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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Premature preterm rupture of membranes
(PPROM) is a leading cause of preterm birth and neonatal
complications. Identifying reliable biomarkers such as
interleukin-22 (IL-22) and homocysteine (Hcy) is critical
for early diagnosis, prognosis, and improved maternal-fetal
outcomes.

Objectives: To systematically evaluate the prognostic
significance of IL-22 and Hcy in predicting PPROM, preterm
birth, and related maternal and neonatal outcomes in pregnant
women.

Methods: This systematic review (2015-2025) analyzed 10
studies on IL-22 and Hcy in PPROM. Literature was searched
in PubMed, Cochrane Library, Europe PMC, ProQuest, and
Google Scholar using PICO criteria. Data extraction was
performed with an emphasis on reliability, and risk of bias was
assessed with ROBINS-I.

Results: Ten studies from diverse countries with varying
designs and sample sizes were included. IL-22 was consistently
elevated in women with PPROM and preterm birth (PTB). One
included study reported a diagnostic cut-off value of 23.86
pg/mL with 72% sensitivity, while other studies supported an
overall trend of increased IL-22 levels without establishing a
uniform threshold. IL-22 was also associated with vaginal
microecological imbalance, inflammatory responses, and
immune modulation, although correlations with neonatal
outcomes were inconsistent. Hcy showed a significant
association with adverse pregnancy outcomes. Elevated levels
predicted PPROM, PTB, miscarriage, and reduced fertility.
Hyperhomocysteinemia was additionally linked to low birth
weight, neonatal intensive care unit admission, and vitamin B12
deficiency. Overall, IL-22 and Hcy demonstrated considerable
potential as biomarkers for predicting pregnancy complications,
however, standardized thresholds require further validation
through large-scale studies and meta-analytical approaches.

Conclusion: IL-22 and Hcy are promising biomarkers for
predicting PPROM, PTB, and adverse pregnancy outcomes.
Elevated IL-22 reflects immune modulation, while high Hcy
correlates with fetal risk and neonatal complications. These
findings support their potential application in early diagnosis
and risk stratification.

Key words. PPROM, IL-22, Hcy, preterm birth, biomarkers,
maternal outcomes.

Introduction.

Preterm premature rupture of membranes (PPROM) is defined
as rupture of the membranes before 37 weeks of gestation and
is a major contributor to preterm birth (PTB), which remains a
leading cause of neonatal morbidity and mortality worldwide
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[1-5]. Despite advances in maternal-fetal medicine, the global
incidence of PTB has not significantly declined [6,7].

Current clinical predictors and management strategies for
PPROM remain limited, as available markers lack sufficient
accuracy and consistency [8,9]. Among emerging biomarkers,
interleukin-22 (IL-22) and homocysteine (Hcy) have gained
attention due to their roles in inflammation, immune regulation,
and vascular homeostasis, making them biologically plausible
candidates for PPROM prediction [10]. Rather than being
independent findings, these biomarkers represent complementary
pathways through which maternal immune status and metabolic
balance may influence pregnancy outcomes. However,
existing studies have primarily examined these biomarkers in
isolation, and findings remain inconsistent: IL-22 shows both
pro-inflammatory and protective effects in pregnancy [11],
while elevated Hcy has been associated with multiple adverse
outcomes but with variable strength [12,13]. This inconsistency
underscores the need for integrative approaches that assess these
biomarkers together, allowing researchers to clarify whether
their effects are synergistic, antagonistic, or context-dependent
in PPROM.

Therefore, this study aims to evaluate and compare the
predictive value of IL-22 and Hcy in women with PPROM, with
the primary endpoint of improving diagnostic accuracy and the
secondary endpoint of informing timely clinical interventions.
The expected practical value of integrating IL-22 and Hcy into
risk prediction is to support individualized clinical decision-
making: women at higher predicted risk could be prioritized
for hospitalization, intensive monitoring, and timely delivery
planning, while those at lower risk may avoid unnecessary
interventions through safe outpatient observation.

Literature Review.

Epidemiology and Classification of PROM:

Preterm premature rupture of membranes (PPROM) occurs
in approximately 2-3% of all pregnancies and contributes to
nearly one-third of spontaneous preterm births, which remain
among the leading causes of neonatal morbidity and mortality
worldwide. PROM is classified based on the gestational age at
rupture term PROM when it occurs at >37 weeks and preterm
PROM (PPROM) when rupture occurs before 37 weeks. Earlier
onset, particularly at previable gestations (<24 weeks), is
associated with more severe outcomes, including higher rates of
fetal loss, neonatal complications, and maternal morbidity [14].

This gradation in clinical outcomes illustrates that the timing of
membrane rupture is not merely a descriptive classification but a
critical determinant of maternal fetal prognosis. Recent evidence
reinforces the importance of gestational timing in shaping
outcomes. PPROM in extremely preterm infants is associated
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with significantly increased risks of sepsis and respiratory
complications, even after adjustment for confounders [15]. The
survival following previable PPROM is markedly reduced,
with prognosis heavily dependent on maternal and fetal risk
factors. Taken together, these data suggest that PPROM should
be conceptualized less as a single entity and more as a clinical
spectrum, where biological, gestational, and maternal factors
interact to determine outcomes. These findings highlight that
PPROM is not a uniform condition but rather a spectrum where
earlier rupture presents the most challenging clinical scenarios,
underscoring the need for reliable tools to guide prognosis and
management [16].

Maternal and Fetal Complications:

PPROM s associated with a wide spectrum of adverse outcomes
for both the mother and fetus. For the fetus, complications include
respiratory distress syndrome, intraventricular hemorrhage,
cerebral palsy, intra-amniotic infection, and neonatal sepsis,
all of which contribute significantly to perinatal morbidity and
mortality [17,18]. The risk of adverse neonatal outcomes is
particularly pronounced in extremely preterm infants, where
survival is closely influenced by gestational age at rupture and
latency period.

Maternal complications primarily arise from ascending
infection and obstetric emergencies. Chorioamnionitis is the
most frequent, but other serious conditions such as placental
abruption, umbilical cord prolapse, postpartum hemorrhage, and
sepsis may also occur, potentially escalating to life-threatening
situations if timely interventions are not initiated [19,20].
These maternal and fetal risks highlight the urgency of early
identification and risk stratification in PPROM, underscoring the
need for reliable prognostic biomarkers that can guide clinical
decisions on monitoring, hospitalization, and timing of delivery.

Established Biomarkers in PPROM:

Several biomarkers have been investigated for their predictive
and diagnostic utility in PPROM. Among these, C-reactive
protein (CRP), alpha-fetoprotein (AFP), and BhCG are the most
widely studied [21-23]. These biomarkers provide insight into
inflammatory status, placental function, and fetal well-being,
but their predictive power remains inconsistent, limiting their
use in routine clinical practice. It is worth noting that in other
areas of medicine, biomarkers have been successfully applied
to risk prediction and patient stratification, such as vitamin
D in relation to hypothyroidism in adolescents, where cross-
sectional studies have demonstrated their value for forecasting
health outcomes [24-26]. This underscores their potential in
obstetric forecasting, although specific evidence for PPROM
remains limited.

