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The role of anti-beta-2 glycoprotein 1 (Anti-β2GP1) testing in
antiphospholipid syndrome with pregnancy: A narrative review

Lia Mahdi Agustiani1,†, Phey Liana2,*, Abarham Martadiansyah3, Tungki Pratama Umar4,5,†

ABSTRACT
Anti-β₂-glycoprotein I antibodies (anti-β₂GPI) are implicated in the antiphospholipid syndrome
(APS) pathophysiology. Testing for anti-β₂GPI is of particular importance in pregnant individuals
with a high clinical suspicion of APS who have negative lupus anticoagulant and anticardiolipin
antibody results. Despite its diagnostic role, significant challenges remain in risk stratification and
laboratory testing procedures, which lead to inconsistencies in clinical research and practice. The
present literature review aims to summarize the importance of anti-β₂GPI testing in pregnancy-
associated APS, providing a novel perspective by critically evaluating the impact of evolving assay
technologies, the implications of the latest international classification criteria, and the ongoing de-
bate surrounding non-criteria antibody isotypes. The literature search was conducted in PubMed,
Scopus, and Google Scholar, focusing on original articles published between January 2018 and
December 2024. Search terms included: “anti-beta-2 glycoprotein 1,” “anti-β2GP1,” “obstetric an-
tiphospholipid syndrome,” and “pregnancy.” In summary, although anti-β₂GPI antibody testing is
indispensable for the APS diagnosis, it is not without challenges, including the lack of international
standardization of newer and automated assays.
Key words: anti-beta-2 glycoprotein 1, antiphospholipid syndrome, autoimmune disorders,
pregnancy

INTRODUCTION
Antiphospholipid syndrome (APS) is an autoim-
mune disease characterized by the persistent pres-
ence of antiphospholipid antibodies (aPLs). It fre-
quently manifests in pregnant individuals, increas-
ing the risk of both arterial and venous thrombosis
and is associated with numerous pregnancy-related
complications, including recurrent miscarriage, in-
trauterine fetal growth restriction, preterm birth,
stillbirth, and preeclampsia.1,2 Given the significant
morbidity of APS in pregnancy, early and accurate
detection of pathogenic aPLs is essential for ap-
propriate management and improved maternal-fetal
outcomes. 3

One of the most clinically significant aPLs is the
anti–beta-2 glycoprotein I antibody (anti-β2GPI),
which has a well-established association with APS-
related clinical manifestations. Anti-β2GPI antibod-
ies play a key role in APS pathophysiology, promot-
ing endothelial dysfunction, platelet activation, and
a hypercoagulable state. While lupus anticoagulant
(LA) and anticardiolipin antibodies (aCL) are core
laboratory criteria for APS diagnosis, anti-β2GPI an-
tibodies have emerged as an important biomarker
for refining risk stratification.4 Elevated anti-β2GPI
titers are associated with a more severe APS phe-
notype, including a greater likelihood of thrombotic

events and obstetric complications.5,6 However, the
role of routine anti-β2GPI testing in pregnancy man-
agement remains debated.

In pregnant individuals with concomitant autoim-
mune disorders, notably systemic lupus erythe-
matosus (SLE), the presence of aPLs substantially
complicates clinical management. The coexistence
of SLE and APS confers a heightened risk for ad-
verse pregnancy outcomes.7 Consequently, multi-
disciplinary collaboration among rheumatologists,
obstetricians, hematologists, and neonatologists is
crucial for optimizing outcomes.8,9

Although research has investigated the role of these
antibodies in predicting adverse pregnancy out-
comes, study findings have been inconsistent. De-
spite this, emerging evidence suggests that incorpo-
rating anti-β2GPI testing into clinical practice may
improve risk assessment and guide personalized
therapeutic strategies.10 This is particularly relevant
because understanding the predictive value of anti-
β2GPI antibodies could inform therapeutic guide-
lines for APS management, particularly regarding
the use of anticoagulant and antiplatelet therapies
such as aspirin and low-molecular-weight heparin
(LMWH), which could be tailored based on a pa-
tient’s anti-β2GPI status.3,7
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This literature review aims to synthesize current ev-
idence on the role of anti-β2GPI testing in the con-
text of APS in pregnancy. The synthesis may provide
insights into the potential clinical utility of integrat-
ing anti-β2GPI testing into existing APS diagnostic
and management protocols to improve the care of
pregnancy-related complications.

METHODS
A literature search was conducted across three
databases: PubMed, Scopus, and Google Scholar.
The search focused on original articles published be-
tween 1 January 2018 and 31 December 2024, utiliz-
ing the predefined search terms detailed in Table 1.
No geographical limitations were applied. The in-
clusion criteria were: (1) original research articles,
(2) involving human subjects, and (3) investigating
the role of anti-β2GP1 testing in the context of APS
in pregnancy. Studies were excluded if they: (1) in-
volved non-human participants, (2) had no available
full text, or (3) were published in a language other
than English. A study flow diagram is presented in
Figure 1.
Following the review process, a brief critical ap-
praisal was performed. The methodological qual-
ity of each included study was assessed using the
Newcastle-Ottawa Quality Assessment Scale (NOS),
as adapted for cross-sectional studies.11 This tool,
described in a prior publication,12 was used to ex-
tract details and evaluate studies based on three do-
mains: selection, comparability, and outcome. The
evaluation employs a star system, with a maximum
of 10 stars for cross-sectional studies distributed
across these categories. Two independent investi-
gators (PL and TPU) performed the assessment for
each included paper.

APS ETIOLOGY, EPIDEMIOLOGY,
AND CLASSIFICATION
APS arises from an abnormal immune response di-
rected against phospholipid-binding proteins, most
notably β2-glycoprotein I (β2GP1). Genetic pre-
disposition contributes to APS susceptibility, with
specific human leukocyte antigen alleles—including
HLA-DRB1, HLA-DQB1, HLA-DR2, HLA-DR3, HLA-
DR7, and HLA-B8—being significantly associated
with the disease.13 Furthermore, environmental
triggers, such as viral (e.g., cytomegalovirus) and
bacterial (e.g., Helicobacter pylori) infections, can
induce autoantibody production and initiate an au-
toimmune response.14

APS affects approximately 1–5% of the general pop-
ulation, with a disproportionate prevalence among

women due to hormonal influences. Its frequency
is higher among individuals with autoimmune dis-
orders, particularly SLE, where up to 40% of pa-
tients test positive for aPLs.15 APS is responsible for
approximately 15–20% of cases of recurrent preg-
nancy loss. 16 Additionally, one study found that
among 491 patients with unprovoked venous throm-
boembolism, 44 (9.0%) fulfilled the diagnostic crite-
ria for APS. 17 The prevalence of anti-β2GP1 posi-
tivity varies, with studies reporting rates as high as
39% in APS patients, especially those with throm-
botic complications. 18

APS is classified into three categories: primary, sec-
ondary, and a rare severe form termed catastrophic
APS. Obstetric APS occurring in pregnant women
without a pre-existing autoimmune disease is clas-
sified as primary APS. In contrast, secondary APS
occurs in association with underlying conditions,
most commonly other autoimmune diseases (such
as SLE), malignancies, infections, or certain medi-
cations. 1 Catastrophic APS (CAPS) is an acute, life-
threatening condition characterized by thrombosis
in small vessels affecting three or more organ sys-
tems. 19

The diagnosis of APS is currently based on
clinical criteria spanning six domains (microvas-
cular, macrovascular venous thromboembolism,
macrovascular arterial thrombosis, cardiac valve,
hematologic, and obstetric) combined with persis-
tent laboratory evidence of autoantibodies. Lab-
oratory confirmation requires the persistent posi-
tivity of lupus anticoagulant in functional coagula-
tion assays and/or the presence of IgG or IgM anti-
β2GP1 and/or anticardiolipin antibodies detected by
solid-phase enzyme-linked immunosorbent assays
(ELISA). In the current manuscript, obstetric APS
criteria include: (1) three or more unexplained con-
secutive miscarriages before ten weeks of gestation
and/or early fetal deaths (10 weeks to <16 weeks);
(2) one or more unexplained fetal deaths at or be-
yond 16 weeks of gestation, without evidence of se-
vere preeclampsia or severe placental insufficiency;
or (3) delivery due to severe preeclampsia or placen-
tal insufficiency before 34 weeks of gestation, with
or without associated fetal loss. 20

APS PATHOGENESIS
The pathogenesis of APS is primarily driven by the
persistent presence of aPLs, particularly anti-β2GP1.
These antibodies target β2GP1, a plasma protein
with a five-domain structure that binds to anionic
phospholipids on cell membranes. 21,22 Under in-
flammatory or oxidative stress conditions, β2GP1
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Table 1: Systematic Search Strategy for the Narrative Review. This table details the electronic databases, search
terms, and the number of records identified during the initial literature search conducted for this review
(covering January 2018 to December 2024).

