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Abstract

Objectives: The purpose of the study is to explore the po-
tential of novel genetic markers in predicting and diagnosing
hypertensive conditions during pregnancy, focusing on their
role in key pathological processes. The relevance of this
study is determined by the necessity to improve methods for
the early detection and effective management of pregnancy
complications, particularly those associated with elevated
blood pressure, which pose a threat to the health of both
mother and foetus.

Methods: The research methodology involves a systematic
analysis of scientific literature from the past five years,
specifically from 2019 to 2024, emphasising the integration of
data from various populations and research approaches
within the field of molecular medicine.

Results: The main findings demonstrate that certain mo-
lecular markers reflecting gene activity exhibit high accu-
racy in predicting the risks of complications associated with
hypertension of pregnancy. It is established that these
markers can detect disturbances in the regulation of
vascular tone, angiogenesis processes, and inflammatory
responses long before the onset of clinical symptoms. This
opens up opportunities for timely medical intervention and
a personalised approach to pregnancy management.
Conclusions: The results of the study confirm the potential
of utilising genetic markers in clinical practice to improve
pregnancy outcomes and reduce risks for both mother and
child. The practical value lies in the possibility of developing
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new screening programmes and therapeutic strategies
based on the individual characteristics of patients, contrib-
uting to more effective management of hypertensive disor-
ders during pregnancy.
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Introduction

Hypertensive disorders during pregnancy, including pre-
eclampsia and gestational hypertension, are among the
leading causes of maternal and perinatal morbidity and
mortality [1-3]. These conditions not only affect maternal
health but can also have long-term consequences for the
new-born, including an increased risk of cardiovascular
diseases in the future. Therefore, the development of
methods for early diagnosis, monitoring, and prognosis of
hypertensive disorders during pregnancy is a critically
important task in modern medicine. It is known that mRNA
plays an essential role in intercellular communication, and
its levels in the blood can change under the influence of
pathological processes. Due to their specific profile, mRNA
biomarkers are capable of reflecting processes such as
impaired angiogenesis, inflammation, and endothelial
dysfunction, which are fundamental to the pathogenesis of
hypertensive disorders during pregnancy [4]. Furthermore,
mRNA biomarkers present in plasma or exosomes have the
advantage of being non-invasive indicators [5, 6]. Their ex-
amination can contribute to the development of precise
molecular diagnostic methods, enabling the monitoring of
pregnant women at risk even before the clinical manifes-
tation of the disease.

Recent studies have significantly advanced our under-
standing of hypertensive disorders during pregnancy and
their broader health implications. Ford et al. [1] highlighted
anincrease in the prevalence of these conditions from 13.3 %
in 2017 to 15.9 % in 2019, noting a higher mortality rate
among women of lower socio-economic status. However, the
reliance on retrospective data may have led to certain nu-
ances being overlooked. Melchiorre et al. [2] found that
women with a history of pre-eclampsia face an elevated risk
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of future cardiovascular diseases due to structural and
functional changes in the heart. Despite these insights, there
remains a gap in standardised recommendations for long-
term monitoring and management of these patients, posing
challenges for effective postpartum care. In the realm of
biomarker development, Wu et al. [5] identified new bio-
markers for the early detection of pre-eclampsia, such as
placental growth factor, which shows promise in predicting
severe complications. However, the practical application of
these biomarkers is often hindered by high testing costs,
limiting their accessibility and widespread use. Kipnis et al.
[6] confirmed the safety and effectiveness of antihyperten-
sive medications like labetalol and nifedipine when used
within recommended doses during pregnancy. Yet, there is a
notable lack of data on the long-term effects of these thera-
pies on newborns, underscoring the need for further
research in this area.

Garovic et al. [7] revealed a doubled risk of developing
conditions such as heart failure and strokes, particularly
among women who had pre-eclampsia. These studies, while
informative, often fall short in fully exploring the genetic
factors contributing to these complications, indicating a
need for more comprehensive genetic analyses. Efforts by
Tagetti and Fava [8] to improve the diagnosis and classifi-
cation of hypertensive disorders have emphasised the
importance of accurate classification to reduce maternal
mortality. Innovative methods for early risk detection have
been proposed, although adapting these methods to low-
resource settings remain a challenge, limiting their global
applicability.

Thus, a large number of studies have been dedicated to
examining hypertensive disorders; however, few works
focus on mRNA biomarkers in pregnant women with such
conditions, which determined the necessity of this study. By
integrating data from different populations and methodol-
ogies, the study aims to create a comprehensive overview of
the transcriptional landscape characterising these condi-
tions, ultimately providing a valuable resource for both re-
searchers and clinicians striving to improve maternal and
foetal health outcomes.

This study significantly advances the understanding and
management of hypertensive disorders during pregnancy
by systematically analysing mRNA biomarkers, which are
crucial for early diagnosis and prognosis of conditions like
pre-eclampsia and gestational hypertension. By identifying
key biomarkers such as miR-19a, miR-210, and miR-126, the
research offers promising tools for early screening, poten-
tially transforming clinical practice through personalised
medicine approaches [9]. The insights into the pathophysi-
ology of these disorders, including impaired angiogenesis
and endothelial dysfunction, provide a foundation for
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developing targeted therapies. The integration of these bio-
markers into clinical practice could lead to standardised
diagnostic platforms, improving maternal health outcomes
and reducing long-term cardiovascular risks. This study
underscores the potential of mRNA biomarkers to enhance
the precision and effectiveness of maternal healthcare,
marking a pivotal step forward in obstetrics and personal-
ised medicine.

