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ABSTRACT

Relevance: Eclampsia is a life-threatening pregnancy complication characterized by seizures and loss of consciousness on the background
of preeclampsia. The WHO estimates that 10-15% of maternal mortality is associated with hypertensive disorders, including eclampsia.
The study aimed to comprehensively analyze key biomarkers for predicting eclampsia based on high-quality studies from the last 10 years.
Materials and Methods: he study included 40 research papers from the PubMed, Scopus, and Cochrane Library databases focusing on
biomarkers such as sFlt-1/PIGF, cell-free DNA (cfDNA), and genetic markers of inflammation. Data analysis was performed using the
PRISMA method, with odds ratios (OR) and 95% confidence intervals (CI) calculations.

Results: The sFlt-1/PIGF ratio was the most accurate predictor of eclampsia (OR = 7.5; 95% CI: 5.6-9.9; p < 0.001). Levels of cfDNA
(OR =6.3;95% CI: 4.7-8.4; p < 0.001) and polymorphisms of the IL-10 and TNF-a genes (OR =3.9; 95% CI: 2.8-5.4; p < 0.001) were also
significant.

Conclusion: The combined use of sFlt-1/PIGF, cfDNA, and genetic tests enhances the accuracy of eclampsia prediction and presents
significant clinical potential.
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IIpornocTu4yeckue OMOMapKepbl IKIAMIICHHM: META-aHAJIN3

M.M. Myzazoe’, /I.E. Omepmaesa’, /I.B. Bacunves’, H.H. Bacunvesa’,
JI.A. Xopowasuyeea’, A.K. Pomawkosa’

Kapazanounckuti meouyunckuti ynusepcumem, Kapazanoa, Pecnyonuxa Kazaxcman

AHHOTANUA

AKTYaJIbHOCTB: DKJIaMIICHs NIPEJICTABISIET cO00i )KN3HEYrpoXKaroliee 0CIOKHEHHEe OepeMEeHHOCTH, COPOBOXKIAIOIIEECs CyIOpOraMu 1
norepeit cosHanus, Ha (oHe npesknamncun. BO3 onennsaer, uto 10-15% MaTepHUHCKOH CMEPTHOCTH CBS3aHO C TMIIEPTEH3UBHBIMH pac-
CTpOIicTBaMHU, BKIIIOUAsI IKIAMIICHIO.

Leapb uccienoBaHus — u3ydeHne OHOMapKepoB, 0OIANAIONINX BEICOKOH MPOTHOCTHYECKOH 3HAYMMOCTBIO IS BEISBICHHUS KEHIIWH C PH-
CKOM pa3BUTHS 3KIAMIICUH.

Marepuansl 1 MeToabl: B ananu3 BritodeHo 40 myOnukanuii 3a mociennue 10 ner u3 6a3 qanubix PubMed, Scopus u Cochrane Library,
oxaarsiBaronnx 6rnomapkeps! sFlt-1/P1GF, Buexnerounyro JHK (Bxk/ITHK) u reneTnueckie Mapkepsl BocaieHus. AHAJIN3 UCTOYHHKOB IPO-
Bomuiicst MetonoM PRISMA ¢ pacuerom otHomenus mancoB (OLI) u 95% noeepurensHpix nHTepBAOB ().

Pesyabrarer: Coornomenne sFlt-1/PIGF oxazanocs nanbonee TounsM mpenukropoM sxtammcuu (OII=7,5; 95% JU: 5,6-9,9; p<0,001).
Yporau BkIHK (OLL=6,3; 95% [AU: 4,7-8,4; p<0,001) u nomumopdusmsr reroB IL-10 u TNF-a (OLI=3,9; 95% AU: 2,8-5,4; p<0,001)
TaKOKe MOKa3aJIu 3HAYUMOCTb.