Databases Search terms Hits

PubMed (“anti-beta-2 glycoprotein 1”[tiab] OR “anti-beta-2 glycoprotein I”[tiab] OR
“anti-beta2GP1”[tiab] OR “anti-b2GP1” OR “anti-b2GPI”[tiab] OR “anti-b2GP1”[tiab] OR “beta
2-Glycoprotein I/immunology”[Mesh]) AND (“obstetric antiphospholipid syndrome”[tiab] OR

“obstetric APS”[tiab] OR (“Antiphospholipid Syndrome”[Mesh] AND “Pregnancy”[Mesh]))

63

Science
Direct

(“anti-beta-2 glycoprotein 1” OR “anti-beta2GP1” OR “anti-b2GPI” OR “anti-b2GP1”) AND
(“obstetric antiphospholipid syndrome” OR “obstetric APS” OR “pregnancy”)

182

Google
Scholar

“anti-b2GPI”, “antiphospholipid syndrome” 371

Figure 1: Study Selection Flow Diagram. This diagram outlines the systematic process used for article identifi-
cation and selection in this narrative review. It details the records identified from each database (PubMed, Scopus,
Google Scholar), the removal of duplicates, the screening of titles and abstracts against inclusion/exclusion crite-
ria, and the final number of full-text articles assessed and included for qualitative synthesis.
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binds to phospholipids or damaged membranes and
undergoes a conformational shift to an open form,
exposing cryptic epitopes recognized by anti-β2GP1.
This interaction initiates a cascade of pathological
events involving coagulation, inflammation, and im-
mune dysregulation. 22

The thrombotic mechanism in APS involves aPL-
mediated activation of multiple cellular compo-
nents regulating hemostasis. Binding of anti-
β2GP1 to β2GP1 on endothelial cells upregulates ad-
hesion molecules, including intercellular adhesion
molecule-1 (ICAM-1), P-selectin, and vascular cell
adhesion molecule-1 (VCAM-1), thereby promoting
leukocyte adhesion and vascular inflammation. 23

Monocytes exposed to aPLs express increased lev-
els of tissue factor, a key initiator of coagulation,
while platelets are activated to synthesize throm-
boxane A2, enhancing platelet aggregation. Further-
more, anti-β2GP1 impairs the function of natural
anticoagulant pathways, including annexin V, an-
tithrombin III, and the protein C and protein S sys-
tem. 24 These effects collectively promote a hyperco-
agulable state. Complement activation, particularly
of C3 and C5, exacerbates vascular injury through
the generation of pro-inflammatory anaphylatoxins
(C3a, C5a) and the membrane attack complex (C5b-
9). 22 Clinically significant thrombosis rarely occurs
spontaneously, supporting the ”second hit” hypoth-
esis, which posits that aPLs require an additional
prothrombotic trigger—such as infection, inflamma-
tion, or trauma—to precipitate clinical events.10

Furthermore, APS is linked to accelerated
atherosclerosis, a feature increasingly observed in
younger patients. 25 This process is driven in part
by anti-β2GP1 antibodies, which form immune
complexes with oxidized low-density lipoproteins
(oxLDL), promoting foam cell formation and
athserosclerotic plaque development. 26

Pregnancy-Specific Mechanisms of Anti-
β2GP1-Mediated Injury
Multiple pregnancy-specific, non-thrombotic mech-
anisms are critical drivers of obstetric APS. Two prin-
cipal mechanisms underlying placental dysfunction
and adverse pregnancy outcomes following anti-
β2GP1 antibody action include impaired trophoblast
invasion and complement activation.
Under normal physiological conditions,
trophoblasts—the primary functional cells of
the placenta—constitutively express β2GP1 on their
surface, a state crucial for regulating placental
angiogenic equilibrium. 27 This expression pattern

explains why the placenta is a primary target of
injury in obstetric APS. Anti-β2GP1 antibody bind-
ing hinders placental development by impairing
trophoblast invasion, expansion, and migration,
processes critical for spiral artery remodeling. 28

Furthermore, this disruption leads to reduced
synthesis of β-human chorionic gonadotropin
(β-hCG) and vascular endothelial growth factor
(VEGF), which are essential for maintaining normal
gestation. 29 Anti-β2GP1 antibodies also elicit a
localized inflammatory response by activating
the Toll-like receptor 4 (TLR4)/MyD88 and TLR2
signaling pathways in trophoblasts, resulting
in the release of multiple cytokines, including
monocyte chemoattractant protein-1 (MCP-1),
interleukin-6 (IL-6), interleukin-8 (IL-8), and tumor
necrosis factor-alpha (TNF-α).30,31 Moreover, these
antibodies induce mitochondrial dysfunction in
trophoblasts, leading to increased generation of
reactive oxygen species (ROS) and the release
of necrotic syncytiotrophoblast debris, which
activates maternal endothelial cells and exacerbates
inflammation. 32

The binding of anti-β2GP1 antibodies to placental
tissue also triggers the complement cascade, result-
ing in the generation of the potent anaphylatoxin
C5a. 33 Complement deposition (e.g., C4d, C3b) in
the placenta has been observed in APS and corre-
lates with fetal loss and preeclampsia,34,35 thereby
emphasizing the role of immune-mediated placental
injury. Studies in murine models of obstetric APS
have demonstrated that the pathogenic effects of
aPLs are dependent on complement activation. The
passive transfer of human aPLs induces fetal loss
and growth restriction in wild-type mice, whereas
these effects are attenuated in mice deficient in
complement components C3 or C5.36 Consistently,
histopathological analysis of placentas from women
with obstetric APS frequently reveals deposits of
complement split products, such as C4d and C3b,
which serve as biomarkers of this immune-mediated
injury and are associated with adverse pregnancy
outcomes. 37 Thus, complement-mediated inflam-
mation, rather than thrombosis alone, constitutes a
primary mechanism of placental failure in obstetric
APS.
The immune dysregulation in APS extends beyond
thrombosis and pregnancy morbidity. 20 β2GP1 acts
as a scaffold for pattern recognition, binding not
only to phospholipids but also to microbial com-
ponents like lipopolysaccharide (LPS), suggesting a
role in innate immunity. APS patients often exhibit
imbalances in lymphocyte subsets, with increased
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Th1 and Th17 cell populations and decreased regula-
tory T cells (Tregs), indicative of a proinflammatory
state. Additionally, aPLs interfere with apoptotic
clearance and promote neo-antigen formation on
cell membranes, thereby perpetuating autoantibody
production and inflammation.38 The pathogenic in-
volvement of anti-β2GP1 antibodies in obstetric APS
and the consequent clinical manifestations are illus-
trated in Figure 2.