Materials and methods

This study is a systematic review of the literature conducted
between January 2019 and December 2024. The literature
search was performed in five major scientific databases:
PubMed, Scopus, Web of Science, Embase, and the Cochrane
Library. Search queries included combinations of the
following keywords: “mRNA biomarkers”, “hypertensive
disorders”, “pregnancy”, “pre-eclampsia”, “hypertensive
disorders in pregnancy”, “circulating mRNA”, “gestational
hypertension”, “mRNA expression”, “placental mRNA”, and
their equivalents in Kazakh. Boolean operators AND, OR, and
NOT were applied to refine and expand the search. A pro-
tocol describing the rationale, objectives, and search stra-
tegies for this systematic review was developed following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines and registered with the Interna-
tional Prospective Register of Systematic Reviews under
registration number CRD42024512410 [9]. An initial search
identified 150 publications. After removing duplicates, 120
studies remained. Preliminary screening of titles and ab-
stracts, based on the inclusion and exclusion criteria,
reduced the number to 92 potentially relevant papers. Full-
text analysis was conducted for these papers, resulting in 77
sources being included in the final analysis as they met all
criteria (Figure 1).

The risk of bias for included observational, case-control,
or nested case-control studies was assessed using the
modified Newcastle-Ottawa Scale [10]. Since randomised
controlled trials were not included in this systematic review,
common systematic biases (e.g., selection bias, allocation
concealment bias, etc.) were not assessed for the selected
papers. The interpretation of the obtained data was based on
comparing results from various studies, considering the
heterogeneity of the samples and methods. A narrative
approach was employed for data synthesis, enabling the
integration of information from diverse sources and iden-
tifying common trends regarding the role of mRNA bio-
markers in the pathogenesis and diagnosis of hypertensive
disorders during pregnancy. The results of the analysis
contributed to achieving the purpose of the study by



DE GRUYTER

Records identified thmugh database searching
n=150

Databases: PubMed, Scopus, Web of Science,
Embase, Cochrane Library
Time period: January 2019 - December 2024
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Records after duplicates removed
n=120

Excluded at deduplication: 30
Reason: Duplicate records across databases

Records screened (titles and abstracts)
n=20

Excluded after title|abstract screening: 28
Reasons: Not relevant to mRNA biomarkers in
hypertensive pregnancy disorders

Ful-tet articles assessed for eligibility
n=92

Excluded after full-text review: 15
Reasons for exclusion:
« No full-text access: 6
« Other diseases/non-pregnant: 2
« Animal/in vitro studies: 4
« Poor methodology/bias: 3

Studies included in qualitive synthesis
n=77

summarising current scientific data on mRNA biomarkers,
which could be utilised for the early diagnosis and prognosis
of hypertensive disorders in pregnancy.

Results and discussion

Types, mechanisms, and pathophysiology of
hypertensive disorders during pregnancy

Hypertensive disorders during pregnancy, including pre-
eclampsia and gestational hypertension, are major causes of
maternal and foetal morbidity and mortality. Understanding
the molecular basis of these disorders is crucial for early
diagnosis and the development of targeted therapies.
Profiling blood gene transcript signatures provides an
innovative method for identifying the dynamic changes in
gene expression associated with these pregnancy
complications.

Most maternal and foetal health issues during preg-
nancy involve hypertension [11, 12]. Many locations world-
wide have seen an increase in these situations. A French
study found that these illnesses complicate 7.4 % of preg-
nancies, with pre-eclampsia being the most common [13]. A

Figure 1: Flow diagram: Literature selection
process.

comprehensive study in China indicated an increase in
gestational hypertension and pre-eclampsia, which are
linked to obesity, age over 35, and inadequate physical ac-
tivity [14]. In Africa, hypertensive problems were common in
pregnancy, with 8% of cases resulting in major conse-
quences for the mother and baby, such as premature de-
liveries or low birth weight [15]. This epidemiological trend
emphasises the importance of early detection and manage-
ment to improve women’s and children’s health. Table 11ists
the main hypertensive disorders.

Pregnancy-related hypertensive disorders, particularly
pre-eclampsia, are characterised by complex pathophysiology
involving disturbances at the placental, immune system, and
systemic vascular tone levels [18, 19]. A key factor in the
development of these conditions is impaired placentation.
Normally, during pregnancy, spiral arteries remodel to
ensure adequate blood supply to the foetus. In the case of pre-
eclampsia, this process is incomplete, leading to impaired
placental blood flow and placental hypoxia. Placental hypoxia
stimulates the release of anti-angiogenic factors such as sol-
uble fms-like tyrosine kinase 1 (SFLT1), which block the action
of angiogenic proteins VEGF and PIGF. This impairs endo-
thelial function, promotes vasoconstriction, and increases
blood pressure, which are key features of pre-eclampsia [20].



4 —— Salimbayeva et al.: RNA biomarkers in pregnancy hypertension

Table 1: Main types of hypertensive disorders.
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Table 2: Main risk factors for developing hypertension disorders.

Disorder name Characteristics Risk factor Characteristics

Gestational hypertension Elevated blood pressure first appearing ~ Obesity A higher-than-normal body mass index is associ-
after the 20th week of pregnancy ated with an increased risk of hypertension dis-
without proteinuria (presence of protein orders and more severe manifestations of pre-
in the urine) or other signs of pre- eclampsia
eclampsia Nulliparity Pregnancy in women who have not had a previous

Pre-eclampsia Hypertension after the 20th week of
pregnancy with proteinuria (>300 mg of
protein in urine over 24 h) or signs of
systemic organ dysfunction
Pre-eclampsia accompanied by seizures
or coma not associated with other
neurological disorders

Development of pre-eclampsia in
women with pre-existing chronic hyper-
tension, characterised by worsening
blood pressure control and the onset of
proteinuria and other symptoms

A severe form of pre-eclampsia that in-
cludes haemolysis (destruction of red
blood cells), elevated liver enzyme levels,
and low platelet count

Eclampsia

Chronic hypertension with
superimposed pre-eclampsia

HELLP syndrome

Created by the authors based on Benschop et al. [3], Wilkerson and
Ogunbodede [16], Agrawal and Wenger [17].