Emerging Role of Interleukin-22 (IL-22):

IL-22, a cytokine involved in immune regulation and tissue
homeostasis [27], has recently drawn attention in pregnancy-
related research. Evidence suggests that IL-22 exerts a dual role.
On one hand, it activates pro-inflammatory signaling, promoting
synthesis of effector molecules such as IL-6 and TNF-o,
which may contribute to tissue damage and premature rupture
of membranes [28-30]. On the other hand, IL-22 supports
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mucosal protection, prevents microbial invasion, and enhances
tissue repair, thereby helping to preserve the integrity of fetal
membranes [31]. This functional duality indicates that the
biological context in which IL-22 is expressed may be decisive
in shaping its impact whether harmful or protective during
pregnancy. The distinct positioning of IL-22 between immune
activation and tissue protection has also been demonstrated
in molecular and immunological assessments in other disease
prevention contexts [32,33]. By situating PPROM within this
broader immunological framework, it becomes evident that
IL-22 should not be interpreted as a uniformly beneficial or
detrimental factor, but rather as a dynamic mediator whose role
is determined by the surrounding maternal—fetal environment.
These contrasting functions highlight IL-22 as a promising but
complex biomarker in PPROM.

Homocysteine (Hcy) and Pregnancy Outcomes:

Homocysteine (Hcy), a sulfur-containing amino acid, has been
strongly linked to adverse pregnancy outcomes. Elevated Hcy
levels are associated with spontaneous abortion, preeclampsia,
PROM, placental abruption, and low birth weight [34]. Beyond
pregnancy, hyperhomocysteinemia is recognized as a risk
factor for cardiovascular and neurological disorders [35,36].
This broader clinical relevance strengthens the rationale for
considering Hey in obstetric research, as the same mechanisms
driving vascular dysfunction and oxidative stress in systemic
diseases may also predispose to adverse pregnancy outcomes.
Moreover, similar biomarker-based approaches have been
applied in gynecological and postpartum conditions such as
stress incontinence, where Hcy and related markers have been
utilized in risk assessment and prognostic evaluations [37-39].
By drawing on evidence across different clinical domains,
researchers can better contextualize Hcy as a biomarker that
links systemic metabolic imbalance with obstetric complications
such as PPROM. The main biomarkers investigated in PPROM
are summarized in Table 1, grouped by functional categories.

Knowledge Gaps and Future Directions:

Despite substantial research, no single biomarker has proven
sufficiently reliable for clinical implementation in PPROM.
Although CRP, AFP, and BhCG provide some predictive value,
their sensitivity and specificity remain limited. Emerging
markets such as IL-22 and Hcy show potential but have not been
validated in combination. Furthermore, evidence on the direction
of associations remains conflicting, with IL-22 demonstrating
both protective and pathogenic roles and Hey showing variable
strength of association. Developing predictive algorithms that
integrate these biomarkers could improve risk stratification,
guide obstetric management, and reduce adverse maternal and
perinatal outcomes [40-43]. This study directly addresses this
gap by investigating IL-22 and Hcy both individually and in
combination as prognostic markers for PPROM.

Objective.

To systematically evaluate the prognostic significance of L-22
and Hcy in predicting PPROM, PTB, and related maternal and
neonatal outcomes in pregnant women.



Methodology.
Study Design:

This study was conducted as a systematic review covering the
period from 2015 to 2025. All relevant studies were identified
through a comprehensive literature search in electronic
databases and were screened according to pre-defined inclusion
and exclusion criteria. Figure 1 shows the PICO criteria applied
in this systematic review, providing a structured framework for
study selection and outcome evaluation.

Figure 2 presents the inclusion and exclusion criteria used
for this review. These criteria ensured that only studies directly
relevant to the research question and of acceptable quality were
considered for further analysis.

Importantly, during study selection it was observed that no
eligible study concurrently evaluated both interleukin-22 (IL-22)
and homocysteine (Hcy) as combined biomarkers for PPROM
or related pregnancy outcomes. As a result, this systematic
review synthesizes evidence from separate studies investigating
IL-22 and Hcy independently. This methodological constraint
was considered during data interpretation and limits the ability
to draw conclusions regarding their combined prognostic
performance

Search Strategy:

This review involved a comprehensive search across multiple
electronic databases to identify relevant studies. The following
search keywords were used (“PROM” OR “PPROM” OR
“Premature rupture of membranes”) AND (“IL-22” OR
“Interleukin-22” OR “Homocysteine”). This search was
conducted in PubMed, Cochrane Library, Europepmec, ProQuest,
and Google Scholar. The search was limited to studies published
between 2015 and 2025 to ensure the inclusion of the most
recent research. Duplicates were removed during the screening
process, and irrelevant studies were excluded based on the title
and abstract review.

Study Selection:

Figure 3 illustrates the systematic process employed in
identifying [44], screening, and including studies for this
review on the significance of IL-22 and Hcy in the prognosis of
PPROM. Initially, a total of 15,397 records were identified from
several databases, including PubMed (17), Cochrane Library
(6,024), EuropePMC (477), ProQuest (4,519), and Google
Scholar (4,360). Based on studies published between 2015 and
2025, 6,572 records remained. After removing duplicate records
(932) and irrelevant studies (3,852), 29 records were screened.
Of these, 19 were excluded due to being either unrelated to
the relevant biomarkers or not focused on PPROM, leaving
10 studies eligible for further assessment. Ultimately, these 10
studies [45-54] were included in the review.

Data Extraction:

Data extraction for this systematic review was carried out using
a structured and standardized approach to ensure consistency
and accuracy. Key data points were extracted from each study,
including study characteristics such as authors, publication
year, study design, sample size, and population characteristics.
Additionally, biomarkers studied, biomarker assay methods,

233

and units of measurement were recorded. Outcomes measured
included maternal outcomes, neonatal outcomes, and
pregnancy-related outcomes. Key findings related to IL-22 and
homocysteine levels were extracted, along with their prognostic
value, including cut-off values and predictive metrics. Data was
extracted by two independent reviewers from full-text articles,
and discrepancies were resolved through discussion with a third
reviewer. The extracted data was then organized into a database
for further analysis, ensuring a comprehensive exploration of
the relationship between IL-22, homocysteine, and pregnancy
outcomes.

Inter-Observer Reliability:

Inter-observer reliability was quantified by two blind reviewers
extracting data independently of each other in all included
studies. The data extraction form was a predefined form of
study characteristics including the biomarker information,
measurements on outcomes and the important findings. All
the differences in data extraction by the two reviewers were
addressed by discussion. In cases where the agreement could
not be reached, the opinion was obtained by a third reviewer
who was involved in providing an additional opinion and ensure
that there was a consensus. This way was used to eliminate bias
and raise the reliability of the data extracted. The inter-observer
reliability kappa value 0.85 was found to be nearly perfect.

