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Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune disorder characterized by thrombotic symptoms (venous, arterial, or small vessels) and/or gestational morbidity in patients carrying antiphospholipid antibodies (aPLs). Criteria aPLs include anti-cardiolipin antibodies, anti-beta 2 glycoprotein I (aB2GPI) antibodies of the IgG or IgM isotypes, and lupus anticoagulant (LA). However, there are aPLs that are associated with APS events but are not included in the criteria (extra-criteria). The aim of this study is to evaluate the prevalence and association of criteria and extra-criteria aPLs with APS clinical events.





Methods

A total of 838 patients with clinical manifestations of APS were studied. In total, 715 presented with vascular manifestations, and 130 presented with obstetric morbidity. We measured levels of criteria aPLs, and the extra-criteria aPLs determined were anti-phosphatidylserine/prothrombin (aPS/PT) of IgG and IgM isotypes and aB2GPI IgA.





Results

Classic aPL, aPS/PT, and aB2GPI IgA positivity showed a significant and independent association with thrombosis (OR: 2.40, 2.36, and 2.53 respectively). IgA aB2GP1 was the only aPL significantly associated with the five types of thrombotic events (venous thrombosis, pulmonary embolism, stroke, acute myocardial infarction, and arterial thrombosis). Regarding obstetric APS, the most relevant antibodies were classic aPL of IgM isotype (OR: 36.04) and aPS/PT of both isotypes (OR: 4.4). The other aPL studied did not show association in multivariate analysis.





Discussion

The degree of clinical association for each group of aPLs was different depending on the form of presentation (vascular or obstetric) and the presence or absence of autoimmune diseases. Moreover, a fair level of agreement between LA and aPS/PT positivity was found; therefore, aPS/PT should not be referred to as a surrogate marker of LA.
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1 Introduction

In 1983, Graham Hughes described the antiphospholipid syndrome (APS), a multisystem autoimmune disorder characterized by thrombotic symptoms (venous, arterial, or small vessels) and/or gestational morbidity in patients carrying antiphospholipid antibodies (aPLs) (1).

Although APS was initially described in patients with systemic lupus erythematosus (SLE), nowadays, two clinical forms of APS are recognized (2): 1) SAD-APS (or PoliAu-APS), associated with other systemic autoimmune diseases, and 2) primary APS (P-APS), without any association with autoimmune diseases (3–5). Moreover, there is another entity, catastrophic APS (C-APS), a severe and rapidly progressive form with multiple thromboses and high mortality (6, 7).

There are no diagnostic criteria for APS. Classification criteria were established in the 8th International Congress of aPL (Sapporo, Japan, 1998) and expanded at the 11th International Congress held in Sydney in 2004 (Sydney’ Criteria). To classify a patient as having APS, it was necessary to meet at least one clinical criterion and one laboratory criterion. The clinical criterion is vascular thrombosis or gestational morbidity. The laboratory criterion is the presence of at least one of the agreed antiphospholipid antibodies: lupus anticoagulant (LA), anti-cardiolipin (aCL), or anti-beta 2 glycoprotein I (aB2GPI) of the IgG or IgM isotypes (8). In 2023, new criteria have been defined (ACR/EULAR criteria). Some clinical criteria were included, but there was a reduction in the laboratory criteria. The presence of aPLs of the IgM isotype has no value if it is not accompanied by aPLs of the IgG isotype (9).

Hughes and Khamashta defined “seronegative APS” as a group of patients with clinical criteria of APS, in which other pathologies have been excluded, but the aPL study is persistently negative. This situation may have several explanations, including the lack of sensitivity of the tests used to evaluate aPL antibodies (10), or the presence of aPL antibodies directed against another antigen or another isotype not included in the classification criteria (11) known as extra-criteria aPL or non-criteria aPL (12). Those with the strongest clinical association are anti-phosphatidylserine/prothrombin (aPS/PT) and anti-B2GP1 of the IgA isotype (IgA aB2GP1) (12, 13).

Several factors contribute to the exclusion of extra-criteria aPL from the classification criteria. For aPS/PT antibodies, there is a notably limited variety of diagnostic kits currently available, and for IgA aB2GP1, there is a lack of homogeneity between different kits, which causes contradictory results (14). In addition, many studies are based on cohorts comprising a small number of patients. It is frequently observed that these groups contain a disproportionately higher percentage of women and individuals with concomitant autoimmune disorders compared to that of the general population.

The functional test LA holds significant value because there is a subgroup of patients who are only positive for it, and it is one of the risk factors most closely associated with clinical events (15). It is suggested that this may be related with heterogeneous autoantibodies. However, the antibodies responsible for this coagulation disorder remain unknown (16). Some groups suggest that aPS/PT antibodies are closely related with LA and could serve as a potential surrogate marker, but this is a topic of considerable controversy, and further studies are needed to evaluate this hypothesis (17, 18).

The main goal of the study is to evaluate the prevalence of criteria and extra-criteria aPL as well as their degree of association with the presence of APS-related clinical events. Secondary objectives are to determine whether there are differences in each type of aPL in the degree of association with the different clinical events of APS and to assess the suitability of using aPS/PT antibodies as a surrogate marker of LA.




2 Materials and methods



2.1 Study design

We evaluated all 4,487 patients referred to the Immunology Department at Hospital 12 de Octubre in Madrid to assess the presence of antiphospholipid antibodies.

Samples were collected between 1 January 2017 to 31 December 2018. All patients must accomplish the following inclusion criteria: Patients over 18 years with a history of at least one previous clinical event included in the Sidney APS clinical criteria and evaluated for criteria and extra criteria aPL. Patients with an active oncologic or infectious disease, history of thrombophilia, coagulation defects, or prolonged immobility were excluded. All patients with aPLs were tested for antinuclear antibodies, anti-nucleosome and anti-cyclic citrullinated peptide.

A total of 838 patients were recruited and classified into two groups according to the clinical manifestations for the analysis: 715 with vascular manifestations and 130 with clinical criteria of obstetric APS according to the Sydney Criteria. Supplementary Figure S1 describes the study’s patient distribution algorithm.




2.2 Control populations

The analysis was performed also with two different control groups, according to each clinical situation. For vascular APS, we recruited a general reference group of 296 healthy individuals with a comparable age range, as patients, and from the same geographic area. This group included 95 volunteers recruited from people over 50 years who underwent a preoperative study for minor conditions not related with any major disease (such as ophthalmic cataract surgery). The other 201 healthy persons were blood donors. None of the volunteers had history of vascular pathologies, 12 (4.1%) of them presented an autoimmune disease, but none of them were severe.

The control group for gestational morbidity analyses (N = 454) was composed of 59 women of fertile age from the reference group and a cohort of 395 women with normal gestation used to define the cut-off points for antiphospholipid antibodies in obstetric APS studies (19).




2.3 Laboratory determinations

All samples were tested for aCL and aB2GPI (isotypes IgG and IgM) using the addressable laser bead immunoassay (ALBIA) BioPlex 2200 (Bio-Rad Laboratories, Hercules, CA, USA). The cut-off was established at 18 U/ml according to international guidelines that recommend using p99 from the studied population (8).

