microRNA-152, microRNA-183, and microRNA-210 was
determined at 0.94, 0.97 and 0.93 respectively. Pregnant women with preeclampsia
exhibit elevated levels of circulating microRNA-152, microRNA-183, and
microRNA-210 as detected in the second trimester which enables effective early
differentiation between patients at preeclampsia risk and those with normal

pregnancy progress 8-10 weeks before clinical manifestations emerge.




Blendi Ura, Giordana Feriotto, Lorenzo Monasta et al. (2014) 3%; Retrospective
study evaluated miRNA patterns in serum specimens taken from pregnant subjects
between weeks twelve and fourteen to determine those who later developed severe
PE in their final trimester. The results were compared against samples from healthy
pregnancy patients. 19 differentially expressed miRNAs were identified, comprising
12 upregulated (miRNA-1233; miRNA-650; miRNA-520a; miRNA-215; miRNA-
210; miRNA-25; miRNA-518b; miRNA-193a-3p; miRNA-32; miRNA-204;
miRNA-296-5p; miRNA-152) and 7 downregulated (miRNA-126; miRNA-335;
miRNA-144; miRNA-204; miRNA-668; miRNA-376a; miRNA-15b) in severe PE,
utilizing TLDA chips (human microRNA panel V3.0). 4 miRNAs (miRNA-1233,
miRNA-520a, miRNA-210, miRNA-144) were confirmed in severe PE serum
samples using Quantitative Reverse Transcription Polymerase Chain Reaction.

(qQRT-PCR).

Lauren Anton, Anthony O. Olarerin-George, Nadav Schwartz et al. (2013)8!;

The Hospital of the University of Pennsylvania in Philadelphia conducted two
clinical studies using 72 women in a case-control design and 96 women in a
prospective cohort design to evaluate miRNA-210 expression. The research shows
miR-210 measurement serves as a reliable biological indicator to identify women at
risk for developing hypertensive pregnancy complications before disease symptoms
emerge. A case-control study analyzed serum miRNA210 expression levels from
maternal blood during clinical preeclampsia diagnosis. Study showed HDP
development in women led to elevated miR-210 levels which reached 5.3 times the
original expression compared to women who did not develop HDP (P = 0.003).
Higher miR-210 expression levels led to HDP development by 1.8 times more than
normal (95% CI 1.3 to 2.6; P = 0.001). Among the risk factors including race,
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tobacco use and BMI and parity level each five-unit increase of miR-210 boosted
the likelihood of HDP by a factor of 2.7 (95% CI 1.6 to 4.6; p < 0.0001). The analysis
of women with preeclampsia achieved a fourfold rise in preeclampsia risk
assessment (95% CI 1.8t0 8.7; p <0.0001; AUC 0.89) by demonstrating higher miR-

210 expression.

Michal A Elovitz, Anthony Olarein George, Jamie Bastek et al. (2012) [*); Two

independent research groups were studied in Philadelphia. The first dedicated their
study to case-control analysis with 42 participants and their second research section
used prospective cohort evaluation with 38 women in their sample. This study aimed
to establish specific miRNAs as biomarkers for detecting preeclampsia in advance
through analyzing miRNA210 which provides predictive power for the condition
months before clinical diagnosis. These results support miRNA210 as an ideal
diagnostic tool and surveillance marker for pre-eclampsia assessment through future
intervention trials. The observed miRNA210 value variations showed statistical
distinctions between preeclampsia patients and healthy controls (P = 0.0009). The
risk for developing pre-eclampsia escalated by 5.5 times at each stage of miRNA210
level increase (1.7-17.9, P 0.005). The diagnostic value of miRNA210 indicated an
AUC rate of 0.83 alongside 95% sensitivity while maintaining 50% specificity. The
positive likelihood ratio stands at 8.5 when the test shows a 60% sensitivity level.
The median levels of miIRNA210 demonstrated significant variations between pre-
eclampsia-developing and non-pre-eclampsia women in samples from the second
trimester (P 0.0003). ANOVA results showed an ROC value of 0.85 together with
90% sensitivity which produced 84% specificity and a Likelihood Ratio
measurement of 5.7. The study aimed to understand if specific miRNAs could serve

as biomarkers to identify and predict pre-eclampsia.




METHODS AND MATERIALS

SOURCE OF DATA:

Patients who delivered at B.L.D.E (Deemed to be University), Shri B.M. Patil
Medical College Hospital and Research Centre, Vijayapura.

= Health care setup: Tertiary care hospital

= Total Sample size: 102 pregnant women (51 cases and 51 controls)

= Type of study: Case - Control Study

= Study Period: April 2023 - February 2025

INCLUSION CRITERIA:

Pregnant women age > 18years with Singleton pregnancy.

= Prenatal care at BLDE.

= Adverse outcomes if any, in the mother and fetus shall be recorded.

» CASES:
= A pregnant woman with elevated BP readings of >140/90mmhg measured
twice during a six-hour period while exhibiting significant proteinuria
(either > 300 mg through 24-hour urine analysis or >1+ by dipstick)
following 20weeks period of pregnancy, in a previously normotensive

woman.

» CONTROLS:

= The normotensive pregnant women of BP <140/90 mmmbhg on at least two

separate antenatal visits, 2 to 4 weeks apart with no proteinuria.




EXCLUSION CRITERIA:

= Any congenital fetal malformations or chromosomal abnormalities
= Chronic Hypertension

= Twins with PE

= Renal disease with PE

= Cardiac disease with PE

= Recent infection

= APLA Syndrome

SAMPLE SIZE CALCULATION: 102

With anticipated sensitivity and specificity of miRNA in preeclampsia at 90.0% and

85%, respectively [°], considering the prevalence of preeclampsia at 4.6% 7, at the

precision of 10% and 95% confidence, the required sample size was 51 per group.

(Total sample size - 102 considering equal size groups)

The formula used is -

N will be (a+c) if we use sensitivity as p

N= (a+c)/Prevalence




STATISTICAL ANALYSIS:

= The analysis was conducted through SPSS version 20 statistical software
brand SPSS, Inc. from Chicago, IL.

= The obtained data was entered into a Microsoft Excel sheet followed by
analysis utilizing statistical package for social sciences (version 20).

= Results were shown through Mean/Median £SD measurements together with
counts, percentages and diagrams.

= The data analysis employed the Mann-Whitney U test to evaluate not
normally distributed variables. A Chi-Square test evaluated the statistical
relationships between categorical variables within the two tested groups.

= Mann-Whitney U test was applied to compare the miRNAs expression levels.

= Spearman’s correlation “r” determined relationships between miRNA-210

and other variables within a range of -1 to +1.

= A p value below 0.05 establishes statistical significance for this study. All the

tests performed were two-tailed in all cases.
= ROC analysis was done to evaluate pre-eclampsia using miRNA-210 while
calculating the best cutoff point along with diagnostic indices that produced

sensitivity, specificity, positive predictive value and negative predictive value.




METHODOLOGY AND SAMPLE COLLECTION:

Institutional review board approval was sought [BLDE(DU)/IEC/891/2022-23].
Informed and written consent was obtained following the Declaration of Helsinki

once the patient was admitted. The study had been registered with the Clinical Trials

Registry of India (CTRI1/2023/10/059019).

Pre-eclamptic patients who met the inclusion criteria and provided consent were
recruited as cases, while normotensive pregnant women who gave their consent
served as controls. Both the cases (pre-eclamptic women) and control (normotensive
women) group were matched with age &+ Syears, period of gestation + 1 week, and

obstetric score.

All the women included during this study are subjected to:

= Complete history taking, including personal information on the patient and

the maternal age, obstetric history, significant family history, period of

gestation, and preeclampsia onset.

= Clinical Examination includes- General physical examination and clinical
assessment — Systolic Blood Pressure, Diastolic Blood Pressure, pedal edema,
Weight, Body mass index (BMI), Obstetric examination.

= Laboratory investigations — Renal Function Test, Complete Blood Count,
Liver Function Test, Coagulation Profile, Fundoscopy

= Obstetrics Growth Scan with Doppler

= Follow-up of cases will be done till delivery.

= Information will be collected from each patient through a pre-tested proforma

meeting the study’s objectives.




= Three millilitres of blood was drawn, and the serum has been extracted and
divided into portions before being collected. The serum aliquots were frozen

at 80°C.

= The process of obtaining serum requires centrifugation at 1600 rpm for 15

minutes under room temperature conditions. The supernatant from the
isolation process was deposited into Eppendorf tubes. Recentrifuging at
14,000 rpm for 10 min allowed the separation of cell debris while the collected

supernatants underwent storage at 80 °C prior to RNA extraction.

MOLECULAR ANALYSIS:

= RNA EXTRACTION:

The Nucleospin Plasma isolation Kit extracted RNA from 200ul serum which was
recorded on the teckon make multimode plate reader at 260/280 OD to check RNA

purity and reached concentrations ranging from 0.25-8 pg.

(Figure 12) Image depicting of Total RNA




= POLYADENYLATION AND REVERSE TRANSCRIPTION:

The cDNA synthesis reaction was set up for each of the RNA sample to enable gPCR
analysis. The absolute quantity of miRNA levels can be measured through a standard
curve.

