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Abstract

Background The clinical significance of IgM antiphospholipid antibodies (aPL) in antiphospholipid syndrome (APS)
remains uncertain, while lupus anticoagulant is a well-established marker for thrombotic risk.

Methods The objective of the study is to evaluate the impact of IgM aPL on the clinical phenotype of primary

APS (PAPS). In this retrospective multicenter study, patients meeting updated Sapporo classification criteria were
categorized into three aPL profiles: isolated lupus anticoagulant (isolated-LA), isolated IgM anticardiolipin and/or IgM
anti-B2-glycoprotein | antibodies (isolated-IgM-aPL), and LA and IgM antibodies (LA +IgM-aPL). Clinical features were
compared between isolated-LA vs. isolated-IlgM-aPL and isolated-LA vs. LA+IgM-aPL groups.

Results Among 202 patients, 17 (8.4%) had isolated-IlgM-aPL, 145 (71.7%) isolated-LA, and 40 (19.8%) LA +IgM-aPL.
Compared to isolated-LA, the isolated-IgM-aPL group had lower female prevalence (41.2% vs. 65.5%; p =0.049), fewer
venous thromboses (41.2% vs. 66%; p=0.049), but more obstetric morbidity (58.8% vs. 26.2%; p=0.005). There was a
higher proportion of patients with livedo racemosa (47.1% vs. 20.7%; p=0.015) and with white matter lesions (WML)
(29.4% vs. 9.7%; p=0.020) in the isolated-IlgM-aPL group. In the multivariate analysis, WML remained independently
associated (OR 3.7, p=0.020). In the second comparison (isolated-LA vs. LA+IgM-aPL), a higher prevalence of livedoid
vasculopathy (15.09% vs. 4.8%; p=0.026) and WML (22.5% vs. 9.7%; p=0.037) were observed in the LA+IgM-aPL group.
Nonetheless, no independent associations were seen in the multivariate analysis.

Conclusion IgM aPL may be associated with a distinct APS phenotype characterized by microvascular involvement,
including livedo and WML. These findings support the need for further research into the clinical implications of IgM
isotype positivity in APS.
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Introduction

Antiphospholipid syndrome (APS) is characterized by
the presence of antiphospholipid antibodies (aPL) associ-
ated with arterial, venous, or microvascular thrombosis,
pregnancy morbidity, or nonthrombotic manifestations
[1]. APS can manifest as either a primary condition,
occurring without an associated autoimmune disease, or
as a secondary condition, which is linked to other auto-
immune disorders, such as systemic lupus erythematosus
(SLE) [2].

This wide range of clinical manifestations reflects the
complexity of APS, which is further complicated by the
variability in aPL profiles among affected individuals.
The heterogeneous nature of these antibody profiles can
influence the presentation and severity of APS, making
diagnosis and management challenging [3, 4]. Among
the aPL isotypes, lupus anticoagulant (LA) is the most
well-established marker for thrombotic risk [5], whereas
the clinical significance of IgM aPL remains a subject of
ongoing debate [6]. The APS classification criteria, pub-
lished in 2023, have introduced changes in how differ-
ent aPL isotypes are weighted, reflecting the evolving
understanding of their clinical relevance. Patients with
isolated positivity to IgM isotypes do not fulfill the new
criteria classification regardless of titers>40 units [1].
While IgG aPL are often emphasized due to its stron-
ger association with thrombotic events, there is growing
evidence suggesting that IgM aPL isotypes might also
have important implications®. Recent studies have high-
lighted the distinct clinical subsets of thromboembolic
events defined by IgM aPL, indicating that these antibod-
ies might contribute significantly to APS [4]. Conversely,
some researchers have proposed that IgM isotypes have
weaker link to thrombosis and there is no added value for
testing I[gM-aPL in patients suspected of thrombotic APS
[6]. This divergence in available evidence highlights a sig-
nificant gap in the literature and underscores the need for
further clarification and research.

Given the limited number of studies focusing specifi-
cally on the role of IgM aPL in APS, our study aims to
analyze IgM aPL positive APS patients and compare
them to LA positive APS patients to provide further
insights on the impact of IgM aPL in the phenotypic
expression of the disease. By that, we hope to contribute
to the ongoing debate and enhance the understanding of
APS subtypes and their management.