IgA aB2GP1 and aPS/PT antibodies were quantified by enzyme-linked immunosorbent assay (ELISA) using the QUANTA Lite ELISA kit (INOVA Diagnostics Inc., San Diego, CA, USA). The p99 was 20 U/ml for IgA aB2GP1, 30 U/ml for aPS/PT IgG, and 40 U/ml for aPS/PT IgM antibodies. ELISA procedures were performed on a Triturus® automatic analyzer (Diagnostics Grifols, Barcelona, Spain). Briefly, samples are diluted and incubated for 30 min. After that, the wells are washed three times. Later, the conjugated antibody is added and incubated for 30 min. Then, the wells are washed the same way, and substrate is added. After 30 min, the reaction is stopped, and the absorbance is read at 450 nm. This methodology ensures reproducibility and aligns with current best practice for aPS/PT antibody detection (20).

LA was measured in human citrated plasma according to the recommendations of the ISHT (21, 22) using, in all cases, two different tests: HemosIL dRVVT Screen and HemosIL dRVVT Confirm, and HemosIL Silica Clotting Time assays (Instrumentation Laboratory SpA, Milano, Italy). Before performing these tests, the patient’s condition was reviewed to avoid any associated infectious symptoms, and oral anticoagulation was discontinued.

Laboratory determinations were performed at a median of 224 (91–1,040) days of distance from the event.




2.4 Databases and statistical methods

Demographic and clinical data were obtained from the clinical records and stored in a work database. Immunological data, cardiovascular risk factors, presence of comorbidities, and previous therapies were stored in the database. Qualitative variables were described by absolute frequency and percentage. The relationship between cases and controls was studied using Pearson’s χ2 test or Fisher’s exact test where appropriate. Quantitative variables were described by median and interquartile range (IQR). The relationship between cases and controls was determined using the non-parametric Mann–Whitney U test.

To establish the association with the independent variables, binary logistic regression was performed in a univariate manner and quantified using the odds ratio (OR) along with its 95% confidence interval (CI). Multivariable analyses were performed using a logistic regression model and were accompanied by the area under the diagnostic performance curve or ROC (receiver operating characteristic) curve along with its 95% CI.

The degree of agreement between the presence of LA and aPS/PT was evaluated using Cohen’s kappa index (indicating the 95% confidence interval). To categorize the results of the kappa index, the scale proposed by Landis and Koch was used, adjusted to the five levels of the scale, depending on the intensity of the association. A kappa index of 0 to 0.20 was defined as slight, between 0.20 and 0.40 as fair, between 0.40 and 0.60 as moderate, between 0.6 and 0.8 as substantial, and above 0.8 as almost perfect (23).

The p-values lower than 0.05 were considered significant. Data analysis was performed using MedCalc 22.004 (MedCalc Software, Ostend, Belgium).





3 Results



3.1 Comorbidities in patients

The reference group had a median age of 56 years (IQR: 44–69) with a proportion of women of 53.4%. No significant differences were observed compared to patients (53 years, p = 0.185 and 54.5% of females, p = 0.732) (Supplementary Table S1).

Smoking and arterial hypertension were significantly more prevalent in patients than in controls (OR: 1.58, p = 0.006 and OR 1.45, p = 0.017 respectively). In the group of patients, 50 (6%) presented an additional systemic autoimmune disease (SAD). The most prevalent was SLE (2.3%), followed by systemic sclerosis (0.7%) and rheumatoid arthritis (0.6%). Seven patients (0.8%) presented other autoimmune diseases. No significant differences were observed in the prevalence of SAD when compared to controls (4.1%, p = 0.213; Supplementary Table S1).

The most commonly observed APS event was deep venous thrombosis (DVT) presented by 343 patients (40.9%). Pulmonary embolism (PE), stroke, acute myocardial infarction or arterial thrombosis were also represented with 23.9%, 20.4%, 6.6%, and 3.9% respectively.

Obstetric morbidity was observed in 130 patients (28.5% of the women and 15.5% of all the patients). Only 7 (5.4%) of these women presented also thrombotic events. Eleven percent of the patients presented more than one type of APS clinical manifestations. One male patient presented catastrophic APS.




3.2 aPL in controls and patients

The prevalence of criteria aPL in the reference group was 9.5%. Separating classic aPL and LA, the prevalences were 3.7% and 5.7%, respectively. The prevalence of extra-criteria aPL was 5.4% for IgA aB2GP1, 3.4% for aPS/PT IgM, and 2% for aPS/PT IgG (Table 1).

Considering all patients with clinical criteria, 187 (22.3%) were criteria aPL positive, 217 (25.9%) were extra-criteria aPL positive, 87 (10.3%) were positive for both types of aPL (Supplementary Figure S1), and 130 patients were positive only for extra-criteria aPL.

Consequently, 317 patients (37.8%) were positive for any aPL (criteria or extra-criteria). Of these 317 aPL-positive patients, 116 (37%) were APS-diagnosed patients who were evaluated for monitoring their disease, and 201 (63%) were identified for the first time as aPL carriers.

The presence of aPL in patients with clinical criteria was significantly higher than that of the controls (OR 2.75; 1.8–4.19). Considering also the extra-criteria aPL, the presence of aPL in the patient group was also higher (OR 2.60; 1.89–3.60).

The most prevalent aPL in patients was LA (15.4%). After this functional test, the most represented aPL were extra-criteria aPL: aB2GPI IgA (12.4%), aPS/PT IgM (11.1%), and aPS/PT IgG (8.1%). IgM isotype antibodies prevailed over IgG isotypes: aCL IgM (6.7%) vs. IgG (5.8%) and aB2GPI IgM (6.3%) vs. IgG (5.7%) (Table 1). The distribution of aPL positivity in the reference and patient groups are described in Figures 1A, B.


Table 1 | Characteristics of patients with vascular APS clinical criteria versus controls from the general population.
	Condition
	Vascular APS criteria N = 715
	General population N = 296
	p-Value
	OR
	95% CI


	N/median
	IQR/%
	N/median
	IQR/%



	Age (years)
	57
	45–70
	56
	44–69
	0.220
	 
	 


	Sex (women)
	334
	(46.7%)
	158
	(53.4%)
	0.054
	 
	 


	Dyslipidemia
	211
	(29.5%)
	61
	(20.6%)
	0.004
	1.61
	1.17–2.23


	Diabetes mellitus
	76
	(10.6%)
	29
	(9.8%)
	0.693
	 
	 


	Smoking habit
	208
	(29.1%)
	30
	(10.1%)
	<0.001
	3.64
	2.41–5.48


	Arterial hypertension
	243
	(34%)
	67
	(22.6%)
	<0.001
	1.76
	1.29–2.41


	Obesity
	29
	(4.1%)
	18
	(6.1%)
	0.164
	 
	 


