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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.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

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-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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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.

Introduction: Antiphospholipid syndrome is an autoimmune
disease marked by antiphospholipid antibodies, causing
thrombosis and obstetric complications.

Objectives: This study explores molecular mechanisms,
endometrial receptivity, and clinical parameters linked to APS,
focusing on pregnancy complications such as miscarriage,
preterm delivery, recurrent implantation failure (RIF), and
thrombosis.

Patients and Methods: A systematic review was conducted
through Scopus, WoS, PubMed, Cochrane, and Google Scholar,
including studies published between 2019 and 2024. 17 relevant
original research studies were selected, focusing on clinical
trials and observational studies. Narrative reviews and meta-
analyses were excluded, with priority given to preeclampsia-
specific studies to explore the immune and vascular dysfunction
link in APS patients.

Results: Key findings include the correlations between
elevated antiphospholipid antibodies (aPLs), including aCL
and aP2GPI, poor vascularization of the uterus, and recurrent
pregnancy loss (RPL) reports. Preeclampsia is closely linked
to APS, resulting in immune and vascular dysfunctions that
exacerbate complications, including miscarriage, preterm
delivery, and fetal death. ELISA, Doppler ultrasound, and
genetic testing are some of the diagnostic methods applied.
The aPL autoantibodies along with inflammatory markers like
CRP and TNFSF13B, an increase in cytokine imbalance, are
associated with many pregnancy complications such as early-
stage miscarriage and preterm delivery. Deficient inflammation
resolution and adequate uterine perfusion, abnormal uterine
blood perfusion, and chronic infection significantly impact rates
of perinatal illness and death which emphasizes the problem in
identifying and managing APS.

Conclusion: This review focuses on the effects of the
antiphospholipid syndrome on the endometrial receptivity and
pregnancy outcomes, paying special attention to how early
diagnosis and treatment can enhance the chances of a successful
pregnancy and reduce complications.

Key words. Antiphospholipid syndrome, endometrial
receptivity, pregnancy complications, autoantibodies.
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Introduction.

Antiphospholipid syndrome (APS) is an autoimmune
disorder characterized by the production of antiphospholipid
antibodies (aPLs) that target phospholipid-binding proteins,
leading to increased blood clot formation (thrombosis) and
pregnancy complications such as miscarriage, preeclampsia,
and intrauterine growth restriction. Obstetric APS specifically
refers to APS manifestations that affect pregnancy outcomes,
including recurrent pregnancy loss, fetal growth restriction, and
preterm delivery [1].

Classification criteria are formal sets of clinical and laboratory
findings used primarily for research to identify patients who
truly have APS, while diagnostic criteria are used in clinical
practice to diagnose and manage patients. Triple positivity
refers to the presence of all three major aPLs lupus anticoagulant
(LA), anticardiolipin antibodies (aCL), and anti-B2 glycoprotein
I antibodies (ap2GPI) and is associated with higher risk
for thrombosis and pregnancy complications. Complement
activation in APS involves triggering the complement cascade, a
part of the immune system that contributes to inflammation and
tissue injury, further promoting clot formation and pregnancy
loss. NETosis is a process by which neutrophils release web-
like structures called neutrophil extracellular traps (NETs)
composed of DNA and proteins, which can trap pathogens but
also contribute to thrombosis and inflammation in APS [2-5].

APS is a diagnosis that stems from an autoimmune systemic
syndrome resulting from autoantibodies forming an increased
propensity for thromboembolic sequelaec and poor pregnancy
outcomes [6]. Preeclampsia is hypertensive disorder of
pregnancy which poses severe risk to maternal health in patients
with obstetric APS due to its associated complications such as
preterm delivery and intrauterine fetal growth restriction. As a
subtype of APS, obstetric APS is a notable global concern for
reproduction and poses extensive consequences for obstetric
care such as miscarriage, preeclampsia, and intrauterine growth
restriction [7,8]. The recent advances associated with the
molecular mechanisms of APS have opened new possibilities
for intervention, including the endobiotic porous cavity, which
frequently causes infertility and pregnancy complications
[9], and some forms of reproductive challenges like genital
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endometriosis have been linked to gene polymorphisms, which
may intersect with immune-mediated infertility as seen in APS
[10]. The ISTH’s proposed criteria for the diagnosis in 2023
showcase the contemporary approach to formulating a diagnosis
which includes non-criteria antibodies and molecular markers.
The broader scope, which includes markers of preeclampsia,
advances the understanding of its role in APS. It also underscores
how critical such revision is, given the particularly precise and
sensitive diagnosis required for the effective management of
complications. Understanding these alterations and the shift
in focus toward the diagnosis and treatment of APS emerges
as clinically vital and highlights the need to critically analyze
these changes [11]. The development of APS involves a
genetic component, exposure to specific factors or infections,
and dysregulation of the immune system. Some of the major
contributory factors to APS include infections and preeclampsia
[12,13].

