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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 aβ2GPI, 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.

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-β2 glycoprotein 
I antibodies (aβ2GPI) 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 sequelae 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-γ 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 β2-glycoprotein I, and 
others [25].

The inclusion of their components in revised criteria enhances 
the accuracy of diagnosis. However, their use in clinical 

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 PlGF), 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 
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“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., Álvarez et al. [30] and Junmiao Xiang 
et al. [31] exhibiting moderate risk in participant selection and 

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., Álvarez et al. [30] with 68 

Figure 1. Risk of bias assessment.
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Author's / Year Country Study Design Sample Size Mean Age (Years)
Naranjo et al. 2022 [32] European Cross-sectional 303 43.8 ± 13.2
Álvarez et al. 2024 [30] Colombia Prospective 68 36-51
Hu et al. 2021 [33] China Prospective cohort 152 36.3
Cecchi et al. 2024 [34] Italy Cross-sectional 112 48.5 ± 13.5
Barrio-Longarela et al. 2022 [35] Spain Retrospective 137 33.5 ± 4.8
Zhang et al. 2024 [36] China Retrospective 62 32.70 ± 4.51
Junmiao Xiang et al. 2024 [31] China Retrospective Cohort 1574 29
Torres-Jimenez et al. 2022 [37] Mexico Retrospective 32 11.75
Song et al. 2022 [38] China Retrospective 478 54
Eid et al. 2019 [39] Egypt Retrospective 94 20-38
Porto et al. 2022 [40] Italy Retrospective 64 40 ± 4.1
Bruno et al. 2020 [41] Italy Retrospective 71 34-36
Liu et al. 2022 [42] China Retrospective Cohort 347 42.4 ± 15.3
Rogenhofer et al. 2021 [43] Germany Case-Control 63 35 ± 3
Pang et al. 2024 [44] China Case-Control 214 31.13 ± 3.34
Harmoosh et al. 2022 [45] Iraq Case-Control 100 30.0 ± 6.86
Wu et al. 2022 [46] China Prospective cohort 132 20-40

Table 1. Study Characteristics.

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/ANXA5 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-β2GPI 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 ANXA5 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 aβ2GP1, 
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 

Group Clinical Findings Diagnostic Method Authors/Year

Recurrent Pregnancy Loss 
(RPL)

History of ≥3 early miscarriages, ≥1 
fetal death, or ≥1 preterm birth due to 
placental insufficiency/preeclampsia

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

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

Recurrent Implantation 
Failure (RIF)

M2/ANXA5 haplotype as a potential 
risk factor, maternal and paternal 
haplotype carriage, endometrial factors

Genetic analysis of M2/ANXA5 
haplotype, IVF/ICSI outcomes Rogenhofer et al., 2021 [43]

Thrombosis and 
Hypercoagulability

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

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

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

Infections as Triggers Infection as a trigger for recurrent 
pregnancy loss or implantation failure

Serology for criteria and non-criteria 
antibodies (e.g., anti-cardiolipin, anti-
β2GPI, LA)

Junmiao Xiang et al., 2024 [31]

Obstetric APS and ART 
Outcomes

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

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

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

Systemic Non-Criteria APS 
(SNAPS)

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

aPL testing (including anti-β2GPI, 
aCL, aPS/PT) with ELISA testing and 
clinical assessment

Barrio-Longarela et al., 2022 
[35]

APS and Autoimmune 
Conditions

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

ELISA testing for antiphospholipid 
antibodies (aCL, aβ2GPI), Anti-
dsDNA, anti-thyroid antibodies

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

Table 2. Clinical and Diagnostic Variables in Antiphospholipid Syndrome (APS) and Reproductive Outcomes.
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Group Endometrial Receptivity 
Outcomes Pregnancy Outcomes Autoimmune Activity Author(s) / Year

Endometrial 
Receptivity

Impaired due to reduced 
ANXA5 expression, affecting 
implantation

Increased RIF risk in 
couples with M2 haplotype

Altered ANXA5-related 
anticoagulant function, pro-
thrombotic at implantation sites

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

Pregnancy 
Complications

-
Pregnancy morbidity 
(miscarriage, preterm 
delivery)

Examined via aPLs, aCL, 
aβ2GP1, aPS, LAC Naranjo et al. 2022 [32]

-

History of pregnancy 
morbidity (gestational 
loss, preterm birth due 
to eclampsia or placental 
insufficiency)

Analysis of antiphospholipid 
antibodies, associations with 
thrombotic events and pregnancy 
complications