	Additional autoimmune disease
	37
	(5.2%)
	12
	(4.1%)
	0.450
	 
	 


	Antiphospholipid antibodies
	162
	(22.7%)
	28
	(9.5%)
	<0.001
	2.8
	1.83–4.3


	 Lupus anticoagulant
	113
	(15.8%)
	17
	(5.7%)
	<0.001
	3.08
	1.81–5.23


	 Classic aPL (aβ2GPI + aCL IgG/M)
	86
	(12%)
	11
	(3.7%)
	<0.001
	3.54
	1.86–6.74


	 aβ2GPI IgA
	96
	(13.4%)
	16
	(5.4%)
	<0.001
	2.71
	1.57–4.69


	 aPS/PT (IgG/M)
	111
	(15.5%)
	16
	(5.4%)
	<0.001
	3.22
	1.87–5.54


	APS events*


	Deep venous thrombosis
	343
	(48%)
	 
	 
	 
	 
	 


	Pulmonary embolism
	33
	(4.6%)
	 
	 
	 
	 
	 


	Arterial thrombosis
	200
	(28%)
	 
	 
	 
	 
	 


	Stroke
	171
	(23.9%)
	 
	 
	 
	 
	 


	Myocardial infarction
	55
	(7.7%)
	 
	 
	 
	 
	 


	Obstetric morbidity*
	7
	(1%)
	 
	 
	 
	 
	 





IQR, interquartile range.

*Some patients have more than one event.



[image: Forest plot showing odds ratios for various thrombotic events in relation to different antibodies: lupus anticoagulant, classic aPL IgG/M, anti ß2GPI IgA, and anti PS/PT IgG/IgM. Categories include venous thrombosis, pulmonary embolism, stroke, myocardial infarction, and arterial thrombosis. Horizontal lines represent confidence intervals around point estimates.]
Figure 1 | (A) Distribution of single and multiple aPL positivity in patients with APS clinical criteria. (B) Distribution of aPL in healthy reference population (controls).

The most frequent isolated aPL positivity was IgA aB2GP1 with 72 (8.6%) followed by LA with 54 (6.4%) and aPS/PT with 51 (6.1%) (Figure 1A).

The number of patients with triple aPL positivity were 36 (4.3%) (Supplementary Table S1). A higher proportion of triple aPL positivity was observed in patients with autoimmune compared to patients without autoimmune diseases 14% versus 3.7% (p < 0.001).

One hundred thirty patients positive for extra-criteria aPL could not be detected using only standard criteria aPL studies. The distribution of serum levels of the different aPLs is described in Supplementary Figure S2.




3.3 Clinical association of the aPL with thrombotic events

Comparing vascular APS patients with the healthy population, all aPLs (criteria and extra-criteria) were significantly associated with higher rates of thrombi (Table 1). Patient distribution according to aPL positivity in patients with thrombosis is described in Supplementary Figure S3A.

Regarding cardiovascular risk factors, only smoking habits, dyslipidemia, and arterial hypertension were significantly associated with development of thrombotic events (Table 1).

For the first multivariate analysis, we considered the positivity of any classic aPL as a single variable (classic aPL) to increase the robustness of the study. We also unified the aPS/PT of both isotypes in a single variable (aPS/PT). The multivariate analysis included the factors that in the previous univariate analysis were associated with thrombotic events significantly or close to significance (p-value <0.1). Active smoking (OR: 3.31; 2.17–5.06) and high blood pressure (OR: 1.42; 1.01–1.99) were identified as independent variables significantly associated with thrombotic events.

Classic aPL and LA positivity showed a significant and independent association with thrombosis (OR: 2.40; 1.22–4.72) and (OR: 1.98;1.13–3.48), respectively.

The extra-criteria aPL were also shown to be independently associated with thrombotic events. The aPS/PT showed levels of association very similar to classic aPL (OR 2.36, 1.33–4.21), and the aB2GPI IgA showed the greatest level of association among the aPLs evaluated (OR: 2.53; 1.44–4.46) (Table 2A).


Table 2 | Multivariate analyses of factors associated with vascular clinical criteria of antiphospholipid syndrome (APS).
	A. Global vascular events multivariate


	Variable
	Univariate
	Multivariate


	OR
	95% CI
	OR
	95% CI
	p-Value



	Sex (female)
	0.77
	0.58–1
	0.86
	0.65–1.15
	0.324


	Active smoking
	3.64
	2.41–5.48
	3.31
	2.17–5.06
	<0.001


	Arterial hypertension
	1.76
	1.29–2.41
	1.42
	1.01–1.99
	0.046


	Dyslipidemia
	1.61
	1.17–2.23
	1.24
	0.87–1.77
	0.237


	Lupus anticoagulant
	3.08
	1.81–5.23
	1.98
	1.13–3.48
	0.017


	Classic aPL (aβ2GPI or aCL IgG/M)
	3.54
	1.86–6.74
	2.40
	1.22–4.72
	0.011


	Anti β2GPI IgA
	2.71
	1.57–4.69
	2.53
	1.44–4.46
	0.001


	Anti PS/PT (IgG or IgM)
	3.22
	1.87–5.54
	2.36
	1.33–4.21
	0.004


	Area under the ROC curve (AUC)
	0.703
	(0.673–0.732)
	 
	 
	 






	B. Independent event multivariate


	Variable
	Venous thrombosis
	Pulmonary embolism
	Stroke
	Myocardial infarction
	Arterial Thrombosis*


	 
	OR
	95% CI
	OR
	95% CI
	OR
	95% CI
	OR
	95% CI
	OR
	95% CI



	Sex female
	0.77
	0.58–1
	1.21
	0.8–1.81
	1.28
	0.84–1.95
	0.82
	0.4–1.71
	 
	 


	Active smoking
	3.64
	2.41–5.48
	4.32
	2.59–7.2
	3.01
	1.75–5.18
	8.15
	3.79–17.49
	 
	 


	Arterial hypertension
	1.76
	1.29–2.41
	1.77
	1.12–2.8
	1.29
	0.79–2.09
	1.63
	0.76–3.53
	 
	 


	Dyslipidemia
	1.61
	1.17–2.23
	1.52
	0.95–2.42
	1.28
	0.78–2.09
	3.60
	1.69–7.67
	 
	 


	Lupus anticoagulant
	3.08
	1.81–5.23
	2.56
	1.28–5.13
	1.47
	0.68–3.18
	1.94
	0.65–5.77
	2.40
	0.74–7.75


	Classic aPL aβ2GPI or aCL IgG/M
	3.54
	1.86–6.74
	2.17
	0.93–5.06
	4.41
	2.06–9.45
	4.16
	1.33–13.04
	3.22
	0.81–12.72


	Anti β2GPI IgA
	2.71
	1.57–4.69
	2.38
	1.17–4.83
	2.40
	1.16–4.99
	4.04
	1.43–11.44
	4.45
	1.52–13.01


	Anti PS/PT IgG or IgM
	3.22
	1.87–5.54
	1.95
	0.94–4.04
	2.01
	0.95–4.27
	2.00
	0.69–5.83
	4.18
	1.48–11.8


	AUC
	0.69
	0.65–0.73
	0.721
	0.68–0.761
	0.68
	0.64–0.72
	0.85
	0.81–0.89
	0.666
	0.61–0.72





(A) Analysis of factors identified in the initial univariate analysis with a p-value < 0.1.(B) Analysis stratified by individual pathologies associated with APS.The only factors that remained as independent variables were smoking habit and the presence of IgA aB2GP1.