» The following reagents were mixed in an RNase-free 0.2 ml tube:

= POLY(A)/cDNA SYNTHESIS REACTION: (Table -5)

Reagent Volume(pul)
mRQ Buffer (2x) 5
RNA sample (0.25-8 ng) 3.75
mRQ Enzyme 1.25

Total Volume 10

» The thermal cycler incubated reactions at 37°C for one hour using its

temperature programs then shifted to 85°C for five minutes to deactivate
enzymes.
» Each tube received 90 ul ddH2O to reach a total volume of 100 pl.

» This prepared cDNA solution was used for miRNA quantification procedures.

= QUANTIFICATION OF miRNA BY qPCR:

Standard curve method enabled the procedure. Two extra qPCR amplifications
were performed using U6 snRNA controls for AACt analysis and cDNA from

synthetic miRNA for standard curve analysis.




= SAMPLE qPCR REACTION: (Table- 6)

REAGENT VOLUME((ul)
ddH20 9

TB Green Advantage Premix (2X) 12.5

ROX Dye (50X) 0.5
miRNA-specific primer (10 pM) 0.5

mRQ 3’ Primer (10 uM) 0.5

cDNA 2.0

Total volume 25

= U6 qPCR REACTION: (Table- 7)
REAGENT VOLUME((ul)
ddH20 9
TB Green Advantage Premix (2X) 12.5
ROX Dye (50X) 0.5
U6 Forward primer (10 pM) 0.5
U6 Reverse Primer (10 uM) 0.5
cDNA 2.0

Total volume 25

The reactions were cycled using the instructions described by TAKARA Make
single sep QRTPCR for real-time kit. ABI QUANT 5 Studio instrument was utilized

for this procedure.




Denaturation 95°C 10 seconds Dissociation Curve

qPCR x 40 Cycles 95°C for 60 seconds
95°C for 5 seconds 55°C for 30 seconds
60°C for 20 seconds 95°C for 30 seconds

= DELTA-DELTA CT (AACt) METHOD:

The delta-delta Ct (AACt) technique probes relative miRNA quantities in different
samples by aligning them against U6 RNA for normalization purposes. The Ct
values were calculated by analyzing the unknown miRNA together with the
reference U6 RNA 1n each tested sample. The relative levels were calculated through

the AACt method assessment following this measurement process.

= ABSOLUTE QUANTIFICATION METHOD (STANDARD CURVE):

A calibrated synthetic miRNA preparation provides the basis for preparing serial

dilutions to create the standard curve. The Ct values obtained during the experiments

serve as input for determining miRNA copy number through the established plot.

» A logarithmic scale plot was used to display Ct data from duplicate qPCR runs
of cDNA derived from synthetically diluted miRNA samples along with their
corresponding input miRNA copy numbers. (Step 1)




» Using the standard curve established in Step 1 corresponding RNA copy

numbers were calculated by retrieving data from each duplicate experiment's

average Ct values.




RESULTS
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PARTICIPANTS:
A total of 5,221 women delivered at Shri B M Patil Medical College Hospital &

Research Centre, Vijayapura from April 2023 to February 2025. 102 consenting
women are taken into this study who fulfilled the inclusion criteria.

(Figure -13) Flowchart of participant recruitment in case-control study
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(n=15221)
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J health condition

A

[ Pre-eclampsia J [No Pre-eclampsia

at birth

(n=678) (n=4247)

N J
4 ) -
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incomplete data /
reports

-

v A 4

[ Pre-eclampsia ] [ Eligible controls for ]
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Controls
(n=51)

[ 51 cases and 51 controls were analyzed ]




GENETIC ANALYSIS:

The peripheral venous blood of the 102 patients who were enrolled in the study was
collected and sent for genetic analysis of the miRNA-210 gene. The miRNA-210

gene was analyzed in both the groups and the results are as follows:

(Table - 8) Quantification of RNA by Multimode Reader

RNA
Samples of
Cases

OD at
260/280

Concentrat
ion in
ng/ml

SI
No.

RNA
Samples of
Cases

OD at
260/280

Concentra
tion in
ng/ml

Case 1

1.94

55

27

Case 33

1.91

78.50

Case 2

1.87

66

28

Case 34

1.87

84.03

Case 7

1.90

75.03

29

Case 35

1.96

90.02

Case 8

1.92

97

30

Case 36

2.03

49

Case 9

1.87

92

31

Case 37

2.01

68

Case 10

2.01

75

32

Case 38

2.03

73

Case 11

2.09

85.01

33

Case 39

1.88

95

Case 12

1.92

93

34

Case 40

2.05

62

1
2
3
4
5
6
7
8
9

Case 13

1.96

90

35

Case 41

1.91

81

Case 14

2.02

88

36

Case 42

1.92

93

Case 15

2.04

71

37

Case 43

1.98

76

Case 16

2.05

62.90

38

Case 44

2.01

82

Case 17

1.91

85.5

39

Case 45

1.93

75

Case 18

1.98

100

40

Case 46

1.95

88

Case 19

2.06

74.80

41

Case 47

2.04

91

Case 20

1.98

82

42

Case 49

2.02

73

Case 21

1.89

61

43

Case 50

1.90

57

Case 22

2.04

97

44

Case 51

1.95

60.50

Case 23

2.07

45

Case 52

1.93

89

Case 24

1.95

64

46

Case 53

1.99

91

Case 25

1.90

57

47

Case 55

2.02

72

Case 26

1.93

04

48

Case 57

1.93

77

Case 27

1.92

62

49

Case 60

2.05

94

Case 28

1.98

98

50

Case 61

2.01

82

84




Case 29

2.03

94

Case 62

1.97

85.70

Case 30

1.98

91

RNA
Samples
of Controls

OD at
260/280

Concentrat
ion in
ng/ml

RNA
Samples
of Controls

OD at
260/280

Concentra
tion in
ng/ml

Control 3

1.90

71

Control 78

1.89

97

Control 4

2.06

82

Control 79

1.91

49

Control 5

1.92

89.02

Control 80

1.95

61.02

Control 6

2.00

76.05

Control 81

1.93

73

Control 31

1.91

78.01

Control 82

1.91

44

Control 32

1.92

72

Control 83

2.02

Control 48

1.94

80

Control 84

2.05

Control 54

1.91

Control 85

1.92
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Control 56

2.01

93

Control 86
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Control 58

2.05

85

Control 87
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Control 59

2.02

96

Control 88
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Control 63

1.92

74

Control 89

2.03
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Control 64

1.98

82

Control 90

2.07
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Control 65

1.87
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Control 91

1.96
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Control 66

2.03

Control 92

1.94
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Control 67

2.06

Control 93

1.92
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Control 68

1.94

Control 94

1.91
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Control 69

1.96

Control 95

1.93
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Control 70

2.01

Control 96
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Control 71
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Control 97

2.01
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Control 72

1.93

Control 98

2.03
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Control 73

1.90

Control 99

2.04
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Control 74

2.05

Control 100

1.92

)
~

Control 75

1.95

Control 101

1.95

N
()]

Control 76

2.06

Control 102

2.04

[\
(@)

Control 77

2.01




Table 8 presents the results of RNA quantification using a multimode reader,
indicating the quantity of RNA in each sample. The measurements were taken at the

260/280 optical density ratio, specific for nucleic acids.

(Table - 9) Table showing miRNA-210 (2" - AACt expression) levels via RT-PCR

in_both study groups

SAMPLE | CONDITION miRNA210
NO. 27~ AACt
Case 33.2338916
Case 13.15464126
Control 0.093051078
Control 0.416821038
Control 0.006247523
Control 2.052667568
Case 24.3778671
Case 15.11071477
Case 15.21581811
Case 46.35275981
Case 36.36763824
Case 12.70654589
Case 10.10852083
Case 23.71125304
Case 28.93178305

1
2
3
4
5
6
7
8
9

—_
S

[E—
[

—_
[\

—_
W

[E—
N

—_
(V)

Table 9 represents fold change in the expression levels of miRNA-210 in both study
groups. (fold change = 2 - AACt)




SAMPLE | CONDITION | miRNA210 | SAMPLE | CONDITION | miRNA210
NO. 27~ AACt NO. 27~ AACt

16 Case 12.61877536 42 Case 53.24533894
17 Case 23.66336491 43 Case 42.35860972
18 Case 17.23775513 44 Case 26.25614731
19 Case 13.43104823 45 Case 18.69503586
20 Case 22.43221225 46 Case 22.40890113
21 Case 36.44123631 47 Case 38.70862975
22 Case 27.20877312 48 Control 0.013089768
23 Case 28.76016405 49 Case 31.91140004
24 Case 36.40336729 50 Case 39.79687746
25 Case 30.40001225 51 Case 13.32441233
26 Case 37.94926398 52 Case 41.20031131
27 Case 13.5104142 53 Case 18.71340262
28 Case 26.62266947 54 Control 0.171248905
29 Case 31.03878113 55 Case 20.31654722
30 Case 19.22062486 56 Control 0.449845033
31 Control 0.0071105 57 Case 21.32661857
32 Control 9.155148792 58 Control 0.003836926
33 Case 16.98277134 59 Control 4.129594142
34 Case 24.01726556 60 Case 26.99430809
35 Case 41.77544622 61 Case 22.40890113
36 Case 26.46474779 62 Case 18.69503586
37 Case 18.05821431 63 Control 2.050534476
38 Case 12.4321163 64 Control 0.131632107
39 Case 22.10039117 65 Control 0.044117657
40 Case 23.52299738 66 Control 0.822165079
41 Case 18.45576968 67 Control 3.744007522