The immune system also plays an important role in the
development of these conditions. Impaired adaptation of the
maternal immune system to foetal antigens may contribute
to the activation of systemic inflammation. This initiates a
cascade of oxidative stress that further damages the endo-
thelium and worsens placental blood flow [21]. Systemic
endothelial stress leads to the activation of the coagulation
cascade, the formation of microthrombi in small vessels, and
organ dysfunction, particularly affecting the kidneys, liver,
and brain. This results in symptoms such as proteinuria,
elevated liver enzyme levels, and, in severe cases, may lead
to HELLP syndrome or eclampsia [22].

Considering the risk factors for hypertensive disorders
in pregnancy is an important aspect of pregnancy planning
and management. These factors not only affect the health of
the mother and child but may also have long-term conse-
quences for awoman’s cardiovascular system. Knowledge of
the risks allows for timely preventive measures, reducing
the likelihood of complications. Table 2 below outlines the
key risk factors and their characteristics.

Thus, hypertensive disorders in pregnancy, including
pre-eclampsia, gestational hypertension, and associated
conditions, are major contributors to maternal and foetal
morbidity, causing serious complications such as preterm
birth, low birth weight, organ dysfunction in the mother, and
even mortality. These disorders have a complex

birth is more likely to have complications, in
particular due to the lower adaptive reserve of the
body before pregnancy

Older women of reproductive age have an
increased risk of hypertension disorders due to a
decrease in vascular elasticity and an increase in
concomitant diseases

Having a family history of hypertension or other
cardiovascular diseases significantly increases the
risk of hypertensive disorders during pregnancy
Pregnancy with twins or triplets increases the
volume of circulating blood and the load on the
cardiovascular system, which increases the risk of
pre-eclampsia and other hypertensive disorders
Having one or more abortions in the anamnesis is
associated with an increased risk of hypertension
disorders during subsequent pregnancies
Increased stress levels during pregnancy can
affect the cardiovascular system due to increased
stress hormones that contribute to hypertension
Diabetes increases the risk of hypertensive com-
plications due to vascular wall damage and
reduced vascular elasticity

Women who have experienced pre-eclampsia in a
previous pregnancy are at a higher risk of devel-
oping hypertensive disorders in subsequent
pregnancies.

Age over 35 years

Genetic predisposition

Multiple pregnancy

Previous history of
abortions

Chronic stress

Diabetes mellitus

Previous pre-
eclampsia

Created by the authors based on Haug et al. [23], Groenhof et al. [24].

pathophysiology, including impaired placentation, where
insufficient remodelling of the spiral arteries reduces
placental blood supply, causing hypoxia. This, in turn, trig-
gers the release of anti-angiogenic factors, vascular tone
disturbances, and inflammatory reactions, leading to sys-
temic endothelial dysfunction, vasoconstriction, and high
blood pressure.

In addition to placental factors, the immune system
plays a critical role in the development of these conditions.
When the adaptation to foetal antigens is disrupted, chronic
systemic inflammation may be triggered [25]. This leads to
the activation of the coagulation cascade, microthrombi
formation, and worsening microcirculation, further exac-
erbating organ failure. Among the severe complications of
these conditions is HELLP syndrome, characterised by
erythrocyte destruction, liver damage, thrombocytopenia,
and eclampsia, a life-threatening seizure disorder for both
the mother and child.
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Epidemiological studies indicate a rising prevalence of
hypertensive disorders in pregnancy worldwide, with sig-
nificant risk factors including obesity, age over 35, genetic
predisposition, and low physical activity levels. In many
cases, these disorders are more common in a woman’s first
pregnancy or in the presence of multiple pregnancies, which
places additional strain on the maternal cardiovascular
system. As a result, prevention is of paramount importance,
involving the control of risk factors, regular medical moni-
toring, and early diagnosis of changes in blood pressure or
other signs of complications.

Given the complex nature of these conditions, a crucial
task for modern medicine is to gain a deeper understanding
of the molecular mechanisms underlying their development.
In particular, research into blood gene expression profiles
may contribute to the development of innovative ap-
proaches for early risk detection and the refinement of tar-
geted therapies. This is especially important as hypertensive
disorders in pregnancy not only impact the course of preg-
nancy but also have long-term consequences for women’s
health, increasing the risk of cardiovascular diseases in the
future. Thus, a combination of screening strategies, moni-
toring, and prevention can help mitigate the negative impact
of these conditions on both women and their children.

Diagnostic value of RNA biomarkers in
hypertensive disorders of pregnancy (HDP)

mRNA biomarkers are messenger RNA molecules that reflect
gene expression in the body and can serve as indicators of
biological processes or pathological conditions [26]. They are
an integral part of the central dogma of molecular biology:
the process where DNA is transcribed into mRNA, which
then transports genetic information to ribosomes for protein
synthesis. This process forms the basis of cellular func-
tioning and regulates various physiological functions.

mRNA functions as a “mediator”, reading information
from DNA and transferring it to ribosomes, where protein
synthesis occurs. However, its functionality is not limited to
this role. In many cases, mRNA interacts with other mole-
cules, such as microRNAs, which can suppress or stimulate
its activity, altering gene expression. This mechanism is key
to regulating numerous biological processes, including cell
proliferation, apoptosis, and stress response [27]. mRNA
biomarkers can be tissue- or organ-specific. For example,
certain mRNAs are expressed only in specific tissues (e.g.,
alpha-foetal haemoglobin in blood or SPINKS in vaginal se-
cretions), enabling their use in determining the source of
biomaterial [28].
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mRNA can exist freely or be packaged into vesicles, such
as exosomes, which ensure its stability in biological fluids,
including blood, urine, saliva, or plasma. These vesicles
protect mRNA from the action of ribonucleases — enzymes
that degrade RNA - allowing it to retain its functionality in
the body for a longer period [29]. Furthermore, circular
mRNAs, which form closed loops via “back-splicing”, are
even more stable due to their structure. These molecules are
increasingly considered promising biomarkers because they
are stable, tissue-specific, and detectable in various biolog-
ical fluids [30]. The ability of mRNA to reflect the condition of
cells or organs makes them valuable tools for exploring the
body’s functioning. For example, altered levels of mRNA
expression can signal the presence of diseases, such as
cancer, or the response to therapy. Due to their unique
expression in response to disease, mRNA becomes an
important indicator for early diagnosis or treatment
monitoring [31].

mRNA biomarkers play an important role in the diag-
nosis and prognosis of diseases due to their capacity to
reflect gene activity in various physiological and patholog-
ical states [32, 33]. They enable the detection of early disease
stages, the prediction of disease progression, and the
assessment of treatment effectiveness, providing high levels
of specificity and sensitivity. The role of mRNA biomarkers
in disease diagnosis and prognosis has become pivotal due to
their ability to provide detailed information on molecular
processes occurring within the body. They are an indis-
pensable component of modern medicine, ensuring non-
invasiveness, high specificity, and sensitivity in disease
detection and progression assessment.