*Due to the low number of arterial thrombosis studied, only four variables could be analyzed, and the four types of aPLs were chosen. The rest of the factors were not analyzed. Multivariate variable aPL was associated with thrombosis. Shaded values did not obtain statistical significance.







3.4 Clinical association of aPL with different thrombosis manifestations

By analyzing separately each type of vascular APS event (Table 2B), we observed that in DVT, the four groups of antibodies, LA, classical aPL, IgA aB2GPI and aPS/PT were independent and significantly associated with an OR of 3.08, 3.54, 2.71, and 3.22, respectively. In pulmonary embolism, only LA (OR: 2.56) and IgA aB2GP1 (OR: 2.38) were identified as independent risk factors. Stroke and myocardial infarction were significantly associated with classic aPL (OR: 4.41 and 3.16) and IgA aB2GP1 (OR: 2.4 and 4.04). In arterial thrombosis, IgA aB2GP1 and aPS/PT were the aPLs that were significantly associated.

IgA aB2GP1 was the only aPL that was significantly associated to the five types of thrombotic events (Figure 2, Table 2B).

[image: Venn diagrams displaying aPL antibody subsets in patients and controls. Diagram A shows intersection data for patients with antibodies aPS/PT IgG/M, aB2GP1 IgA, aB2GP1/CL IgG/M, and LA, with 521 aPL negative. Diagram B displays similar data for a reference control population, with 240 aPL negative. Each subset is distinct by color, representing different antibody combinations and counts.]
Figure 2 | Association of aPL with each type of thrombotic events of the vascular antiphospholipid syndrome (multivariate analysis).




3.5 Clinical association of each aPL and pregnancy morbidity

According to obstetric events, of the 130 women with obstetric APS, 34 presented with ≥1 unexplained fetal death at or beyond the 10th week of gestation, 4 suffered pre-eclampsia, and 92 had ≥3 unexplained consecutive abortions. The 130 women with pregnancy morbidity were significantly older than the obstetric controls (37 vs. 32 years; p < 0.001). Of them, 40 (31%) were positive for at least one aPL: 11 for criteria aPL, 14 for extra-criteria aPL, and 15 for both. The prevalence of all aPLs was significantly higher in the patient group, especially for classic aPL (12.3% vs. 0.7%; OR: 21.1, p < 0.001).

In classic aPL, the IgM isotype was most prevalent (OR: 37.75; 4.79–298) showing a different profile from APS vascular patients. Moreover, there were no significant difference in the presence of LA in patients and controls. The most important extra-criteria aPLs were aPS/PT with an OR of 6.76 (3.36–13.57). Regarding cardiovascular risk factors, in the patient group, a higher proportion of dyslipidemia (OR 9.04; 1.73–47.15), arterial hypertension (OR: 4.57; 1.85–11.29), and SAD (OR: 6.10, 95% CI 2.61–15.3) was found (Table 3). Distribution of single and multiple aPL positivity in patients with obstetric morbidity is described in Supplementary Figure S3B.


Table 3 | Characteristics, risk factors, and aPL prevalence in patients with obstetric morbidity versus a control group of pregnant women who had a normal pregnancy and delivery.
	
	Obstetric APS symptoms N = 130
	Healthy women N = 454
	p-Value
	OR
	95% CI


	CONDITION
	N/median
	IQR/%
	N/median
	IQR/%



	Age (years)
	37
	33–40
	32
	27–36
	<0.001
	 
	 


	Dyslipidemia
	5
	(3.8%)
	2
	(0.4%)
	0.007
	9.04
	1.73–47.15


	Diabetes mellitus
	2
	(1.5%)
	4
	(0.9%)
	0.273
	 
	 


	Smoking habit
	7
	(5.4%)
	37
	(8.1%)
	0.292
	 
	 


	Arterial hypertension
	11
	(8.5%)
	9
	(2%)
	<0.001
	4.57
	1.85–11.29


	Obesity
	1
	(0.8%)
	10
	(2.2%)
	0.196
	 
	 


	Additional autoimmune disease
	13
	(10%)
	8
	(1.8%)
	<0.001
	6.19
	2.51–15.3


	Lupus anticoagulant*
	17
	(13.1%)
	2
	(3.4%)
	0.0242
	4.29
	0.96–19.2


	Classic aPL (aβ2GPI + aCL IgG/M)
	16
	(12.3%)
	3
	(0.7%)
	<0.001
	21.1
	6.04–73.65


	 aβ2GPI IgM
	10
	(7.7%)
	0
	(0%)
	<0.001
	79.2
	4.6–1361


	 aβ2GPI IgG
	10
	(7.7%)
	2
	(0.4%)
	<0.001
	18.83
	4.07–87.11


	 aCL IgM
	9
	(6.9%)
	1
	(0.2%)
	<0.001
	33.69
	4.23–269


	 aCL IgG
	8
	(6.2%)
	1
	(0.2%)
	<0.001
	29.7
	3.68–240


	Classic aPL IgM (IgM aB2GPI or aCL)
	10
	(7.7%)
	1
	(0.2%)
	<0.001
	37.75
	4.79–298


	Classic aPL IgG (IgG aB2GPI or aCL)
	9
	(6.9%)
	2
	(0.4%)
	<0.001
	16.81
	3.58–78.83


	aβ2GPI IgA
	9
	(6.9%)
	6
	(1.3%)
	<0.001
	5.55
	1.94–15.91


	aPS/PT (IgG/M)
	23
	(17.7%)
	14
	(3.1%)
	<0.001
	6.76
	3.36–13.57


	 aPS/PT IgM
	17
	(13.1%)
	7
	(1.5%)
	<0.001
	9.61
	3.89–23.73


	 aPS/PT IgG
	12
	(9.2%)
	7
	(1.5%)
	<0.001
	6.49
	2.5–16.86


	Clinical characteristics**


	Normal fetus dead (>10 weeks)
	33
	(25%)
	 
	 
	 
	 
	 


	Premature births (<34 weeks)
	6
	(5%)
	 
	 
	 
	 
	 


	Three or more abortions (<10 weeks)
	95
	(73%)
	 
	 
	 
	 
	 





IQR, interquartile range.

*Lupus anticoagulant was evaluated only in 58 healthy women.

**Some women suffered more than one process.



In the multivariate analysis (Table 4A), independent variables were age (OR 1.1; 1.07–1.15), classic aPL (OR 15.36; 3.7–63.84), and aPS/PT (OR 4.45; 1.96–10.11).