Anti-β2GP1 testing in APS patients
Anti-β2GP1 antibodies, particularly of the IgG iso-
type, are considered key drivers in the obstetric
manifestations of APS. Evidence demonstrates a sig-
nificant association between these antibodies and
placenta-mediated pregnancy complications as well
as an elevated thrombotic risk, including valvu-
lar heart disease.39 Notably, triple positivity for
antiphospholipid antibodies (lupus anticoagulant
[LA], anticardiolipin [aCL], and anti-β2GP1) corre-
lates with the highest likelihood of adverse preg-
nancy outcomes, even despite standard prophylactic
treatment with low-dose aspirin and low-molecular-
weight heparin (LMWH).40 Thus, anti-β2GP1 anti-
bodies contribute mechanistically and also serve as
a predictive biomarker for obstetric events in APS.
Several key studies on this topic are summarized in
Table 1.
The included studies (Table 2) presented heteroge-
neous results, which presents challenges in synthe-
sizing evidence on the utility of anti-β2GP1 in ob-
stetric APS. Due to these discrepancies, we con-
ducted a brief critical appraisal using the Newcastle-
Ottawa Scale (Supplementary Table 1). Overall,
one study was of high quality,41 while three oth-
ers were of moderate quality.40,42,43 The moderate
ratings were primarily linked to potential selection
bias, non-representative samples, and insufficient
description of comparability.40,42,43

The studies utilized diverse laboratory methodolo-
gies and definitions of positivity. Perez et al.
and Serrano et al. employed a combination of
traditional ELISA and multiplex flow immunoas-
says (BioPlex), 40,42 whereas Skeith et al. utilized
a specific commercial ELISA kit (Bio-Rad).41 This
methodological diversity is exacerbated by varying
thresholds for positivity; for instance, Skeith et al.
used a cut-off derived from the 99th percentile of
a healthy population (≥20 GPL/MPL; where GPL
is IgG phospholipid units and MPL is IgM phos-
pholipid units), 41 while a criterion of >40 GPL/MPL
is frequently referenced.44 Furthermore, the shift

from ELISA to automated platforms such as chemi-
luminescent immunoassays (CLIA) seeks to enhance
reproducibility. However, considerable inter-assay
variation persists due to the lack of universal cali-
brators and standards, leading to inconsistent clas-
sification of positive results across studies and hin-
dering the development of universal risk models.45

Second, the reported thrombotic risk varies due to
differences in study population characteristics. For
example, Yeoh et al. documented a high prevalence
of arterial (56.6%) and venous (49.1%) thrombosis, re-
flecting a cohort from a single tertiary rheumatol-
ogy center that predominantly comprises patients
with more severe disease, many of whom have sec-
ondary APS. 43

Lastly, the inherent strengths and limitations of dif-
ferent study designs help explain the inconsistent
results regarding pregnancy outcomes. Skeith et al.
conducted a nested case-control study that found
no significant association between anti-β2GP1 and
a spectrum of placenta-mediated complications.
While this design is efficient and minimizes re-
call bias, its statistical power for certain outcomes
may be limited, potentially obscuring true associa-
tions. 41

Despite the strong association between anti-β2GP1
and APS, false-positive and false-negative results
present diagnostic challenges. False-positive results
may arise from transient conditions, such as viral
infections, which can induce temporary autoanti-
body production, 46 or from certain medications like
hydralazine or procainamide.47 Conversely, false-
negative results may occur due to low antibody
titers, improper sample handling, or assay variabil-
ity. To confirm sustained positivity and establish a
diagnosis of APS, laboratory testing for anti-β2GP1
must be repeated at least 12 weeks after the initial
positive result, and within five years of the associ-
ated clinical event.48 This step is critical, as transient
antibody elevations do not constitute APS.

CLINICAL UTILITY OF
ANTI-Β2GP1 TESTING FOR
RISK-STRATIFIED OBSTETRIC
MANAGEMENT
From a clinical pathology perspective, testing for
anti-β2GP1 antibodies is an essential component of
the diagnosis of APS. This assay is particularly use-
ful in cases where lupus anticoagulant and anticar-
diolipin antibody tests are negative, yet clinical sus-
picion for APS remains high.49,50 In high-risk preg-
nancies, detection of anti-β2GP1 antibodies may
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Table 2: Characteristics and Key Findings of Studies Evaluating Anti-β2GP1 Testing in APS Patients. This table
summarizes the study design, population, assaymethods, and reported thrombotic and pregnancy-related
outcomes from the selected studies included in this review. Abbreviations are defined in the note below the
table.

Authors
(Year)

Study
Design

Subjects Assay Thrombotic-related
Outcomes

Pregnancy-related
Outcomes

Perez et
al.

(2018) 40

Cross-
sectional

57
thrombotic

APS
patients

ELISA,
confirmed

with BioPlex
Multiplex

• The presence of β2-CIC is
associated with:
thrombocytopenia
(OR=5.7, 95%CI:1.39−23.36)
and livedo reticularis
(OR=5.6, 95%CI:1.37−22.65)

• Participants with
quadruple aPL positivity
showed a higher
prevalence of
thrombocytopenia versus
single or double positivity

N/A

Serrano
et al.

(2019) 42

Retrospective
cohort

151 heart
transplant
recipients

ELISA
(INOVA) for
IgA; BioPlex
Multiplex for

IgG/IgM

• Pre-transplant β2A-CIC
associated with
post-transplant thrombosis
(OR=6.42,95%CI:2.1−19.63)
and early
mortality – at three months
(HR=5.08,95%CI:1.36−19.01).

• β2A-CIC-positive subjects
have an elevated risk of
thrombotic incidents or
death (73.7% vs. 16.3% -
control).

• Late fetal loss (44.1%)

• Early fetal loss (17.6%)

Skeith
et al.

(2018) 41

Nested
case-

control

503 cases,
497

controls

ELISA
(Bio-Rad)

N/A No significant
association with

composite outcome
(Adjusted

OR=1.48,95%CI:0.84−2.6,
p=0.18). Weak

association with SGA at
IgG and/or IgM ≥20

units (OR=1.86,
95%CI:1.09−3.18, p=0.02).

Yeoh et
al.

(2024) 43

Retrospective
cross-

sectional
study

53 APS
cases – 45
female (18
primary, 27
secondary)

N/A • Arterial thrombosis (56.6%)

• Venous thrombosis (49.1%)

• Thrombocytopenia (26.4%).

• Early fetal loss (26.7%)

• Late fetal loss (33.3%)

• PTB (20.0%)

• Pre-eclampsia/eclampsia
(20.0%)

Abbreviations: aCL = anticardiolipin, anti-β2GP1 = anti-beta-2 glycoprotein 1, aOR = adjusted odds ratio, aPL = an-
tiphospholipid antibody, APS = antiphospholipid syndrome, β2-CIC: circulating immune complexes of IgG/IgM bound to
β2GP1, β2A-CIC = circulating immune complexes of IgA bound to β2GP1, CI = confidence interval, ELISA = enzyme-linked
immunosorbent assay, HR = hazard ratio, IgA = Immunoglobulin A, IgG = Immunoglobulin G, IgM = Immunoglobulin
M, IUGR = intrauterine growth restriction, LA = lupus anticoagulant, LR = livedo reticularis, N/A = data not available,
OR = odds ratio, PTB = preterm birth, SGA = small for gestational age, TIA = transient ischemic attack, VTE = venous
thromboembolism.
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Figure 2: Pathogenic Mechanisms Linking Anti-β2GP1 Antibodies to APS-Associated Clinical Manifes-
tations. This schematic illustrates the primary pathological pathways through which anti-β2GP1 antibodies
contribute to the clinical features of APS. Key mechanisms include: (1) endothelial cell activation and a pro-
inflammatory state; (2) disruption of coagulation balance towards a hypercoagulable state via platelet activation,
monocyte tissue factor expression, and impairment of natural anticoagulant pathways; and (3) pregnancy-specific
placental injury mediated by impaired trophoblast function, cytokine release, and complement activation, lead-
ing to adverse obstetric outcomes such as fetal loss, preeclampsia, and intrauterine growth restriction (IUGR).

prompt the early initiation of prophylactic anticoag-
ulation to minimize obstetric complications. How-
ever, inter-laboratory variability in testing remains a
challenge.51 Standardization of assay methods and
the adoption of more sensitive detection techniques,
such as chemiluminescent immunoassays and mul-
tiplex platforms, could improve reliability and repro-
ducibility. 52