87




Control

3.108029075

Control

1.555631119

Control

0.001457286

Control

0.9474

Control

0.173840163

Control

6.518695714

Control

0.93600188

Control

0.019978379

Control

0.006283714

Control

0.008341851

Control

0.000398214

Control

6.518695714

Control

0.725727578

Control

4.300735281

Control

2.16970665

Control

4.040638635

Control

1.236275261

Control

3.641627439

Control

0.205303956

Control

0.446737727

Control

2.958433227

Control

0.296187638

Control

0.657927263

Control

0.396277602

Control

0.437038819

Control

13.21938663

Control

16.5164684

Control

0.06183568

Control

2.259494429

Control

0.06183568

Control

0.006884177

Control

1.010159659

Control

5.921653192

Control

0.056117064

Control

1.019244379




DESCRIPTIVE DATA:

DISTRIBUTION OF STUDY POPULATION BASED ON AGE:

Among the 102 patients enrolled, majority of the study population (59.8%) belonged
to the age group of 20-24 years, 24 patients (23.53%) belonged to 24-28 years, while
12.75% were in the age group of 28-32 years, and 4 (3.92%) in the age group of 31-
36 years. The mean age group of our study population in Group 1 was 24.55+4.42
and Group 2 was 23.754+3.70 years. This distribution indicates that our study

primarily involved younger individuals, with fewer participants in the older age

group.

(Figure -14) showing Distribution of study population based on age
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B %

24-28 28-32 32-36
Age in years




(Table- 10) Table showing distribution of study population based on age

Age in years

Frequency

Percent

20-24

61

59.8

24-28

24

23.53

28-32

13

12.75

32-36

4

3.92

Total

100

DISTRIBUTION OF WEIGHT OF THE STUDY POPULATION:

The weight distribution among study participants, as shown in Table 11, that the

highest proportion of individuals (36.27%) had a weight between 65-70 kg, followed

closely by 30.39% in the 70-75 kg range. Participants weighing 60-65 kg accounted
for 16.66%, while 11.76% were in the 75-80 kg category. Only a small percentage
of participants fell within the 55-60 kg (1.96%), 80-85 kg (1.96%), and 95-100 kg
(0.98%) weight ranges. This distribution indicates that the majority of participants
had a weight between 65-75 kg.




(Figure 15) Distribution of weight of the study population
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(Table- 11) Table showing distribution of study population based on weight

Weight in Kg Frequency Percent
55-60 2 1.96
60-65 17 16.67
65-70 37 36.27
70-75 31 30.39
75-80 12 11.77
80-85 2 1.96

95-100 1 0.98
Total 100




DISTRIBUTION OF PERIOD OF GESTATION AMONG THE STUDY
POPULATION:

All the patients enrolled in the study were of the gestational age more than 37 weeks.

However, majority of the population (50 patients), were of the gestational age of

more than 39 - 40 weeks.

(Table- 12) Table showing distribution of study population based on period of

gestation

Period of gestation | Frequency | Percent

< 34w

2

1.96

35w - 36w

6

5.88

37w - 38w

42

41.18

39w - 40w

50

49.02

> 41w

2

1.96

Total

100

(Figure 16) Distribution of period of gestation among the study population
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DISTRIBUTION OF PARITY STATUS AMONG THE STUDY
POPULATION:

Our analysis shows the distribution of different parity groups (G1-G4) across the

two study categories. Each group is evenly distributed, with 50.0% of participants

in each group falling into either category 1 or 2. The majority of participants (60 out
of 102, 58.83%) belong to Group 1, followed by 28 participants (27.4%) in Group
2, 8 participants (7.84%) in Group 3, and 6 participants (5.9%) in Group 4. This
balanced distribution suggests that the intervention categories were equally

represented within each group.

(Table- 13) Table showing distribution of study population based on parity status

Controls Percent
PRIMIGRAVIDA 30 58.83
G2 27.45

G3 7.84
G4 5.88
100




(Figure 17) Distribution of parity status among the study population

Primigravida
59%

® Primigravida =G2 mG3 mG4




OUTCOME DATA AND MAIN RESULTS:

(Table - 14) Table showing comparison_of clinical and lab data between the

studied groups

Variables

Cases(n=51)

Controls (n =51)

P value

Maternal age (Years)

Mean = SD

24+ 4

23+3

0.0322*

Gestational age (wks.)

Mean = SD

38+1

38+1

0.089

Body Mass Index(kg/m?)

Mean = SD

27.9+22

28+ 1.6

0.996

Parity state

PG (n%)
MG (n%)

30 (58.82)
21 (41.17%)

30 (58.82)
21 (41.17)

0.50

Hemoglobin (gm/dl)

Mean = SD

11.4+1.7

11.3+1.2

Platelets (10x3/microL)

Mean = SD

229 +93

236 £71

INR

Mean = SD

0.84 +0.10

0.83 £ 0.06

Urea (mg/dl)

Mean = SD

18.10+7.2

17+3.9

Creatinine (mg/dl)

Mean = SD

0.57+0.16

0.58 £0.14

miRNA-210 (fold)

Mean = SD

25.41+10.13

2.05+3.35

The results from the Mann-Whitney U test showed considerable differences between

two study groups across various factors. Group 1 (cases) showed a substantial

increase in miRNA-210 expression reaching statistical significance (p < 0.001)

which suggests an association with hypertensive conditions.

(Table 14) displays results indicating that no substantial differences with p value

>0.05 existed between PE patients (cases) and control group with respective to

gestational intervals (p value 0.089), body mass index (p value 0.996) , parity status
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(p value 0.50), serum urea (p value 0.344) , serum creatinine (p value 0.754), Hb%
levels (p value 0.743), platelet counts (p value 0.672), and INR (p value 0.502)

values. Whereas. maternal age shows (p value 0.0322) statistically significant in

Group 1.

(Table - 15) Table showing comparison_of clinical and lab data between the

studied groups

Variables

Cases(n=51)

Controls (n = 51)

P value

SBP (mmHg)

Mean = SD

155+ 15.2

114+7

<0.001

DBP (mmHg)

Mean = SD

98.8 + 8.6

72.7+6

<0.001

MABP (mmHg)

Mean = SD

117+9.7

86.5+4.6

<0.001

PTT (Sec)

Mean = SD

27.3+2.02

25.3+3.04

<0.001

SGOT (U/L)

Mean = SD

47.1 £ 115

24.2 +5.06

0.041*

SGPT (U/L)

Mean = SD

32.5+97

19.2+4.1

0.032*

TSB (mg/dl)

Mean = SD

0.61+0.41

0.43+018

0.008*

Unconjugated (mg/dl)

Mean = SD

0.39 +0.35

0.25 £0.14

0.009*

Proteinuria (=1+ by

dipstick method)

Using Chi-

square Test

37 (72.54%)

0

<0.001

Serum Protein (g/dl)

Mean = SD

6.27£0.73

6.043 £ 0.48

0.009*

Serum Albumin (g/dl)

Mean = SD

3.04 £0.45

3.57+£0.56

<0.001

Serum uric acid (mg/dl)

Mean = SD

5.61 £1.55

4.44 +0.93

<0.001

ALP (U/L)

Mean = SD

253+ 92

160 £ 51.96

<0.001

AG ratio

Mean = SD

1.02+0.17

0.95+0.12

0.045*

S Phosphorous(mg/dl)

Mean = SD

4.15+0.61

3.73+£0.73

0.002*

S Chloride(mmol/L)

Mean = SD

110+3.16

104 +£4.67

<0.001

S Sodium(mEq/L)

Mean = SD

136 +£3.40

138 +£3.35

0.010*
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Numerical data was evaluated with Mann Whitney U test. The analysis used the chi-
square test for categorical data. Significant statistical results emerged when p value

reached <0.05 and highly significant results emerged when p value reached <0.005.

Blood pressure parameters (SBP, DBP, and MAP) are significantly elevated in
(cases) Group 1 (155 =15 vs 114 £7,98 £ 8 vs. 72 £ 6, 117 £ 9 vs. 86 + 4), with p
value <0.001, indicating a hypertensive state, whereas (controls) Group 2 exhibits
lower values, suggesting better cardiovascular stability. PTT is elevated in cases

group than controls ( 27.3 £2.02 sec vs. 25.3 & 3.04 sec with p value < 0.001).

Biochemical markers, such as serum albumin (3.04 £ 0.45 g/dl vs. 3.57 + 0.56 g/dl),
serum protein (6.27 + 0.73 g/dl vs. 6.043 +0.48 g/dl), proteinuria (using dipstick
method), reflecting impaired protein metabolism. uric acid (5.61 + 1.55 mg/dl vs.
4.44 + 0.93 mg/dl), Alkaline Phosphatase (253.73 £ 92.10 U/L vs. 160.71 + 51.96
U/L), are higher in cases having significant p value of <0.001.