The infections that are most likely able to induce a complete or
partial autoimmune response involve those that are transmitted
sexually; with these induced aPLs, the result is APS [14,15].
Additionally, preeclampsia has a bidirectional relationship with
APS, acting both as a trigger and an outcome of APS-related
immune and vascular dysfunctions. This complex situation
involves both the vascular and immune systems [16]. On the
molecular basis, APS is characterized by the clinical trial of
endothelial dysfunction, ameliorated complement and altered
decidualization, which adversely affect implantation [17]. The
factors contributing to a successful pregnancy are altered in APS
due to the increased pro-inflammatory cytokine concentration,
reduced angiogenesis, and deranged intercellular signaling
pathways. Exploring these molecular mechanisms would help
to elucidate how the syndrome affects the reproductive outcome
[18]. A growing body of research emphasizes the role of
preeclampsia in modulating the inflammatory and thrombotic
pathways of APS, exacerbating complications. Biomarkers like
IFN-y and TNF may provide diagnostic and therapeutic insights
into APS-related conditions, underscoring the need for targeted
interventions to mitigate reproductive complications [19].
The worldwide impact of obstetric APS indicates significant
circles of differentiation in risk factor distribution, diagnostic
protocols and treatment options. Countries with developed
healthcare systems have devised timely identification and
management strategies, and even non-criteria antibodies are
employed [20-22]. On the other hand, there are problems with
weighted diagnosing and standard care delivery in areas such as
Kazakhstan, which stresses the importance of local investigations
to fill such voids. Despite development, the healthcare system of
Kazakhstan remains devoid of many tools and broad coverage
of APS diagnostics, such as assays of non-criteria antibodies
and advanced imaging technologies [23,24]. The diagnostic
panorama of APS has undergone a great revolution, as non-
criteria antibodies are being recognized in diagnosing obstetric
APS. These include anti-phosphatidylserine/prothrombin
complex antibodies, anti-domain I of B2-glycoprotein I, and
others [25].

The inclusion of their components in revised criteria enhances
the accuracy of diagnosis. However, their use in clinical
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practice is not achievable due to limited supply and cost issues
in underdeveloped countries like Kazakhstan. Furthermore,
I believe that the introduction of molecular diagnostics, such
as endothelial dysfunction and immune activation biomarkers,
will also be instrumental in improving the diagnosis of APS.
It is also necessary to develop and validate these tools in
different populations to allow international use [26]. The role
of preeclampsia-specific markers, such as angiogenic and anti-
angiogenic factors (e.g., sFlt-1 and PIGF), is emerging as a
valuable addition to diagnostic protocols in obstetric APS.
A comprehensive knowledge of the mechanisms involved
in the impairment of endometrial receptivity in the aspect of
obstetric complications, especially in patients with APS, is
still lacking despite the advancements made forth [27]. The
importance of accurate diagnosis is further underscored by
efforts to reduce medical errors in obstetric care, as shown
in expert decision tree analyses used to minimize diagnostic
mistakes in high-risk pregnancies, which could be adapted
for APS-related assessments [28]. Finally, socio-demographic
and medical predictors of chronic autoimmune conditions like
APS, especially in low-risk populations, also deserve attention.
The integration of such factors can inform early screening
and risk stratification [29]. This systematic literature review
seeks to elucidate the molecular pathways and biomarkers
linked to the impaired endometrial receptivity of patients
with antiphospholipid syndrome, the clinical and diagnostic
markers used to assess APS-related conditions such as
recurrent pregnancy loss, recurrent failure of implantation, and
thrombosis and the effect of APS on pregnancy outcomes like
miscarriage, preterm birth, and placental abnormalities in the
aspect of autoimmune activity and antiphospholipid antibodies.

Objectives.

This study explores molecular mechanisms, markers, and
clinical parameters linked to APS, focusing on pregnancy
outcomes, adverse events like miscarriage, preterm birth, and
thrombosis.

Materials and Methods.

Study design:

This study employed a systematic review methodology guided
by the PRISMA 2020 framework. The PRISMA guidelines
were chosen for their rigour in ensuring transparency and
reproducibility in the systematic review process. This approach
was deemed appropriate as it provided a structured protocol to
identify, evaluate, and synthesize evidence from the literature
on the molecular mechanisms underlying impaired endometrial
receptivity in patients with antiphospholipid syndrome.

Search strategy:

The search strategy for this systematic review focused
on retrieving studies related to the molecular mechanisms
of obstetric antiphospholipid syndrome (APS). Databases
including Scopus, Web of Science (WoS), PubMed, Cochrane,
and Google Scholar were searched using a combination
of keywords “antiphospholipid syndrome” OR “APS”
AND “Endometrial Receptivity” AND ‘“Preeclampsia” OR
“Infection” OR “Sexually Transmitted Infections” AND



“Autoantibodies” OR “Non-Criteria Antibodies.” These
keywords were carefully selected to capture original, empirical
studies addressing the role of APS in pregnancy complications,
focusing on autoantibodies, infection, and endometrial factors
influencing pregnancy outcomes such as preeclampsia.

Inclusion and exclusion criteria:

This systematic review considered only original empirical
studies, including randomized controlled trials, cohort studies,
clinical trials, case-control studies, cross-sectional studies, and
studies with quantitative or qualitative analysis.

Inclusion criteria:

1. Publications between 2019 and 2024.
2. Studies published in English.
3. Articles that were original research.

Exclusion criteria:

1. Review articles (e.g., narrative reviews, literature
reviews).

2. Methodological articles without empirical data.

3. Expert opinion pieces, editorials, essays, and analytical

reports without clearly described methods of data collection.
4. Articles published outside the specified range (2019-

2024).
5. Articles in languages other than English.
6. Duplicate records.
7. Articles with titles and/or abstracts that did not

specifically focus on molecular mechanisms or the endometrial
receptivity of the targeted population.

Data extraction:

During the data extraction, the study systematically focused
on particular variables critical to its objectives. For example,
data variables covering the year of publication or the country/
region covered, type of publication design, sample size together
with mean age (years), the title of the study, the type of APS,
the risk factors considered, the infections studied, the non-
criteria antibodies investigated, the diagnostic techniques
employed, endometrial receptivity outcomes, the pregnancy
rates, and also the markers of autoimmune activity were all
extracted. The relevance of each study was further evaluated
based on the parameters to identify diagnostic patterns, the
means of endometrial receptivity in APS patients and moieties
with immunological functions. This methodological outline
facilitated systematic planning, data collection and assessment
in a manner that would provide a valuable understanding of the
condition.