Table 4 | Multivariate analysis of factors that were found to be associated with obstetric APS with a p-value <0.1 in the first univariate analysis.
	
	Univariate
	Multivariate


	A. Risk factors
	OR
	95% CI
	OR
	95% CI
	p-Value



	Age (years)
	1.13
	1.09–1.17
	1.11
	1.07–1.15
	<0.001


	Dyslipidemia
	9.04
	1.73–47.15
	4.00
	0.53–30.48
	0.181


	Arterial hypertension
	4.57
	1.85–11.29
	1.79
	0.58–5.53
	0.309


	Additional autoimmune disease
	6.19
	2.51–15.3
	1.98
	0.58–6.84
	0.278


	Classical aPL (aB2GPI/aCL IgG/M)
	21.1
	6.04–73.65
	15.36
	3.7–63.84
	<0.001


	aβ2GPI IgA
	5.55
	1.94–15.91
	3.23
	0.85–12.25
	0.084


	aPS/PT (IgG or IgM)
	6.76
	3.36–13.57
	4.45
	1.96–10.11
	<0.001


	Area under the ROC curve (AUC)
	0.758
	0.721–0.792
	 






	B. Risk factors
	OR
	95% CI
	OR
	95% CI
	p-Value



	Age (years)
	1.13
	1.09–1.17
	1.11
	1.07–1.15
	<0.001


	Dyslipidemia
	9.04
	(1.73–47.15)
	4.00
	0.52–30.52
	0.181


	Arterial hypertension
	4.57
	(1.85–11.29)
	1.81
	0.59–5.54
	0.298


	Additional autoimmune disease
	6.19
	(2.51–15.3)
	1.96
	0.57–6.81
	0.287


	Classic aPL IgM (aB2GPI or aCL)
	37.75
	4.79–298
	36.04
	3.56–65.23
	0.002


	Classic aPL IgG (aB2GPI or aCL)
	16.81
	3.58–78.83
	6.06
	0.91–40.32
	0.063


	aβ2GPI IgA
	5.55
	1.94–15.91
	3.23
	0.85–12.28
	0.086


	aPS/PT (IgG or IgM)
	6.76
	3.36–13.57
	4.4
	1.93–10.06
	<0.001


	Area under the ROC curve (AUC)
	0.758
	0.722–0.793
	 





A. Positivity for classic aPL (those included in the Sidney criteria) without a single variable. B. Classic aPL was divided into two variables: one collecting positives for classic aPL of the IgM isotype (IgM aB2GPI or aCL) and the other for those of the IgG isotype (IgG aB2GPI or aCL).Given the power of the IgM isotype in the univariate analysis (strongest risk factors), a second multivariate analysis was carried out in which classic aPL was divided into two variables: one collecting positives for classic aPL of the IgM isotype and the other for IgG isotype.



Due to the difference between the OR of the different isotypes in the univariate analysis (Table 3), we made a new multivariate analysis (see Table 4B), in which the classic aPL were divided into IgM and IgG isotypes.

The OR for classic aPL IgM was 36.04 (3.56–65.23), and for IgG, it remained slightly above the level of significance (p = 0.063). The AUC was 0.758 (95% CI 0.722–0.793). Between the first and second analysis, except for the aPL, the rest of the variables remained very similar.




3.6 aPL profiles depending on clinical presentation in primary APS vs. PoliAU APS

All types of aPL were significantly associated with the primary vascular form and the obstetric form (both primary or associated with PoliAU). The degree of clinical association for each group of aPL was different depending on the form of presentation (vascular or obstetric) and the presence or absence of autoimmune diseases (Table 5A). Thrombotic APS with PoliAU did not show an association with IgA aB2GP1 (OR: 1.54; 0.43–5.57) nor with the classic aPL of the IgM isotype (OR: 2.87; 0.87–9.41) (Table 5A). However, classic aPL of the IgM isotype showed the strongest association in obstetric APS, both in the primary form (OR: 33.25; 4.11–268.64) and, notably, PoliAU form (OR: 136; 13–1,423). The association between the aPL with the clinical forms of the disease is described in Figure 3.


Table 5 | A. Strength of the association between the presence of the different aPLs and disease in the more common clinical forms of APS.
	
	Primary form
	Autoimmune disease associated


	A. aPL and symptoms profile



	Vascular symptoms (APS thrombotic form)


	Antibodies
	OR
	95% CI
	p-Value
	OR
	95% CI
	p-Value


	aPS/PT (IgG/M)
	2.96
	1.71–5.11
	<0.001
	8.4
	3.58–19.71
	<0.001


	aB2GPI I IgA
	2.78
	1.6–4.82
	<0.001
	1.54
	0.43–5.57
	0.208


	Lupus anticoagulant
	3.04
	1.79–5.18
	<0.001
	3.83
	1.47–9.97
	0.006


	Sidney aPL
	2.72
	1.77–4.18
	<0.001
	4.60
	2.08–10.13
	<0.001


	Classic aPL (aB2GPI or aCL)
	3.32
	1.74–6.34
	<0.001
	8.33
	3.18–21.81
	<0.001


	Classic IgM (aB2GPI or aCL)
	2.46
	1.19–5.08
	0.012
	2.87
	0.87–9.41
	0.066


	Classic IgG (aB2GPI or aCL)
	3.4
	1.32–8.73
	0.003
	5.52
	2.02–15.09
	<0.001


	Obstetric symptoms (gestational APS)


	Antibodies
	OR
	95% CI
	p-Value
	OR
	95% CI
	p-Value


	aPS/PT (IgG/M)
	6.48
	3.16–13.28
	<0.001
	9.43
	2.34–38.1
	0.009


	aB2GPI IgA
	4.03
	1.28–12.75
	0.011
	22.4
	4.9–102.5
	0.001


	Lupus anticoagulant
	3.20
	0.69–14.8
	0.137
	17.5
	2.89–106
	0.002


	Sidney aPL
	4.01
	1.14–14.05
	<0.001
	11.45
	2.9–105.8
	0.003


	Classic aPL (aB2GPI or aCL)
	17.18
	4.76–61.97
	<0.001
	66.8
	13–343
	<0.001


	Classic IgM (aB2GPI or aCL
	33.25
	4.11–268
	<0.001
	136
	13–1,423
	<0.001


	Classic IgG (aB2GPI or aCL
	14.38
	2.95–70.19
	<0.001
	67.7
	10.2–450
	<0.001






	B. Agreement lupus anticoagulant and anti-PS/PT



	Profile
	Kappa
	95% CI
	p-Value
	Kappa
	95% CI
	p-Value


	Vascular or obstetric
	0.338
	0.249–0.426
	0.024
	0.343
	0.058–0.629
	0.015


	Vascular symptoms (thrombosis)
	0.323
	0.233–0.423
	<0.001
	0.229
	−0.084–0.563
	0.183


	Obstetric symptoms
	0.425
	0.198–0.655
	<0.001
	0.649
	0.229–1
	0.035





B. Strength of agreement between lupus anticoagulant markers and anti-phosphatidylserine/prothrombin antibodies (IgG/IgM) in the most common clinical forms of APS.