Also, other parameters such as Total Serum Bilirubin (0.61+ 0.41mg/dl vs. 0.43 +
018mg/dl), Unconjugated (0.39 £ 0.35 mg/dl vs. 0.25 +0.14 mg/dl), Albumin
Globulin ratio (1.02 + 0.17 vs. 0.95 £+ 0.12), S. Phosphorous (4.15 £ 0.61 mg/dl
vs.3.73 + 0.73 mg/dl), S. Chloride (110 £ 3.16mmol/L vs. 104 £ 4.67mmol/L), S
Sodium (136 + 3.40 mEq/L vs. 138 + 3.35 mEq/L) shows significant p value of
0.008, 0.009, 0.045, 0.002, 0.001, 0.010 respectively.

Serum Glutamic-Oxaloacetic Transaminase (SGOT) (47 £ 115 U/L vs. 24 +£5 U/L)
and Serum Glutamic Pyruvic Transaminase (SGPT) (32 £ 97 U/L vs. 19 =4 U/L)
are also higher in Group 1 (cases) than Group 2 (controls) with p values of <0.041

and 0.032, overall indicating possible renal and hepatic stress.




(Table - 16) Table showing fetal growth parameters in both study groups

Variables

Cases

Controls

P value

Abdominal Circumference

(mm)

Mean =+ SD

318 £18.66

327 £11.04

0.003*

Femur length (mm)

Mean =+ SD

71.25+3.67

72.59 +£2.99

0.047*

Head Circumference(mm)

Mean =+ SD

311 +£36.87

324 +£9.62

0.012%*

MCA

RI (Mean £+ SD)

0.76 £0.13

0.75 £ 0.60

0.691

PI (Mean £ SD)

1.33+0.26

1.45+0.22

0.017*

RI (Mean £+ SD)

0.65+0.10

0.63 £ 0.06

0.446

PI (Mean £ SD)

0.96 + 0.28

0.94 +0.10

0.666

Birth weight (kg)

(Mean £ SD)

2.57+0.49

2.79+0.33

0.010*

Mann Whitney U test was used. Significant statistical results emerged when p value

reached <0.05 and highly significant results emerged when p value reached <0.005.

Fetal growth indicators, including head circumference (311.22 + 36.87 mm vs.
324.92 + 9.63 mm), abdominal circumference (318.20 £ 18.66 mm vs. 327.41 +
11.05 mm), femur length (71.25+ 3.67 vs. 2.59 £2.99) with p value < 0.05 and birth
weight (2.57 + 0.49 kg vs. 2.79 £+ 0.34 kg) with p value < 0.010, were significantly

better in Group 2, suggesting improved fetal development. Whereas, ultrasound

doppler findings (MCA , UA) shows no significant difference.
(Table 14, 15, &16) These findings highlight that Group 1 exhibits more

hypertensive and metabolic complications, whereas Group 2 demonstrates better

maternal and fetal outcomes, reinforcing the benefits of the intervention.




The observed variations in hematological, biochemical, and Doppler indices indicate

that Group 1 may be associated with hypertensive complications and suboptimal

fetal outcomes, while Group 2 demonstrates improved maternal and fetal health

parameters, likely due to the intervention.




(Table - 17) Table showing correlation coefficient (r) between miRNA-210 and

study groups

miRNA-210 r p value
Maternal age (Years) 0.701 0.487
Gestational age (Weeks) 0.382 0.001
Body Mass Index (kg/m?) -0.0036 0.720
Systolic blood pressure (mmHg) 0.723 <0.001
Diastolic blood pressure (mmHg) 0.739 <0.001
Mean Arterial Pressure(mmhg) 0.757 <0.001
Hemoglobin (gm/dl) 0.110 0.272
Platelets(10x3/microL) -0.128 0.198
PT (Sec) 0.512 <0.001
PTT (Sec) -0.190 0.055
INR 0.181 0.069
Urea (mg/dl) 0.570 <0.001
Creatinine (mg/dl) 0.014 0.893
SGOT (U/L) 0.620 <0.001
SGPT (U/L) 0.650 <0.001
serum Protein 0.674 <0.001
serum Albumin 0.328 0.0008
serum Uric acid 0.532 <0.001
serum ALP 0.460 <0.001

Spearman’s correlation was used (r value indicates -1 to +1)

miRNA-210 reveals a statistically significant positive correlation between and

gestational age, systolic and diastolic blood pressure, and mean arterial blood
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pressure, Prothrombin Time, SGOT, and SGPT, serum urea, protein, albumin, uric
acid, and ALP with r value of 0.382, 0.723, 0.739, 0.757, 0.512, 0.620, 0.650, 0.570,
0.674, 0.328, 0.532, 0.460 respectively.

(Table- 18)

Table

showing

analysis

between

study _groups

using

Pearson's chi-squared test

VARIABLE

CASES (n=51)

CONTROLS (n=51)

PALLOR

Present

5(9.80%)

0

Absent

46 (90.20%)

51 (100%)

PEDAL EDEMA

Present

32 (62.75%)

0

Absent

19 (37.25%)

51(100%)

VULVAL EDEMA

Present

4 (7.84%)

0

Absent

47 (92.16)

51 (100%)

Present

37 (72.55%)

0

Absent

14 (27.45%)

51 (100%)

ANEMIA

Present

9 (17.65%)

2 (3.92%)

Absent

42 (82.35%)

49 (96.08%)

Present

9 (19.65%)

0

Absent

42 (82.35%)

51 (100%)

Significant statistical results emerged when p value reached <0.05 and highly

significant results emerged when p value reached <0.005.

Overall, the majority of patients (97 out of 102, 95.1%) did not exhibit pallor (within

cases group 5 out of 51 patients showed presence of pallor (9.80%). However, none

had pallor within control group. Hence, all patients with presence of pallor were
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exclusively in Group 1. This suggests a potential association between pallor and the

study groups warranting further investigation into its clinical significance.

The Pearson Chi-Square test result (p value 0.022) indicates a statistically significant
association between pallor and the study groups at the 5% significance level. This
suggests that the presence or absence of pallor is not evenly distributed between the
study groups, implying that the intervention type may have an impact on pallor

status.

32 out of 51 (62.75%) patients in Group 1 (cases) showed with presence of pedal
edema while none in Group 2 had pedal edema. The Pearson Chi-Square test result
(p value <0.001) indicates a statistically significant association between pedal
edema and Group 1. This finding suggests that Group 1 is strongly associated with

a higher prevalence of pedal edema compared to Group 2.

Presence of vulval edema is seen in 4 out of 51 (7.84%) patients. Analysis through

Pearson Chi-Square test found a statistically significant connection between the

vulval edema and Group 1 (p value 0.041). This suggests that the presence of vulval

edema is not randomly distributed across the study groups. Specifically, all 4 cases
of vulval edema were observed in Group 1, while none of the patients in Group 2
had vulval edema, indicating a potential effect of the intervention on the occurrence

of vulval edema.

Our analysis reveals a statistically significant association between BSUA and the
study group. Notably, all 37 cases out of 51 (72.55%) of BSUA were observed in

Group 1, while none were found in Group 2, indicating a strong relationship between
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the intervention and the presence of BSUA. Conversely, in the absence of BSUA,
(14 cases) 27.45% of cases were in Group 1, and none were in Group 2. This suggests

that the intervention may have a significant impact on BSUA occurrence.

The Pearson Chi-Square test establishes a highly significant association between
Bed Side Urine Albumin test and the study group (Group 1) based on the obtained p
value < 0.001. This strong statistical significance suggests that the intervention plays

a crucial role in influencing the presence of BSUA.

Distribution of anemia severity between the two groups were observed in our study,
where patients in Group 1, 9 out 51 cases (17.65%) with 7 cases had moderate
anemia and 2 cases had severe anemia, while in Group 2, 2 out of 51 cases (3.92%)
had presence of moderate anemia, while the rest 42 cases in Group 1 (82.35%) and

49 cases in Group 2 (96.08%) showed no anemia.

The Pearson Chi-Square test yielded a p-value 0.040, indicating a statistically
significant association between anemia severity and the study groups. This suggests
that the distribution of anemia (mild, moderate, and severe) differs between the both
groups, implying that certain interventions may be linked to variations in anemia

prevalence.

The majority of cases 42 cases out of 51 (82.35%) in Group 1 and Group 2 did not
exhibit FGR. However, FGR was present in 9 cases out of 102, with a higher

occurrence only in Group 1, 9 out of 51 (19.65%). This distribution suggests a

potential association between the study group (Group 1) and the incidence of FGR,
which may warrant further investigation into the effectiveness of different

interventions in managing fetal growth complications.




A statistical significant relationship emerges from the Pearson chi-square analysis

that produces a p value of 0.041. This finding suggests that the occurrence of FGR
may be influenced by the study groups emphasizing the importance of targeted

clinical strategies to address fetal growth concerns effectively.