Risk of bias assessment:

Figure 1 traffic light plot summarizing the risk of bias
assessment across the included studies on the molecular
mechanisms of Obstetric APS. The plot categorizes bias into
seven domains: confounding, participant selection, intervention
classification, deviations from intended interventions, missing
data, measurement of outcomes, and selection of reported results.
The green circles represent low bias, while yellow indicates
moderate bias. Most studies show low bias across all domains,
with a few studies e.g., Alvarez et al. [30] and Junmiao Xiang
et al. [31] exhibiting moderate risk in participant selection and
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Figure 1. Risk of bias assessment.

intervention classification. The ROBINS-I tool was used for this
assessment, specifically designed to evaluate the risk of bias in
non-randomized studies.

Results.

Figure 2 in the PRISMA Flow Diagram visually represents the
systematic review process for identifying highly relevant studies
on the molecular mechanisms of obstetric antiphospholipid
syndrome (APS). Initially, 510,370 records were identified
through multiple databases, including Scopus, WoS, PubMed,
Cochrane, and Google Scholar. After applying the inclusion and
exclusion criteria, the year filter (2019-2024), and subject and
document type filters, 134,319 records remained. Subsequently,
31,489 records were filtered by language, retaining only
English-language studies. Following the removal of duplicate
records, 20,142 studies remained, after which irrelevant records
were excluded, reducing the total to 193. Finally, a thorough
evaluation led to the inclusion of 17 [30-46] highly relevant
studies for assessment. This flow diagram effectively illustrates
the rigorous selection process, ensuring that only the most
pertinent research on the molecular mechanisms of obstetric
APS was included in the systematic review.

Table 1 presents the characteristics of the included studies,
which vary in terms of country, study design, sample size,
and participant age. The studies employed different designs,
including cross-sectional (e.g., Naranjo et al. [32] with 303
participants), prospective (e.g., Alvarez et al. [30] with 68



Table 1. Study Characteristics.

Author's / Year Country Study Design Sample Size
Naranjo et al. 2022 [32] European Cross-sectional 303
Alvarez et al. 2024 [30] Colombia Prospective 68
Hu et al. 2021 [33] China Prospective cohort 152
Cecchi et al. 2024 [34] Italy Cross-sectional 112
Barrio-Longarela et al. 2022 [35]  Spain Retrospective 137
Zhang et al. 2024 [36] China Retrospective 62
Junmiao Xiang et al. 2024 [31] China Retrospective Cohort 1574
Torres-Jimenez et al. 2022 [37] Mexico Retrospective 32
Song et al. 2022 [38] China Retrospective 478
Eid et al. 2019 [39] Egypt Retrospective 94
Porto et al. 2022 [40] Italy Retrospective 64
Bruno et al. 2020 [41] Italy Retrospective 71
Liu et al. 2022 [42] China Retrospective Cohort 347
Rogenhofer et al. 2021 [43] Germany Case-Control 63
Pang et al. 2024 [44] China Case-Control 214
Harmoosh et al. 2022 [45] Iraq Case-Control 100
Wu et al. 2022 [46] China Prospective cohort 132

510370 records identified through
database searching from:
Scopus (n=1171)

WoS (n=342113)
PubMed (n=6142)
Cochrane (n=160752)
Google Scholar (n=192)

Mean Age (Years)
43.8+13.2
36-51

36.3
48.5+13.5
33.5+4.8
32.70 £4.51
29

11.75

54

20-38
40+4.1
34-36
424+153
35+3
31.13+£3.34
30.0 + 6.86
20-40

Records after applymng year filter 2019-2024
—> (n=134319)

Records after applying document type filter and
—> subject area filter
(n=109522)

Inclusion / Exclusion Criteria Records after applying language English only filter (n

=31489)
Records after duplicates removed
> (n=20,142)
> Irrelevant records removed
(n=19,949)

|

Record eligible for
assessment (n=193)

Highly relevant studies
(n=17)

Figure 2. PRISMA Flow Diagram.
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participants), and retrospective cohort (e.g., Junmiao Xiang
et al. 2024 [31] with 1574 participants) designs. Sample sizes
ranged widely from as few as 32 participants Torres-Jimenez
et al. [37] to as many as 1574 participants Junmiao Xiang et
al. 2024 [31]. The mean ages varied across studies, with the
youngest participants 11.75 years in Torres-Jimenez et al. [37]
and the oldest 54 years in Song et al. [38]. Most studies featured
participants with mean ages ranging from 30 to 45 years,
suggesting a broad demographic representation of APS patients
in these studies.