[image: Forest plot displaying odds ratios for vascular and obstetric autoimmune diseases. Different colored horizontal lines represent various antibodies such as aPS/PT IgG/IgM, aB2GP1 IgA, and others. The x-axis shows odds ratios on a logarithmic scale from 0.1 to 1000, with a vertical line at 1 indicating no effect.]
Figure 3 | Strength of the association between the presence of the different aPLs and the disease in the most common clinical forms of APS.




3.7 Correlation between aPS/PT and LA

132 patients tested positive for aPS/PT and 129 for LA. Seventy-four patients tested positive only for aPS/PT, 71 tested positive only for LA, and 58 patients (44%) were simultaneously positive for both tests. A fair level of agreement between LA and aPS/PT positivity was found (K: 0.342, CI: 0.258–0.426). When comparing the relationship between LA and each aPS/PT isotype separately, we found a kappa of 0.335 (CI: 0.246–0.424) for IgM and 0.233 (CI: 0.145–0.322) for IgG.

In patients with different clinical forms (Table 5B), we observed minimal differences in the kappa index when comparing agreement in primary APS (K: 0.338; CI: 0.249–0.426) versus PoliAu-APS (K: 0.343; CI: 0.058–0.629). Obstetric patients presented a better level of agreement (kappa: 0.470, CI: 0.263–0.677) compared to those with vascular symptoms (kappa: 0.322, 95% CI: 0.231–0.414). Notably, there is a substantial degree of agreement in the obstetric form associated with SAD, with a kappa of 0.649 (95% CI: 0.229–1) (Table 5B).





4 Discussion

In the present study, we demonstrate that the association of extra-criteria aPL with the Sydney APS clinical criteria is as relevant as criteria aPL. This occurs for both clinical forms of APS, vascular and obstetric. Furthermore, we found that the profile of aPL varies according to the clinical presentations of APS.

The proportion of patients with APS clinical criteria who were positive for at least one criteria aPL was 22.3%. If only new cases were considered, the prevalence is 16.7%, similar to 18% described in other works (24, 25). If patients with extra-criteria aPL were also considered, the prevalence of aPL increases to 37.47%. This finding reinforces the idea that the presence of aPL in the population with clinical manifestations of APS could be underestimated (26).

People with multiple autoimmune diseases are defined as PoliAu patients. It does not imply the existence of a disease subordinate to another main one (27). Approximately 1 in 20 patients (4.4%) with systemic autoimmune diseases (SAD) can be considered as PoliAu (28). In most studies about APS, the proportion of patients with additional autoimmune diseases is between 33% and 50% (9, 29). In this study, the size of the patient and control groups has allowed us to form subgroups of vascular APS (primary and poli-autoimmune) and obstetric APS (primary and poli-autoimmune), each with its own reference. We included, without bias, all samples from patients received in our laboratory, referred from all medical specialties due to the presence of a vascular or obstetric event. Thus, the proportion of patients with vascular form and additional autoimmunity (5.2%) is lower than that of other studies. This results are in line with previous studies in the same population (12, 30). Therefore, we propose that patients with PoliAu may be overrepresented in APS studies. This could lead to different proportions of autoimmune related APS between our studies and some of the cohorts reported in the literature (28).

The prevalence of autoantibodies (antinuclear, aPL, and antithyroid antibodies) in the general population becomes more prevalent as age increases without being associated with the presence of autoimmune diseases (31). They are considered to be scavenger antibodies that clean up apoptotic cells generated by tissue damage associated with the senescence process (32). To determine the real prevalence and minimize the influence of age as a variable of vascular pathology, we used a reference group with a similar age range as the patients.

There is a great heterogeneity in the results published in the scientific literature regarding the relevance of different aPLs especially for non-criteria aPLs. Among the factors that contribute to heterogeneity, the lack of harmonization between immunoassays stands out (10, 14).

Moreover, these discrepancies could also be due to imbalances in the composition of the populations used: populations enriched in PoliAu patients, which are more complex and exhibit clinical characteristics and specific biomarker (33). For this reason, we compare different subgroups particularly focusing on the differences between primary forms and those associated with other autoimmune conditions.

Classically, LA is considered the aPL with the greatest independent risk association in APS, especially in patients with vascular manifestations (34, 35). In this work, we observed that all IgG isotype antibodies, as well as the aPS/PT IgM, showed association with APS symptoms higher than that obtained by LA. Furthermore, we confirmed that the antibodies included in the Sydney criteria of the IgM isotype present a lower correlation with the clinical manifestations of vascular APS than those of the IgG isotype (17, 36–39). However, they are extremely important in obstetric APS.

In the primary vascular APS, all the tested aPLs were associated with clinical events, particularly IgA aB2GPI, as we described previously (40). In thrombotic PoliAu-APS patients, the classic aPL of the IgG isotype and aPS/PT were the most important aPLs, and no significant association was found with aPL of the IgM and IgA isotypes. This absence of association may be explained by the dominant role of molecular mimicry in primary APS proposed by other authors. This contrasts with the complex autoimmune milieu and regulatory mechanisms present in secondary APS, which may mask or override the pathogenic effects of IgA anti-β2GPI (41, 42).

IgA aB2GP1 is the only aPL that is independently associated with all APS vascular clinical events, especially those related with arterial thrombosis, such as myocardial infarction, stroke, and arterial thrombosis, as previously described (12, 43, 44). However, the association of IgA aB2GP1 with vascular events in patients with additional autoimmune diseases is not significant. This finding is explainable since patients with polyautoimmunity present different biomarker profiles than those with monoautoimmunity (33). This fact may explain why, in many studies with an overrepresentation of patients with autoimmune diseases, authors often do not find a strong association between this aPL and clinical symptoms.

The current 2023 ACR/EULAR classification criteria are perfectly adapted to the vascular APS form but are insufficient for obstetric APS (primary and PoliAu) and primary vascular APS. The possibility of establishing criteria adapted to the forms of the disease should be strongly considered, as is done in catastrophic APS.

In obstetric APS patients, the characteristics and degree of association of the different factors and aPL were different from vascular APS. When comparing women with obstetric morbidity with the controls, the influence of other demographic variables and comorbidities seems to be less relevant. The apparently contradictory result obtained for smoking as a protective factor could probably be explained by the indication of suppression of tobacco consumption in patients with obstetric morbidity. In the multivariate analysis, in addition to aPL, only age persists as a risk factor, a variable usually associated with lower live birth rates (45). In obstetric APS, both primary and autoimmunity associated, classic aPL of the IgM isotype were the most strongly associated aPL with the clinical manifestations. Therefore, taking into account the new classification criteria complicates the classification of these patients as APS.

aPS/PT demonstrated a level of clinical association independent of the rest of the variables, with an OR for obstetric morbidity of 4. This result is similar to previously published works in which the presence has been associated with aPS/PT with spontaneous and recurrent abortions, complex complications of pregnancy or prematurity (13, 46–50). This aPL could have a relevant added value in the prognosis of these patients. Moreover, the number of positive patients for this aPL in healthy control remains under 5.5% in both control groups. The testing of aPS/PT may be relevant for risk stratification, even in the presence of other antibodies, as it is included in the Global Antiphospholipid Syndrome Score (GAPSS) (51). Moreover, more studies are needed in patients with triple positive.