Despite these challenges, anti-β2GP1 antibody test-
ing retains significant value for APS diagnosis
and risk stratification, particularly in evaluating
pregnancy-related APS and thrombosis. The Eu-
ropean Alliance of Associations for Rheumatology
(EULAR) guidelines utilize the antiphospholipid an-
tibody (aPL) profile for patient categorization. A
“high-risk” aPL profile, which necessitates intensive
management, is defined by the presence of lupus an-
ticoagulant, double or triple aPL positivity, or per-
sistently high aPL titers.53 A high titer of IgG anti-
β2GP1 antibodies is a key criterion for this high-risk
designation and can directly influence treatment se-
lection. For example, non-pregnant women with a
history of obstetric APS and a high-risk aPL pro-
file should receive low-dose aspirin (LDA) for throm-
bosis prophylaxis. During pregnancy, this regi-
men changes to combination therapy with LDA and

prophylactic-dose heparin.53,54 Conversely, women
with a history of thrombotic APS require higher,
therapeutic-dose heparin during pregnancy to re-
duce the risk of recurrent thrombosis.55 The pres-
ence of high-titer IgG anti-β2GP1 antibodies in-
creases the likelihood of initiating or maintaining
such combination therapies to improve pregnancy
outcomes.
However, a principal limitation of anti-β2GP1 anti-
body testing is its reduced sensitivity compared to
lupus anticoagulant assays. Although highly spe-
cific, a negative anti-β2GP1 result cannot rule out
APS, especially when lupus anticoagulant or anti-
cardiolipin antibodies are present. A further per-
sistent area of controversy is the clinical relevance
of isolated IgA anti-β2GP1 positivity.56,57 In con-
trast to the well-established pathogenic roles of IgG
and IgM anti-β2GP1 antibodies, the significance of
IgA isotypes remains controversial, a subject of de-
bate for over a decade. Some evidence suggests
IgA anti-β2GP1 may serve as a marker for seroneg-
ative APS, where patients have clinical manifesta-
tions despite negative testing for IgG or IgM an-
tiphospholipid antibodies.15,58 However, major in-
ternational guidelines have consistently excluded
IgA anti-β2GP1 from formal diagnostic and classi-
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fication criteria due to a lack of standardized as-
says and conflicting evidence regarding its inde-
pendent predictive value. The 2023 American Col-
lege of Rheumatology and European League Against
Rheumatism (ACR/EULAR) criteria intentionally ex-
cluded IgA isotypes to maintain high specificity
and ensure cohort uniformity. 20 Similarly, the 2024
British Society for Haematology (BSH) guidelines59

explicitly state that “testing for IgA aCL/aβ2GPI is
not recommended for routine diagnostic use.” Con-
sequently, while IgA anti-β2GP1 remains a relevant
research topic, its unconfirmed independent util-
ity and lack of standardized testing preclude its
use in routine clinical practice, although antibod-
ies against specific epitopes like domain 1 of β2GP1
may potentially aid in risk stratification for late
pregnancy morbidity.60 Therefore, its assessment
should be confined to research settings or consid-
ered only by specialists in diagnostically complex
cases of suspected seronegative APS.
Future advancements in laboratory standardization,
automation, and biomarker discovery may help
refine the clinical utility of IgA anti-β2GP1 test-
ing. 61 Historically, diagnosis has relied on ELISAs,
which exhibit significant inter-laboratory and inter-
kit variability due to the lack of standardized cali-
brators or methodologies. 62 This variability has hin-
dered cross-study data comparisons and the estab-
lishment of universal clinical cut-off values. Re-
cently, fully automated platforms have been devel-
oped to address these limitations, predominantly
utilizing CLIA and multiplex flow immunoassay
(MFI) technologies. These systems offer several ad-
vantages, including enhanced sensitivity, a broader
dynamic range, improved reproducibility, and re-
duced manual processing time, thereby minimiz-
ing operator-dependent error.63 Recent compara-
tive studies indicate that CLIA-based platforms pro-
vide superior diagnostic accuracy and reliability
compared to conventional ELISA.64 Furthermore,
incorporating functional diagnostic tests, such as
thrombin generation assays or endothelial activa-
tion markers, may enable a more comprehensive
assessment of thrombotic risk in individuals with
APS. 65 Continued research and consensus-building
efforts are necessary to optimize the role of anti-
β2GP1 testing in clinical decision-making and per-
sonalized patient management.
Prioritization of several key research areas is essen-
tial to advance individualized therapy in patients
with obstetric APS. First, standardization of both
IgA and non‑criteria laboratory assessments is re-
quired. The clinical utility of IgA anti‑β₂GP1 anti-
bodies remains debated; while some studies suggest

they may help identify “seronegative” APS patients,
they are not currently recommended for diagnosis
due to substantial assay variability and discrepan-
cies among commercial kits.66 Establishing interna-
tional calibration standards for IgA anti‑β₂GP1 test-
ing is therefore essential to determine their clin-
ical value. Second, there is a pressing need for
prospective, multicenter trials to guide treatment
adjustment. A significant proportion of women with
obstetric APS (approximately 20–30%) still experi-
ence adverse pregnancy outcomes, such as preg-
nancy loss or stillbirth, despite standard treatment
with low‑dose aspirin and heparin.67 Further trials
should evaluate whether tailoring therapy based on
specific anti‑β₂GP1 profiles—for example, using hy-
droxychloroquine or complement inhibitors in pa-
tients with high IgG anti‑β₂GP1 titers—can improve
live‑birth rates.68–70 Recent studies such as the HY-
droxychloroquine to Improve Pregnancy Outcome
in Women with AnTIphospholipid Antibodies (HY-
PATIA) trial and the IMProve Pregnancy in APS
With Certolizumab Therapy (IMPACT) trial exem-
plify ongoing research in this area.68,69 Third, in-
tegration of additional non‑criteria and functional
biomarkers is crucial. The entity of seronegative
APS highlights the limitations of current serologi-
cal criteria. Investigation of non‑criteria antibodies,
particularly those targeting the phosphatidylser-
ine/prothrombin (aPS/PT) complex—which are as-
sociated with thrombosis and fetal death—is war-
ranted. 71 Functional assays that evaluate the bio-
logical effects of antiphospholipid antibodies, such
as tests measuring annexin V resistance to assess
disruption of anticoagulant shields, may provide
more precise thrombotic risk stratification. 24 Global
hemostasis assays, including thrombin generation
tests, could also aid in risk stratification and in mon-
itoring treatment efficacy in obstetric APS.65

CONCLUSION
Testing for anti-β2GP1 antibodies is a critical ele-
ment in the diagnosis and management of obstet-
ric APS 1,2. Early detection facilitates timely in-
tervention, which can mitigate maternal and fetal
risks. The presence of specific antiphospholipid an-
tibodies, particularly high-titer IgG anti-β2GP1, is
a key indicator of a high-risk APS state. Although
this test enhances diagnostic accuracy, signifi-
cant methodological heterogeneity across studies—
including variations in laboratory assays, patient
populations, and study designs—hinders the stan-
dardization of protocols. Therefore, further research
is needed to refine testing methodologies and im-
prove clinical management strategies.
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ABBREVIATIONS
β2A-CIC: Circulating Immune Complexes of IgA
bound to β2GP1; β2-CIC: Circulating Immune Com-
plexes of IgG/IgM bound to β2GP1; aCL: Anti-
cardiolipin; aPL: Antiphospholipid Antibody; anti-
β2GP1: Anti-beta-2 Glycoprotein 1; APS: Antiphos-
pholipid Syndrome; β2GP1: Beta-2 Glycoprotein I;
CI: Confidence Interval; CLIA: Chemiluminescent
Immunoassay; ELISA: Enzyme-Linked Immunosor-
bent Assay; HR: Hazard Ratio; IgA: Immunoglobu-
lin A; IgG: Immunoglobulin G; IgM: Immunoglob-
ulin M; IL-6: Interleukin-6; IL-8: Interleukin-8;
IUGR: Intrauterine Growth Restriction; LA: Lupus
Anticoagulant; LDA: Low-Dose Aspirin; LMWH:
Low-Molecular-Weight Heparin; MCP-1: Mono-
cyte Chemoattractant Protein-1; MFI: Multiplex
Flow Immunoassay; OR: Odds Ratio; PTB: Preterm
Birth; ROS: Reactive Oxygen Species; SGA: Small
for Gestational Age; SLE: Systemic Lupus Erythe-
matosus; Th1: T Helper 1; Th17: T Helper 17; TIA:
Transient Ischemic Attack; TLR: Toll-like Receptor;
TNF-α: Tumor Necrosis Factor-alpha; Tregs: Reg-
ulatory T Cells; VCAM-1: Vascular Cell Adhesion
Molecule-1; VEGF: Vascular Endothelial Growth
Factor; VTE: Venous Thromboembolism

ACKNOWLEDGEMENTS
None

AUTHOR’S CONTRIBUTIONS
Study conception and idea generation: LMA, PL,
and AM; data collection: LMA and TPU; analysis
and interpretation of results: LMA, PL, and TPU;
manuscript writing: LMA and TPU; manuscript re-
view and editing: PL, AM, and TPU. All authors have
read and agreed to the final content of the submit-
ted manuscript.

FUNDING
None.

AVAILABILITY OF DATA AND
MATERIALS
Not applicable.

ETHICS APPROVAL AND
CONSENT TO PARTICIPATE
Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS
None declared.