The clinical and diagnostic findings presented in Table 2 reveal
various associations between antiphospholipid syndrome (APS)
and reproductive outcomes, as well as the diagnostic methods
employed across different groups. For recurrent pregnancy loss
(RPL), studies by Eid et al. [39] and Zhang et al. [36] reported
that a history of >3 early miscarriages, >1 fetal death, or preterm
birth due to placental insufficiency/preeclampsia was often
diagnosed using ELISA for anticardiolipin antibodies and the
dilute Russell viper venom time for lupus anticoagulant. In
recurrent implantation failure (RIF), genetic analysis of the
M2/ANXAS haplotype and IVF/ICSI outcomes were used to
identify risk factors, as highlighted by Rogenhofer et al. [43].
Thrombosis and hypercoagulability were linked to pregnancy
morbidity rates of 44.7% in SPAPS and 78.2% in SNAPS, with
diagnostic tests like AESKULISA® ELISA kits and the Russell
viper venom test, as reported by Hu et al. [33] and Liu et al.
2022 [42]. Infections triggering recurrent pregnancy loss or
implantation failure were diagnosed through serology for both
criteria and non-criteria antibodies. Obstetric APS and ART
outcomes were assessed using repeated aPL testing and Doppler
ultrasound for uterine and placental blood flow, with studies by
Porto et al. [40] and Bruno et al. [41] reporting elevated BMI
and complement levels as key factors. Furthermore, systemic

non-criteria APS (SNAPS) was diagnosed through aPL testing,
including anti-B2GPI and aCL, with clinical assessment,
as noted by Barrio-Longarela et al. [35]. Lastly, APS and
autoimmune conditions such as systemic lupus erythematosus
and cardiovascular risk factors were evaluated through ELISA
testing for antiphospholipid antibodies and anti-dsDNA, as
described by Cecchi et al. [34] and Liu et al. [42].

The results presented in Table 3 highlight various endometrial
and pregnancy outcomes related to antiphospholipid syndrome
(APS). Key findings include impaired endometrial receptivity
due to reduced ANXAS expression, which affects implantation,
with an increased risk of recurrent implantation failure
(RIF) in couples with the M2 haplotype [43,44]. Pregnancy
complications such as miscarriage, preterm delivery, and
pre-eclampsia were commonly observed, with elevated
antiphospholipid antibodies (aPLs), including aCL and apf2GP1,
linked to pregnancy morbidity [32]. A 75% live birth rate was
observed, but 37.2% of cases experienced adverse pregnancy
outcomes (APOs) [35]. Further, elevated CRP, HLA-DRA,
and TNFSF13B were associated with autoimmune responses
leading to recurrent miscarriages, fetal death, and pre-eclampsia
[36]. APS-related pregnancy complications also included fetal
loss, preterm delivery, and cesarean sections, with elevated
levels of ANA, C3/C4, and multiple aPLs contributing to
these adverse outcomes [31]. Among women with APS,
ongoing pregnancy rates were significantly higher in the early
initiation group (81.2%) compared to the late initiation group
(60.9%), indicating better outcomes with early treatment
[39]. Additionally, a vascularization index (VI) linked to
poor outcomes was identified in ANA-positive patients, and a
higher miscarriage rate was observed in ANA-positive women,
although potential improvements with LMWH in ANA-
negative recurrent pregnancy loss (RPL) patients were noted

Table 2. Clinical and Diagnostic Variables in Antiphospholipid Syndrome (APS) and Reproductive Outcomes.

Group Clinical Findings

History of >3 early miscarriages, >1
fetal death, or >1 preterm birth due to
placental insufficiency/preeclampsia
M2/ANXAS haplotype as a potential
risk factor, maternal and paternal
haplotype carriage, endometrial factors

Recurrent Pregnancy Loss
(RPL)

Recurrent Implantation
Failure (RIF)

Thrombosis, pregnancy morbidity
(44.7% SPAPS, 78.2% SNAPS),
microangiopathy, autoimmune
hemolytic anemia

Thrombosis and
Hypercoagulability

Infection as a trigger for recurrent

Infecti Tri . . .
nfections as Triggers pregnancy loss or implantation failure

History of miscarriage, multiparity,
elevated BMI, elevated complement
levels, ANA positivity

Pregnancy morbidity, thrombosis,
vascular abnormalities, idiopathic
infertility, ART failure

Thrombosis, pregnancy complications,
systemic lupus erythematosus,
cardiovascular risk factors (obesity,
smoking)

Obstetric APS and ART
Outcomes

Systemic Non-Criteria APS
(SNAPS)

APS and Autoimmune
Conditions

135

Diagnostic Method

ELISA for anticardiolipin antibodies,
dilute Russell viper venom time for
lupus anticoagulant

Genetic analysis of M2/ANXAS
haplotype, IVF/ICSI outcomes

AESKULISA® ELISA test kits,
Russell viper venom test for lupus
anticoagulant

Serology for criteria and non-criteria
antibodies (e.g., anti-cardiolipin, anti-
B2GPI, LA)

IVF with repeated aPL testing Doppler
ultrasound for uterine and placental
blood flow

aPL testing (including anti-2GPI,
aCL, aPS/PT) with ELISA testing and
clinical assessment

ELISA testing for antiphospholipid
antibodies (aCL, ap2GPI), Anti-
dsDNA, anti-thyroid antibodies

Authors/Year

Eid et al., 2019 [39], Zhang et
al., 2024 [36]

Rogenhofer et al., 2021 [43]

Hu et al., 2021 [33], Liu et al.,
2022 [42]

Junmiao Xiang et al., 2024 [31]

Porto et al., 2022 [40], Bruno et
al., 2020 [41]

Barrio-Longarela et al., 2022
[35]

Cecchi et al., 2024 [34], Liu et
al., 2022 [42]



Table 3. Endometrial Receptivity and Pregnancy Outcomes in Patients with Antiphospholipid Syndrome (APS).