Patients and data collection

We retrospectively included patients with primary
APS who fulfilled the updated Sapporo classification
criteria [7] from three referral centers up to Novem-
ber 2023. Patients were categorized into three distinct
aPL profiles: isolated IgM antiphospholipid antibodies
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(isolated-IgM-aPL), isolated lupus anticoagulant (iso-
lated-LA), and combined LA and IgM antibodies
(LA +IgM-aPL).

Isolated-IgM-aPL was defined as the presence of IgM
anticardiolipin (aCL) and/or IgM anti-p2 glycoprotein
I (ap2GPI) antibodies in the absence of all other aPLs,
including IgG aCL, IgG aP2GPI, and lupus anticoagulant.
Patients were considered IgM-positive when aCL and/or
aP2GPI levels were >40 units, and high IgM titers were
defined as >80 units [1]. Given that low to moderate lev-
els of IgG aPL may be clinically relevant and influence
patient classification, a cutoff of <40 units was applied to
define IgG negativity.

Similarly, isolated-LA was defined as the presence of
lupus anticoagulant in the absence of any aCL or apf2GPI
antibodies. Other aPL profiles were excluded, as were
patients with secondary APS. Lupus anticoagulant test-
ing was performed according to ISTH guidelines [8].

After categorization, two main comparisons were
performed regarding clinical data: (1) isolated-LA vs.
isolated-IgM-aPL and (2) isolated-LA vs. LA + IgM-aPL.
Patients were compared regarding demographic data
(mean age, sex, race); comorbidities (hypertension, dia-
betes, obesity, dyslipidemia, stroke, myocardial infarc-
tion (MI); clinical manifestations: macrovascular events
(venous or arterial), pregnancy morbidity, microthrom-
botic and non-thrombotic manifestations (livedo rac-
emosa, livedoid vasculopathy, echocardiography-proven
cardiac valve disease, nephropathy and thrombocytope-
nia) and white matter lesions (WML).

Recurrent arterial or venous thrombosis were defined
as more than 1 event not occurring at the same time.
Recurrent pregnancy morbidity was defined as: (1) at
least 3 consecutive abortions or (2) more than one fetal
loss or more than one premature birth before 34th week
due to pre-eclampsia or placental insufficiency or (3)
any combination of updated Sapporo obstetrics criteria.
Comorbidities definitions are described elsewhere [9, 10,
11] and clinical manifestations and aPL positivity of APS
patients were defined according to updated Sapporo clas-
sification criteria [7].

Statistical analysis

Descriptive statistics were used to describe continuous
variables (mean + standard deviation - SD; median + inter-
quartile range - IQR) and categorical data were expressed
as absolute number and percentage (%). The associations
between clinical and laboratory variables in patients with
isolated IgM isotype and those with other aPL antibod-
ies were compared using the corrected x” test and Fisher’s
exact test for categorical data, and the Mann-Whitney
U test for continuous variables. A significance level of
0.05 was applied. Odds-ratio (OR) were calculated with
their 95% confidence interval (95% CI). A multivariate
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logistic regression analysis by Stepwise Backwards was
performed to identify characteristics associated with IgM
aPL profile; all variables with p<0.1 in univariate analysis
were included. All statistical analyses and Figures were
conducted using SPSS software, version 26.0.

Results

Two-hundred and two patients were assessed; of these,
17 (8.4%) had isolated-IgM-aPL, 145 (71.7%) had iso-
lated-LA and 40 (19.8%) had LA +IgM-aPL. Female sex
accounted for 121 (59.9%) of the patients, 141 (69.8%)
were white and 182 (90.1%) had thrombosis. The median
age of them was 47 (37-57) years-old. Main characteris-
tics of the patients are shown in Table 1.