3akaouenne: KomOunnpoBannoe ucrnonb3oBanue 6rnomapkepoB sFlt-1/PIGF, Bk/I[HK 1 reHeTnueckux TECTOB MOBBIMIAET TOYHOCTD MPO-
THO3MPOBAHUS SKJIAMIICHH, YTO UMEET 3HAUYUTENIbHbIE KIIMHNYECKHE NTEePCIIEKTHBEI.

KiioueBble cj10Ba: sxramncus, NPEesKNaAMNCUAL, 6€p€.M€HHOCmb, 6u0MapKep, npocHo3uposarue.
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IKJIAMIICUAHBIH 00/IKAMIBIK OMOMapKepJIepi: MeTa-aHAJIN3

M.M. Myza3zoe’, /I.E. Omepmaceea’, /I.B. Bacunves’, H.H. Bacunvesa’,
JI.A. Xopowasyesa', A.K. Pomawikosa’

'Kapazanowvl meouyuna ynusepcumemi, Kapazanovwl, Kasaxcman Pecnyonukacel

AHJATIIA

O3ekTiairi: DxamIcus — MpesKIaMIICHsl asiChIHAA KYPBICY XKSHE €CiHEeH TaHyMEH CHIATTajlaThlH eMipre KayinTi )KYKTLTK acKbIHYBI.
JIYHHEXXY31TIK JeHcayIbIK cakTay YHbIMBI (JIJ]¥) MomiMeTiHIIe, THIepTeH3UBTI OY3BUIBICTAp, COHBIH IIIIH/E SKIAMIICHS, aHAJIap ONIMIiHIH
10-15%-p1MeH OaiinaHbICTHIL.

3eprrey makcaTbl — Conrbl 10 sKbUIAAFBI KOFAPhI callaibl 3epTTeyJIepre CyiieHe OTBIPBII, IKIAMIICHIHBI OODKAayFa apHaJIFaH Herisri 6uo-
MapKepJepre >KaH->KaKThl Tajay >KYprisy.

Marepunannap men aaictepi: 3eprreyre PubMed, Scopus sxene Cochrane Library nepexkopnapsinan ansiaras 40 3eprrey kipai. Onap sFlt-
1/PIGF, xacymagan teic IHK (sxc/IHK) *oHe KaOBIHYIIBIH TeHETHKAIBIK MapKkepiiepin KaMTeiabl. depexrep PRISMA ogmiciMen TangaHsi,
mrarce KarbiHactapsl (1K) xxone 95% cenimainik nnrepsainapst (CH1) ecenteni.

Harmxenepi: sFlt-1/PIGF katbiHachl SKIaMIICUSHBIH €H o)1 0omkamMabIk kepcetkinn 6ommsl (LUK = 7,5; 95% CU: 5,6-9,9; p < 0,001).
KcJJHK nenreitnepi (LK = 6,3; 95% CU: 4,7-8,4; p < 0,001) xone IL-10 mern TNF-a rennepinig nomumopdmmaepi (LK = 3,9; 95% CU:
2,8-5,4; p <0,001) me MaHBI3IBI OOIBII MIBIKTHL.

Kopsoitbinast: sFlt-1/PIGF, sxc/THK sxoHe reHeTHKaJbIK TeCTTep i OipikTipin KoJJaHy SKIAMIICHUSHBI OOJDKay AQNAICIH apTThIpamsl, Oy

KIIMHUKAJIBIK TYPFbIAa YJIKEH QJICYCTKE HC.

Tyiiinai ce3nep: sxnamncus, npesxiamncus, HCYKminix, ouomapkep, 601xcay.

Introduction: Eclampsia is one of the most serious
and dangerous complications of pregnancy, which is
accompanied by seizures and loss of consciousness in women
with preeclampsia. This condition, according to the World
Health Organization (WHO), is the leading cause of maternal
mortality, especially in low- and middle-income countries
where access to high-quality perinatal care is limited [1].
Hypertensive disorders of pregnancy, including preeclampsia
and eclampsia, account for up to 15% of causes of maternal
mortality worldwide. In developed countries, despite more
widespread diagnostic and treatment options, eclampsia
remains an important clinical problem, especially among
women with late-diagnosed complications or lack of adequate
monitoring during pregnancy [2]. Eclampsia is the final stage
of preeclampsia, in which seizures and loss of consciousness
occur against the background of significant systemic
changes, including generalized endothelial dysfunction,
microcirculatory impairment, and severe hypertension.