DECLARATION OF GENERATIVE
AI AND AI-ASSISTED
TECHNOLOGIES IN THE
WRITING PROCESS
The authors declare that they have used AI-assisted
technologies (Quillbot and Gemini 2.5 Pro) in the
writing process to improve the grammatical accu-
racy and readability of their paper.

REFERENCES
1. Parepalli A, Sarode R, Kumar S, Nelakuditi M, Kumar MJ.

Antiphospholipid Syndrome and Catastrophic Antiphospho-
lipid Syndrome: A Comprehensive Review of Pathogenesis,
Clinical Features, and Management Strategies. Cureus. 2024
Aug;16(8):e66555. PMID: 39252716. Available from: 10.7759/
cureus.66555.

2. Popova EI, Kozlov AV, Sizova AI, Lyamin AV, Gusyakova
OA, Ereshchenko AA. Laboratory Markers in the Prediction
of Premature Birth. J Prev Diagnostic Treat Strateg Med.
2023;2(2):89–93. Available from: 10.4103/jpdtsm.jpdtsm_58_23.

3. Murvai VR, Galiș R, Panaitescu A, Radu CM, Ghitea TC, Trif
P, et al. Antiphospholipid syndrome in pregnancy: a compre-
hensive literature review. BMC Pregnancy Childbirth. 2025
Mar;25(1):337. PMID: 40128683. Available from: 10.1186/
s12884-025-07471-w.

4. Jing L, Xiangrui Z, Juan F. Role of β2‐glycoprotein I in the
pathogenesis of the antiphospholipid syndrome. Rheumatol
Autoimmun. 2023;3(3):131–139. Available from: 10.1002/rai2.
12072.

5. Bertin D, Camoin-Jau L, Veit V, Resseguier N, Lambert M, Buf-
fet Delmas P, et al. Single or triple positivity for antiphospho-
lipid antibodies in “carriers” or symptomatic patients: untan-
gling the knot. J Thromb Haemost. 2021 Dec;19(12):3018–3030.
PMID: 34469630. Available from: 10.1111/jth.15518.

6. Saccone G, Berghella V, Maruotti GM, Ghi T, Rizzo G, Simon-
azzi G, et al. Antiphospholipid antibody profile based obstetric
outcomes of primary antiphospholipid syndrome: the PREG-
NANTS study. Am J Obstet Gynecol. 2017 May;216(5):525.e1–
525.e12. PMID: 28153662. Available from: 10.1016/j.ajog.2017.
01.026.

7. Vanoverschelde L, Kelchtermans H, Musial J, de Laat B, De-
vreese KM. Influence of anticardiolipin and anti-β2 glycopro-
tein I antibody cutoff values on antiphospholipid syndrome
classification. Res Pract Thromb Haemost. 2019 May;3(3):515–
527. PMID: 31294336. Available from: 10.1002/rth2.12207.

8. Kuschel B, Schäfer-Graf UM, Schmidt M, Kühnert M, Hagen-
beck C, Thürmel K. Management of Rheumatic Diseases Dur-
ing Pregnancy and Breastfeeding: Position Paper of the Work-
ing Group for Obstetrics and Prenatal Medicine in the Ger-
man Society for Gynecology and Obstetrics e. V. (AGG - Sec-
tion Maternal Diseases in Pregnancy). Geburtshilfe Frauen-
heilkd. 2024 Feb;84(2):130–143. PMID: 38344044. Available
from: 10.1055/a-2201-2680.

9. Öksel A, Şahin N, Günlemez A. When should a neonatologist
consult a rheumatologist? Eur J Pediatr. 2025 Mar;184(4):256.
PMID: 40100445. Available from: 10.1007/s00431-025-06086-9.

10. Zahidin MA, Iberahim S, Hassan MN, Zulkafli Z, Mohd Noor
NH. Clinical and Laboratory Diagnosis of Antiphospholipid
Syndrome: A Review. Cureus. 2024 Jun;16(6):e61713. PMID:
38975541. Available from: 10.7759/cureus.61713.

11. Modesti PA, Reboldi G, Cappuccio FP, Agyemang C, Remuzzi
G, Rapi S, et al. Panethnic differences in blood pressure in
Europe: a systematic review and meta-analysis. PLoS One.

8211

https://www.ncbi.nlm.nih.gov/pubmed/39252716
10.7759/cureus.66555
10.7759/cureus.66555
10.4103/jpdtsm.jpdtsm_58_23
https://www.ncbi.nlm.nih.gov/pubmed/40128683
10.1186/s12884-025-07471-w
10.1186/s12884-025-07471-w
10.1002/rai2.12072
10.1002/rai2.12072
https://www.ncbi.nlm.nih.gov/pubmed/34469630
10.1111/jth.15518
https://www.ncbi.nlm.nih.gov/pubmed/28153662
10.1016/j.ajog.2017.01.026
10.1016/j.ajog.2017.01.026
https://www.ncbi.nlm.nih.gov/pubmed/31294336
10.1002/rth2.12207
https://www.ncbi.nlm.nih.gov/pubmed/38344044
10.1055/a-2201-2680
https://www.ncbi.nlm.nih.gov/pubmed/40100445
10.1007/s00431-025-06086-9
https://www.ncbi.nlm.nih.gov/pubmed/38975541
10.7759/cureus.61713


Biomedical Research and Therapy 2026, 13(1):8203-8214

2016 Jan;11(1):e0147601. PMID: 26808317. Available from: 10.
1371/journal.pone.0147601.

12. Liana P, Liberty IA, Murti K, Hafy Z, Salim EM, Zulkarnain
M, et al. A systematic review on neutrophil extracellular traps
and its prognostication role in COVID-19 patients. Immunol
Res. 2022 Aug;70(4):449–460. PMID: 35604493. Available from:
10.1007/s12026-022-09293-w.

13. Belizna C, Stojanovich L, Cohen-Tervaert JW, Fassot C, Hen-
rion D, Loufrani L, et al. Primary antiphospholipid syn-
drome and antiphospholipid syndrome associated to systemic
lupus: are they different entities? Autoimmun Rev. 2018
Aug;17(8):739–745. PMID: 29885541. Available from: 10.1016/j.
autrev.2018.01.027.

14. Martirosyan A, Aminov R, Manukyan G. Environmental Trig-
gers of Autoreactive Responses: Induction of Antiphospholipid
Antibody Formation. Front Immunol. 2019 Jul;10:1609. PMID:
31354742. Available from: 10.3389/fimmu.2019.01609.

15. Cabrera-Marante O, Rodríguez de Frías E, Serrano M, Lozano
Morillo F, Naranjo L, Gil-Etayo FJ, et al. The Weight of
IgA Anti-β2glycoprotein I in the Antiphospholipid Syndrome
Pathogenesis: Closing the Gap of Seronegative Antiphospho-
lipid Syndrome. Int J Mol Sci. 2020 Nov;21(23):8972. PMID:
33255963. Available from: 10.3390/ijms21238972.

16. Papas RS, Kutteh WH. A new algorithm for the evaluation of
recurrent pregnancy loss redefining unexplained miscarriage:
review of current guidelines. Curr Opin Obstet Gynecol. 2020
Oct;32(5):371–379. PMID: 32590384. Available from: 10.1097/
GCO.0000000000000647.

17. Miranda S, Park J, Le Gal G, Piran S, Kherani S, Rodger MA,
et al. Prevalence of confirmed antiphospholipid syndrome in
18-50 years unselected patients with first unprovoked venous
thromboembolism. J Thromb Haemost. 2020 Apr;18(4):926–
930. PMID: 31872492. Available from: 10.1111/jth.14720.

18. Liu T, Gu J, Wan L, Hu Q, Teng J, Liu H, et al. “Non-criteria” an-
tiphospholipid antibodies add value to antiphospholipid syn-
drome diagnoses in a large Chinese cohort. Arthritis Res
Ther. 2020 Feb;22(1):33. PMID: 32085759. Available from:
10.1186/s13075-020-2131-4.

19. Okunlola AO, Ajao TO, Sabi M, Kolawole OD, Eweka OA,
Karim A, et al. Catastrophic Antiphospholipid Syndrome: A
Review of Current Evidence and Future Management Prac-
tices. Cureus. 2024 Sep;16(9):e69730. PMID: 39429267. Avail-
able from: 10.7759/cureus.69730.