Hu et al. 2021 [33]

-
75% live birth rate; 37.2% 
had adverse pregnancy 
outcome (APO)

Elevated aGAPSS for high risk Barrio-Longarela et al. 
2022 [35]

- Recurrent miscarriages, 
fetal death, pre-eclampsia

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

Zhang et al. 2024 [36]

APS & 
Pregnancy

-

Fetal loss, preterm 
delivery, FGR, postpartum 
hemorrhage, cesarean 
section

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

Junmiao Xiang et al. 2024 
[31]

-

Ongoing pregnancy rate 
higher in early initiation 
group (81.2% vs 60.9%); 
lower miscarriage

- Eid et al. 2019 [39]

Idiopathic infertility in 31.25%, 
ART success in 88.88%

Pregnancy achieved in 
88.88%, live births 77.77%

70.31% showed autoimmune 
features (e.g., ANA positivity) Porto et al. 2022 [40]

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

Higher miscarriage rate in 
ANA+ women; potential 
improvement with LMWH 
in ANA- RPL patients

ANA positivity linked to impaired 
uterine and placental blood flow Bruno et al. 2020 [41]

-
Pregnancy morbidity in 
APS (SPAPS: 44.7%, 
SNAPS: 78.2%)

Positive associations found for 
aPLs with thrombosis (aPS/PT, 
aPS IgG, APhL IgG)

Liu et al. 2022 [42]

Uterine Perfusion 
& Inflammation

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

-
Positive correlation between 
ACA-IgM levels and uterine 
artery RI (r = 0.43, p < 0.01)

Pang et al. 2024 [44]

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

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

Elevated Th1 and Th17 cells, 
higher pro-inflammatory 
cytokines; decreased Th2 and 
Treg cells

Wu et al. 2022 [46]

Inflammation & 
Immunity

- Recurrent miscarriages, 
fetal death, pre-eclampsia

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

Zhang et al. 2024 [36]

-

Fetal loss, preterm 
delivery, FGR, postpartum 
hemorrhage, cesarean 
section, adverse pregnancy 
outcomes

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

Junmiao Xiang et al. 2024 
[31]

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

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

Elevated Th1 and Th17 cells, 
higher pro-inflammatory 
cytokines; decreased Th2 and 
Treg cells

Wu et al. 2022 [46]

Table 3. Endometrial Receptivity and Pregnancy Outcomes in Patients with Antiphospholipid Syndrome (APS).
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[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 Th1 and Th17 
lymphocytes, and release of pro-inflammatory cytokines 
including IL-2 and TNF-α, 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 (ANXA5) 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-α, 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 ANXA5 expression, while elevated aPLs, 
such as aCL and aβ2GP1, correlate with recurrent pregnancy 
loss, preterm delivery, and pre-eclampsia, all linked to impaired 

Figure 3. Immunothrombosis Model Linking aPL to Placental Complications.
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endometrial stromal cell function and increased inflammation. 
Figure 4 illustrates this molecular pathway, showing how 
reduced ANXA5 leads to local pro-thrombotic changes that 
impair trophoblast adhesion and implantation.

Additionally, elevated antiphospholipid antibodies (aPLs), 
such as aCL and aβ2GP1, 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 

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 

Figure 4. Molecular Impact of Reduced ANXA5 on Implantation.

Figure 5. Immune and Complement Activation in Obstetric APS.
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important clinical implications, as they suggest potential targets 
for therapy such as complement inhibitors, and indicate that 
biomarkers like ANXA5 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., Th1/
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-α, 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-α) 
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 

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, aβ2GPI, and LA are frequently observed, 
correlating with miscarriage, preterm delivery, and pre-
eclampsia. The M2/ANXA5 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 sFlt-1/PlGF ratios, has shown 
promise in enhancing diagnostic precision.

Regarding RIF, studies identify genetic factors like the 
M2/ANXA5 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-α 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-α 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 



140

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 sFlt-1 
and PlGF, 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 ANXA5 function, inadequate vascularization, and 

dysregulated cytokine activity. Preeclampsia, characterized by 
endothelial dysfunction and immune dysregulation, exacerbates 
these complications, further impairing pregnancy outcomes. 
High levels of aPLs, Th1/Th17 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 (ANXA5), 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 Th1 /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, rheumatology 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/ANXA5 haplotype analysis, can refine management 
strategies for patients undergoing ART. Monitoring 
inflammatory cytokine levels (e.g., TNF-α, 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 
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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-

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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