In some cases, eclampsia may develop without obvious
clinical signs of preeclampsia, which significantly complicates
diagnosis and early intervention [3]. This condition is
associated with a high risk of complications for the mother
and fetus, including intracranial hemorrhage, cerebral edema,
multiple organ failure in the mother, as well as intrauterine
growth retardation, and fetal hypoxia. Current approaches to
diagnosing eclampsia are based on clinical assessment and
analysis of basic laboratory parameters, such as urine protein
levels and blood pressure. However, these methods are
often insufficient for early prediction, especially in atypical
preeclampsia or eclampsia cases. In recent decades, there has
been growing interest in studying molecular and biochemical
markers that can help predict eclampsia long before the onset
of clinical symptoms [4]. Biomarkers such as angiogenesis
factors, cell-free DNA (cfDNA), and inflammatory genetic

markers (IL-10, TNF-a) are particularly interesting to the
scientific community. These molecules are associated with key
pathophysiological mechanisms in developing preeclampsia
and eclampsia, including endothelial dysfunction, systemic
inflammation, impaired angiogenesis, and placental invasion
[5]. The ratio of soluble vascular endothelial growth factor
receptor-1 (sFlt-1) to placental growth factor (PIGF) has been
proposed as one of the most promising markers for predicting
eclampsia. High sFlt-1 and decreased PIGF levels indicate an
imbalance of angiogenesis, an important component of the
pathogenesis of eclampsia. cfDNA released from apoptotic
placental cells reflects the degree of placental dysfunction
and correlates with the severity of hypertensive disorders [6].
Despite the encouraging results of biomarker studies, their
implementation in clinical practice remains limited. The
main problems include variability of study results, lack of
unified cut-off values for data interpretation, and insufficient
understanding of the influence of ethnic, geographic, and
socioeconomic factors. In addition, most available tests
focus on the late stages of preeclampsia, which reduces their
effectiveness as early predictors of eclampsia [7]. In this
context, a meta-analysis of existing data becomes necessary
for systematizing knowledge, assessing the evidence base,
and developing recommendations for clinical practice.
Conducting a systematic review and meta-analysis allows us
to summarize the results of different studies, identify the most
informative markers, and propose unified approaches to their
use.

The study aimed to investigate biomarkers with high
prognostic value for identifying women at risk of developing
eclampsia. Particular attention is paid to angiogenesis markers
(sFlt-1/PIGF), cfDNA, and genetic predictors.

Materials and methods: The study was performed as a
meta-analysis using the PRISMA (Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses) methodology.
The analysis included randomized controlled trials (RCTs),
cohort studies, and high-level evidence systematic reviews
published over the past 10 years.

Research question formulation in PICO format:
Population: pregnant women with preeclampsia or eclampsia,
Intervention: biomarker measurement, Comparison: no
predictive testing or use of other markers, Outcome: accuracy
in predicting eclampsia.

Table 1 — Criteria for inclusion and exclusion of sources

Raw data: PubMed, Scopus, Cochrane Library. Period:
2014-2024. Keywords used: "eclampsia biomarkers,"
"predictive biomarkers for eclampsia,” "angiogenic
factors," "circulating DNA in preeclampsia," "genetic
markers in pregnancy." Source selection: Titles and
abstracts were screened first, followed by a detailed analysis
of the full text of publications to assess compliance with
the inclusion criteria. Inclusion and exclusion criteria are
listed in Table 1.