(Table -19) Table showing miRNA-210 in Group 1 (51 cases) in association with

maternal, neonatal complications, duration of NICU stay and birth weight

(Mann Whiney U test was used)

IMMINENT ECLAMPSIA (8 Cases)

Variable

Within
Imminent
Eclampsia
Cases

Compared To
Other
Complications
in Group 1

p
Value

Neonatal
Complications

(Within
Imminent
Eclampsia
Cases)

Duration Of
NICU Stay
(Within
Imminent
Eclampsia

Cases)

miRNA-210
(Mean £ SD)

32.02+9.2

22.68 £10.19

2.41+0.37

2.74+0.36

Birth asphyxia
(5 neonates)

Meconium
aspiration
syndrome

(3 neonates)

5 days (2
neonate had
prolonged
stay up to 12
days)

4 days

ANTEP

ARTUM ECLAMPSIA (4 cases)

Within
Antepartum
Eclampsia
Cases

Compared To
Other
Complications
in Group 1

P
Value

Neonatal
Complications
(Within
Antepartum
Eclampsia
Cases

Duration Of
NICU Stay
(Within
Antepartum
Eclampsia

Cases)

miRNA-210
(Mean£SD)

24.04 £ 11.97

25.24 +10.67

Birth
Weight

2.69 +0.27

2.65 +0.40

Birth asphyxia
(2 neonates)

Meconium
aspiration
syndrome
(2 neonates)

6 days

3 days




(Table 20) Table showing miRNA-210 in Group 1 (51 cases) in_association with

maternal, neonatal complications, duration of NICU stay and birth weight

HELLP SYNDROME (4 Cases)

Variable

Within
HELLP
Syndrome
Cases

Compared To
Other
Complications
in Group 1

P Value

Neonatal
Complications
(Within HELLP
Syndrome Cases)

Duration Of NICU
Stay (Within
HELLP Syndrome
Cases)

miRNA-210

(Mean£SD)

34.97+15.81

23.62+9.19

Birth weight

2.76 +0.24

2.64 +0.40

Respiratory distress
syndrome

(4 neonates)

7 days

PREMATURE RUPTURE OF MEMBRANES (4 Cases)

Variable

Within
PROM
Cases

Compared To
Other
Complications
in Group 1

P Value

Neonatal
Complications
(Within PROM
Cases)

Duration Of NICU
Stay (Within PROM
Cases)

miRNA-210

(Mean £+ SD)

24.40 £7.06

25.19+£11.17

Birth weight

2.74 £ 0.27

2.64 £0.40

Hyperbilirubinemia

(4 neonates)

ABRUPTIO PLACENTA (2 cases)

Variable

Within
Abruptio
Placenta
Cases

Compared To
Other
Complications
in Group 1

Neonatal

Complications

Duration Of NICU Stay
(Within Abruptio Placenta

(Within Abruptio
Placenta Cases)

Cases)

miRNA-210

(Mean £+ SD)

24.04 +0.47

25.16 £ 11.01

Birth weight

2.85+0.21

2.64 +0.39

Respiratory distress
syndrome

(2 neonates)




(Table 21) Table showing miRNA-210 in Group 1 (51 cases) in _association with

maternal, neonatal complications, duration of NICU stay and birth weight

SEVERE OLIGOHYDRAMNIOS (2 Cases)

Variable

Within Severe
Oligohydramnios
Cases

Neonatal
Complications

(Within Severe
Oligohydramnios
Cases)

Duration Of NICU Stay
(Within Severe
Oligohydramnios Cases)

miRNA-210
(Mean £ SD)

17.26 + 6.83

Respiratory
distress syndrome

Birth Weight

(2 neonates)

HYPOTHYROIDISM (3 cases)

Variable

Within
Hypothyroidism
Cases

Neonatal Complications and Duration of Stay

Within Hypothyroidism Cases

miRNA-210
(Mean £ SD)

17.61 £4.53

Birth Weight

2.5+0.86

No neonatal complications

Rh NEGATIVE PREGNANCY (2 cases)

Variable

Within Rh
Negative
Pregnancy Cases

Neonatal Complications and Duration of Stay

Within Rh negative pregnancy Cases

miRNA-210
(Mean £ SD)

20.56 £2.61

Birth Weight

2.85+0.35

No neonatal complications




Significant statistical results emerged when p value reached <0.05 and highly

significant results emerged when p value reached <0.005.

(Table 19, 20, 21) depicts miRNA-210 levels in Group 1 (cases) study population

affecting maternal, neonatal complications, and duration of NICU stay.

Out of 51 cases studied in Group 1, maternal complications occurred in 31 cases
(60.78%) of patients and NICU admission was necessary for 24 neonates (47.06%).
During the course of study we observed imminent eclampsia among 8 patients (26%)
and 5 neonates born to mothers with imminent eclampsia experienced birth asphyxia

along with 3 neonates developing meconium aspiration syndrome.

Patients with imminent eclampsia and HELLP syndrome demonstrated elevated
mean of miRNA-210 levels compared to patients with other maternal complications
based on the results of our study, while patients with other complications displayed
slightly lower miRNA-210 levels than those with imminent eclampsia cases. This
approach enables to establish a link between elevated miRNA-210 levels trigger

maternal along with neonatal complications.

The evaluation of miRNA-210 expression revealed imminent eclampsia patients had
a mean level of 32.02 + 9.2 whereas the mean miRNA-210 of imminent eclampsia
with comparison to other maternal complications in Group 1 demonstrated a mean

level of 22.68 = 10.19 with statistical significance at p value 0.030. The mean birth

weight of eight neonates in imminent eclampsia cases were 2.74 + 0.36 (p value

0.037) and 8 of these neonates required NICU admission for additional management
thus indicating imminent eclampsia demonstrates higher neonatal morbidity than

other maternal complications. The data shows that high miRNA-210 levels can result
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in abnormal maternal placental development which causes spiral artery reactivity
retention and improper blood flow and oxygen deprivation in the fetus leading to
hypoxia. High levels of miRNA-210 expression is also seen in HELLP syndrome
with mean level of 34.97+15.81 whereas the mean miRNA-210 of HELLP syndrome
with comparison to other maternal complications in Group 1 demonstrated a mean

level of 23.62 + 9.19 with statistical significance at p value 0.045.

The presence of neonatal complications requiring NICU hospital stay with
prolonged time was found only in women who were diagnosed with imminent
eclampsia, antepartum eclampsia and HELLP syndrome while also having abruptio
placenta and premature rupture of membranes along with severe oligohydramnios.
Neonatal complications did not occur among neonates born from hypothyroid and

Rh negative mothers.

Results demonstrate that increased miRNA-210 expression links directly to disease

progression in both maternal and neonate.

HELLP syndrome occurred in 4 pregnancies (13%) which led to respiratory distress

syndrome as a birth complication for 4 newborns. The prevalence of antepartum
eclampsia was 13% with birth asphyxia diagnosed in 2 neonates and meconium

aspiration syndrome found in the other 2 neonates.

The study revealed 4 cases (13%) of premature rupture of membranes with five
neonates to receive NICU admission because of hyperbilirubinemia. Abruptio
placenta developed in 2 patients (7%) which resulted in respiratory distress in 2
newborns. Severe oligohydramnios seen in 2 patients (6%) while 2 neonates needed

NICU admission.




Other maternal complications among Group 1 includes hypothyrodisim seen in 3

patients (10%) and Rh negative pregnancy affected 2 patients (6%). The conditions

of Hbsag positive status along with Grade 3 hypertensive retinopathy affected two

patients (3%, 3%) in this group.

DISTRIBUTION OF MATERNAL COMPLICATIONS AMONG STUDY

POPULATION:

(Figure - 18) Distribution of Maternal complications in Group 1
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(Figure - 19) Distribution of Maternal complications in Group 11
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The majority of cases (62 out of 102, 60.78%) had no additional complications, with

a higher proportion (82.35%) were observed in intervention Group 2 (i.e., 42 out of

51 cases), while in Group 1, 20 cases of 51 (39.22%) had no complications. Total,
40 out of 102 (39.22%) patients had complications - divided among Group 1 with
31 cases (60.78%) and Group 2 with 9 cases (17.65%). Among specific
complications, anhydramnios was reported in 2 cases, with a slightly higher
occurrence in Group 2 (23%). Conditions such as HELLP syndrome (13%), abruptio
placenta (7%) and several cases of imminent eclampsia (26%) were exclusively
found in Group 1. Hypothyroidism, either alone or in combination with other
conditions, was observed in a total of 5 cases (10% in Group 1, and 22% in Group
2), has with a mixed distribution across both intervention groups. Severe
oligohydramnios and PROM was also seen in both categories, more prevalently seen
in Group 1 (6%) and (13%), Group 2 (22%) and (11%) respectively. (22%) 2 cases

of threatened preterm labor were recorded in Group 2, others, such as Rh-negative
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pregnancy and Grade 3 Hypertensive Retinopathy, were solely found in Group 1.
One pregnancy in Group 1 was complicated by HbsAg positive status. These
findings highlight a varied distribution of complications across the two intervention
study categories, suggesting a potential association between specific interventions

and maternal-fetal outcomes.

DISTRIBUTION OF OUTCOME OF DELIVERY AMONG STUDY
POPULATION:

In Group 1, 42 cases out of 51 (82.35%) of deliveries were by Caesarean section,
while 17.65% were delivered vaginally. In Group 2, the percentage of Caesarean
section was lower (35 out of 51 cases) 68.63%, with a higher proportion of vaginal
delivery (31.37%). Overall, across both intervention categories, 75.5% of deliveries
were performed via LSCS, and 24.5% were Normal Vaginal Delivery. Elevated
miRNA-210 levels during pregnancies of Group 1 led to maternal and neonatal
complications. Addressing potential complications in both mother and fetus,

caesarean section was choosen as the main delivery method for Group 1 patients.