Previously, aPS/PT has been described as a surrogate marker for LA (17, 18, 52). In our study there exists a correlation, but it is minimal except for patients with obstetric form associated with autoimmunity where moderate agreement is observed. Both markers had a significant association with the clinical manifestations of APS, but independently. The number of patients who had both markers was much smaller than those who had each of the markers separately. The aPS/PT marker is acquiring clinical relevance as an independent aPL associated with APS (47, 53). Many specialized centers already use it, although it is not included in the classification criteria (15, 54, 55).

The proportion of women with obstetric and vascular manifestations is very small, which suggests that obstetric APS is a clearly different transient form of the disease. Since it only manifests in women of gestational age, prophylactic treatments would not be indicated outside of these stages.

This study has several limitations: it has been designed as a cross-sectional study in which only one center was included. Due to the nature of the study and ethical conditions, it has not been possible to access clinical and analytical data on the evolution of the patients, and aPL has only been assessed on one occasion. However, the laboratory’s reference data for classic aPL and IgA aB2GP1 show that 95% of those positive continue to be positive 3–6 months after the first analysis (25).

The number of obstetric controls for whom LA could be determined was very small, and it was not enough to incorporate it into a multivariate analysis. Moreover, the number of patients with events and other autoimmune diseases is not very high. Therefore, the conclusions should be contrasted in future studies by expanding this cohort. Also, only one center was included. We have not used the ACR/EULAR classification criteria because the study was launched long before these criteria were published. Although the new clinical criteria represent a significant advance and the laboratory criteria are very well adapted for APS associated with autoimmune diseases, they are insufficient to recruit patients with primary APS, which, as we describe, is the most common form.




5 Conclusions

The degree of association of an aPL with APS pathology varies depending on the clinical forms of the disease, especially whether or not it is associated with other autoimmune processes.

The determination of IgA aB2GP1 and aPS/PT antibodies of the IgG and IgM isotypes allows the identification of patients at high risk for arterial or venous thrombosis. For this reason, its inclusion in the aPL detection profiles in patients with APS symptoms would help in the management of patients who are currently considered to have “seronegative antiphospholipid syndrome.” Although aPS/PT should not be used to replace LA, the evaluation of these antibodies might be a valuable diagnostic tool in patients with gestational morbidity when classic aPL or LA is negative or inconsistently positive.

The clinical value of the presence of classic aPL of the IgM isotype must be recovered, at least in the obstetric form of the disease.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Institutional Ethical Board of Hospital Universitario 12 de Octubre (Reference Numbers CEIC 18/182 and CEIC 13/405). Controls gave informed consent for the collection of the samples and basic clinical information with their subsequent analysis. The studies were conducted in accordance with the local legislation and institutional requirements. In the case of the patients, informed consent was not necessary (following the country’s legislation), it was a non-interventional observational study carried out in the context of the evaluation of their disease.





Author contributions

OC-M: Writing – original draft, Formal analysis, Funding acquisition, Conceptualization. DP: Writing – review & editing. SG: Methodology, Formal analysis, Writing – original draft. LN: Writing – review & editing, Methodology. RD-S: Data curation, Writing – review & editing. FG-E: Methodology, Writing – review & editing. DZ: Methodology, Writing – review & editing. FL-M: Project administration, Writing – review & editing. LM: Resources, Writing – review & editing. MA: Writing – review & editing, Resources. OV: Resources, Writing – review & editing. AM-S: Resources, Writing – review & editing. TL-H: Resources, Writing – review & editing. EP-A: Writing – review & editing. AS: Writing – review & editing, Conceptualization, Resources, Formal Analysis, Data curation. MS: Supervision, Writing – review & editing, Validation.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study has been funded by Instituto de Salud Carlos III (ISCIII) (Spanish Ministry of Economy and Competitiveness) through the project “PI20/01361” and co-funded by the European Union and by a grant from Fundación Mutua Madrileña (P177122021). OC-M received a grant from Thermo Fisher Scientific.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.






Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1636171/full#supplementary-material.




References

	 Hughes GR. The antiphospholipid syndrome: ten years on. Lancet. (1993) 342:341–4. doi: 10.1016/0140-6736(93)91477-4, PMID: 8101587


	 EN Harris, SS Pierangeli. Primary, secondary, and catastrophic antiphospholipid syndrome: what’s in a name? Semin Thromb Hemost. 34(3):219–26. doi: 10.1055/s-0028-1082265, PMID: 18720301


	 Alarcon-Segovia D, Sanchez-Guerrero J. Primary antiphospholipid syndrome. J Rheumatol. (1989) 16:482–8.


	 Font J, Cervera R. Primary antiphospholipid syndrome: A new entity]? Med Clin (Barc). (1988) 91:736–8.


	 Asherson RA, Khamashta MA, Ordi-Ros J, Derksen RH, Machin SJ, Barquinero J, et al. The “Primary” Antiphospholipid syndrome: major clinical and serological features. Med (Baltimore). (1989) 68:366–74. doi: 10.1097/00005792-198911000-00004, PMID: 2509856


	 Asherson RA, Cervera R. Catastrophic antiphospholipid syndrome. Curr Rheumatol Rep. (2003) 5:395–400. doi: 10.1007/S11926-003-0031-7, PMID: 12967527


	 Cervera R, Rodríguez-Pintó I, Espinosa G. The diagnosis and clinical management of the catastrophic antiphospholipid syndrome: A comprehensive review. J Autoimmun. (2018) 92:1–11. doi: 10.1016/J.JAUT.2018.05.007, PMID: 29779928


	 Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al. International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (Aps). J Thromb Haemost. (2006) 4:295–306. doi: 10.1111/j.1538-7836.2006.01753.x, PMID: 16420554


	 Barbhaiya M, Zuily S, Naden R, Hendry A, Manneville F, Amigo MC, et al. The 2023 acr/eular antiphospholipid syndrome classification criteria. Arthritis Rheumatol. (2023) 75:1687–702. doi: 10.1002/art.42624, PMID: 37635643


	 Cabrera-Marante O, Garcinuno S, Pleguezuelo DE, Gil-Etayo FJ, Tenica I, Rodriguez de Frias E, et al. Quantification of antiphospholipid antibodies: the importance of using an appropriate methodology for each clinical profile. Int J Mol Sci. (2023) 24. doi: 10.3390/ijms242417373, PMID: 38139202


	 Pires da Rosa G, Bettencourt P, Rodriguez-Pinto I, Cervera R, Espinosa G. Non-criteria” Antiphospholipid syndrome: A nomenclature proposal. Autoimmun Rev. (2020) 19:102689. doi: 10.1016/j.autrev.2020.102689, PMID: 33223008