Risk of Bias Assessment:

Figure 4 presents a traffic-light plot [55] using the ROBINS-I
tool [56] to visualize the risk of bias across studies. Most
studies showed low risk in areas like bias due to confounding
and selection of participants, but some studies, such as Busse
et al. 2020 and Eko et al. 2022, exhibited moderate and serious
risks in bias in classification of interventions and measurement
of outcomes. These risks were primarily linked to small sample
sizes and measurement errors.

Figure 5 presents the summary plot, also assessed using
the ROBINS-I tool, which corroborates the traffic-light plot
findings. Most studies are classified as low risk, while a few
show moderate and serious risks, particularly in selection bias
and outcome measurement. This highlights potential concerns in
data analysis and interpretation of results. Both plots emphasize
the need to carefully consider study design and methodology
when evaluating IL-22 and homocysteine as biomarkers for
PPROM and other pregnancy complications.

Results.

Table2 providesanoverviewofthestudycharacteristicsincluded
in the review on the significance of IL-22 and homocysteine in
the prognosis of PPROM in pregnant women. The studies span a
range of countries, including Turkey, Canada, China, Germany,
Italy, Iraq, India, and Indonesia, offering a diverse international
perspective on the topic. The study designs vary from cohort,
case-control, to cross-sectional, ensuring a broad approach to
understanding the biomarkers' impact across different settings.
The sample sizes range from 9 to 481, indicating the inclusion
of both small-scale pilot studies and large cohort studies, which
provide valuable insights with varying levels of generalizability.
Several studies specifically target populations with PPROM,
while others address conditions like inflammatory bowel disease



Table 1. Established and emerging biomarkers investigated in PPROM prognosis.

Block / Category Biomarker Studies Main Findings
C-reactive protein 21] Elevated CRP reflects systemic inflammation but shows limited
Inflammatory markers (CRP) predictive accuracy in PPROM.
IL-6, TNF-a [28-30] Pro-inflammatory cytokines; associated with tissue damage and PROM.
Alpha-fetoprotein [22] Elevated AFP may reflect compromised membrane or placental
(AFP) integrity; inconsistent results.
Placental/fetal markers ; . ; . . r :
Studied for diagnostic/prognostic role, but predictive power remains
BhCG [23] .
limited.
Cytokines with dual role Interleukin-22 [27.29-31] Play§ both pa‘Fhoge.nlc (induces IL-6/TNF-a) and protective (mucosal
(IL-22) repair, anti-microbial) roles.
Metabolic markers Homocysteine [34-36] Elevateq Hcey %mkefi tovPROM, preeclampsia, placenta} abruption;
(Hcey) mechanisms via oxidative stress and vascular dysfunction.
Table 2. Characteristic of included studies.
Author’s / Year Country Study Design Sample Size Population
Behram et al. 2021 [45] | Turkey Case-control 80 Pregnant women, 18-40 years, 24-34 weeks gestation
Wu et al. 2022 [46] Canada Cohort 87 Pregnant women with IBD and healthy controls
Xu et al. 2019 [47] China Case-control 34 Pregnant women with PPROM, healthy and non-
pregnant women
Busse et al. 2020 [48]  Germany Cohort 13 Pregnant women undergoing cesarean section (term
or preterm)
Logiodice et al. 2019 Women with successful pregnancy or recurrent
[49] Ttaly Cohort 0 abortion (URA)
Dawood et al. 2024 [50] Traq Case-control 100 \}?vr:fl?sant women, single viable fetus, 240/7-366/7
Bala et al. 2022 [51] India Cohort 75 Preterm (PTB) and term infants, cord blood and
placenta tissue
Zhan et al. 2025 [52] China Cohort 481 IVF/ICSI patlents, categorized by serum
homocysteine levels
. . Pregnant women, 20-<37 weeks gestation, including
Eko et al. 2022 [53] Indonesia Cross-sectional 70 those with PPROM
Mishra et al. 2020 [54] India Cohort 100 Pregnant women, all three trimesters evaluated
(Note NR: Not reported in the original study.)
Table 3. Biomarkers and Assay Methods.
Biomarker Biomarker Assay Units of
Authors / Year Studied Method Measurement Outcomes Measured
];giram ctal. 2021 IL-22 Enzyme immunoassay pg/mL Maternal IL-22 levels, pregnancy outcomes
Wu et al. 2022 [46] 1L-22 ELISA pg/mL Cytokine levels, pregnancy-related outcomes
Xuetal, 2019 [47] IL-22 ELISA pe/mL Z;gmal microecology, serum IL-10, IL-22, NF-
E‘Lgs]se etal. 2020 IL-22 Flow cytometry pg/mL Cytokine levels in plasma, Breg cell frequency
Iig igéo[il;; ctal. 1L-22 Multiplex assay pg/mL Cytokine production in CD4+ T cell clones
Dawood et al. 2024 He Serum levels measured mol/L Maternal and neonatal outcomes (birth weight,
[50] Y " NICU admission)
Bala et al. 2022 [51] Hey ELISA, RT-PCR umol/L Homocysteine, vitamin B12, gene expression in
placenta
Zhan et al. 2025 Hey ELISA umol/L Pregnancy rate, miscarriage, clinical pregnancy
[52] outcomes
Eko et al. 2022 [53] Hcy HPLC pmol/L Serum homocysteine, incidence of PROM
1[\;[‘1‘s]hra etal. 2020 Hcey Biochemical investigations |pumol/L Pregnancy progression and outcomes

Note: IL-22 = Interleukin-22; Hcy = Homocysteine.
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Table 4. Key Findings and Prognostic Value of Interleukin-22.
Authors / Year

Key Findings
Higher in PPROM (60.34 + 139.81 pg/mL vs.
20.71 £ 4.36 pg/mL,

Prognostic Value

Associated with PPROM risk (cut-off 23.86 pg/mL,

Behram et al. 2021 [45] 72% sensitivity)

p <0.001)
Elevated IL-22 linked to disease activity in UC and T1 IL-22 associated with T2 disease activity for UC
Wu etal. 2022 [46] CD (cut-off 0.624 pg/mL)

Higher in PPROM (45.91 + 7.13 pg/mL) compared
to normal pregnancy and non-pregnant groups
Higher in PTB group vs TD group (p < 0.05)

Linked with vaginal microecological imbalance (r =
0.692)
Associated with PTB inflammatory changes

Associated with Th2 (IL-4) in successful pregnancy
and Th17 (IL-17A) in URA

Xu et al. 2019 [47]

Busse et al. 2020 [48]

Logiodice et al. 2019 [49] Higher in successful pregnancy compared to URA

Table 5. Key Findings and Prognostic Value of Homocysteine.