Inclusion criteria

Exclusion criteria

Randomized controlled studies, systematic reviews,
cohort studies

Descriptive studies, case reports

Women with preeclampsia and/or eclampsia

Studies involving fewer than 50 participants

Biomarker assessment: sFlt-1/PIGF, cell-free DNA,

Lack of biomarker data

genetic markers

Lack of biomarker data

Data suitable for calculating OR and 95% CI

Animal or in vitro studies

Publications in English or Russian

Unpublished data, conference posters

For each study included in the analysis, the following
information was collected: baseline characteristics (authors,
year of publication, geographic location), population data
(number of participants, age, gestational age), types of
biomarkers (angiogenic factors (sFlt-1/PIGF), cfDNA, genetic
markers (IL-10, TNF-a)) [8-10]. Main outcomes: odds ratio

Table 2 — Quality assessment of studies included in the analysis

(OR), sensitivity, specificity. The modified Cochrane Risk
of Bias (RoB2) scale for RCTs and the Newecastle-Ottawa
Scale for observational studies were used to assess the risk
of systematic error. In the case of systematic reviews, the
AMSTAR-2 scale was used. The quality assessment of the
included studies is presented in Table 2.

Type of study Quantity Average quality score
RCT 15 8.5 out of 10
Cohort studies 20 7.8 out of 10
Systematic reviews 5 9.1 out of 11

Software: Statistical analysis was performed using
RevMan 5.4 (Cochrane, UK) and Stata 15 (Stata Corp,
USA) software. Primary outcomes: OR and 95% confidence
intervals (CI), sensitivity and specificity, p < 0.05 was
considered statistically significant. Analysis model: The
fixed effects model was used for low heterogeneity (I
< 50%), and the random effects model was used for high

heterogeneity (I> > 50%). Heterogeneity assessment:
heterogeneity was analyzed using Cochran's Q test and 12
statistics. Missing data: studies with missing data (<10%)
were excluded. Duplicate data: duplicate studies were found,
and preference was given to more complete publications.
The PRISMA diagram illustrates the study selection process
(Figure 1).

Identified in databases

Excluded by titles and abstracts

Full texts checked for compliance with inclusion criteria

Excluded after complete check

Included in meta-analysis

1000

2000 3000

Number of publications

Figure 1 — PRISMA diagram
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Ethical aspects: This study is based on data from
previously published works. Therefore, approval from ethical
committees was not required. All data are anonymized and
used following the principles of the Declaration of Helsinki.

Results: The literature review identified 3500 publications,
of which 500 articles underwent full-text screening for
inclusion criteria. After excluding 460 articles that did not
meet the inclusion criteria, 40 studies were included in the
meta-analysis. The total sample size was 12,500 women,
which allowed for high statistical power of the analysis.
Key study characteristics: mean sample size per study: 312
women (range: 50—-1200 participants); geography: 20 studies
were conducted in Europe, 10 in North America, 6 in Asia,
and 4 in Africa; key biomarkers studied: sFlt-1/PIGF ratio,
cfDNA, genetic markers (IL-10, TNF-a); diagnostic criteria
for eclampsia: all studies used standard clinical criteria,
including the presence of seizures and hypertension in
pregnant women [1113].

The sFlt-1/PIGF ratio was the most accurate predictor
of eclampsia, with an overall OR=7.5 (95% CI: 5.6-9.9;
p<0.001). The highest prognostic accuracy was observed
at 20-24 weeks of pregnancy. A total of 25 studies (n=8500
women) were included in the analysis for this biomarker.
The mean sFIt-1/PIGF ratio in women with eclampsia was
135 (range 120-160), while in women without eclampsia, it
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was 35 (range 20-50). Sensitivity: 89%; specificity: 82% [14,
15]. These results are consistent with the data of Duhig et
al. (2019) that the sFIt-1/PIGF ratio predicts eclampsia 2—4
weeks before the onset of clinical symptoms [16].

cfDNA showed a high association with the development of
eclampsia, especially in the third trimester. The overall OR was
6.3 (95% CI: 4.7-8.4; p<0.001). A total of 10 studies (n=2500
women) were included in the analysis for this biomarker.
The median cfDNA level in women with eclampsia was 750
ng/mL (range 600-1000), while in healthy pregnant women
it was 300 ng/mL (range 200-400) [17]. Sensitivity: 85%;
specificity: 78% [18]. Comparison with other studies: Bartsch
et al. (2016) noted that high cfDNA levels are associated with
endothelial dysfunction, which confirms our results [19, 20].
In their study, cfDNA also correlated with the severity of
preeclampsia.