One of the most progressive areas is the utilisation of
mRNA biomarkers in the diagnosis of cancer [34, 35]. For
instance, in the study by Zhou et al. [36], a signature of three
mRNAs (NPFFR2, XPNPEP2, and CELA3B) was identified,
enabling the prognosis of serous cystadenocarcinoma of the
ovaries. This signature provides an opportunity to distin-
guish between high-risk and low-risk patient groups, facili-
tating more precise treatment planning and improving
outcomes. Circular RNAs, which form closed-loop structures,
have become another promising type of biomarker due to
their high stability in biological fluids and tissue specificity.
In the study by S. Wang et al. [30], it was emphasised that
circular RNAs demonstrate high sensitivity in detecting
cancers such as breast, prostate, and lung cancer. Their
expression profiles allow not only for disease detection but
also for evaluating its progression and response to therapy.

Long non-coding RNAs also exhibit significant prog-
nostic potential. In the study by Kunadirek et al. [37], it was
determined that long non-coding RNAs MIR4435-2HG and
Inc-POLD3-2 could serve as sensitive markers for diagnosing
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hepatocellular carcinoma, even among patients with normal
levels of serum alpha-fetoprotein. High levels of these mol-
ecules correlate with poor prognosis, underscoring their
value in predicting disease progression. Kumar et al. [38]
demonstrated that circulating microRNAs, such as miR-320a
and miR-375, have the ability to correlate with the stages of
non-small cell lung cancer. This enables not only tumour
classification by stage but also the evaluation of patients’
sensitivity to therapy and the prediction of potential recur-
rence. Panels of biomarkers, incorporating several types of
RNA, are also used in diagnostics. In the study by Tan et al.
[39], a novel biomarker, RN7SL1, for hepatocellular carci-
noma was proposed, which demonstrates a high level of
accuracy in detecting early-stage cancer. It not only provides
high sensitivity but also correlates with patient survival,
making it a valuable tool in clinical practice [40].

Some approaches use biosensors for electrochemical
analysis. An independent hybridisation process yields
lengthy double-stranded DNA with significant electro-
chemical signals, making hybridisation chain reaction bio-
sensors sensitive to mRNA. This allows mRNA detection in
complicated biological matrices with a 3 fM detection limit
[41]. Electrochemical biosensors using fluorescent nano-
particles analyse mRNA without labelling. This technology
detects numerous microRNASs in tissue or serum samples at
once, saving time and resources [42]. Modern technologies
like CRISPR/Casl2a use cascaded amplification events to
detect microRNAs sensitively. This method is essential in
clinical practice because to its low detection threshold and
precise discrimination of closely related mRNA molecules.
The latest innovations use light-harvesting nanoparticles to
generate ultra-bright fluorescent signals in response to
target mRNA. This method quantitatively assesses cell
extract molecules and is compatible with portable fast
diagnostic equipment [43].

Research has shown that mRNA biomarkers can di-
agnose pregnancy problems. The detection of foetal mRNA in
maternal blood is significant. Transcripts of genes involved
in foetal and placental development have been found in
pregnant women’s blood but are absent or diminished
postpartum, indicating foetal origin. PLAC3, PLAC4, and CRH
transcripts were raised in pre-eclampsia, indicating a close
link between placenta and maternal blood mRNA levels. The
mRNAs can be used to diagnose pre-eclampsia without
intrusive procedures [44]. Detecting maternal blood micro-
RNAs has also improved diagnosis. MiR-142-5p and miR-1275
in the serum of pregnant women with foetuses with
congenital cardiac abnormalities can be used to diagnose
such illnesses non-invasively. These microRNAs differed
significantly across cardiac defect and control groups,
proving their biomarker specificity [45].
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Maternal blood placental mRNA stability allows for
longer monitoring. Research has revealed that these tran-
scripts swiftly vanish from the bloodstream after delivery,
allowing precise pregnancy sign identification. They can be
used to evaluate the baby and placenta throughout preg-
nancy [46]. Another study found that long non-coding RNAs
in early pregnancy indicate hypertension, including pre-
eclampsia. Pregnant women with high blood levels of
particular long non-coding RNAs had more problems and
adverse outcomes for mother and baby, such as foetal
growth limitation or placental abnormalities [47]. Thus,
mRNA and microRNA are attractive non-invasive prenatal
diagnostic tools since they can accurately identify pre-
eclampsia, congenital heart abnormalities, and early preg-
nancy problems.

Modern mRNA biomarker detection and analysis tech-
nologies are more accurate, fast, and sensitive. These ap-
proaches provide genetic activity measurement, early illness
diagnosis, and therapy response monitoring. Isothermal
amplification, CRISPR/Casl2a-based systems, electro-
chemical biosensors, and light-harvesting nanoparticles are
the core of current diagnostics due to their diversity, preci-
sion, and low detection limits. Their use in clinical practice,
especially in predicting pregnancy problems, is intriguing.
Pre-eclampsia is a primary cause of maternal and perinatal
morbidity. mRNA biomarker detection technologies can
detect early molecular changes in the placenta and vascular
system of pregnant women, which may indicate the danger
of these issues before clinical symptoms occur. This allows
timely medical intervention, lowering mother-child risks.
Thus, mRNA biomarkers are crucial for safe pregnancies and
reducing problems.