Dawood et al. 2024 [50] aEslse(\)]::‘it:tcl :;ﬁ?g;ﬁg;ﬁ?is significantly Homocysteine >28.85 nmol/mL linked to increased PPROM risk

PTB infants with hypHcy had higher
homocysteine levels and lower vitamin B12
Elevated female serum Hcy >12.43 umol/L is
a risk factor for early miscarriage (OR = 2.20)
Elevated homocysteine levels (Hcy >15
pmol/L) associated with PROM (p = 0.001)
Hyperhomocysteinemia in early pregnancy is
a risk factor for adverse pregnancy outcomes

Fetal hypHcy associated with oxidative stress and inflammation,
contributing to PTB

Elevated serum homocysteine linked to reduced fertility and early
miscarriage

Elevated Hcy associated with PROM in a cross-sectional study;
predictive value cannot be inferred

Hyperhomocysteinemia is an independent risk factor, not a
predictor of future events

Bala et al. 2022 [51]

Zhan et al. 2025 [52]

Eko et al. 2022 [53]

Mishra et al. 2020 [54]

Table 6. Maternal and Neonatal Outcomes.

Author’s / Year

Biomarker Levels

Maternal Outcomes

Neonatal QOutcomes

Clinical Implication

Behram et al.
2021 [45]

Significant difference between
PPROM (high IL-22) and control

No significant correlation with
pregnancy outcomes

No correlation with
neonatal birth weight,
Apgar scores

IL-22 associated with
PPROM risk

Wu et al. 2022
[46]

Elevated IL-22 >0.624 pg/mL (UC)
and IL-6 >0.648 pg/mL (CD)

Active disease in UC associated
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(IBD), PTB, and single viable fetuses, thereby expanding the
scope of analysis. However, findings derived from specialized
populations, including pregnant women with IBD and patients
undergoing IVF/ICSI, should be interpreted with caution, as
underlying inflammatory conditions and reproductive therapies
may independently influence cytokine and homocysteine levels
and may not directly reflect PPROM risk in the general pregnant
population. Additionally, some studies focus on fetal tissues
such as cord blood and placenta tissue, allowing for a detailed
examination of biomarkers in relation to pregnancy outcomes.
Table 3 outlines the biomarkers studied and the assay
methods used to measure IL-22 and Hcy levels in various
studies. The table highlights the use of different biomarker
assay methods, including enzyme immunoassay, ELISA, flow
cytometry, multiplex assays, and HPLC, across studies on IL-
22 and Hcy. The units of measurement for IL-22 and Hcy are
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primarily given in pg/mL and pmol/L, respectively, reflecting
standard practices in cytokine and serum biomarker analysis.
The outcomes measured span a wide array of maternal and
neonatal factors, such as pregnancy outcomes, cytokine levels,
vaginal microecology, and incidence of PPROM, providing a
comprehensive view of the biomarkers' roles in assessing risk
of pregnancy-related complications. Studies on IL-22 mostly
focus on its levels in maternal serum, and its correlation with
pregnancy outcomes, cytokine production, and immune cell
frequencies, while Hey studies examine its levels in serum
and their association with neonatal outcomes, including birth
weight and NICU admission. These assays and outcomes form
the basis for understanding the potential use of IL-22 and Hcy as
biomarkers for risk evaluation in PPROM and other pregnancy
complications, underlining their diagnostic and associative
value in pregnancy-related research.
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Table 4 summarizes the key findings and prognostic value
of IL-22 in various studies related to PTB, PPROM, and other
pregnancy outcomes. IL-22 levels were significantly higher
in PPROM groups compared to healthy controls, suggesting
its potential as a diagnostic marker for PPROM with a cut-
off value of 23.86 pg/mL and 72% sensitivity. Elevated IL-22
was also linked to disease activity in conditions like ulcerative
colitis (UC) and Crohn's disease (CD), with IL-22 at T1
predicting disease activity at T2 for UC. Higher IL-22 levels
in the PPROM group correlated with vaginal microecological
imbalance, indicating its role in immune responses related to
pregnancy complications. Further, IL-22 was found to correlate
with inflammatory changes contributing to PTB. In successful
pregnancies, IL-22 was associated with Th2 cytokines, while in
recurrent abortions, it linked to Th17 cytokines, underscoring
its immune modulation role. IL-22 shows strong diagnostic and
prognostic potential for pregnancy complications.

Table 5 summarizes the key findings and associations of Hcy
inrelation to PPROM, PTB, and other pregnancy complications.
Elevated homocysteine levels were significantly associated with
PPROM risk, with homocysteine >28.85 nmol/mL identified
as a reliable indicator for PPROM. In PTB infants, higher
homocysteine levels and lower vitamin B12 were linked to
increased oxidative stress and inflammation, contributing to
PTB. Elevated female serum Hcy >12.43 pmol/L was found to
be a significant risk factor for early miscarriage, with higher
homocysteine levels associated with reduced fertility and early
miscarriage. Elevated Hcy levels were strongly associated
with PROM, emphasizing its role as a risk factor for PROM
in preterm pregnancies. Hyperhomocysteinemia in early
pregnancy was also found to be an independent risk factor for
adverse pregnancy outcomes. In conclusion, homocysteine is a
key biomarker for assessing risk and association with PPROM,
PTB, early miscarriage, and other pregnancy complications,
making it crucial for risk evaluation in pregnant women.

Table 6 highlights the maternal and neonatal outcomes
associated with IL-22 and Hcy levels in pregnancy. IL-22 was
found to be significantly elevated in PPROM and PTB groups,
yet its correlation with pregnancy outcomes like birth weight and
neonatal Apgar scores remains unclear. Elevated IL-22 levels
were linked to disease activity in UC and CD, with early IL-22
measurements potentially aiding disease management in IBD
during pregnancy. Homocysteine levels, especially >15 pumol/L,
were strongly associated with PPROM and PTB, correlating
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with lower birth weight and higher NICU admission rates. Fetal
hypHcy was identified as a potential early indicator for PTB
risk, while vitamin B12 deficiency and hyperhomocysteinemia
were linked to LBW in neonates. Overall, these biomarkers
demonstrate potential for predicting adverse pregnancy
outcomes and improving maternal and neonatal care.

Discussion.