Polymorphisms of the IL-10 and TNF-o genes were
also associated with an increased risk of eclampsia. The
overall OR was 3.9 (95% CI: 2.8-5.4; p < 0.001). A total
of 5 studies (n=1500 women) were included in the analysis
for this biomarker. Genetic predisposition was detected
in 25% of cases [21]. Sensitivity: 65%; specificity: 70%
[22]. Confirmation by other studies: von Dadelszen et al.
(2016) confirmed that IL-10 and TNF-a polymorphisms are
associated with inflammation and impaired angiogenesis in

Table 3 — Comparison of the prognostic value of biomarkers for predicting eclampsia

Biomarkers Odds ratio Sensitivity Specificity
sFlt-1/PIGF 7.5 89% 82%
Extracellular DNA 6.3 85% 78%
Genetic markers 3.9 65% 70%

women with eclampsia [23]. Table 3 compares the prognostic
value of the biomarkers under consideration.

sF1t-1/PIGF is the most accurate biomarker for predicting
eclampsia as it demonstrates high sensitivity (89%) and
specificity (82%) with the highest OR (7.5). ¢cfDNA ranks
second with slightly lower sensitivity and specificity (85%
and 78%, respectively) and OR of 6.3, making this marker
useful for prediction. Genetic markers show lower sensitivity
and specificity (65% and 70%, respectively) and an OR of
3.9, which limits their use for predicting eclampsia in clinical
practice. However, they may be useful for assessing hereditary
risk. Table 3 highlights the importance of using biomarkers in
combination to improve the accuracy of eclampsia prediction.
It allows clinicians to select the most informative markers
based on the availability of methods and the clinical situation.
For example, sFlt-1/PIGF may be useful for monitoring in
hospital settings and cfDNA in more specialized studies.
Genetic markers may complement the overall risk picture in
the presence of a familial predisposition [24].

The meta-analysis results demonstrate that the most
informative biomarker for predicting eclampsia is the sFlt-
1/PIGF ratio. cfDNA also shows high prognostic value,
especially when assessing the severity of endothelial
dysfunction. Genetic markers are important in determining
hereditary risk but have limited clinical applicability due
to low sensitivity. These results highlight the need for a
multifactorial approach to predicting eclampsia.

Discussion: The analysis was based on high-level
evidence publications, ensuring the conclusions' reliability
and validity. Our study showed that the sFIt-1/PIGF ratio,
c¢fDNA, and genetic markers (IL-10, TNF-a) are significant
biomarkers for predicting eclampsia. The sFlt-1/PIGF
ratio demonstrated the highest prognostic value, which is
confirmed by a high OR value (7.5), high sensitivity (89%),
and specificity (82%). These data are consistent with K.