Group

Endometrial
Receptivity

Pregnancy
Complications

APS &
Pregnancy

Uterine Perfusion
& Inflammation

Inflammation &
Immunity

136

Endometrial Receptivity
Outcomes

Impaired due to reduced
ANXAS expression, affecting
implantation

Pregnancy Outcomes

Increased RIF risk in
couples with M2 haplotype

Pregnancy morbidity
- (miscarriage, preterm
delivery)
History of pregnancy
morbidity (gestational
- loss, preterm birth due
to eclampsia or placental
insufficiency)
75% live birth rate; 37.2%
- had adverse pregnancy
outcome (APO)

Recurrent miscarriages,
fetal death, pre-eclampsia

Fetal loss, preterm
delivery, FGR, postpartum
hemorrhage, cesarean
section
Ongoing pregnancy rate
higher in early initiation
group (81.2% vs 60.9%);
lower miscarriage
Idiopathic infertility in 31.25%,
ART success in 88.88%

Pregnancy achieved in
88.88%, live births 77.77%
Higher miscarriage rate in
ANA+ women; potential
improvement with LMWH
in ANA- RPL patients
Pregnancy morbidity in

- APS (SPAPS: 44.7%,
SNAPS: 78.2%)

Altered vascularization index
(VI) linked to poor outcomes in
ANA+ patients

Impaired uterine perfusion
with elevated PI (>2.6) and RI |-
(>0.86)

Decreased due to unbalanced
Th1/Th2 and Th17/Treg ratios;
elevated pro-inflammatory
cytokines (e.g., IL-2, TNF-a)

Lower implantation rate,
clinical pregnancy rate,
and take-home baby rate in
aPL-positive women

Recurrent miscarriages,
fetal death, pre-eclampsia

Fetal loss, preterm
delivery, FGR, postpartum
- hemorrhage, cesarean
section, adverse pregnancy
outcomes
Decreased due to unbalanced
Th1/Th2 and Th17/Treg ratios;
elevated pro-inflammatory
cytokines (e.g., IL-2, TNF-a)

Lower implantation rate,
clinical pregnancy rate,
and take-home baby rate in
aPL-positive women

Autoimmune Activity Author(s) / Year

Altered ANXAS5-related
anticoagulant function, pro-
thrombotic at implantation sites

Rogenhofer et al. 2021 [43],
Pang et al. 2024 [44]

Examined via aPLs, aCL, .
aP2GP1, aPS, LAC Naranjo et al. 2022 [32]
Analysis of antiphospholipid
antibodies, associations with
thrombotic events and pregnancy
complications

Hu et al. 2021 [33]

Barrio-Longarela et al.

Elevated aGAPSS for high risk 2022 [35]

Increased CRP, HLA-DRA,
and TNFSF13B associated with
autoimmune response

Positive ANA, elevated C3/
C4, multiple antiphospholipid
antibodies associated with
adverse outcomes

Zhang et al. 2024 [36]

Junmiao Xiang et al. 2024
[31]

Eid et al. 2019 [39]

70.31% showed autoimmune

features (e.g., ANA positivity) Porto et al. 2022 [40]
ANA positivity linked to impaired
uterine and placental blood flow Bruno etal. 2020 [41]
Positive associations found for
aPLs with thrombosis (aPS/PT,
aPS IgG, APhL IgG)

Positive correlation between
ACA-IgM levels and uterine
artery RI (r=10.43, p <0.01)
Elevated Thl and Th17 cells,
higher pro-inflammatory
cytokines; decreased Th2 and
Treg cells

Increased CRP, HLA-DRA,
and TNFSF13B associated with | Zhang et al. 2024 [36]
autoimmune response

Liu et al. 2022 [42]

Pang et al. 2024 [44]

Wu et al. 2022 [46]

Positive ANA, elevated
complement C3/C4, multiple
antiphospholipid antibodies
associated with adverse outcomes

Junmiao Xiang et al. 2024
[31]

Elevated Thl and Th17 cells,
higher pro-inflammatory
cytokines; decreased Th2 and
Treg cells

Wu et al. 2022 [46]



[41]. The study also found significant associations between
uterine perfusion, inflammation, and pregnancy outcomes, with
impaired uterine perfusion and elevated inflammatory markers
correlating with poorer implantation and pregnancy rates in
aPL-positive women [46].

Integrative Pathophysiological Framework.

The molecular and clinical findings presented in Tables
1-3 indicate complex interactions between antiphospholipid
antibodies (aPL), immune dysregulation, and placental function.
Importantly, these pathways can be integrated under the
unifying concept of “immunothrombosis,” where aPL positivity
initiates a cascade of inflammatory and thrombotic events
within the placenta. In this model, aPL antibodies activate
the complement system, particularly components C3 and C4,
leading to endothelial injury and microvascular damage. This
triggers recruitment of immune cells, such as Thl and Thl7
lymphocytes, and release of pro-inflammatory cytokines
including IL-2 and TNF-a, creating a hostile environment for
trophoblast invasion and placental development. Trophoblast
dysfunction, impaired spiral artery remodeling, and local
thrombosis collectively contribute to placental insufficiency
and adverse pregnancy outcomes, including miscarriage,
preeclampsia, fetal growth restriction (FGR), and preterm
delivery. This integrative mechanism explains how complement
activation, immune cell infiltration, and trophoblast failure
converge to drive the pathogenesis of obstetric APS. Figure 3
illustrates this immunothrombosis model, depicting how aPL
positivity initiates these cascading molecular events in the
placenta, ultimately linking molecular mechanisms with the
observed clinical complications.

Discussion.