This review highlights the prognostic significance of I1L-22
and homocysteine in pregnancy complications, particularly
PPROM and PTB. Although the literature search spanned a
decade (2015-2025) and incorporated the most recent evidence,
the final inclusion of 10 studies reflects the limited availability
of high-quality research addressing these biomarkers in
this clinical context. Notably, none of the included studies
simultaneously evaluated both IL-22 and homocysteine within
a single cohort; therefore, the present conclusions are derived
from a parallel synthesis of independent biomarker studies
rather than from a combined predictive or analytical model.
The included studies, conducted across diverse populations
and employing various designs, provide both maternal and
fetal perspectives, with sample sizes ranging from small pilot
investigations to large cohorts. Such diversity enhances the
generalizability of the findings while enabling nuanced insights
into biomarker performance across different clinical contexts.
Inflammation of the fetal membranes is a central driver of both
PTB and PPROM through mechanisms involving senescence,
oxidative stress, and matrix degradation. Within this framework,
additional studies confirm the role of key inflammatory
biomarkers such as interleukins, C-reactive protein (CRP),
and other mediators that exacerbate localized tissue damage
and transmit inflammatory signals to maternal uterine tissues.
Recent evidence has identified IL-22 as a novel candidate
biomarker, with potential utility for risk stratification rather
than established prognostication. Collectively, these findings
reinforce the concept that inflammation is not only a biological
hallmark of parturition but also a promising target for identifying
women at risk of adverse pregnancy outcomes [57-59]. Another
retrospective biomarker studies emphasize the difficulty in
predicting spontaneous PTB due to heterogeneity of causes
but recognize placental function markers and inflammatory
cytokines as key biological indicators. IL-22's role, alongside
homocysteine's, adds depth to understanding inflammatory and
vascular contributions to these pregnancy complications [60].



Interleukin-22 expression was significantly higher in women
with unexplained recurrent pregnancy loss compared to those
with unexplained infertility and healthy controls. Women with
unexplained infertility showed intermediate levels, though
differences with controls were not statistically significant.
Immunoreactivity was localized to endometrial glands and
stroma. Elevated interleukin-22 may contribute to impaired
immune regulation and adverse pregnancy outcomes, warranting
further investigation [61]. Another study demonstrated that IL-
22 deficiency increased susceptibility to lipopolysaccharide
(LPS)-induced abortion in mice by impairing endometrial
regeneration through disruption of junctional proteins and
collagen deposition. Administration of recombinant IL-22 (rIL-
22) restored mucosal integrity and rescued pregnancies in a
dose-dependent manner, although excessively high doses were
harmful. These findings highlight the therapeutic potential of
IL-22 in preventing inflammation-related pregnancy loss while
underscoring the critical importance of dose regulation [62,63].

IL-22 consistently emerged as a potential risk-associated
biomarker. Elevated levels were observed in PPROM and
PTB, correlating with vaginal microecological imbalance and
inflammatory processes. IL-22 plays a dual role in pregnancy,
supporting immune tolerance through Th2 pathways in
successful gestations while associating with Th17 responses
in recurrent abortions. Based on the findings synthesized
in this review, a plausible hypothesis is that IL-22 exerts
protective, tissue-repair and epithelial-regenerative functions at
physiological or moderately elevated concentrations, whereas
excessive or dysregulated IL-22 expression particularly in the
context of intra-amniotic infection or sustained inflammation
may shift its activity toward pro-inflammatory signaling.
This transition may promote extracellular matrix degradation,
membrane weakening, and subsequent PPROM. Elevated
IL-22, particularly in intra-amniotic inflammation, has been
linked to preterm birth and neonatal complications. One
study emphasized the complex pro-inflammatory and anti-
inflammatory functions of IL-22 during gestation, reinforcing
its potential as a marker for adverse pregnancy outcomes such
as PTB and fetal injury [27]. Another review highlights that
immune deviations such as impaired tolerance and premature
immune activation along with vaginal microbiome imbalances
play a critical role in spontaneous PTB. IL-22 is discussed as a
potential biomarker reflecting these inflammatory and immune
regulatory processes [64]. In immune-mediated conditions such
as ulcerative colitis (UC) and Crohn’s disease (CD), serum IL-
22 and IL-22 binding protein levels are significantly reduced
compared with healthy controls, with a more pronounced
decrease observed in CD. Altered IL-22/IL-22BP ratios
and their correlations with inflammatory markers suggest
dysregulation of the IL-22 system, which may contribute to
impaired mucosal repair and the pathogenesis of inflammatory
bowel disecase (IBD) [65,66]. Homocysteine demonstrated a
similarly strong association with adverse outcomes. Elevated
maternal and fetal Hey levels were consistently associated with
PPROM, PTB, early miscarriage, and low birth weight. Defined
cut-off thresholds, such as Hcy >28.85 nmol/mL, provided
risk indication for PPROM, while hyperhomocysteinemia in
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early pregnancy was identified as an independent risk factor
for complications. In addition, fetal hyperhomocysteinemia
and maternal vitamin B12 deficiency contributed to oxidative
stress, placental inflammation, and impaired neonatal growth,
underscoring the maternal-fetal metabolic connection. Elevated
homocysteine levels during pregnancy have also been associated
with placental vasculopathies and complications including fetal
growth restriction, placental abruption, hypertensive disorders
of pregnancy, recurrent pregnancy loss, and PTB. High maternal
Hcy disrupts endothelial function in placental vessels, further
contributing to these outcomes. Current evidence suggests that
increased maternal Hey in early gestation is an independent risk
factor and may serve as an early predictor of placenta-mediated
complications [67]. A case-control study of 100 pregnant women
found significantly higher homocysteine levels in those with
complications (26.4 pmol/L) compared to healthy controls (8.4
umol/L). Elevated levels were most marked in eclampsia and
abruption cases. Hyperhomocysteinemia correlated with poor
pregnancy outcomes, suggesting a strong link with placental
dysfunction. Vitamin supplementation may help prevent such
complications [68]. Another study compared 70 women with
early miscarriages to 54 healthy pregnancies. Homocysteine
levels were significantly higher in all miscarriage groups (7.8-
8.9 nmol/L) than in controls (4.8 nmol/L). Elevated levels,
particularly in missed miscarriage, indicate increased risk for
early pregnancy loss and may also predict later complications
like preeclampsia and placental abruption [69]. A prospective
cohort study in Nigerian women confirmed that elevated
maternal Hey concentrations in early pregnancy are associated
with spontaneous PTB, antepartum fetal death, and delivery of
LBW neonates, emphasizing the need for clinical monitoring of
Hcy as a marker for at-risk pregnancies [70].

Additional observational studies support maternal Hcy as
a determinant of vascular-related pregnancy complications
including pre-eclampsia and small for gestational age infants.
Folate supplementation reduces maternal Hecy but its direct
impact on pregnancy outcome remains under investigation,
especially post-folic acid fortification era when populations
are generally folate replete [71]. Other research reveals that
elevated maternal and fetal Hcy levels, in combination with
deficiencies in essential cofactors such as folate, vitamin B6,
and vitamin B12, impair methionine and folate cycle function.
This dysregulation exacerbates placental dysfunction and fetal
growth restriction, thereby linking hyperhomocysteinemia more
clearly to adverse gestational outcome [72,73].

Taken together, IL-22 and homocysteine represent
complementary  biomarkers. IL-22  reflects immune
dysregulation and inflammatory pathways, while homocysteine
highlights metabolic and vascular risk factors. However, none
of the included studies measured IL-22 and homocysteine
concurrently within the same cohort, and no combined
predictive or prognostic model incorporating both biomarkers
currently exists. A 2025 study used multiplex cytokine profiling
in urine samples from pregnant women and identified IL-22 as
a central cytokine node in the network differentiating preterm
from term deliveries. IL-22 was linked with macrophage-driven
inflammatory mechanisms implicated in preterm labor and



PPROM, suggesting its role in pathophysiology and potential as
a predictive biomarker [74-76].