20. Barbhaiya M, Zuily S, Naden R, Hendry A, Manneville
F, Amigo MC, et al. 2023 ACR/EULAR antiphospho-
lipid syndrome classification criteria. Ann Rheum Dis.
2023;82(10):1258–1270.

21. Patriarcheas V, Tsamos G, Vasdeki D, Kotteas E, Kollias A,
Nikas D, et al. Antiphospholipid Syndrome: A Comprehen-
sive Clinical Review. J Clin Med. 2025 Jan;14(3):733. PMID:
39941405. Available from: 10.3390/jcm14030733.

22. Arreola-Diaz R, Majluf-Cruz A, Sanchez-Torres LE, Hernandez-
Juarez J. The Pathophysiology of The Antiphospholipid Syn-
drome: A Perspective From The Blood Coagulation System.
Clin Appl Thromb Hemost. 2022;28:10760296221088576. PMID:
35317658. Available from: 10.1177/10760296221088576.

23. Wang M, Kong X, Xie Y, He C, Wang T, Zhou H. Role of TLR-
4 in anti-β2-glycoprotein I-induced activation of peritoneal
macrophages and vascular endothelial cells in mice. Mol Med
Rep. 2019 May;19(5):4353–4363. PMID: 30942412. Available
from: 10.3892/mmr.2019.10084.

24. Yang L, Guo R, Liu H, Chen B, Li C, Liu R, et al. Mechanism of
antiphospholipid antibody-mediated thrombosis in antiphos-
pholipid syndrome. Front Immunol. 2025 Mar;16:1527554.
PMID: 40181965. Available from: 10.3389/fimmu.2025.1527554.

25. Kolitz T, Shiber S, Sharabi I, Winder A, Zandman-Goddard G.
Cardiac Manifestations of Antiphospholipid Syndrome With
Focus on Its Primary Form. Front Immunol. 2019 May;10:941.
PMID: 31134062. Available from: 10.3389/fimmu.2019.00941.

26. Celia AI, Galli M, Mancuso S, Alessandri C, Frati G, Scia-
rretta S, et al. Antiphospholipid Syndrome: Insights into
Molecular Mechanisms and Clinical Manifestations. J Clin

Med. 2024 Jul;13(14):4191. PMID: 39064231. Available from:
10.3390/jcm13144191.

27. Chamley LW, Allen JL, Johnson PM. Synthesis of beta2 glyco-
protein 1 by the human placenta. Placenta. 1997;18(5-6):403–
410. PMID: 9250702. Available from: 10.1016/S0143-4004(97)
80040-9.

28. Mineo C, Shaul PW, Bermas BL. The pathogenesis of obstetric
APS: a 2023 update. Clin Immunol. 2023 Oct;255:109745. PMID:
37625670. Available from: 10.1016/j.clim.2023.109745.

29. Pacheco-Herrero M, Soto-Rojas LO, Reyes-Sabater H, Garcés-
Ramirez L, de la Cruz López F, Villanueva-Fierro I, et al.
Current Status and Challenges of Stem Cell Treatment for
Alzheimer’s Disease. J Alzheimers Dis. 2021;84(3):917–935.
PMID: 34633316. Available from: 10.3233/JAD-200863.

30. Tyagi P, Alharthi NS. Evaluation of Pro-inflammatory Cy-
tokine Level in Cases of Idiopathic Recurrent Spontaneous
Miscarriage in Saudi Arabia. Biomed Biotechnol Res J.
2020;4(3):225–231. Available from: 10.4103/bbrj.bbrj_71_20.

31. Alijotas-Reig J, Esteve-Valverde E, Anunciación-Llunell A,
Marques-Soares J, Pardos-Gea J, Miró-Mur F. Pathogene-
sis, Diagnosis and Management of Obstetric Antiphospho-
lipid Syndrome: A Comprehensive Review. J Clin Med. 2022
Jan;11(3):675. PMID: 35160128. Available from: 10.3390/
jcm11030675.

32. Vrzić Petronijević S, Vilotić A, Bojić-Trbojević Ž, Kostić S,
Petronijević M, Vićovac L, et al. Trophoblast Cell Func-
tion in the Antiphospholipid Syndrome. Biomedicines. 2023
Sep;11(10):2681. PMID: 37893055. Available from: 10.3390/
biomedicines11102681.

33. Oku K, Nakamura H, Kono M, Ohmura K, Kato M, Bohgaki
T, et al. Complement and thrombosis in the antiphospholipid
syndrome. Autoimmun Rev. 2016 Oct;15(10):1001–1004. PMID:
27485012. Available from: 10.1016/j.autrev.2016.07.020.

34. Makhlouf SJ, Khabour OF, Rawashdeh HM, Sakee BL. Poly-
morphisms in MicroRNA Biogenesis Genes and the Risk
of Preeclampsia in Jordan. Biomed Biotechnol Res J.
2024;8(3):375–381. Available from: 10.4103/bbrj.bbrj_197_24.

35. Samaddar A, Roy UG, Saha I, Mangal S. Histopathological
Changes in Placenta in Pregnancy-Induced Hypertensive Pa-
tients and Correlation with Fetal Outcome – A Tertiary Care
Hospital Study. Biomed Biotechnol Res J. 2021;5(4):440–445.
Available from: 10.4103/bbrj.bbrj_147_21.

36. Girardi G, Mackman N. Tissue factor in antiphospho-
lipid antibody-induced pregnancy loss: a pro-inflammatory
molecule. Lupus. 2008 Oct;17(10):931–936. PMID: 18827058.
Available from: 10.1177/0961203308094994.

37. Viall CA, Chamley LW. Histopathology in the placentae of
women with antiphospholipid antibodies: A systematic review
of the literature. Autoimmun Rev. 2015 May;14(5):446–471.
PMID: 25620498. Available from: 10.1016/j.autrev.2015.01.008.

38. Saito M, Makino Y, Inoue K, Watanabe Y, Hoshi O, Kubota
T. Anti-DNA antibodies cross-reactive with β2-glycoprotein I
induce monocyte tissue factor through the TLR9 pathway. Im-
munol Med. 2021 Jun;44(2):124–135. PMID: 32701417. Available
from: 10.1080/25785826.2020.1796285.

39. Endara SA, Dávalos GA, Fierro CH, Ullauri VE, Molina GA. An-
tiphospholipid syndrome and valvular heart disease, a com-
plex scenario of thrombotic events, a case report. J Cardiotho-
rac Surg. 2020 Sep;15(1):275. PMID: 32993710. Available from:
10.1186/s13019-020-01330-9.

40. Pérez D, Stojanovich L, Naranjo L, Stanisavljevic N, Bog-
danovic G, Serrano M, et al. Presence of Immune Complexes of
IgG/IgM Bound to B2-glycoprotein I Is Associated With Non-
criteria Clinical Manifestations in Patients With Antiphospho-
lipid Syndrome. Front Immunol. 2018 Nov;9:2644. PMID:
30524428. Available from: 10.3389/fimmu.2018.02644.

41. Skeith L, Abou-Nassar KE, Walker M, Ramsay T, Booth R, Wen
SW, et al. Are Anti-β2 Glycoprotein 1 Antibodies Associated
with Placenta-Mediated Pregnancy Complications? A Nested
Case-Control Study. Am J Perinatol. 2018 Sep;35(11):1093–
1099. PMID: 29635655. Available from: 10.1055/s-0038-