Molecular Mechanisms:

Antiphospholipid syndrome (APS) is an autoimmune
thrombotic disorder linked to aPL abnormalities and clinical
manifestations such as thrombosis and recurrent abortions.
Key molecular mechanisms involve impaired endometrial
receptivity due to reduced annexin A5 (ANXAS) expression,
complement activation, immune cell infiltration, and trophoblast
dysfunction, which are unified under the pathophysiological
framework of immunothrombosis. In this context, aPL
antibodies initiate complement activation (especially C3/C4),
leading to endothelial damage and immune cell recruitment.
The ensuing inflammatory milieu, characterized by elevated
IL-2 and TNF-a, further compromises trophoblast invasion and
function, disrupting placental development

The current SLR included studies from multiple countries,
such as Mexico, China, Egypt, Italy, Brazil, Germany, Sweden,
the UK, Iraq, Spain, and Armenia. Sample sizes varied
significantly, ranging from small cohorts to larger studies,
with sample sizes as few as 32 participants to as many as 1574
participants. The mean age of participants also varied widely,
from as young as 11.75 years to a range of 30-45 years in most
studies. The SLR encompassed various study designs, including
cross-sectional, prospective, and retrospective cohort studies,
with some studies using genetic analysis to identify risk factors
for recurrent implantation failure. Evidence from the review
highlighted that couples with the M2 haplotype face higher risks
of RIF due to reduced ANXAS expression, while elevated aPLs,
such as aCL and aP2GPl1, correlate with recurrent pregnancy
loss, preterm delivery, and pre-eclampsia, all linked to impaired
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endometrial stromal cell function and increased inflammation.
Figure 4 illustrates this molecular pathway, showing how
reduced ANXAS leads to local pro-thrombotic changes that
impair trophoblast adhesion and implantation.

Additionally, elevated antiphospholipid antibodies (aPLs),
such as aCL and aP2GPI1, were associated with recurrent
pregnancy loss, preterm delivery, and pre-eclampsia, indicating
their role in impaired endometrial stromal cell function, leading
to increased inflammation and impaired decidualization.
Notably, one study found that preeclampsia amplifies these
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effects by exacerbating inflammation and oxidative stress,
further impairing decidualization through TLR4 signaling
[47]. Figure 5 provides an overview of how aPLs activate
complement cascades and inflammatory pathways, leading to
pregnancy complications in APS.

aPLs activate the complement system, generating inflammatory
mediators (C3a, C5a) that stimulate cytokine release and
TLR4 signaling. These processes contribute to endothelial
dysfunction, hypercoagulability, and adverse pregnancy
outcomes in obstetric APS. These molecular mechanisms have



important clinical implications, as they suggest potential targets
for therapy such as complement inhibitors, and indicate that
biomarkers like ANXAS levels or complement fragments may
help identify patients at higher risk.

These findings highlight the necessity of understanding the
molecular mechanisms underlying endometrial receptivity in
APS patients. The same studies also examined how molecular
factors and endometrium receptivity are involved. Furthermore,
the application of PCR arrays in clinical research indicates
that patients suffering from endometrial receptivity defects
due to pathophysiological similarities with APS, such as
polycystic ovary syndrome (PCOS), undergo drastic changes
in endometrial gene expression LTC levels [48]. Clinically,
these findings underscore the importance of investigating
molecular mechanisms underlying endometrial receptivity in
APS, as understanding these pathways can inform targeted
therapeutic strategies. The studies collectively hypothesize that
certain molecular patterns might drive impaired receptivity
across diverse infertility contexts, highlighting the need for
personalized approaches in managing APS-related reproductive
complications.

Importantly, the interplay between aPL positivity,
complement activation, immune cell infiltration (e.g., Thl/
Th17 imbalance), and trophoblast dysfunction can now be
understood under the unifying pathophysiological framework
of “immunothrombosis.” In this context, aPL antibodies
initiate complement activation (especially C3/C4), leading
to endothelial damage, which in turn triggers immune cell
recruitment. The ensuing inflammatory milieu, characterized
by elevated IL-2 and TNF-o, further compromises trophoblast
invasion and function, disrupting placental development. This
integration explains how immune dysregulation, endothelial
injury, and placental insufficiency interact in a cascade-like
manner, driving pregnancy complications in APS. Clinically,
understanding these pathways may guide future trials
investigating targeted treatments like complement inhibitors,
and help develop prognostic models that integrate molecular
and immunological markers to personalize therapy.

Hormonal Interactions:

Mechanistically, hormonal dysregulation plays a critical role
in APS-related pregnancy complications, involving interactions
between estrogen, progesterone, and immune mediators that
influence endometrial receptivity. Imbalanced cytokine ratios
and elevated pro-inflammatory cytokines (e.g., IL-2, TNF-a)
contribute to altered uterine perfusion and implantation failure.

Evidence from the SLR shows elevated inflammatory markers
and autoimmune responses, such as CRP, HLA-DRA, and
TNFSF13B, in APS patients with pregnancy complications.
Several studies stress the role of estrogens and specific
cytokines in maintaining endometrial receptivity, emphasizing
that hormonal imbalances disrupt embryo implantation and
contribute to RIF [49,50]. Other research demonstrated that aPL
can enhance inflammatory effects on the endometrium through
TLR4 pathways [51]. aligning with the SLR’s findings of aPL’s
negative impact on endometrial function. Studies on luteinization
insufficiency indicate that variations in progesterone levels
significantly influence endometrial functionality [52]. Emerging
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research also highlights how preeclampsia-associated hormonal
imbalances disrupt progesterone and estrogen pathways critical
for implantation.

Clinically, this underscores the necessity of monitoring
hormonal profiles in APS patients. Recognizing hormonal and
immune balance during early pregnancy is vital for preventing
implantation failures and pregnancy loss. The insights from
recent studies expand our understanding of how aPL influences
decidualization and broader immune interactions in the uterine
environment, informing therapeutic approaches to support
reproductive success in APS.