(Table 19, 20, 21)

The Pearson Chi-Square test was done and p value is (0.107 which indicates no

significance. This suggests that no significant impact was seen on whether the

delivery outcome is by Caesarean section or vaginal delivery in the studied

population.




DISTRIBUTION OF INDICATIONS FOR CAESAREAN SECTION
AMONG STUDY POPULATION:

The distribution of cases across various LSCS indications suggests variation in

intervention categories, with diverse indications, such as imminent eclampsia (19%),

previous LSCS not willing for TOLAC (12%), fetal distress, (12%), HELLP

syndrome (9%), Antepartum Eclampsia (9%), Antepartum hemorrhage (9%), severe
oligohydramnios (5%), Failed induction (5%), abruptio placenta (5%), and non
reassuring NST (5%), majority of indication was previous caesarean section not
willing for TOLAC (24%) is seen in Group 2. Previous LSCS not willing for
TOLAC (26%), primigravida with breech presentation (5%), predominantly falls
under Group 1, while in contrast, CPD (Cephalopelvic Disproportion) (14%), failed
induction (9%), Anhydramnios (6%) show a higher proportion in Group 2.




(Figure - 20) Distribution Of Indications For Caesarean section in Group 1
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(Figure - 21) Distribution Of Indications For Caesarean section in Group 2
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The results highlight the diversity in clinical indications leading to LSCS and their

corresponding management approaches.

Pearson chi-square test value showed p value 0.395 which shows no statistically
significant association between LSCS indications and the study groups. This
suggests that the distribution of interventions across different LSCS indications is

likely due to chance rather than a systematic pattern.




DISTRIBUTION OF SEX OF BABY AMONG STUDY POPULATION:

The analysis between the study groups and the sex of the baby shows an equal
distribution. In each category, 45.09 % of the babies were female, and 54.91 % were
male. This indicates that the category of intervention did not influence the sex
distribution of the newborns, as the proportions remained identical across both

groups.

Pearson Chi-Square value yielded p value 1.000. This indicates no statistically
significant association between the study groups and the sex of the baby. The
distribution of male and female babies is identical across both intervention groups,

suggesting that sex is independent of the intervention category.

DISTRIBUTION OF NICU ADMISSION OF BABIES AMONG STUDY
POPULATION:

When both study groups were analysed, total 31 babies out of 102 (30.4%) in which
24 Neonates in Group 1 were admitted in NICU was further management. Also,
majority of NICU Admissions were in Group 1 due to, 7 babies out of 51 - (33%)
are admitted mostly due to respiratory distress syndrome followed by birth asphyxia

(29%), Meconium aspiration syndrome (21%) and hyperbilirubinemia (17%). One

baby of low birth weight (14%) was predominately seen in Group 2.




(Figure - 22) Distribution of NICU Admission Of Babies Among  Study

Population
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Pearson chi-square test showed p value <0.001, indicating that the distribution of

NICU admission across study groups does show a statistically significant

relationship. The primary reason for NICU admission of Group 1 neonates was

respiratory distress syndrome at a rate of 33%.




DISTRIBUTION OF DURATION OF STAY OF BABIES IN NICU AMONG
STUDY POPULATION:

Most of the babies (71 out of 102, or 69.61%) had no NICU admission. The
remaining cases had varying durations, with longer stays (e.g., 7, 8, 10 and 12 days)
showing a relatively lower frequency. The proportion of cases across the study
groups does not exhibit a clear trend, suggesting that duration of stay is relatively
not evenly distributed. Majority of Group 1 neonates had prolonged stay in NICU
upto 10-12 days.

Results of the Chi square analysis revealed a p value of 0.045 indicates the existence
of a significant relationship between NICU hospital stay duration and study groups.
The findings suggest that the length of stay in the NICU is significantly influenced
by the type of intervention received. (Table 15, 16, 17)

(Table- 22) Table showing miRNA-210 in study groups

Study Groups

with pre-eclampsia (cases n =51) without pre-eclampsia (controls n =51)

Mean | SD Median | Min. | Max | Mean | SD Median | Min. Max.

miRNA-
210 (fold)
(27- AACY)

*Mann Whiney U test was used.

Above table (Table-22) presents a statistical comparison between two study groups,

highlighting significant physiological differences. The expression of miRNA-210 is
118




markedly higher in Group 1 with Mean+SD (25.42 + 10.14) compared to Group 2
Mean+SD (2.05 + 3.35), suggesting a potential link with the intervention.

(Figure-23) showing ROC Curve of miRNA-210 in evaluation of PE

I
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ROC analysis evaluated the diagnostic efficacy of miRNA-210 in identifying the
cases of preeclampsia. The analysis showed a significant Area Under Curve (AUC)
result of 0.9942 (Figure 23), which demonstrated a 95% confidence interval ranging
from 0.985 to 1.0. At a cutoff value of 9.63 -fold change, the serum miRNA-210




levels shows 100% sensitivity along with 96.1% specificity at while PPV and NPV

values were 96.2% and 100%, respectively, and p value was observed as < 0.001.

(Figure-24) miRNA - 210 in both study groups

25.41922

2.05356

Analysis through the bar graph indicates that Group 1 (cases) patients demonstrate

a 25.41-fold increase in miRNA levels when compared to Group 2 (controls) patients

at 2.05-fold. (Figure 24)




(Figure - 25) Line diagram showing comparison of miRNA-210 in study groups
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The results demonstrate that miRNA -210 presents higher expression levels in pre-

eclampatic patients when compared to normotensive healthy women. (Figure 25)




DISCUSSION

miRNA-210 ranks as one of several miRNAs that show greater expression levels in
early to mid-gestation preeclamptic placenta and maternal plasma samples.
Discovering the molecular pathways of miRNA-210 activity may lead to enhanced
knowledge of PE pathophysiology with the discovery of emerging therapeutic
targets.

The aim of our study is to evaluate the potential of miRNA-210 as a prognostic
biomarker for pre-eclampsia by comparing its expression levels between
pre-eclamptic cases and normotensive controls and by correlating these levels with
clinical, biochemical, and fetal growth parameters.

In addition, the study examines the impact of these molecular changes on fetal
development by assessing differences in head and abdominal circumferences,
ultrasound doppler study and birth weight. The significance of this study lies in its
potential to transform the early diagnosis and management of pre-eclampsia, a
condition that poses substantial risks to both maternal and neonatal health. By
identifying a non-invasive biomarker that reliably differentiates high-risk
pregnancies, the study could enable clinicians to intervene earlier, thereby reducing
the severity of complications and improving outcomes. The integration of detailed
molecular profiling with comprehensive clinical assessments underscores the
study’s innovative approach and its capacity to offer a more proper understanding
of the pathophysiological mechanisms underlying pre-eclampsia. Ultimately, the
study aims to contribute to the development of personalized antenatal care strategies,
where early risk stratification based on miRNA-210 expression could guide tailored
interventions, enhance patient monitoring, and potentially decrease the rates of

emergency cesarean sections and other adverse outcomes. This pioneering research
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not only advances scientific knowledge in the field of obstetrics but also has
important implications for public health by paving the way for improved screening

protocols and targeted therapies in the management of pre-eclampsia.

A total of 102 consenting patients were taken into the study. Out of 102 patients, 51
patients were taken as cases and rest 51 are taken as controls. Majority of the study
population (59.8%) belonged to the age group of 20-24 years, 24 patients (23.52%)
belonged to 24-28 years, while 12.74% were in the age group of 28-32 years, and 4
(3.92%) in the age group of 31-36 years. The mean age of our study population in
Group 1 was 24.554+4.42 and Group 2 was 23.7543.70 years. A younger cohort, as
observed in our study, may display different biomolecular profiles compared with
older cohorts. Although our study did not directly correlate age (p value 0.701,
r=0.487) with miRNA-210 levels, previous research has indicated that maternal age
can influence gene expression profiles in the placenta. For instance, Lauren Anton
et al. 9 found that even after adjusting for age, miRNA-210 levels remained a
significant predictor of hypertensive disorders in pregnancy. Moreover, the age

profile in our cohort is consistent with other studies conducted in similar

geographical regions; Yousra M. Mammdoh et al. [®! also reported a predominantly

young study population when assessing plasma miRNA-210 levels among at-risk

women.

The findings from our study align with Jean-Ju Sheen et al %] who discovered that
severe morbidities primarily affect women in either the younger (<25 years) or older
(>45 years) age categories. Risk of severe complications in pre-eclampsia patients
followed a "U" pattern where the highest rates occurred among women between 18
to 24 years old and 40 to 54 years old. The lowest risks for abruption and acute renal

failure and acute heart failure as well as pulmonary edema and stroke were observed
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among women aged 15 to 24 years while these risks escalated as maternal age

increased.

The study conducted by Teklit Grum et. al ) revealed that the risk probability for
pre-eclampsia among primigravida women exceeded that of multigravida women by
a factor of 2.68. Our study demonstrates this trend because 58.82% of patients were

primigravida.