Taken together, IL-22 and homocysteine reflect distinct but
theoretically complementary biological pathways immune-
inflammatory and metabolic-vascular, respectively. However, no
study to date has concurrently measured these biomarkers within
a unified cohort or integrated them into a combined predictive
model. Therefore, their complementary clinical utility cannot be
empirically confirmed and should be regarded as a hypothesis
for future investigation rather than a conclusion supported by
current evidence. Additional studies, though focused on broader
immune-cytokine profiles in preterm labor or PPROM, have
identified altered chemokine and cytokine patterns, supporting
the involvement of inflammatory mediators like IL-22 in the
etiology of these complications [77]. Future studies integrating
IL-22 and homocysteine within a single predictive framework
may help clarify whether combined biomarker models improve
risk stratification in PPROM and PTB.

Limitation.

This review has several limitations. The included studies
varied substantially in design, sample size, population
characteristics, and biomarker assay methods, which may limit
the generalizability of the findings. Some studies focused on
specialized subpopulations, including pregnant women with
inflammatory bowel disease or those undergoing assisted
reproductive technologies, in whom inflammatory status and
hormonal modulation may independently influence cytokine
and homocysteine levels, thereby limiting direct generalizability
to spontaneous PPROM risk in the general pregnant population.
In addition, heterogeneity in outcome measures and the timing
of biomarker assessment restricts direct comparison across
studies. Future research should prioritize methodological
standardization and include larger, multicenter cohorts to ensure
more robust conclusions.

Conclusion.

In the current review, both IL-22 and Hcy demonstrate
considerable potential as risk-associated biomarkers for
PPROM and related pregnancy complications. Elevated IL-
22 levels were consistently observed in PPROM and PTB
groups, correlating with immune dysregulation, vaginal
microecological imbalance, and inflammatory changes, while
showing association patterns in successful compared with
recurrent pregnancies. Similarly, elevated Hcy levels were
strongly associated with PPROM, PTB, early miscarriage, and
adverse neonatal outcomes, including low birth weight and
increased NICU admissions. Maternal folate and vitamin B12
status influenced Hcy levels, underscoring their importance in
modulating fetal outcomes. However, due to the absence of
studies integrating both biomarkers within a single predictive
model, conclusions regarding their combined prognostic value
remain premature. Future research should focus on large-scale,
prospective, longitudinal studies that integrate inflammatory
and metabolic biomarkers to strengthen early identification and
management of high-risk pregnancies.

Acknowledgements.

The authors gratefully acknowledge the medical staff and
participants whose cooperation made this study possible, and the

240

institutional support that facilitated research on interleukin-22
and homocysteine in pregnancy.

Declaration of generative Al in scientific writing.

None

CRediT author statement.

Svetlana Shikanova: Conceptualization; methodology; formal
analysis; writing — original draft; supervision.

Altynay Kabdygaliyeva: Data curation; validation; writing —
review & editing.

Ayagoz Nurmagambetova:
administration.

Visualization; project

REFERENCES

1. Schmitz T, Sentilhes L, Lorthe E, et al. Preterm premature rupture
of the membranes: Guidelines for clinical practice from the French
College of Gynaecologists and Obstetricians (CNGOF). European
Journal of Obstetrics & Gynecology and Reproductive Biology.
2019;236:1-6.

2. Akhter MS, Sultana S, Haque S, et al. Determinants of Premature
Rupture of Membrane (PROM) and Feto Maternal Outcome in a
Tertiary Care Hospital of Bangladesh. IAR Journal of Medicine and
Surgery Research. 2025;6:9-18.

3. Ibishi VA, Isjanovska RD. Prelabour Rupture of Membranes: Mode
of Delivery and Outcome. Open Access Maced J Med Sci. 2015;3:237-
40.

4. Rad ZA, Yazdani S, Galeshi M, et al. Maternal and Neonatal
Outcomes in Cases of Premature Preterm Rupture of Membranes and
the Effect of Latency Periods (Rupture of Membranes to Delivery) on
Adverse Pregnancy Outcomes. Journal of Obstetrics, Gynecology and
Cancer Research. 2021;7:45-51.

5. Sokou R, Lianou A, Lampridou M, et al. Neonates at Risk:
Understanding the Impact of High-Risk Pregnancies on Neonatal
Health. Medicina. 2025;61:1-33.

6. Chawanpaiboon S, Vogel JP, Moller AB, et al. Global, regional,
and national estimates of levels of preterm birth in 2014: a systematic
review and modelling analysis. Lancet Glob Health. 2019;7:e37-46.

7. Ayele TB, Moyehodie YA. Prevalence of preterm birth and
associated factors among mothers who gave birth in public hospitals of
east Gojjam zone, Ethiopia. BMC Pregnancy Childbirth. 2023;23:1-11.
8. Georgiou HM, Di Quinzio MKW, Permezel M, et al. Predicting
Preterm Labour: Current Status and Future Prospects. Dis Markers.
2015;2015:1-9.

9. Sultana N, Karim F, Rahman MK. Prediction of preterm premature
membrane rupture by the platelet-lymphocyte ratio. Int J Reprod
Contracept Obstet Gynecol. 2023;12:3353-7.

10. Azzini E, Ruggeri S, Polito A. Homocysteine: Its Possible Emerging
Role in At-Risk Population Groups. International Journal of Molecular
Sciences. 2020;21:1421.

11. Bekmukhambetov Y, Mamyrbayev A, Jarkenov T, et al
Interdisciplinary Approaches to Assessing the Health of People
Living in Environmentally Adverse Conditions. Iran J Public Health
2019;48:1627-35.

12. Dai C, Fei Y, Li J, et al. A Novel Review of Homocysteine and
Pregnancy Complications. Biomed Res Int 2021;2021:1-14.

13. Ogawa S, Ota K, Takahashi T, et al. Impact of Homocysteine
as a Preconceptional Screening Factor for In Vitro Fertilization and
Prevention of Miscarriage with Folic Acid Supplementation following
Frozen-Thawed Embryo Transfer: A Hospital-Based Retrospective
Cohort Study. Nutrients. 2023;15:1-14.

14. Delorme P, Lorthe E, Sibiude J, et al. Preterm and term prelabour
rupture of membranes: A review of timing and methods of labour
induction. Best Pract Res Clin Obstet Gynaecol. 2021;77:27-41.

15. Cao JK, Liu CG, Wang D, et al. Impact of premature rupture of



membranes on clinical outcomes of extremely premature infants: A
propensity score matching study. Front Pediatr. 2023;11:1-6.