Diagnostic Tools:

Mechanistically, APS-related pregnancy complications arise
from aPL-mediated thrombosis, endothelial dysfunction, and
immune dysregulation, necessitating precise diagnostic tools to
identify patients at risk.

Evidence from the review clarifies the role of key diagnostic
markers in APS. For recurrent pregnancy loss (RPL), elevated
levels of aCL, aB2GPI, and LA are frequently observed,
correlating with miscarriage, preterm delivery, and pre-
eclampsia. The M2/ANXAS haplotype is linked to increased
RIF risk, while elevated CRP, HLA-DRA, and TNFSF13B
levels indicate autoimmune activity associated with pregnancy
complications. Early treatment initiation results in significantly
higher ongoing pregnancy rates (81.2%) compared to late
intervention (60.9%) [53]. Doppler ultrasonography and ELISA
are widely used, though variability exists regarding their
sensitivity and specificity for predicting RPL. Integration of
preeclampsia markers, such as sFIt-1/PIGF ratios, has shown
promise in enhancing diagnostic precision.

Regarding RIF, studies identify genetic factors like the
M2/ANXAS5 maternal and paternal haplotype as pivotal
contributors, alongside fertility problems. Complementary
findings suggest immune profiling and Doppler ultrasound as
standard diagnostic procedures; however, emerging literature
advocates incorporating genetic susceptibility analysis to
refine management interventions for individuals seeking ART
services [54-56]. Notably, some studies propose that genetic
predispositions could explain variability in treatment outcomes,
whereas others argue that environmental and immune factors
play a more dominant role [57]. This divergence underscores
the need for multi-factorial investigations integrating genetic,
environmental, and immunological assessments. Preeclampsia-
associated cytokines, such as TNF-a and IL-6, have also been
highlighted for their potential role in refining diagnostic criteria.
The association between APS and thrombosis is characterized
by elevated cytokines such as TNF-a and IL-6. Contrasting
studies offer varying insights into the role of inflammatory
markers. Some evidence highlights their diagnostic utility
through ELISA for cytokine levels and other biomarkers for
inflammation [58,59]. Meanwhile, other research critiques
the variability and reproducibility of cytokine measurements,
suggesting that laboratory monitoring alone may not reliably
predict thrombotic risk [60].

Clinically, these findings emphasize the importance of
comprehensive diagnostic protocols combining immunological
assays, genetic testing, and vascular assessments to identify



high-risk APS patients. Standardizing assays for cytokine
measurements and exploring new biomarkers is essential
for accurately predicting thrombotic risk and tailoring
individualized management strategies. Future research should
focus on bridging gaps in diagnostic consistency and evaluating
multi-marker approaches to improve outcomes in APS-related
reproductive care.

Treatment Strategies:

Mechanistically, treatment strategies for APS focus on
preventing thrombosis and managing immune dysregulation
to protect pregnancy outcomes. Anticoagulation and
immunomodulatory therapies target hypercoagulability and
inflammation driven by aPLs and related immune pathways.

Evidence demonstrates that early treatment initiation
substantially improves pregnancy outcomes, increasing ongoing
pregnancy rates from 60.9% to 81.2%. LMWH has shown
efficacy, especially in ANA-negative RPL patients. Regular
monitoring of aPL levels, along with immunosuppressants and
anticoagulants, is crucial for managing hypercoagulability,
recurrent miscarriages, and preterm birth risks. Infections have
been identified as potential triggers for APS flares, highlighting
the importance of testing for transient versus persistent aPL
elevations [53]. Obstetric APS significantly impacts ART
outcomes, with ANA assays and Doppler ultrasonography
aiding in assessing placental blood flow and fetal well-being
[61]. Early recognition and management of preeclampsia are
vital for improving maternal and fetal outcomes. Diagnosing
SNAPS remains challenging, with recent studies advocating
more inclusive criteria to identify atypical presentations
[42,62]. APS often coexists with SLE, but positive serologies
alone do not confirm SLE in the absence of clinical features
[63,64]. Clinically, these insights underscore the necessity of
individualized therapeutic strategies. Anticoagulation therapies,
such as LMWH, along with close rheumatological monitoring,
are essential for reducing miscarriage and preterm birth risks.
Incorporating genetic, immunological, and inflammatory
markers into patient care pathways ensures precise risk
assessment and treatment planning. The review highlights
the need for continued research into optimizing therapeutic
interventions, refining diagnostic criteria, and addressing the
complex interplay of APS with other autoimmune conditions.

In conclusion, the evolving landscape of APS diagnosis and
management reflects ongoing research efforts aimed at refining
clinical criteria and enhancing laboratory testing methodologies.
The inclusion of preeclampsia-specific markers, such as sFIt-1
and PIGF, into diagnostic protocols has opened new avenues
for early detection and intervention. The integration of genetic,
immunological, and inflammatory assessments into routine
diagnostics is crucial for improving patient outcomes. Future
research should also focus on these relations and highlight
all the factors inherent in the diagnosis of such a diverse
syndrome. The current review focuses more on the relationship
between antiphospholipid syndrome, molecular and clinical
effects, receptivity of the endometrium and pregnancy-related
complications. We established that recurrent implantation
failure and miscarriages in ANA-positive women are a result
of poor ANXAS5 function, inadequate vascularization, and
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dysregulated cytokine activity. Preeclampsia, characterized by
endothelial dysfunction and immune dysregulation, exacerbates
these complications, further impairing pregnancy outcomes.
High levels of aPLs, Th1/Thl7 cytokines, and decreased
endothelial stability are associated with poor pregnancy
outcomes, including miscarriage, preterm birth, and placental
complications. Once started early on, anticoagulation therapy
optimizes pregnancy outcomes, while persistent inflammation
and aPL positivity remain risk factors for impaired uterine
blood flow and adverse outcomes. The same has been indicated
to apply to women with APS who have been described to have
endometrial poor receptivity due to various factors, including
abnormalities in annexin A5 (ANXAS), a protein which plays
an important role in the formation of placenta, resulting in RIF
in addition to higher miscarriage rates in women with ANA
positive [65,66].