Pallor was seen exclusively in Group 1 (9.80%) and p value 0.022, indicating a
possible association between pallor and study groups. Elevated miRNA-210 levels
are associated with clinical signs of poor perfusion and tissue hypoxia, which can
manifest as pallor. Pooneh Nikuei et al. have discussed how hypoxia-induced
miRNAs, particularly miRNA-210, rise in response to low oxygen tension, leading

to clinical manifestations such as pallor (821,

In study done by Lionel Carbillon et al. P stated that during pre-eclampsia there is

an observed connection between edema occurrences and reduced serum plasma
ranges, which is significantly seen in our study with 32 patients in Group 1 (62.75%)
had pedal edema with p value is <0.001, serum protein (6.27 £0.73 vs.6.043 = 0.48)
with p value 0.009 and serum albumin (3.04 £ 0.45 vs. 3.57 £ 0.56) p value <0.001.
Thus, highlighting possible association between pedal edema, deranged serum and

protein and albumin levels and study groups.

The exclusive clustering of BSUA {37 cases (72.55%)} cases in Group 1 suggests
that the biochemical derangements observed in these patients are closely linked with
the pathophysiology of pre-eclampsia. Elevated BSUA, elevated TSB (0.61+ 0.41
vs. 0.43 &+ 018) with p value 0.008, elevated unconjugated bilirubin (0.39 + 0.35 vs.
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0.25 +0.14) with p value 0.009, elevated ALP (253 + 92 vs.160 £ 51.96) with
significant p value < 0.001. Suggesting a strong association between elevated

parameters and study groups.

The elevated parameters may reflect underlying hepatic stress and hemolysis—
conditions frequently associated with severe forms of pre-eclampsia. In comparison,
studies such as those by Fetnat M. Tolba et al.l” have similarly demonstrated that
severe pre-eclampsia is accompanied by significant alterations in liver function tests
and associated biomarkers, including elevated levels of miRNA-210. Moreover,
Lauren Anton et al.®™ reported that increased miRNA-210 was a significant
predictor of adverse biochemical changes, including alterations in bilirubin

metabolism, thereby linking molecular alterations with clinical laboratory findings.

Among 102 patients, antenatal complications occurred in 39.22%. No maternal
mortality was observed in our study. 17.65% in Group 2 with 9 cases whereas Group
1 had a higher rate of 60.78% with 31 cases. Specific complications such as HELLP
syndrome, antepartum hemorrhage (APH), and imminent eclampsia were
differentially distributed between the intervention categories. Notably,
complications like HELLP syndrome, abruptio placenta, Grade 3 HTN retinopathy
and imminent eclampsia were found exclusively in Group 1, while certain conditions

such as threatened preterm labor seen only in Group 2. Comparatively, similar

results seen in studies done by Bisma Khan et. al P!l their study establishes clear

links between maternal and fetal outcomes and the risk factors that lead to
preeclampsia. Both elevated systolic and diastolic measures have direct impacts on
premature delivery rates and delivery methods. Moreover, the presence of
complications like HELLP syndrome, abruptio placenta, Grade 3 HTN retinopathy

exclusively in Group 1 reinforces the notion that certain pathological processes—
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such as endothelial dysfunction, coagulopathy, and hepatic stress—are more
prevalent in patients with elevated miRNA-210 expression. This aligns with the
conclusions of Fetnat M. Tolba et al, " who reported that severe pre-eclampsia

cases exhibited a higher incidence of multi-organ involvement.

The research by Kritpol Pasokpuckdee et al.”?! indicated that preeclampsia elevated
the number of cesarean deliveries overall. The absence of preeclampsia resulted in
decreased overall caesarean section rates by 6.9% without impacting the Robson
classification distribution ratios. In our study we observed that Caesarean section
was performed for 42 out of 51 (82.35%) births within Group 1 to prevent further
maternal and neonatal complications, while Caesarean section made up 75.49% of

all births.

Our study population contained a wide variety of caesarean section indications that
included abruptio placentae and non-reassuring NST along with antepartum
eclampsia and imminent eclampsia as well as cephalopelvic disproportion (CPD)
and previous caesarean section not willing for TOLAC. The prevalence of previous
LSCS not willing for TOLAC among patients was 12% in Group 1 and 26% in the
Group 2. A higher percentage of women in Group 1 underwent cesarean section for
Imminent eclampsia (19%), Fetal distress (12%), HELLP syndrome (9%) and
antepartum eclampsia (9%) and abruptio placenta (5%) while Group 2 had more
cases of CPD (14%) and anhydramnios (6%). The higher rates of indications

manifesting as imminent eclampsia in Group 1 reflect the impact of severe maternal

pathology on delivery decisions. Research by Leila Katz et. al *! showed that the

total Cesarean section rate reached 68% with 249 patients (50%) undergoing elective
procedures followed by 92 patients (18.4%) requiring intrapartum sections for

preeclampsia. Their analysis focused on patients presenting with severe
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preeclampsia and chronic fetal distress as well as breech presentation, CPD,
nonreassuring fetal heart rate and macrosomia in combination with one or more

previous Cesarean sections.

The occurrence of fetal growth restriction was observed primarily in Group 1 with a
prevalence of 9 cases (19.65%) through statistical analysis that produced a p value
of 0.041 which points to a potential connection between groups. Pathological
processes like placental insufficiency and maternal vascular vasocontriction
establish themselves through these results in Group 1 patients. Heldayanti Sirenden
et. al ¥ observed fetal complications at a rate of 41.7% within the severe

preeclampsia group with a statistical significance of p value < 0.05.

Study by Masaya Takahashi et al. ! suggests that medical assessment of fetal

growth restriction at preeclampsia onset serves to predict both maternal and newborn

outcomes.

Among the 102 babies delivered, NICU admission was required for 31 cases,
primarily with respiratory distress syndrome affecting 33% Group 1 neonates,
followed by birth asphyxia affecting 29% while meconium aspiration syndrome
affected 21% and 17% neonates admitted due to hyperbilirubinemia. The NICU
admission rate was higher (47.06%) among the neonates in Group 1 than in Group

2.

All newborns survived throughout the study period. Also, our study showed p value
(chi square test) was found to be statistically significant p value < 0.001 and p value
< .45 indicating possible association between need for NICU admission , duration

of NICU stay and the study groups.




Our study confirmed research conducted by Remita Yuli Kusumaningrum et. al ¢!
which demonstrated pre-eclampsia generated statistical significance (p value
<0.001) by affecting neonatal asphyxia incidence resulting from fetal hypoxia

because of maternal vascular vasocontriction.

ASSOCIATION  BETWEEN  miRNA-210 AND  CLINICAL &
BIOCHEMICAL PARAMETERS:

The field of biomarker research now utilizes circulating miRNAs as promising
diagnostic indicators because these molecules persist at stable levels in circulating
blood.

Various studies demonstrate miRNA-210 functions as a key regulator across
multiple pathophysiological pathways including cancer and oxidative stress and
apoptosis. °® There is decreased oxygen tension at the feto-maternal interface in PE

pregnancies because trophoblasts reconstruct maternal blood vessels. P7A study by

Mayor-Lynn et al. % showed that miRNA-210 controls more than 100 gene

expressions in patients with PE.

Our study analysis revealed that the levels of plasma miRNA-210 were notably
higher among pregnant women who had PE compared to normotensive pregnant
women, which is found to similar to the studies done by Jairajpuri et al.l’”) Fetnat M

Tolba et. al [ Yousra M. Mammdoh et al. [78!

The mean miRNA-210 level in our study Group 1 (cases) was [mean = SD (25.41 +
10.13)], while in Group 2 (controls) it was [mean + SD (2.053 + 3.35)]. This
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significant difference, with a p value of <0.001, indicates a strong association
between elevated miRNA-210 and the presence of pre-eclampsia. The clear
separation in mean values supports the hypothesis that miRNA-210 is a critical

biomarker for distinguishing between pre-eclamptic and normotensive pregnancies.

Such findings are reinforced by previous studies by, Deeba S. Jairajpuri et. al [”!

reported significant fold changes in miRNA-210 expression between mild and
severe pre-eclampsia, with fold changes of 10.43 and 19.20, respectively, when
compared to controls. Similarly, Yousra M. Mammdoh et al ["® observed markedly
elevated plasma miRNA-210 levels in women with pre-eclampsia (mean =+ SE:
19.23 £ 6.95) compared to those without (4.29 + 1.36; P =0.001). Furthermore, Qian
Li et al ®3reported that increased miRNA-210 expression in maternal serum could
predict pre-eclampsia with high accuracy (AUC of 0.93), underscoring its diagnostic
potential. The large difference in mean values in our study not only highlights the
biological significance of miRNA-210 but also suggests its potential as an early
prognostic marker, capable of identifying women at risk long before clinical

manifestations appear.

According to Gunel et al. 8], the plasma miRNA-210 was significantly higher
among preeclamptic pregnant women than those pregnant women who are

normotensive from week 24-40 of gestation.

Adel et al.l”¥l stated that miRNA-210 is significantly expressed in preeclamptic
primigravida placentas/serum compared with those in normotensive primigravidas,
which correlates with our study findings, majority (58.83%) of the study population

were primigravidas.




Ghafari et al.’!! conducted study by collecting plasma from 90 pregnant women of
gestational ages between 26 to 40 weeks and then separated the study population
into pre-eclamptic (48) and control healthy pregnancy (42) groups. Research showed
that pregnant women with preeclampsia had elevated levels of miRNA-210, 155 and

494 compared to patients without pre-eclampsia.