In comparison to isolated-LA, patients with isolated-
IgM-aPL had lower prevalence of female sex (41.2% vs.
65.5%; p=0.049), lower prevalence of venous thrombotic
events (41% vs. 66%; p=0.049) and higher prevalence of
obstetric events (58.8% vs. 26.2%; p=0.005). When we
analyzed recurrent obstetric events, the IgM-aPL profile
remained significant (p=0.02). Patients from the IgM

Table 1 Characteristics of 202 PAPS patients included in the

study

Variables N(%)

Age, years-old, (IQR) 47 (37-57)
Duration of disease, years-old (IQR) 15(10-21)
Female Sex 121 (59.9%)
White race 141 (69.8%)
LA-isolated 145 (71.7%)
IgM-aPL-isolated 17 (8.4%)
LA +IgM-aPL 40 (19.8%)
Arterial hypertension 88 (43.6%)
Diabetes 21 (10.4%)
Obesity 64 (31.6%)
Dyslipidemia 87(43.1%)
Nephropathy 5(2.5%)
Thrombocytopenia 16 (7.9%)
Livedo racemosa 9 (24.3%)
Valvopathy 9 (9.4%)
WML 28 (13.9%)
Livedoid vasculopathy 3 (6.4%)
Thrombosis 182 (90.1%)
Venous thrombosis 126 (62.4%)
Arterial thrombosis 87 (43.1%)
Stroke 51 (25.2%)
Obstetric APS 60 (29.7%)
Anticoagulant® 200 (99.0%)
Antiplatelet** 76 (37.6%)
Hydroxychloroquine 50 (24.8%)
Statins 75 (37.1%)

Legend: PAPS =primary antiphospholipid syndrome; LA= lupus anticoagulant;
IgM=IgM anticardiolipin and/or IgM anti-B2-glycoprotein | antibodies; N=
number; IQR= interquartile range; WML= white matter lesions. * Anticoagulant:
warfarin (N-172) and low heparin molecular weight (N=12); ** Antiplatelet:
acetylsalicylic acid (N=66) and clopidogrel (N=10)
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isolated-aPL group had a higher proportion of livedo rac-
emosa (47.1% vs. 20.7%; p=0.015) and WML (29.4% vs.
9.7%; p=0.020), (Table 2). In the multivariate analysis,
WML was significantly correlated with the isolated-IgM-
aPL profile (B- Coefficient 1.32; Odds Ratio 3.7; 95% CI
1.15-12.2; p=0.020).

Patients with combined positivity for LA +IgM-aPL
were predominantly males (47.5% vs. 65.5%; p=0.038),
with higher prevalence of livedoid vasculopathy (15.0%
vs. 4.8%; p=0.026) and higher prevalence of WML
(22.5% vs. 9.7%; p=0.037) when compared to isolated-LA
(Table 2). No independent associations were seen in the
multivariate analysis.

We also performed a subsequent analysis including all
patients who tested positive for IgM, either isolated or
associated with LA. When IgM isotype was analyzed as
a continuous variable, increasing titers of both aCL IgM
(p=0.008) and anti-B2GPI IgM (p <0.001) correlated with
a higher prevalence of WML. The correlations between
WML and IgM aCL and anti-B2GPI titers are shown in
Figs. 1 and 2, respectively. These correlations were still
observed after we categorized aCL IgM and anti-p2GPI
IgM based on high titers (»=0.02 and p <0.001, respec-
tively), ratifying the association between IgM and WML.

Discussion

Isolated IgM antiphospholipid syndrome (APS) patients
constituted 6.5% of thrombotic APS cases in our cohort,
a prevalence consistent with previous reported ranges of
3.5% to 12.3%°. Despite this relative low percentage, the
morbidity associated with thrombotic events underscores
the importance of these findings. Even though thrombo-
sis is more associated with the IgG than the IgM isotype,
a minority of studies found significant associations with
IgM but not with IgG antibodies [12].

Our findings suggest a lower prevalence of venous
thrombosis in patients with isolated IgM-aPL compared
to isolated LA, but not for arterial thrombosis. A retro-
spective study found a small but significant association
between high-titer IgM ap2GPI and recurrence arterial
thrombosis, while venous recurrence was associated with
aP2GPI and aCL of the IgG isotypes [13].