8212

https://www.ncbi.nlm.nih.gov/pubmed/26808317
10.1371/journal.pone.0147601
10.1371/journal.pone.0147601
https://www.ncbi.nlm.nih.gov/pubmed/35604493
10.1007/s12026-022-09293-w
https://www.ncbi.nlm.nih.gov/pubmed/29885541
10.1016/j.autrev.2018.01.027
10.1016/j.autrev.2018.01.027
https://www.ncbi.nlm.nih.gov/pubmed/31354742
10.3389/fimmu.2019.01609
https://www.ncbi.nlm.nih.gov/pubmed/33255963
10.3390/ijms21238972
https://www.ncbi.nlm.nih.gov/pubmed/32590384
10.1097/GCO.0000000000000647
10.1097/GCO.0000000000000647
https://www.ncbi.nlm.nih.gov/pubmed/31872492
10.1111/jth.14720
https://www.ncbi.nlm.nih.gov/pubmed/32085759
10.1186/s13075-020-2131-4
https://www.ncbi.nlm.nih.gov/pubmed/39429267
10.7759/cureus.69730
https://www.ncbi.nlm.nih.gov/pubmed/39941405
10.3390/jcm14030733
https://www.ncbi.nlm.nih.gov/pubmed/35317658
10.1177/10760296221088576
https://www.ncbi.nlm.nih.gov/pubmed/30942412
10.3892/mmr.2019.10084
https://www.ncbi.nlm.nih.gov/pubmed/40181965
10.3389/fimmu.2025.1527554
https://www.ncbi.nlm.nih.gov/pubmed/31134062
10.3389/fimmu.2019.00941
https://www.ncbi.nlm.nih.gov/pubmed/39064231
10.3390/jcm13144191
https://www.ncbi.nlm.nih.gov/pubmed/9250702
10.1016/S0143-4004(97)80040-9
10.1016/S0143-4004(97)80040-9
https://www.ncbi.nlm.nih.gov/pubmed/37625670
10.1016/j.clim.2023.109745
https://www.ncbi.nlm.nih.gov/pubmed/34633316
10.3233/JAD-200863
10.4103/bbrj.bbrj_71_20
https://www.ncbi.nlm.nih.gov/pubmed/35160128
10.3390/jcm11030675
10.3390/jcm11030675
https://www.ncbi.nlm.nih.gov/pubmed/37893055
10.3390/biomedicines11102681
10.3390/biomedicines11102681
https://www.ncbi.nlm.nih.gov/pubmed/27485012
10.1016/j.autrev.2016.07.020
10.4103/bbrj.bbrj_197_24
10.4103/bbrj.bbrj_147_21
https://www.ncbi.nlm.nih.gov/pubmed/18827058
10.1177/0961203308094994
https://www.ncbi.nlm.nih.gov/pubmed/25620498
10.1016/j.autrev.2015.01.008
https://www.ncbi.nlm.nih.gov/pubmed/32701417
10.1080/25785826.2020.1796285
https://www.ncbi.nlm.nih.gov/pubmed/32993710
10.1186/s13019-020-01330-9
https://www.ncbi.nlm.nih.gov/pubmed/30524428
10.3389/fimmu.2018.02644
https://www.ncbi.nlm.nih.gov/pubmed/29635655
10.1055/s-0038-1641168


Biomedical Research and Therapy 2026, 13(1):8203-8214

1641168.
42. Serrano M, Morán L, Martinez-Flores JA, Mancebo E,

Pleguezuelo D, Cabrera-Marante O, et al. Immune Com-
plexes of Beta-2-Glycoprotein I and IgA Antiphospholipid An-
tibodies Identify Patients With Elevated Risk of Thrombosis
and Early Mortality After Heart Transplantation. Front Im-
munol. 2019 Dec;10:2891. PMID: 31921152. Available from:
10.3389/fimmu.2019.02891.

43. Yeoh WC, Lim AL. A retrospective review of antiphospholipid
syndrome: a single tertiary centre experience. Med J Malaysia.
2024 May;79(3):306–312. PMID: 38817063.

44. Heikal NM, Jaskowski TD, Malmberg E, Lakos G, Branch DW,
Tebo AE. Laboratory evaluation of anti-phospholipid syn-
drome: a preliminary prospective study of phosphatidylser-
ine/prothrombin antibodies in an at-risk patient cohort. Clin
Exp Immunol. 2015 May;180(2):218–226. PMID: 25522978.
Available from: 10.1111/cei.12573.

45. Anunciación-Llunell A, Marques-Soares J, Ockova M, Pozuelo
N, Esteve-Valverde E, Andrada C, et al. The absence of
standardization in antiphospholipid antibody testing may fa-
vor the use of 99th percentile cutoffs in antiphospholipid
syndrome classification. Res Pract Thromb Haemost. 2025
Jul;9(5):102967. PMID: 40761700. Available from: 10.1016/j.
rpth.2025.102967.

46. Pineton de Chambrun M, Frere C, Miyara M, Amoura Z,
Martin-Toutain I, Mathian A, et al. High frequency of
antiphospholipid antibodies in critically ill COVID-19 pa-
tients: a link with hypercoagulability? J Intern Med. 2021
Mar;289(3):422–424. PMID: 32529774. Available from: 10.1111/
joim.13126.

47. Dlott JS, Roubey RA. Drug-induced lupus anticoagulants
and antiphospholipid antibodies. Curr Rheumatol Rep. 2012
Feb;14(1):71–78. PMID: 22160568. Available from: 10.1007/
s11926-011-0227-1.

48. Amoura Z, Bader-Meunier B, Bal Dit Sollier C, Belot A, Ben-
hamou Y, Bezanahary H, et al. French National Diagnostic
and Care Protocol for antiphospholipid syndrome in adults
and children. Rev Med Interne. 2023 Sep;44(9):495–520. PMID:
37735010. Available from: 10.1016/j.revmed.2023.08.004.

49. Anis S, Ahmed E, Muzaffar R. Prevalence of anti-beta2GPI
antibodies and their isotypes in patients with renal dis-
eases and clinical suspicion of antiphospholipid syndrome. J
Nephropathol. 2013 Jul;2(3):181–189. PMID: 24475447.

50. Li L, Chen J, Feng J, Zhao H, Liu X, Jiang Y. Anti-β2 glycoprotein
domain 1 antibody as a diagnostic marker for antiphospho-
lipid syndrome and a predictor of thrombosis: a systematic re-
view and meta-analysis. Front Immunol. 2025 Apr;16:1541165.
PMID: 40336949. Available from: 10.3389/fimmu.2025.1541165.

51. Kaur KR, Shontreal C, Guo-Yang L, Jing-Ling B. Antiphospho-
lipid Antibody Syndrome: Pathogenesis, Diagnosis, and Man-
agement in Pregnancy. Matern Med. 2019;1(1):38–42.

52. Cinquanta L, Fontana DE, Bizzaro N. Chemiluminescent im-
munoassay technology: what does it change in autoantibody
detection? Auto Immun Highlights. 2017 Dec;8(1):9. PMID:
28647912. Available from: 10.1007/s13317-017-0097-2.

53. Fanouriakis A, Kostopoulou M, Andersen J, Aringer M, Arnaud
L, Bae SC, et al. EULAR recommendations for the management
of systemic lupus erythematosus: 2023 update. Ann Rheum
Dis. 2024 Jan;83(1):15–29. PMID: 37827694. Available from:
10.1136/ard-2023-224762.

54. Tektonidou MG, Andreoli L, Limper M, Amoura Z, Cervera R,
Costedoat-Chalumeau N, et al. EULAR recommendations for
the management of antiphospholipid syndrome in adults. Ann
Rheum Dis. 2019 Oct;78(10):1296–1304. PMID: 31092409. Avail-
able from: 10.1136/annrheumdis-2019-215213.

55. Capecchi M, Abbattista M, Ciavarella A, Uhr M, Novembrino
C, Martinelli I. Anticoagulant Therapy in Patients with An-
tiphospholipid Syndrome. J Clin Med. 2022 Nov;11(23):6984.
PMID: 36498557. Available from: 10.3390/jcm11236984.

56. Serrano M, Martinez-Flores JA, Norman GL, Naranjo L,
Morales JM, Serrano A. The IgA Isotype of Anti-β2 Glycopro-

tein I Antibodies Recognizes Epitopes in Domains 3, 4, and 5
That Are Located in a Lateral Zone of the Molecule (L-Shaped).
Front Immunol. 2019 May;10:1031. PMID: 31134087. Available
from: 10.3389/fimmu.2019.01031.

57. Raghuram P, Sekar MD, Srinivasan L, Manivannan P, Basu
D, Kar R. Laboratory Profile of Lupus Anticoagulant Posi-
tive Cases and its Association with Clinical Presentation- Ex-
perience from a Tertiary Care Centre in Southern India. In-
dian J Hematol Blood Transfus. 2025 Apr;41(2):357–362. PMID:
40224704. Available from: 10.1007/s12288-024-01851-6.

58. Ruiz-García R, Serrano M, Martínez-Flores JÁ, Mora S, Moril-
las L, Martín-Mola MÁ, et al. Isolated IgA anti-β2 glycopro-
tein I antibodies in patients with clinical criteria for antiphos-
pholipid syndrome. J Immunol Res. 2014;2014:704395. PMID:
24741618. Available from: 10.1155/2014/704395.