Analysis of RNA biomarkers for diagnosing
HDP

The analysis of mRNA biomarkers is gaining increasing
importance in modern medicine, particularly in the context
of diagnosing HDP. The use of mRNA as biomarkers opens
new horizons in predicting and promptly diagnosing these
conditions, as it provides information on genetic activity at
the molecular level. Due to their high sensitivity and speci-
ficity, mRNA biomarkers allow for the detection of early
changes accompanying pathological processes, even before
the manifestation of clinical symptoms. The unique ability of
these biomolecules to reflect dynamic changes in the preg-
nant woman’s body contributes to more accurate risk
assessment and an individualised approach to treatment.
The analysis of mRNA is not only a promising tool for med-
ical research but also has the potential to transform clinical
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practice paradigms, enhancing the effectiveness of perinatal
medicine and reducing risks associated with pregnancy
complications.

Recent advances in RNA sequencing have revolu-
tionised transcriptome research, enabling comprehensive
analysis of RNA species, including mRNA, which reflects
active biological processes in tissues such as the placenta
[48]. The placenta plays a pivotal role during pregnancy,
acting as the interface between mother and foetus, with
dysfunctional placentation being a hallmark of hypertensive
disorders during pregnancy [49]. Thus, analysing placental
gene expression using RNA derived from blood can provide
critical insights into pathophysiological mechanisms.

In pregnancies complicated by hypertensive disorders,
changes in the transcriptome may result from disruptions in
placental development and function [50]. Identifying specific
mRNA signatures in maternal blood can facilitate under-
standing of how alterations in gene expression contribute to
the onset and progression of conditions such as pre-
eclampsia. Such information could pave the way for devel-
oping prognostic biomarkers that could be applied in clinical
settings to manage and mitigate risks associated with
affected pregnancies [51].

Over the past five years, comprehensive analyses of
mRNA biomarkers relevant to the diagnosis, prognosis, and
understanding of the pathogenesis of HDP, including pre-
eclampsia and gestational hypertension, have been con-
ducted. Particular attention has been given to microRNAs, as
their expression in peripheral blood and tissues is associated
with the key pathological processes underlying these con-
ditions. For instance, miR-19a, miR-210, and miR-126 have
been identified as reliable markers capable of detecting both
the risk and severity of pre-eclampsia. A combination of
miR-20a-5p, miR-143-3p, miR-145-5p, and miR-574-3p has
demonstrated greater sensitivity in predicting pre-
eclampsia at early stages of pregnancy compared to con-
ventional screening methods [52]. Other studies confirm the
value of circulating C19MC microRNAs as tools for early
detection of gestational hypertension [53].

The functions of mRNA biomarkers encompass the
regulation of key pathophysiological processes. Specifically,
miR-210 is critical for regulating hypoxia and oxidative
stress in the placenta, which can lead to its dysfunction. This
plays a central role in the development of pre-eclampsia,
particularly in the context of disrupted oxygen and nutrient
transport to the foetus [54]. Conversely, miR-126, which is
typically responsible for maintaining endothelial function,
exhibits reduced expression in women with severe HDP,
indicating progressive vascular damage [55]. Other bio-
markers, such as miR-20a-5p and miR-146a-5p, actively
regulate inflammatory processes associated with pre-
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eclampsia. Disruptions in these processes manifest as
elevated levels of pro-inflammatory cytokines, including IL-
6 and IL-8, which, according to studies, impair placental
functionality [56].

HDP are also characterised by significant disruptions in
signalling pathways. The principal pathways include those
related to angiogenesis (specifically the PIGF/sFlt-1 pathway),
inflammatory responses, and endothelial metabolism. For
instance, disruptions in the PIGF-to-sFlt-1ratio directly affect
vascular permeability and the formation of the placental
barrier [57].

Ping et al. [58] investigated the integrated expression of
mRNA and microRNA in the context of pre-eclampsia. Their
findings indicate distinct signatures involving microRNAs
such as miR-29b, which interact with mRNAs associated with
angiogenesis and immune regulation. These data contribute
to understanding the complex mechanisms of gene regula-
tion in pre-eclampsia and complement prior discoveries
regarding the role of mRNA biomarkers in placental
dysfunction. Rasmussen et al. [59] presented a comprehen-
sive analysis of RNA profiles in the blood of pregnant
women, enabling the prediction of future disease risks. The
study highlighted circulating mRNA and its role in predicting
pre-eclampsia, particularly during early pregnancy stages.
Their findings emphasised the importance of RNA profiles as
predictors of maternal and foetal health, making them
relevant for integration into contemporary research.

Tarca et al. [60] focused on mRNA profiles in maternal
whole blood, identifying biomarkers capable of predicting
early pre-eclampsia. They identified specific mRNA signa-
tures associated with disruptions in angiogenesis and in-
flammatory processes, providing new tools for early
intervention. These findings underscore the critical role of
circulating mRNA in screening women at risk of hyperten-
sive disorders.

Recent studies on genetic factors conducted by Mack
et al. [61], associated with HDP, identified the significant role
of polymorphisms in the retinoic acid receptor beta gene in
the pathogenesis of these conditions. The retinoic acid re-
ceptor beta gene is responsible for regulating processes
related to inflammatory immune responses, which play a
crucial role in the development of pre-eclampsia. The ex-
amination of associations revealed that alterations in the
retinoic acid receptor beta gene affect the biological mech-
anisms determining vascular system resilience to risk fac-
tors, including inflammatory cytokines, immune activation,
and endothelial dysfunction. Polymorphisms in the retinoic
acid receptor beta gene region were found to significantly
increase the risk of developing pre-eclampsia and gesta-
tional hypertension. Specifically, the identified gene variants
influenced the activation of inflammatory pathways and
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heightened the body’s response to angiotensin II, a key
mediator of vascular tone. These findings add to the current
understanding of how hereditary factors contribute to
pregnancy complications, increasing the risks of placental
dysfunction and hypoxia.