16. Giines A, Kiyak H, Yiiksel S, et al. Predicting previable preterm
premature rupture of membranes (pPPROM) before 24 weeks: maternal
and fetal/neonatal risk factors for survival. J Obstet Gynaecol (Lahore).
2022;42:597-606.

17. Bommareddy M, Hebbar S. A Review on PPROM (Preterm
Prelabour Rupture of Membranes) And Early Onset Neonatal Sepsis
and Role of Inflammatory Markers in Diagnosis of Maternal and
Neonatal Infection. J Crit Rev. 2019;3:1-7.

18. Mini A, Nkwenika T, Lindeque G, et al. The prevalence and
outcomes of fetal inflammatory response syndrome in women with
preterm rupture of membranes. African Journal of Obstetrics and
Gynaecology. 2023;1:19-23.

19. Addisu D, Melkie A, Biru S. Prevalence of Preterm Premature
Rupture of Membrane and Its Associated Factors among Pregnant
Women Admitted in Debre Tabor General Hospital, North West
Ethiopia: Institutional-Based Cross-Sectional Study. Obstet Gynecol
Int. 2020;1:1-7.

20. Gupta S, Malik S, Gupta S. Neonatal complications in women with
premature rupture of membranes (PROM) at term and near term and
its correlation with time lapsed since PROM to delivery. Trop Doct.
2020;50:8-11.

21. Ghafoor S. Current and Emerging Strategies for Prediction and
Diagnosis of Prelabour Rupture of the Membranes: A Narrative
Review. Malays J Med Sci. 2021;28:5-17.

22. Feduniw S, Pruc M, Ciebiera M, et al. Biomarkers for Pregnancy
Latency Prediction after Preterm Premature Rupture of Membranes—A
Systematic Review. Int J Mol Sci. 2023;24:1-10.

23. Lee JE, Dan K, Kim HJ, et al. Plasma proteomic analysis to
identify potential biomarkers of histologic chorioamnionitis in
women with preterm premature rupture of membranes. PLoS One.
2022;17:¢0270884.

24. Donayeva A, Kulzhanova D, Amanzholkyzy A, et al. Relationship
between vitamin D and adolescents’ hypothyroidism — a cross-sectional
study. Menopause Review/Przeglad Menopauzalny. 2023;22:186-190.
25. Appunni S, Rubens M, Ramamoorthy V, et al. Association between
vitamin D deficiency and hypothyroidism: results from the National
Health and Nutrition Examination Survey (NHANES) 2007-2012.
BMC Endocr Disord. 2021;21:1-9.

26. Guo Y, Wu CY, Deng YH, et al. Associations Between Serum
25-Hydroxyvitamin D Levels and Thyroid Function Parameters in
Previously Healthy Children Aged 6 to 24 Months. Risk Manag
Healthc Policy. 2020;13:1647.

27. Gershater M, Romero R, Arenas-Hernandez M, et al. Interleukin-22
Plays a Dual Role in the Amniotic Cavity: Tissue Injury and Host
Defense against Microbes in Preterm Labor. J Immunol. 2022;208:1595.
28. Weiner E, Barrett J, Zaltz A, et al. Amniotic fluid volume at
presentation with early preterm prelabor rupture of membranes and
association with severe neonatal respiratory morbidity. Ultrasound
Obstet Amp Gynecol. 2019;54:767-73.

29. Yan S, Lyu L, Wang X, et al. The anti-inflammatory cytokine
IL-22 exhibited a proinflammatory effect in the ovary aiding with the
parturition of ovoviviparous black rockfish (Sebastes schlegelii). Front
Mar Sci. 2022;9:1041681.

30. Saxton RA, Henneberg LT, Calafiore M, et al. The tissue protective
functions of interleukin-22 can be decoupled from pro-inflammatory
actions through structure-based design. Immunity. 2021;54:539-53.
31.WuY,MinJ, Ge C, et al. Interleukin 22 in liver injury, inflammation
and cancer. Int J Biol Sci. 2020;16:2405-13.

32. Rizak G, Maltsev D, Karkimbayeva G, et al. European and national
measurements of molecular and immunological aspects of diagnosis,
prevention, and treatment of coronavirus infection. Res J Pharm
Technol. 2023;16:3929-35.

241

33. Rizak G, Heiko I, Dovzhuk V, et al. Problems of falsification of
medicinal products in the conditions of the COVID-19 pandemic:
Adaptation of Ukrainian legislation to the norms of the European
Union. Res J Pharm Technol. 2023;16:3511-7.

34. Esse R, Barroso M, Tavares de Almeida I, et al. The contribution of
homocysteine metabolism disruption to endothelial dysfunction: State-
of-the-art. Int J Mol Sci. 2019;20:867.

35. Koklesova L, Mazurakova A, Samec M, et al. Homocysteine
metabolism as the target for predictive medical approach, disease
prevention, prognosis, and treatments tailored to the person. EPMA J.
2021;12:477.

36. Tinelli C, Di Pino A, Ficulle E, et al. Hyperhomocysteinemia as
a risk factor and potential nutraceutical target for certain pathologies.
Front Nutr. 2019;6:49.

37. Veliyeva A, Omarova G, Mustafazade T, et al. Risk factors for
postpartum stress urinary incontinence: An updated systematic review
and meta-analysis. Electron J Gen Med. 2024;21:em595.

38. Meirmanova A, Omarova G, Kurmanova A, et al. Surgical
management of genital prolapse and combined gynecological
pathologies in women: A meta-analysis. Electron J Gen Med.
2023;20:em446.

39. Kusnir P, Baig S. The neuropathy as an adverse effect of
chemotherapy diminished after administration of dietary supplement
with iron citrate: Case study. Futurity Medicine. 2024;3:6.

40. Morgan AS, Mendonga M, Thiele N, et al. Management and
outcomes of extreme preterm birth. BMJ. 2022;376:¢055924.

41. Gravett MG, Menon R, Tribe RM, et al. Assessment of current
biomarkers and interventions to identify and treat women at risk of
preterm birth. Front Med (Lausanne). 2024;11:1414428.

42. Dayal S, Jenkins SM, Hong PL. Preterm and term prelabor rupture
of membranes (PPROM and PROM). StatPearls. Treasure Island (FL):
StatPearls Publishing; 2024.

43. Siegler Y, Weiner Z, Solt I. ACOG practice bulletin No. 217:
Prelabor rupture of membranes. Obstet Gynecol. 2020;136:1061-1071.
44. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: An updated guideline for reporting systematic reviews.
BMJ. 2021;372:n71.

45. Behram M, Oglak SC, Bagkiran Y, et al. Maternal serum IL-22
concentrations are significantly upregulated in patients with preterm
premature rupture of membranes. Ginekol Pol. 2021;92:631-636.

46. Wu RY, Xiao K, Hotte N, et al. Elevated IL-6 and IL-22 in early
pregnancy are associated with worse disease course in women with
inflammatory bowel disease. Int J Mol Sci. 2022;23:10281.