We observed a notable higher prevalence of obstetric
events in the isolated-IgM-aPL group compared to those
with isolated-LA (58.8% vs. 26.2%; p =0.005). This associ-
ation aligns with previous studies that have established a
relation between IgM aPL antibodies and adverse obstet-
ric outcomes. For instance, Chayoua et al. performed a
multicenter study involving 1,008 patients and found that
isolated IgM was rare in thrombotic APS, but more fre-
quent in obstetric APS, ranging from 3.5% to 5.4% and
5.7% to 12.3%, respectively. In the multivariate logistic
regression analysis of aPL, IgM positivity was associ-
ated with pregnancy morbidity. Based on this data, the
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Table 2 Comparison of primary PAPS patients with Isolated-LA vs. Isolated-IgM-aPL or LA +IgM-aPL
Variables Isolated-LA Isolated-lgM-aPL LA +IgM-aPL (N=40)¢ P value®® Pvalue® ¢
(N=145) (N=17)°
Age, years-old (IQR) 46 (36.5-55.5) 45 (40-57) 50.5 (39.2-59.7) 0.928 0.109
Female Sex, n(%) 95 (65.5%) 7 (41.2%) 19 (47.5%) 0.049 0.038
White race, n(%) 100 (69.0%) 12 (70.6%) 29 (72.5%) 0.891 0.667
Arterial hypertension, n(%) 67 (46.2%) 4 (23.5%) 17 (42.5%) 0.075 0677
Diabetes, n(%) 15 (10.3%) 0(0.0%) 6 (15.0%) 0.371 0411
Obesity, n(%) 49 (33.8%) 2 (11.8%) 13 (32.5%) 0.064 0.878
Dyslipidemia, n(%) 65 (44.8%) 8 (47.1%) 14 (35.0%) 0.861 0.266
Nephropathy, n(%) 5 (3.4%) 0 (0.0%) 0 (0.0%) >0.99 0.587
Thrombocytopenia, n(%) 12 (8.3%) 1 (5.9%) 3(7.5%) >0.99 >0.99
Livedo racemosa, n(%) 30 (20.7%) 8 (47.1%) 11 (27.5%) 0.015 0.359
Valvopathy, n(%) 13 (9.0%) 0(0,0%) 6 (15.0%) 0.262 0.392
WML, n(%) 14 (9.7%) 5(29.4%) 9 (22.5%) 0.020 0.037
Livedoid vasculopathy 7 (4.8%) 0 (0.0%) 6 (15.0%) >0.99 0.026
Venous thrombosis, n(%) 95 (65.5%) 7 (41.2%) 24 (60.0%) 0.049 0.519
Recurrent venous thrombosis, 40 (27.6%) 2 (11.8%) 7 (17.5%) 0.159 0.192
n(%)
Arterial thrombosis, n(%) 66 (45.5%) 6 (35.3%) 15 (37.5%) 0422 0.366
Recurrent arterial thrombosis, 28 (19.3%) 2 (12.5%) 5(12.5%) 0.507 >0.99
n(%)
Stroke, n(%) 37 (25.5%) 5(29.4%) 9 (22.5%) 0.729 0.696
Obstetric, n(%)* 38 (26.2%) 10 (58.8%) 12 (30.0%) 0.005 0.109
Recurrent obstetric, n(%)* 15 (16.5%) 7 (53.8%) 5 (20.8%) 0.002 0.041

Legend: PAPS =primary antiphospholipid syndrome; LA= lupus anticoagulant; IgM=IgM anticardiolipin and/or IgM anti-B2-glycoprotein | antibodies; n= number;
IQR= interquartile range; WML= white matter lesions. *Exclusion of nulliparous and males: N=91, N=13 and N=24 for LA-isolated, IgM-isolated and LA +IgM-aPL,

respectively
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Fig. 1 Correlation of white matter lesions (WML) and IgM anticardiolipin
(aCL) titers

authors emphasize the potential benefit of screening for
IgM aPL specifically in patients with obstetric complica-
tions [6]. This approach could improve early detection
and management of APS in pregnant women, potentially
reducing associated risks.