In addition to genetic factors, Hauspurg et al. [62] added
that biochemical markers, particularly natriuretic peptides,
may play a significant role in predicting HDP risks during
early pregnancy stages. N-terminal pro-brain natriuretic
peptide is a crucial indicator of subclinical cardiac
dysfunction. Its concentration during early pregnancy re-
flects the efficiency of the maternal cardiovascular system’s
adaptation to pregnancy-related changes. Elevated
N-terminal pro-brain natriuretic peptide levels are associ-
ated with improved adaptive mechanisms, whereas reduced
concentrations of this peptide may indicate a high risk of
pre-eclampsia. It is noteworthy that N-terminal pro-brain
natriuretic peptide also demonstrates prognostic signifi-
cance for long-term cardiovascular health. In studies
involving women who experienced HDP, this biomarker
enabled the assessment of risks for developing hyperten-
sion, ischaemic heart disease, and other cardiovascular
complications for several years post-partum.

These biomarkers exhibit significant potential for the
early detection of diseases prior to the onset of clinical
symptoms, enabling timely implementation of preventive or
therapeutic measures. For instance, a study by Hromadni-
kova et al. [52] demonstrated that microRNAs concentrations
in the blood of pregnant women correlate with the risk of
developing pre-eclampsia. Specifically, microRNAs such as
miR-20a-5p, miR-145-5p, and miR-181a-5p allow for the pre-
diction of pre-eclampsia development with a sensitivity of
70-80 % and specificity of approximately 75 %.

Particular attention is drawn to the potential use of
mRNA biomarkers for predicting complications such as
foetal growth restriction or severe forms of pre-eclampsia.
For example, a study by Zhou et al. [63] demonstrated that
levels of miR-25-3p are significantly elevated in patients with
hypertensive pregnancy disorders, with high levels associ-
ated with an increased risk of complications such as preterm
birth or poor neonatal outcomes.

Significant attention has been devoted to the diagnostic
characteristics of mRNA biomarkers. Sensitivity and speci-
ficity analyses of various microRNAs in diagnosing hyper-
tensive pregnancy disorders have confirmed their high
diagnostic efficacy. For instance, in studies by Jin et al. [55],
microRNAs miR-19a, miR-126, and miR-210 exhibited a
sensitivity of 81.2% and a specificity of 73.5 %, with their
levels correlating with disease severity. More complex
biomarker panels combining multiple microRNAs, such as
miR-31-5p and miR-214-3p, can achieve diagnostic accuracy
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of up to 90 % [64]. In addition, long non-coding RNAs have
been successfully tested as markers for predicting the
severity of pre-eclampsia. A reduction in IncRNA FAM99A
levels has been associated with increased diastolic blood
pressure, elevated urinary protein levels, and liver
dysfunction, enabling the use of this biomarker to assess
disease severity [65].

Thus, mRNA biomarkers demonstrate significant po-
tential for both the early diagnosis of hypertensive preg-
nancy disorders and the prediction of their severity and
complications. These findings underscore the potential of
incorporating such approaches into routine medical practice
following further large-scale clinical studies.

Clinical applications and prospects of RNA
biomarkers in hypertensive pregnancy
disorders

The integration of mRNA biomarkers into clinical practice
for hypertensive disorders during pregnancy holds signifi-
cant potential for improving the diagnosis, prognosis, and
monitoring of these conditions. In particular, mRNA bio-
markers may be utilised for the early identification of
pregnant women at heightened risk of developing pre-
eclampsia, enabling timely implementation of preventive
and therapeutic measures. Furthermore, changes in mRNA
expression may serve as dynamic indicators of disease
progression or therapeutic efficacy. The analysis of mRNA
biomarkers also facilitates the development of individu-
alised predictions concerning potential complications,
providing a more personalised approach to pregnancy
management. For the incorporation of these methods into
practice, further research is required to standardise detec-
tion methods, validate the clinical value of biomarkers, and
develop guidelines for their use.

Scientific studies, particularly those by Zhang et al. [66],
demonstrate that specific profiles of mRNA and non-coding
RNA can reflect pathophysiological processes associated
with endothelial dysfunction, inflammatory responses, and
immune imbalances underlying conditions such as pre-
eclampsia and gestational hypertension. The use of molec-
ular panels, including differentially expressed mRNA,
significantly enhances the sensitivity and specificity of early
diagnosis of HDP, enabling risk prediction and personalised
treatment at the early stages of gestation [47]. Furthermore,
the application of multi-marker models incorporating mRNA
expands diagnostic capabilities for assessing risks to both
the mother and the foetus [67]. Key challenges in this field
include standardising quantitative methods for mRNA
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analysis, developing cost-effective and rapid platforms for
evaluation, and integrating these technologies into existing
clinical protocols. Collectively, this evidence indicates that
mRNA biomarkers hold considerable potential for
improving the management of pregnancies complicated by
hypertensive disorders.

Integrating mRNA biomarker testing into existing clin-
ical protocols and workflows requires a systematic approach
to ensure seamless adoption and effective utilisation within
healthcare settings. Initially, healthcare providers should
identify key points within the prenatal care timeline where
biomarker testing can provide the most value, such as dur-
ing initial screenings and follow-up visits for high-risk
pregnancies [14-17]. Collaboration with laboratory special-
ists is essential to establish standardised procedures for
sample collection, handling, and analysis, ensuring that
these processes align with current clinical operations.
Training for healthcare staff on the interpretation of
biomarker results and their implications for patient man-
agement is crucial to facilitate informed decision-making.
Additionally, integrating biomarker data into electronic
health record systems can enhance accessibility and allow
for better tracking of patient outcomes over time. By
embedding these tests into routine prenatal assessments and
leveraging existing infrastructure, healthcare providers can
enhance diagnostic accuracy and personalise patient care
without significantly disrupting established workflows [57-
62].