Literature also reveals that diminished vascular density
has been associated with decreased cytokine bipolarity and
poor uterine blood flow, contributing to implantation failure
[67]. The presence of preeclampsia in APS patients has been
linked to aggravated vascular impairments, necessitating
tailored management strategies. This is especially the case if
the cytokines are of Thl /Th2 ratios that promote immunity
responses unfavorable for maintaining pregnancy in women.
Antiphospholipid has been identified as a factor that significantly
raises the chances of having a miscarriage and a preterm birth.
It has been established that aPL positivity is indicative of a
higher risk of these adverse outcomes; thus, pregnant women
with aPL should be monitored and managed very closely [68].
Another comparative work highlights potential precursors to
pregnancy complications in women with APA and prior adverse
pregnancy history and shows that the possible predictors are age,
APO, history, ANA titer, and steroid use; the possible preventers are
LMWH use, theumatology follow-up, and high serum C3 level [69].

The current review further demonstrates that aPL positivity
is associated with a higher incidence of adverse outcomes,
necessitating careful monitoring and management during
pregnancy. Another study emphasizes that the presence of
antiphospholipid antibodies correlates with increased risks
of miscarriage and preterm birth [70]. Tailored therapeutic
strategies that include addressing preeclampsia-related risks are
essential for improving outcomes.

Practical recommendations emphasize early and thorough
screening for aPL positivity in women with a history of
RPL or RIF, using advanced immunological assays and
Doppler ultrasonography to evaluate placental blood flow and
endometrial receptivity. Screening for preeclampsia markers
alongside aPL levels can enhance risk stratification and guide
timely intervention. Incorporating genetic susceptibility testing,
such as M2/ANXAS haplotype analysis, can refine management
strategies for patients undergoing ART. Monitoring
inflammatory cytokine levels (e.g., TNF-a, IL-6) and vascular
markers is crucial for assessing thrombotic risk and tailoring
personalized treatment plans. Close management of pregnant
women with APS, including the use of anticoagulation therapies
such as LMWH and regular follow-ups with rheumatology
specialists, is essential to minimize the risks of miscarriage
and preterm birth. Furthermore, developing standardized and



inclusive diagnostic criteria for SNAPS is needed to improve
the recognition and care of atypical APS cases. Future research
should address gaps in diagnostic methodologies, explore the
interplay between APS and other autoimmune conditions, and
evaluate the long-term efficacy of current therapeutic strategies.

Conclusion.

The findings from the systematic literature review on the
molecular mechanisms of impaired endometrium receptivity
in patients with antiphospholipid syndrome underscore the
critical role of immune system dysregulation and endothelial
dysfunction in the impaired endometrial receptivity observed
in APS patients. Preeclampsia, as both a contributor to and a
result of APS, highlights the complex interplay of vascular and
immune pathways in these patients.

The studies provide a deeper understanding of the molecular
mechanisms underlying reproductive failure in APS and
highlight the importance of early and effective diagnostic and
therapeutic strategies. Future clinical research should explore
whether complement inhibitors and molecular biomarkers
can improve outcomes, paving the way for more personalized
management in obstetric APS. This review emphasizes the
need for further research into advanced diagnostic tools and
treatment approaches, particularly those that can mitigate the
impact of APS on pregnancy outcomes. APS is a multifactorial
condition, with immune and genetic factors playing a central
role in the pathogenesis of reproductive complications, and these
findings provide a foundation for more targeted interventions in
managing APS-related fertility issues.

Limitations of the study.

Another weakness of the research evidenced by this
systematic literature review is that the studies include diverse
designs, populations, and sizes that can influence the outcome
generalization. Otherwise, a variety of geographic provenience,
which may imply the differences in the healthcare systems and
diagnostic criteria, may introduce the source of bias. Some
also do not have a follow-up after treatment was given, hence
failing to capture long-term reproductive changes. In addition,
differences in the molecular markers and diagnostic methods
used in different research also introduce some difficulties in
defining and perfecting precise and generalizable diagnostic and
therapeutic guidelines for predicting and managing APS-linked
reproductive complications.

Suggestions for Future Research.

Future research on APS should look into the potential
contribution of non-criteria antibodies and any new biomarker
that may improve diagnostic accuracy. Specific attention should
be paid to preeclampsia as a co-factor, with studies aimed at
developing preeclampsia-focused diagnostic and therapeutic
approaches in APS. Explorations of the genetic factors
determining the endometrial receptivity and the pregnancy
outcome may assist in achieving targeted, individualized
therapies. More studies are needed that will profile the new
anticoagulants and immunomodulatory therapies and their
impact on a wide range of patients. In addition, further research
is warranted examining how infections moderate aPL positivity
in order to develop better strategies for prevention. Cost-
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effectiveness analysis and evaluation of the practicality of the
use of such diagnostic devices as a genetic profiler and assays
for cytokines can help their incorporation into some clinical
practice. Lastly, combining expertise in immunology, genetics,
and obstetrics will be beneficial.
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