59. Arachchillage DJ, Platton S, Hickey K, Chu J, Pickering M,
Sommerville P, et al. Guidelines on the investigation and
management of antiphospholipid syndrome. Br J Haematol.
2024 Sep;205(3):855–880. PMID: 39031476. Available from:
10.1111/bjh.19635.

60. Chighizola CB, Pregnolato F, Andreoli L, Bodio C, Cesana
L, Comerio C, et al. Beyond thrombosis: Anti-β2GPI do-
main 1 antibodies identify late pregnancy morbidity in anti-
phospholipid syndrome. J Autoimmun. 2018 Jun;90:76–83.
PMID: 29454510. Available from: 10.1016/j.jaut.2018.02.002.

61. Cao H, Oghenemaro EF, Latypova A, Abosaoda MK, Zaman
GS, Devi A. Advancing clinical biochemistry: addressing gaps
and driving future innovations. Front Med (Lausanne). 2025
Apr;12:1521126. PMID: 40265187. Available from: 10.3389/
fmed.2025.1521126.

62. Pierangeli SS, Favaloro EJ, Lakos G, Meroni PL, Tincani A,
Wong RC, et al. Standards and reference materials for the
anticardiolipin and anti-β2glycoprotein I assays: a report of
recommendations from the APL Task Force at the 13th Inter-
national Congress on Antiphospholipid Antibodies. Clin Chim
Acta. 2012 Jan;413(1-2):358–360. PMID: 22019907. Available
from: 10.1016/j.cca.2011.09.048.

63. Hu C, Li S, Xie Z, You H, Jiang H, Shi Y, et al. Comparison
of Different Test Systems for the Detection of Antiphospho-
lipid Antibodies in a Chinese Cohort. Front Immunol. 2021
Jul;12:648881. PMID: 34276646. Available from: 10.3389/fimmu.
2021.648881.

64. Wang Y, Yuan X, Wang T, Wei W, Chen R, Ouyang R, et al.
Comprehensive evaluation of antiphospholipid antibody test-
ing methodologies in APS diagnosis: performance compar-
isons across assay systems and clinical subtypes. Clin Chem
Lab Med. 2025 Jun;63(11):2282–2292. Epub ahead of print.
PMID: 40569180. Available from: 10.1515/cclm-2025-0499.

65. Gehlen R, Vandevelde A, de Laat B, Devreese KM. Application
of the thrombin generation assay in patients with antiphos-
pholipid syndrome: A systematic review of the literature. Front
Cardiovasc Med. 2023 Mar;10:1075121. PMID: 37057100. Avail-
able from: 10.3389/fcvm.2023.1075121.

66. Yin D, de Laat B, Devreese KM, Kelchtermans H. The clinical
value of assays detecting antibodies against domain I of β2-
glycoprotein I in the antiphospholipid syndrome. Autoimmun
Rev. 2018 Dec;17(12):1210–1218. PMID: 30316989. Available
from: 10.1016/j.autrev.2018.06.011.

67. Lassere M, Empson M. Treatment of antiphospholipid syn-
drome in pregnancy—a systematic review of randomized ther-
apeutic trials. Thromb Res. 2004;114(5-6):419–426. PMID:
15507273. Available from: 10.1016/j.thromres.2004.08.006.

68. Schreiber K, Breen K, Cohen H, Jacobsen S, Middeldorp S,
Pavord S, et al. HYdroxychloroquine to Improve Pregnancy
Outcome in Women with AnTIphospholipid Antibodies (HY-
PATIA) Protocol: A Multinational Randomized Controlled
Trial of Hydroxychloroquine versus Placebo in Addition to
Standard Treatment in Pregnant Women with Antiphospho-
lipid Syndrome or Antibodies. Semin Thromb Hemost. 2017
Sep;43(6):562–571. PMID: 28609801. Available from: 10.1055/
s-0037-1603359.

8213

10.1055/s-0038-1641168
https://www.ncbi.nlm.nih.gov/pubmed/31921152
10.3389/fimmu.2019.02891
https://www.ncbi.nlm.nih.gov/pubmed/38817063
https://www.ncbi.nlm.nih.gov/pubmed/25522978
10.1111/cei.12573
https://www.ncbi.nlm.nih.gov/pubmed/40761700
10.1016/j.rpth.2025.102967
10.1016/j.rpth.2025.102967
https://www.ncbi.nlm.nih.gov/pubmed/32529774
10.1111/joim.13126
10.1111/joim.13126
https://www.ncbi.nlm.nih.gov/pubmed/22160568
10.1007/s11926-011-0227-1
10.1007/s11926-011-0227-1
https://www.ncbi.nlm.nih.gov/pubmed/37735010
10.1016/j.revmed.2023.08.004
https://www.ncbi.nlm.nih.gov/pubmed/24475447
https://www.ncbi.nlm.nih.gov/pubmed/40336949
10.3389/fimmu.2025.1541165
https://www.ncbi.nlm.nih.gov/pubmed/28647912
10.1007/s13317-017-0097-2
https://www.ncbi.nlm.nih.gov/pubmed/37827694
10.1136/ard-2023-224762
https://www.ncbi.nlm.nih.gov/pubmed/31092409
10.1136/annrheumdis-2019-215213
https://www.ncbi.nlm.nih.gov/pubmed/36498557
10.3390/jcm11236984
https://www.ncbi.nlm.nih.gov/pubmed/31134087
10.3389/fimmu.2019.01031
https://www.ncbi.nlm.nih.gov/pubmed/40224704
10.1007/s12288-024-01851-6
https://www.ncbi.nlm.nih.gov/pubmed/24741618
10.1155/2014/704395
https://www.ncbi.nlm.nih.gov/pubmed/39031476
10.1111/bjh.19635
https://www.ncbi.nlm.nih.gov/pubmed/29454510
10.1016/j.jaut.2018.02.002
https://www.ncbi.nlm.nih.gov/pubmed/40265187
10.3389/fmed.2025.1521126
10.3389/fmed.2025.1521126
https://www.ncbi.nlm.nih.gov/pubmed/22019907
10.1016/j.cca.2011.09.048
https://www.ncbi.nlm.nih.gov/pubmed/34276646
10.3389/fimmu.2021.648881
10.3389/fimmu.2021.648881
https://www.ncbi.nlm.nih.gov/pubmed/40569180
10.1515/cclm-2025-0499
https://www.ncbi.nlm.nih.gov/pubmed/37057100
10.3389/fcvm.2023.1075121
https://www.ncbi.nlm.nih.gov/pubmed/30316989
10.1016/j.autrev.2018.06.011
https://www.ncbi.nlm.nih.gov/pubmed/15507273
10.1016/j.thromres.2004.08.006
https://www.ncbi.nlm.nih.gov/pubmed/28609801
10.1055/s-0037-1603359
10.1055/s-0037-1603359


Biomedical Research and Therapy 2026, 13(1):8203-8214

69. Branch DW, Kim MY, Guerra MM, Worden J, Laskin CA, De-
Sancho MT, et al. Certolizumab pegol to prevent adverse
pregnancy outcomes in patients with antiphospholipid syn-
drome and lupus anticoagulant (IMPACT): results of a prospec-
tive, single-arm, open-label, phase 2 trial. Ann Rheum Dis.
2025 Jun;84(6):1011–1022. PMID: 40483169. Available from:
10.1016/j.ard.2025.02.012.

70. Tagara S, Valsami S, Gavriilaki E, Kyriakou E, Grouzi E, Evan-
gelidis P, et al. Activated Complement System’s Impact in

Antiphospholipid Syndrome Thrombosis: From Pathophysiol-
ogy to Treatment. J Clin Med. 2025 Sep;14(18):6672. PMID:
41010875. Available from: 10.3390/jcm14186672.

71. Pignatelli P, Ettorre E, Menichelli D, Pani A, Violi F, Pastori D.
Seronegative antiphospholipid syndrome: refining the value
of “non-criteria” antibodies for diagnosis and clinical man-
agement. Haematologica. 2020 Mar;105(3):562–572. PMID:
32001534. Available from: 10.3324/haematol.2019.221945.

8214

https://www.ncbi.nlm.nih.gov/pubmed/40483169
10.1016/j.ard.2025.02.012
https://www.ncbi.nlm.nih.gov/pubmed/41010875
10.3390/jcm14186672
https://www.ncbi.nlm.nih.gov/pubmed/32001534
10.3324/haematol.2019.221945