The integration of mRNA biomarker testing into
healthcare systems presents both opportunities and chal-
lenges that necessitate careful consideration of infrastruc-
ture and training requirements. Implementing these
advanced diagnostic tools requires healthcare facilities to
invest in specialised equipment and laboratory infrastruc-
ture capable of handling and analysing genetic material with
high precision. This includes the acquisition of high-
throughput sequencing technologies and the establishment
of secure data management systems to store and process
sensitive genetic information efficiently [52-55, 68].

Training for healthcare providers is a critical compo-
nent of this integration process. Clinicians, laboratory tech-
nicians, and support staff must receive comprehensive
training to understand the principles of mRNA biomarker
testing, interpret test results accurately, and apply this in-
formation effectively in clinical decision-making. Contin-
uous education programs and workshops can help ensure
that healthcare professionals remain up-to-date with the
latest advancements and best practices in genetic testing [69,
70]. Moreover, the incorporation of mRNA biomarker testing
into existing clinical workflows may require adjustments to
standard operating procedures and care pathways.
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Collaborative efforts among multidisciplinary teams,
including geneticists, obstetricians, and bioinformaticians,
are essential to develop guidelines and protocols that facil-
itate seamless integration and utilisation of these tests [67,
68, 71-73].

From a broader healthcare system perspective, the
adoption of mRNA biomarker testing could lead to improved
patient outcomes through earlier and more accurate di-
agnoses, potentially reducing the overall cost of care by
preventing complications and enabling targeted in-
terventions. However, healthcare systems must also prepare
for the initial financial investment and ongoing costs asso-
ciated with maintaining the necessary infrastructure and
training programs.

The use of mRNA bhiomarkers for the diagnosis and
monitoring of hypertensive disorders during pregnancy of-
fers significant advantages and certain limitations
compared to conventional methods, making this research
area both highly promising and complex. Among the ad-
vantages, mRNA biomarkers enable early detection of high-
risk pregnancy complications, allowing clinicians to adopt
individualised approaches to antenatal care. For instance,
SFLT-1 has been identified as a significant mRNA biomarker
for predicting the progression of HDP. Its application can
improve patient monitoring and reduce the incidence of
severe complications [68]. Other mRNA biomarkers associ-
ated with the renin-angiotensin-aldosterone system have the
potential for assessing pregnancy risks, particularly in pa-
tients at high risk of developing pre-eclampsia, thus opti-
mising treatment strategies [72].

In addition, the use of biomarkers such as apelin and
visfatin provides insights into the impact of hypertensive
disorders on the overall health of pregnant women and
predicts long-term health risks, including the development
of cardiovascular diseases in the future. This approach goes
beyond standard diagnostics, offering a deeper under-
standing of the pathophysiology of hypertensive disorders.
Moreover, some studies suggest that biomarkers such as
CA125 and alpha-fetoprotein may be effective for predicting
the risk of pre-eclampsia at early stages of pregnancy,
especially in the context of multivariate analysis [73].

Despite significant progress, the use of mRNA bio-
markers in clinical practice faces several limitations. One of
the main challenges is the high variability in biomarker
levels, which can depend on individual patient characteris-
tics, including their general health status and the presence of
comorbidities. Furthermore, there is the issue of external
and internal factors affecting biomarker levels, which, in
turn, impact the accuracy of their interpretation. For
example, changes in the functioning of the renin-angio-
tensin-aldosterone system can result from both the



10 —— Salimbayeva et al.: RNA biomarkers in pregnancy hypertension

progression of pregnancy and the influence of comorbid-
ities, creating additional difficulties for the routine applica-
tion of these biomarkers in practice. In addition, small
sample sizes used in many studies, such as those investi-
gating sFLT-1, limit the generalisability of the results and
necessitate further clinical trials involving a larger number
of participants. The weak prognostic characteristics of in-
dividual biomarkers, such as CA125 and alpha-fetoprotein,
also highlight the need to integrate these indicators with
standard diagnostic methods, which may complicate their
implementation in clinical practice [73].

Prokineticin 1 is a key protein ensuring the normal
course of pregnancy, being involved in decidualisation,
embryo implantation, and placental development. Its role is
critical for maintaining healthy conditions at the maternal-
foetal interface, and its dysregulation is associated with
pathologies such as pre-eclampsia, recurrent miscarriages,
and intrauterine growth restriction. These pathological
states underscore the necessity for further investigation of
Prokineticin 1 to develop potential therapeutic approaches
and biomarkers for the diagnosis and treatment of such
complications [74]. Research into the potential of quinoa
proteins has revealed that bioactive peptides formed after
simulated digestion exhibit antihypertensive properties.
These peptides, in particular, are able to inhibit the activity
of angiotensin converting enzyme, which is important in the
regulation of blood pressure. Such properties open up
prospects for using quinoa as a basis for creating new
therapeutic agents that could be applied in the treatment of
hypertensive disorders during pregnancy, particularly pre-
eclampsia [75]. Ischaemia-modified albumin has proven to
be an effective marker for assessing tissue hypoxia and
oxidative stress. This is especially important for evaluating
the risk of developing microvascular complications in pa-
tients with chronic conditions, such as type 2 diabetes,
where hypoxia and oxidative stress play a pivotal role. Early
studies indicate that this marker may also be relevant to
conditions associated with HDP, such as pre-eclampsia, as
these pathologies share similar mechanisms of tissue
damage.

The use of mRNA biomarkers in the diagnosis and
monitoring of hypertensive disorders during pregnancy
opens new horizons in medical practice, providing a more
precise and personalised approach to maternity care. Bio-
markers such as sFLT-1, apelin, and visfatin demonstrate
significant potential in predicting complications, early
identification of risks, and improving outcomes for both
mothers and new-borns. Furthermore, the integration of
these innovative methods with conventional approaches can
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contribute to better pregnancy outcomes and a reduction in
complications.