47. Xu X, Zhang J. Correlation between premature rupture of
membranes and vaginal microecology and serum levels of IL-10, IL-
22 and NF-«B in pregnant women. Chin J] Microecol. 2019;31:1431-4.
48. Busse M, Campe KNJ, Redlich A, et al. Regulatory B cells are
decreased and impaired in their function in peripheral maternal blood
in pre-term birth. Front Immunol. 2020;11:386.

49. Logiodice F, Lombardelli L, Kullolli O, et al. Decidual interleukin-
22-producing CD4+ T cells (Th17/ThO/IL-22+, Th17/Th2/IL-22+,
Th2/IL-22+, ThO/IL-22+), which also produce IL-4, are involved in
the success of pregnancy. Int J Mol Sci. 2019;20:428.

50. Dawood AS, Mohammed AJ. Relationship between folate, B12 and
homocysteine levels and obstetrical outcomes in preterm premature
rupture of membrane. J Fac Med Baghdad. 2024;66:18-25.

51. Bala R, Verma R, Budhwar S, et al. Fetal hyperhomocysteinemia
is associated with placental inflammation and early breakdown of
maternal-fetal tolerance in pre-term birth. Am J Reprod Immunol.
2022;88:¢13589.

52. Zhan X, Zhan M, Lou Q, et al. The impact of serum homocysteine
levels in women and men on pregnancy outcomes in fresh IVF/ICSI
cycles: A retrospective cohort study. Eur J Obstet Gynecol Reprod
Biol. 2025;309:150-157.



53. Eko A, Sembiring A, Gde T, et al. The relationship between
homocysteine (Hcy) levels and the occurrence of premature rupture
of membranes (PROM) in preterm pregnancy. Intisari Sains Medis.
2022;13:554-9.

54. Mishra J, Tomar A, Puri M, et al. Trends of folate, vitamin B12,
and homocysteine levels in different trimesters of pregnancy and
pregnancy outcomes. Am J Hum Biol. 2020;32:¢23388.

55. McGuinness LA, Higgins JPT. Risk-of-bias visualization (robvis):
An R package and Shiny web app for visualizing risk-of-bias
assessments. Res Synth Methods. 2021;12:55-61.

56. Grabenstein JD, Ferrara P, Mantovani LG, et al. Evaluating risk
of bias using ROBINS-I tool in nonrandomized studies of adjuvanted
influenza vaccine. Vaccine. 2023;41:7409-18.

57. Menon R, Behnia F, Polettini J, et al. Novel pathways of
inflammation in human fetal membranes associated with preterm birth
and preterm pre-labor rupture of the membranes. Semin Immunopathol.
2020;42:431-450.

58. Balmagambetova SK, Bekmukhambetov YZ, Tulyaeva AB, et al.
Gastric Cancer in Aktobe Region of Western Kazakhstan from 2009
to 2018: Incidence Rates, Trends, and Five-Year Survival. Asian Pac J
Cancer Prev. 2020;21:1645-52.

59. Pryshliak OY, Marynchak OV, Kondryn OY, et al. Clinical and
laboratory characteristics of COVID-19 in pregnant women. J Med
Life. 2023;16:766-772.

60. Chiu CPH, Feng Q, Chaemsaithong P, et al. Prediction of
spontaneous preterm birth and preterm prelabor rupture of membranes
using maternal factors, obstetric history and biomarkers of placental
function at 11-13 weeks. Ultrasound Obstet Gynecol. 2022;60:192-9.

61. Heidari Z, Moudi B, Sheibak N, et al. Interleukin 22 expression
during the implantation window in the endometrium of women with
unexplained recurrent pregnancy loss and unexplained infertility
compared to healthy parturient individuals. J Interferon Cytokine Res.
2021;41:461-8.

62. Ganieva U, Bilal M, Thees A, et al. IL-22’s dual nature: Balancing
protection and risk in pregnancy amid inflammatory challenges. Fertil
Steril. 2024;122:e52.

63. Imanbayev NM, Iztleuov YM, Kamyshanskiy YK, et al. Diagnostic
and prognostic significance of keloid-like collagen remodeling patterns
in the extracellular matrix of colorectal cancer. Pathol Oncol Res.
2024;30:1-10.

242

64. Wei J, Zhang LY, Xu H, et al. Preterm birth, a consequence
of immune deviation mediated hyperinflammation. Heliyon.
2024;10:¢28483.

65. Sakemi R, Mitsuyama K, Morita M, et al. Altered serum profile
of the interleukin-22 system in inflammatory bowel disease. Cytokine.
2020;136:155264.

66. Tyravska Y, Nadeem T, Savchenko O, et al. Inmunohaemostasis
and the significance of immune reactions in the regulation of blood
coagulation. Eur J Microbiol Immunol. 2024;14:392-404.

67. Thakur P, Bhalerao A. High homocysteine levels during pregnancy
and its association with placenta-mediated complications: A scoping
review. Cureus. 2023;15:€35244.

68. Patil N, Shirdi S, VA. A case-control study to compare the levels of
homocysteine in normal and complicated pregnancies. Indian J Obstet
Gynecol Res. 2023;5:41-43.

69. Sanlikan F, Tufan Altuncu F, Ozbay K, et al. Does serum
homocysteine level have a role in the early pregnancy loss? Perinatal
Journal. 2019;27:189-193.

70. Nwogu C, Okunade K, Adenckan M, et al. Association between
Maternal Serum Homocysteine Concentrations in Early Pregnancy and
Adverse Pregnancy Outcomes. Ann Afr Med. 2020;19:113.

71. Chaudhry SH, Taljaard M, Macfarlane AJ, et al. The determinants
of maternal homocysteine in pregnancy: findings from the Ottawa and
Kingston Birth Cohort. Public Health Nutr. 2020;23:3170-3180.

72. D’Souza SW, Glazier JD. Homocysteine Metabolism in Pregnancy
and Developmental Impacts. Front Cell Dev Biol. 2022;10:1-14.

73. Gnilitskyi I, Dolgov L, Tamm A, et al. Enhanced osteointegration
and osteogenesis of osteoblast cells by laser-induced surface
modification of Ti implants. Nanomedicine. 2024;62:1-17.

74. Llano R, Ardao I, Brea JM, et al. Feasibility of Multiplex Cytokine
Profiling in Preterm Labor: Towards Biomarker Discovery. Biology
(Basel). 2025;14:714.

75. Mazakova A, Jomartova S, Mazakov T, et al. Application
of mathematical methods in pharmacology. J Interdiscip Math.
2024;27:1421-1435.

76. Hubal HM. Mathematical investigation of change in the size of a
cancerous tumour when its cells are being destroyed by T-lymphocytes.
J Interdiscip Math. 2025;28:1429-1435.

77. Svenvik M, Jenmalm MC, Brudin L, et al. Chemokine and
cytokine profiles in preterm and term labor, in preterm prelabor rupture
of the membranes, and in normal pregnancy. J Reprod Immunol.
2024;164:104278.



	Title