With p value <0.05, systolic, diastolic, mean arterial blood pressure, SGOT, SGPT,
Proteinuria, ALP and miRNA- 210 were significantly raised in PE patients (Group
1) than Group 2.

In both the study groups, we found that there was no significant difference between
gestational age, BMI, Hb% levels, platelets, PT, INR, serum urea and creatinine
(with p value of 0.322, 0.089, 0.996, 0.743, 0.672, 0.44, 0.502, 0.344, 0.754
respectively). PTT was also observed to be statistically significant in our study with

p value <0.001, and it was found to be within normal range which is also observed
100]

with other studies done by Lei Han et. al ®and B Namavar Jahromi et. al. !

Renal damage occurs as a primary complication of PE. Diagnosis of PE currently
requires proteinuria as a necessary diagnostic factor. Multiple studies provide

101 Our study

evidence between proteinuria levels and maternal perinatal outcome.
also reported this relationship with p value <0.001 with proteinuria and serum uric
acid.

Other studies align with the our current study findings, between preeclampsia cases
and healthy pregnant women significant elevation of bilirubin and liver enzymes
levels in blood serum due to liver cell hypoxia resulting in hepatocyte necrosis.[1%%]

This increase was occurred in the first 20 weeks of gestation and predicted severe




preeclampsia development in later pregnancy, also results in a higher chance of

complications for mothers and fetus. 1%

miRNA-210 in our study showed a significant positive co-relation with gestational
age, SBP, DBP, MAP, PT, Urea, SGOT, SGPT, serum protein, albumin uric acid
and ALP with p value <0.001. Non-significant negative correlation was found in our
study between miRNA-210 and maternal age, BMI, platelets, PTT (p value 0.487,
0.720, 0.198, 0.55 respectively), which aligns with study done by Fetnat M. Tolba

et. al [

Conversely, miRNA-210 showed negative correlations with BMI (r= -0.036),
platelets (r=- 0.128), PTT (r= - 0.190) and pulsatility index of MCA doppler (r = -
0.272). These findings indicate that as miRNA-210 levels increase, the severity of
hypertension and metabolic disturbances intensifies, while markers of fetal growth

decline. Comparable evidence has been presented in previous research; for example,

Lauren Anton et. al B reported that each incremental increase in miRNA-210 was

associated with a 2.7-fold increase in the risk for hypertensive disorders. Similarly,
Michal A. Elovitz et. al ®®! found that elevated miRNA-210 levels increased the odds
of developing pre-eclampsia by over fivefold, with significant correlations to
adverse biochemical parameters. The robust positive correlations with blood
pressure parameters, biochemical parameters suggest that miRNA-210 plays a
central role in the pathogenesis of vascular dysfunction in pre-eclampsia.
Furthermore, the inverse relationship with fetal growth parameters supports the
notion that elevated miRNA-210 may impede trophoblast invasion and placental
development, leading to growth restriction. Such comprehensive correlation
analyses provide strong evidence for the utility of miRNA-210 as a multifaceted

prognostic biomarker. The integration of these molecular and clinical correlations
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further highlights the potential for miRNA-210 to serve as a central node linking
maternal systemic alterations to fetal outcomes. This detailed correlation pattern
reinforces the clinical relevance of monitoring miRNA-210 levels in pregnant

women at risk for pre-eclampsia.

ROC analysis was performed for the diagnostic accuracy of miRNA-210 in
preeclampsia. The AUC obtained was highly significant at 0.994, and the 95%
confidence interval ranged from 0.985 to 1.0. At a cut off of 9.63-fold change, the
serum miRNA-210 showed a sensitivity of 100% and a specificity of 96% with the
PPV and NPV being 100% and 96%, respectively. Similar results were also observed
in studies done by Lu Gan et al.®!l, and the ROC curve result was (AUC was 0.750
with 95% CI), Fetnat M. Tolba et.al ) ROC curve result was (AUC was 0.933 with
95% CI), Yousra M. Mammdoh et. al "l ROC curve result was (AUC of 0.852 with
95% CI) respectively. The high sensitivity and specificity associated with

miRNA-210, as observed in meta-analyses done by Mehdi Koushki et. al "% and

case-control studies done by Lauren Anton et. al ®!1and Michal A. Elovitz et. al [8¢]

further validate its role in the early detection and management of pre-eclampsia.

Multiple studies have confirmed the direct connection between PE development and
modifications in tissue-specific and circulating miRNA expression patterns.
Research shows miRNA-210 to be one of the prominent microRNAs associated with

PE despite being known for its hypoxic response properties.




SUMMARY

= Majority of the study population (59.8%) belonged to the age group of 20-24

years The mean age of our study population in Group 1 was 24.55+4.42 and

Group 2 was 23.75+£3.70 years. This distribution indicates that our study

primarily involved younger individuals.

= The weight distribution of the study participants shows that the highest
proportion of individuals (36.27%) had a weight between 65-70 kg.

= Systolic blood pressure in Group 1 mean was 155.69 + 15.27 mmHg, while in
Group 2 it was 114.71 £7.03 mmHg.

= Diastolic blood pressure in Group 1 mean measured 98.82 + 8.64 mmHg

versus 72.75 + 6.03 mmHg in Group 2.

= Mean arterial pressure in Group 1 was 117.80£9.79 mmHg, compared to

86.57+4.67 mmHg in Group 2.

= Mann—Whitney U tests revealed highly significant differences in miRNA-210
(p value < 0.001), blood pressure parameters (p value < 0.001), uric acid (p
value < 0.001), ALP (p value <0.001), and serum albumin (p value <0.001),
PTT (p value <0.001) serum protein (p value <0.001), SGOT and SGPT (p
value 0.041 and 0.032), as well as in fetal growth parameters (significant p-

values for abdominal circumference, head circumference, and birth weight).




= Chi-square tests showed significant associations for pallor (p value 0.022),
pedal edema (p value < 0.001), vulval edema (p value 0.041), BSUA (p value
<0.001), anemia (p value 0.040), and fetal growth restriction (p value 0.041).

= Correlation analysis demonstrated strong positive correlations between
miRNA-210 and systolic blood pressure (r = 0.723), diastolic blood pressure
(r=10.739), mean arterial pressure (r = 0.757), uric acid (r = 0.532), and ALP
(r = 0.460); serum protein (r= 0.674), serum albumin (r=0.328), SGOT and
SGPT (r=0.620 and 0.650) while negative correlations were observed with
BMI (-0.036), platelets (-0.128), PTT(r= -0.190), pulsatility index of MCA
doppler (r=-0.272).

= In terms of delivery outcomes, 82.35% of Category 1 deliveries were via
LSCS compared to 68.62% in Category 2, while normal vaginal delivery
(NVD) occurred in 17.64% of Category 1 and 31.37% of Category 2.

= The miRNA-210 level in Group 1 (cases) was 25.42+10.14 compared to

mean in 2.05 £+ 3.35 in Group 2 (controls).

= AUC obtained was highly significant at 0.994, and the 95% confidence
interval ranged from 0.985 to 1.0. At cut off 9.63 fold change miRNA-210
showed a sensitivity of 100% and a specificity of 96% with the PPV and NPV

being 100% and 96%, respectively.

= The clear difference in mean miRNA-210 levels between cases and controls

underscores the association of elevated miRNA-210 with pre-eclampsia.




CONCLUSION

This study provides a comprehensive insight into the potential of miRNA-210 as a
prognostic biomarker for pre-eclampsia by integrating detailed clinical,
biochemical, and fetal growth parameters from two distinct intervention groups. The
findings clearly demonstrate that Group 1, representing pre-eclamptic cases, exhibits
significantly elevated miRNA-210 levels [mean + SD (25.42 + 10.14)] compared to
Group 2 (controls) with levels of [mean + SD (2.05 + 3.35)], emphasizing a distinct
molecular difference that is reflective of the pathological processes underlies

pre-eclampsia.

Our study results provide compelling evidence that miRNA-210 holds promise as
an early, non-invasive biomarker that could potentially be integrated into routine
prenatal screening protocols to identify high-risk pregnancies. By enabling earlier
diagnosis and intervention, the implementation of miRNA-210 measurement could
transform clinical management strategies for pre-eclampsia, ultimately leading to

improved maternal and neonatal outcomes. The integration of detailed molecular

profiling with comprehensive clinical assessment offers a pathway toward

personalized care in obstetrics, emphasizing the importance of early risk
stratification in preventing the serious complications associated with pre-eclampsia.
Results from our study enhance understanding about the fundamental molecular
mechanisms responsible for pre-eclampsia and also facilitate for future research
aimed at refining diagnostic criteria and exploring targeted therapeutic interventions

that may mitigate the adverse outcomes associated with this condition.




LIMITATIONS

= Though the study considered miRNA-210 gene alone, there are several

other genes as well that can exhibit upregulation in pre-eclampsia and were
not addressed in our study. Future research may consider a broader array

of genetic markers to achieve a better insight.

= The study was carried out at a single health care center which limits the
variability of clinical practices and patient demographics. A multi-center
study involving different geographic locations and healthcare facilities

may provide a more comprehensive view.

= With only 102 participants, the study sample might not accurately reflect
the range of demographic traits and genetic origins found in the broader
population. The findings would be more established and broadly

applicable with a larger sample size.
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