While limitations related to biomarker variability and
the need for further research persist, these challenges do not
diminish the opportunities they present. Efforts towards
standardising analytical methodologies and increasing the
representativeness of study samples will help address these
shortcomings and make mRNA biomarkers an indispensable
tool in modern medicine. Ultimately, their implementation
not only enhances diagnostics but also lays the foundation
for the long-term health of both mother and child, empha-
sising their unique value in the field of obstetrics.

Based on mRNA bhiomarkers, it is possible to propose the
development of several promising therapeutic approaches
for managing hypertensive disorders during pregnancy.
Firstly, these biomarkers could be employed to create indi-
vidualised treatment regimens that account for the genetic
and epigenetic characteristics of the patient. This may
include the development of drugs targeting the regulation of
specific mRNA expressions associated with the pathogenesis
of hypertension. Secondly, therapeutic strategies may focus
on restoring the balance of biologically active substances,
such as apelin or visfatin, through the administration of
their analogues or the stimulation of their natural secretion.
The use of these markers also appears promising for real-
time monitoring of treatment effectiveness, allowing ther-
apy to be adapted according to the disease’s progression.
Thirdly, therapeutic interventions could involve correcting
related metabolic or hormonal imbalances, such as hyper-
secretion of hCG or dysfunction of the renin-angiotensin-
aldosterone system. This could be achieved through phar-
macological modulation or gene therapy aimed at regulating
the expression of relevant genes.

The utilisation of mRNA biomarkers in clinical practice,
while promising for enhancing diagnostic and therapeutic
strategies, also raises significant ethical concerns that war-
rant careful consideration. Privacy issues are paramount, as
genetic information is highly sensitive, and its misuse could
lead to potential breaches of confidentiality, impacting in-
dividuals’ personal and professional lives. RNA expression
profiles can vary depending on the individual’s physiological
state, meaning that the potential for identifying specific in-
dividuals based on these profiles is limited [8-10, 76]. While
certain genetic variants may be identifiable, RNA profiles
generally have restricted identifiable value. There is also the
risk of genetic discrimination, where individuals might face
unfair treatment by employers or insurance companies based
on their genetic predispositions revealed through biomarker
analysis. To mitigate these risks, it is crucial to establish robust
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legal frameworks and ethical guidelines that ensure the
protection of genetic data, promote transparency in how this
information is used, and prevent discriminatory practices.
Additionally, informed consent processes must be clearly
communicated to patients, ensuring they are fully aware of
the implications of genetic testing and their rights regarding
their genetic information. Addressing these ethical challenges
is essential for responsibly integrating mRNA biomarkers into
healthcare systems and maintaining public trust in genetic
research and medicine [28-36].

The analysis of mRNA biomarkers in the context of hy-
pertensive disorders during pregnancy, particularly pre-
eclampsia and gestational hypertension, reveals significant
insights into their diagnostic and prognostic potential. By
identifying specific mRNA biomarkers such as miR-19a,
miR-210, and miR-126, the study underscores their role in
reflecting key pathophysiological processes, including
impaired angiogenesis, endothelial dysfunction, and
placental hypoxia, which are central to these conditions. The
integration of these biomarkers into clinical practice offers a
promising avenue for early detection and personalised
management of hypertensive disorders, potentially
improving maternal and fatal health outcomes. Further-
more, the examination of genetic and molecular mecha-
nisms associated with these biomarkers enhances the
understanding of disease progression and severity, paving
the way for targeted therapeutic interventions. Despite the
challenges related to variability in biomarker levels and the
need for standardised detection methods, the findings
highlight the transformative potential of mRNA biomarkers
in advancing prenatal care and mitigating long-term health
risks for both mother and child.

In this review, certain studies are highlighted for their
higher quality and impact on the field of mRNA biomarkers
in hypertensive disorders during pregnancy. Notably, Ford
et al. [1] and Garovic et al. [7] stand out due to their large
sample sizes, robust methodologies, and significant findings
that have been replicated or validated in subsequent
research, offering robust evidence and valuable insights into
the prevalence, impact, and long-term consequences of these
conditions. Rasmussen et al. [59] is also emphasised for its
innovative approach and contributions to understanding
RNA profiles in predicting pre-eclampsia. These high-quality
studies provide a stronger evidence base and are recom-
mended for readers seeking to delve deeper into the subject.
Conversely, while studies such as Melchiorre et al. [2] and
Wu et al. [5] provide useful data, they are considered of
moderate quality due to limitations like smaller sample sizes
or constraints in real-world application, guiding readers on
where to focus for further exploration.
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Conclusions

The analysis of mRNA biomarkers in hypertensive disorders
during pregnancy, particularly pre-eclampsia and gesta-
tional hypertension, has provided significant insights into
their potential for early diagnosis and personalised man-
agement. This study underscores the critical role of specific
mRNA biomarkers such as miR-19a, miR-210, and miR-126 in
reflecting key pathophysiological processes, including
impaired angiogenesis, endothelial dysfunction, and
placental hypoxia. These biomarkers offer promising tools
for early screening and intervention, potentially trans-
forming clinical practice and improving maternal and fatal
health outcomes. The integration of mRNA bhiomarkers into
clinical practice could lead to the development of stand-
ardised diagnostic platforms, enhancing the precision and
effectiveness of maternal healthcare. By enabling early
detection and monitoring of hypertensive disorders, these
biomarkers can facilitate timely medical interventions,
thereby reducing the risk of complications and long-term
health issues for both mother and child.

The results are substantial because they suggest the
potential for implementing mRNA biomarkers in clinical
practice for early diagnosis, monitoring treatment efficacy,
and assessing the severity of HDP. Further research should
focus on standardising mRNA analysis methodologies,
developing accessible diagnostic platforms, and investi-
gating genetic and metabolic factors influencing biomarker
expression. Special attention should be given to developing
integrated screening programmes to personalise the
approach to the prevention and treatment of HDP. A limi-
tation of this study was the lack of standardisation in mRNA
analysis methods, which may have affected the consistency
of results across different studies. Furthermore, further
validation of the obtained data in larger clinical cohorts is
required.
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