Webster et al. (2016) results, where sFlt-1/PIGF was named
the main prognostic tool for the early diagnosis of eclampsia
[25]. According to numerous studies, the sFlIt-1/PIGF ratio
is the main marker of angiogenesis imbalance, which makes
it a key link in the pathogenesis of eclampsia [26-28]. High
levels of the antiangiogenic factor sFlt-1 and reduced levels
of the proangiogenic factor PIGF indicate impaired vascular
regulation, which may precede the clinical symptoms of
eclampsia by several weeks [29]. This is supported by the
data of Reddy et al. (2021), who was the first to describe the
association between sFlt-1/PIGF and endothelial dysfunction
in pregnant women [30]. Our analysis showed that using the
sFIt-1/PIGF ratio allows us to identify eclampsia risk groups
as early as 20-24 weeks of pregnancy, which is consistent
with the data of S. Banala et al. (2020) [31]. However, it
should be borne in mind that the accuracy of this marker may
vary depending on individual patient characteristics, such
as age, BMI, and the presence of comorbidities. cfDNA is a
biomarker that reflects cellular apoptosis and necrosis, which
are especially characteristic of placental function disorders.
The level of ¢fDNA in the blood of pregnant women with
eclampsia is significantly higher than in healthy women,
which correlates with the severity of endothelial dysfunction
[32]. GJ Hofmeyr et al. (2017) reported that high levels of
cfDNA are associated with severe preeclampsia, confirming
our meta-analysis's results [33]. It is important to note that
cfDNA has slightly lower specificity (78%) than sFlt-1/
PIGF, possibly due to other conditions accompanied by
cellular apoptosis (e.g., chronic inflammatory processes).
However, the high sensitivity of cfDNA (85%) makes this
marker a valuable tool for early detection of eclampsia
risk. Polymorphisms of the IL-10 and TNF-a genes are
associated with inflammatory processes that play a key role
in the pathogenesis of eclampsia. These genes regulate the
immune response and angiogenesis, making them important
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risk predictors in women with a positive family history [34].
MW Meazaw et al. (2020) confirmed that specific genetic
variations increase the likelihood of developing eclampsia,
but their prognostic value is lower compared to biochemical
markers [35]. According to our analysis, genetic markers have
low sensitivity (65%) and specificity (70%), which limits
their use in clinical practice. However, they may be useful
as an adjunct to the main markers, especially in women with
a hereditary predisposition to hypertensive complications
of pregnancy. The combined use of sFlt-1/PIGF and cfDNA
provides higher prognostic accuracy than each marker.
This is supported by the results of multicomponent studies,
where the combination of biomarkers improved sensitivity
to 92% and specificity to 85% [36]. Genetic markers can
serve as an adjunct to clarify long-term risk, but their use
as an independent diagnostic tool is unjustified. Despite
the high prognostic value of the studied biomarkers, their
implementation in clinical practice faces several limitations:
standardization of cut-off values, Different studies used
different measurement methods and cut-off values, which
complicates the interpretation of the results [37]. Ethnic
differences: genetic and biochemical parameters may vary
depending on ethnicity, which requires further research to
account for population differences [38]. Affordability: sFlt-1/
PIGF and cfDNA tests remain expensive, which limits their
use in low-income countries.

Conclusion: The meta-analysis results confirm the
importance of biomarkers such as the sFlt-1/PIGF ratio,
cfDNA, and genetic markers (IL-10, TNF-a) in predicting
eclampsia. The most accurate and informative predictor is the
sFIt-1/PIGF ratio, whose close relationship with angiogenesis
and vascular function allows it to be used for early detection of
the risk of eclampsia, starting from 20-24 weeks of pregnancy.
cfDNA, a marker of placental dysfunction, demonstrates

high prognostic value, especially in combination with other
biomarkers [39]. Genetic markers such as IL-10 and TNF-a
polymorphisms have limited application but are useful for
assessing long-term risk, especially in women with a family
history of eclampsia.

The use of a combination of sFlt-1/PIGF and cfDNA helps
identify the risk group for eclampsia early in pregnancy,
allowing for timely medical intervention and reducing
the incidence of severe complications, including maternal
mortality and fetal hypoxia. Early diagnosis and personalized
surveillance protocols, including regular monitoring and
additional examinations, can improve the prognosis for
women at high risk of eclampsia [40].

However, there are limitations, such as differences in
biomarker cut-off values, platform-dependent cut-off values,
and the need to adapt methods for different ethnic groups.
Current tests require expensive equipment, limiting their
use in low-income countries. These issues can be addressed
by standardizing cut-off values for eclampsia biomarkers,
developing affordable diagnostic tests, and conducting
multicenter studies.

Integrating eclampsia biomarkers into clinical practice
requires a multidisciplinary approach that brings together
researchers, clinicians, and healthcare providers to reduce
complication rates, improve pregnancy outcomes, and
enhance the efficiency of healthcare facilities.
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