In our cohort we also observed an independent cor-
relation between IgM aPL profile and WML. WML
have recently been identified as more prevalent in APS
patients with positive anti-neutrophil extracellular traps
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Fig. 2 Correlation of white matter lesions (WML) and IgM anti-32-
glycoprotein | (aB2GPI) titers

(NETs) IgG, adding another piece to the puzzle of APS
pathogenesis [14]. The pathogenesis and etiology of
WML is still unclear and one of the main contributors is
known to be small vessel ischemic damage [15]. WML are
considered to be a vascular contributor to various mani-
festations such as cognitive decline, dementia, depres-
sion, stroke and gait and balance problems. In a study
performed by Urbanski et al., APS patients with isolated
IgM anticardiolipin and/or ap2GPI antibody had a higher
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rate of stroke, highlighting the macro thrombotic patho-
genic role of this aPL. The positivity for isolated IgM
anticardiolipin and/or aB2GPI antibody remained an
independent risk factor for stroke after adjustment for
age, sex and cardiovascular risk factors [16]. Our study
contributes to expanding the perception regarding not
only macrovascular involvement, but also the potential
relationship between IgM aPL and microthrombothic
phenomena in the brain.

Moreover, a previous investigation reported a signifi-
cant correlation between cognitive deficits and the pres-
ence of livedo racemosa and WML in APS patients [17].
Given that livedo racemosa and WML are both believed
to be associated with microthrombotic events [1, 14], our
findings showing a higher frequency of livedo racemosa
(47.1% vs. 20.7%; p=0.015) and with WML (29.4% vs.
9.7%; p=0.020) in the isolated IgM-aPL group, support
the hypothesis that IgM antibodies may be linked to a
microthrombotic clinical phenotype. This aligns with the
broader understanding that APS can manifest through
various microvascular complications, including cognitive
and neurological impairments.

When comparing patients with isolated-LA to those
with LA +IgM-aPL, livedoid vasculopathy and white
matter lesions (WML) appeared more frequent in the
univariate analysis. However, these associations were not
confirmed in the multivariate analysis. Notably, micro-
vascular manifestations remained associated with the
IgM aPL phenotype, independent of LA positivity.

Further research is needed to elucidate the mechanisms
underlying these associations and to explore the potential
benefits of early intervention strategies tailored to iso-
lated IgM aPL patients. Understanding the full spectrum
of clinical manifestations in this subgroup could lead to
more effective management protocols and improved
patient outcomes in APS.

Our research has limitations that must be considered
when interpreting the results. First, this study has a ret-
rospective design, which naturally restricts the abil-
ity to draw specific causal conclusions. Finally, since all
patients derived from tertiary hospitals, the risk of selec-
tion bias and survivorship bias cannot be neglected. Con-
versely, this is the first study to suggest a correlation of
microvascular manifestations linked to IgM-aPL. We
also confirmed an important association with pregnancy
morbidity.

Conclusion

This study highlights a potential significance of antiphos-
pholipid antibody isotype IgM in the phenotypic
expression of PAPS. Despite the recommendations of
predominantly focusing on IgG isotypes and LA due
to their stronger association with thrombotic events,
our findings suggest that IgM antibodies also play a

Page 5 of 6

significant role and should not be neglected in patients’
assessment. The impact of thrombotic APS, even in iso-
lated IgM patients, highlights the necessity for ongoing
research and clinical awareness for this subset of patients.

A particularly relevant discovery in this study was the
association between IgM antibodies and WML, advocat-
ing a possible relation with microvascular phenomena.

Future investigations should explore in more detail the
mechanisms by which IgM antibodies contribute to APS
pathogenesis and how they can be better integrated into
clinical practice to optimize patient management.

Abbreviations

aB2GPI Anti-B2-glycoprotein | antibodies
aClL Anticardiolipin antibodies

aPL Antiphospholipid antibodies
APS Antiphospholipid syndrome

cl Confidence interval

IQR Interquartile range

Isolated-IlgM-aPL  Isolated IgM anticardiolipin and/or IgM anti-32-

glycoprotein | antibodies =40 units

Isolated-LA Isolated lupus anticoagulant

ISTH International Society on Thrombosis and Haemostasis
LA Lupus anticoagulant

LA+IlgM-aPL LA and IgM antibodies =40 units

M Myocardial infarction

NETs Neutrophil extracellular traps

OR Odds ratio

SD Standard deviation

SLE Systemic lupus erythematosus

SPSS Statistical Package for the Social Sciences
WML White matter lesions
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