	 Naranjo L, Ostos F, Gil-Etayo FJ, Hernandez-Gallego J, Cabrera-Marante O, Pleguezuelo DE, et al. Presence of extra-criteria antiphospholipid antibodies is an independent risk factor for ischemic stroke. Front Cardiovasc Med. (2021) 8:665741. doi: 10.3389/fcvm.2021.665741, PMID: 34012984


	 Pleguezuelo DE, Cabrera-Marante O, Abad M, Rodriguez-Frias EA, Naranjo L, Vazquez A, et al. Anti-phosphatidylserine/prothrombin antibodies in healthy women with unexplained recurrent pregnancy loss. J Clin Med. (2021) 10. doi: 10.3390/jcm10102094, PMID: 34068095


	 Martinez-Flores JA, Serrano M, Alfaro J, Mora S, Paz-Artal E, Morales JM, et al. Heterogeneity between diagnostic tests for iga anti-beta2 glycoprotein I: explaining the controversy in studies of association with vascular pathology. Anal Chem. (2013) 85:12093–8. doi: 10.1021/ac403194t, PMID: 24245938


	 de Jesus GR, Sciascia S, Andrade D, Barbhaiya M, Tektonidou M, Banzato A, et al. Factors associated with first thrombosis in patients presenting with obstetric antiphospholipid syndrome (Aps) in the aps alliance for clinical trials and international networking clinical database and repository: A retrospective study. BJOG. (2019) 126:656–61. doi: 10.1111/1471-0528.15469, PMID: 30222236


	 Dembitzer FR, Ledford Kraemer MR, Meijer P, Peerschke EI. Lupus anticoagulant testing: performance and practices by north american clinical laboratories. Am J Clin Pathol. (2010) 134:764–73. doi: 10.1309/AJCP4SPPLG5XVIXF, PMID: 20959659


	 Shi H, Zheng H, Yin YF, Hu QY, Teng JL, Sun Y, et al. Antiphosphatidylserine/prothrombin antibodies (Aps/pt) as potential diagnostic markers and risk predictors of venous thrombosis and obstetric complications in antiphospholipid syndrome. Clin Chem Lab Med. (2018) 56:614–24. doi: 10.1515/cclm-2017-0502, PMID: 29166262


	 Zigon P, Cucnik S, Ambrozic A, Kveder T, Semrl SS, Rozman B, et al. Detection of antiphosphatidylserine/prothrombin antibodies and their potential diagnostic value. Clin Dev Immunol. (2013) 2013:724592. doi: 10.1155/2013/724592, PMID: 24187565


	 Pleguezuelo D. Anticuerpos anti-fosfatidilserina/protrombina en fracaso reproductivo recurrente. Madrid (Spain: Universidad Complutense de Madrid (2022).


	 Sciascia S, Sanna G, Murru V, Khamashta MA, Bertolaccini ML. Validation of a commercially available kit to detect anti-phosphatidylserine/prothrombin antibodies in a cohort of systemic lupus erythematosus patients. Thromb Res. (2014) 133:451–4. doi: 10.1016/j.thromres.2013.12.001, PMID: 24342537


	 Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL, Galli M, et al. Update of the guidelines for lupus anticoagulant detection. Subcommittee on lupus anticoagulant/antiphospholipid antibody of the scientific and standardisation committee of the international society on thrombosis and haemostasis. J Thromb Haemost. (2009) 7:1737–40. doi: 10.1111/j.1538-7836.2009.03555.x, PMID: 19624461


	 Devreese KMJ, de Groot PG, de Laat B, Erkan D, Favaloro EJ, Mackie I, et al. Guidance from the scientific and standardization committee for lupus anticoagulant/antiphospholipid antibodies of the international society on thrombosis and haemostasis: update of the guidelines for lupus anticoagulant detection and interpretation. J Thromb Haemost. (2020) 18:2828–39. doi: 10.1111/jth.15047, PMID: 33462974


	 Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. (1977) 33:159–74. doi: 10.2307/2529310


	 Martins FF, Campos TML. Evaluation of frequency, clinical correlation, and antibodies confirmation profile in patients with suspected antiphospholipid syndrome. TH Open. (2021) 5:e470–e8. doi: 10.1055/s-0041-1736289, PMID: 34693196


	 Gil-Etayo FJ, Garcinuno S, Lalueza A, Diaz-Simon R, Garcia-Reyne A, Pleguezuelo DE, et al. Anti-phospholipid antibodies and covid-19 thrombosis: A co-star, not a supporting actor. Biomedicines. (2021) 9. doi: 10.3390/biomedicines9080899, PMID: 34440103


	 Svenungsson E, Antovic A. The antiphospholipid syndrome -often overlooked cause of vascular occlusions? J Intern Med. (2020) 287(4):349–72. doi: 10.1111/joim.13022, PMID: 31957081


	 Rojas-Villarraga A, Amaya-Amaya J, Rodriguez-Rodriguez A, Mantilla RD, Anaya JM. Introducing polyautoimmunity: secondary autoimmune diseases no longer exist. Autoimmune Dis. (2012) 2012:254319. doi: 10.1155/2012/254319, PMID: 22454759


	 Tozzoli R, Sorrentino MC, Bizzaro N. Detecting multiple autoantibodies to diagnose autoimmune co-morbidity (Multiple autoimmune syndromes and overlap syndromes): A challenge for the autoimmunologist. Immunol Res. (2013) 56:425–31. doi: 10.1007/s12026-013-8418-7, PMID: 23606120


	 Cervera R, Serrano R, Pons-Estel GJ, Ceberio-Hualde L, Shoenfeld Y, de Ramon E, et al. Morbidity and mortality in the antiphospholipid syndrome during a 10-year period: A multicentre prospective study of 1000 patients. Ann Rheum Dis. (2015) 74:1011–8. doi: 10.1136/annrheumdis-2013-204838, PMID: 24464962


	 Tortosa C, Cabrera-Marante O, Serrano M, Martinez-Flores JA, Perez D, Lora D, et al. Incidence of thromboembolic events in asymptomatic carriers of iga anti ss2 glycoprotein-I antibodies. PloS One. (2017) 12:e0178889. doi: 10.1371/journal.pone.0178889, PMID: 28727732


	 Manoussakis MN, Tzioufas AG, Silis MP, Pange PJ, Goudevenos J, Moutsopoulos HM. High prevalence of anti-cardiolipin and other autoantibodies in a healthy elderly population. Clin Exp Immunol. (1987) 69:557–65., PMID: 3499270


	 Vadasz Z, Haj T, Kessel A, Toubi E. Age-related autoimmunity. BMC Med. (2013) 11:94. doi: 10.1186/1741-7015-11-94, PMID: 23556986


	 Fidalgo M, Faria R, Carvalho C, Carvalheiras G, Mendonca D, Farinha F, et al. Multiple autoimmune syndrome: clinical, immunological and genotypic characterization. Eur J Intern Med. (2023) 116:119–30. doi: 10.1016/j.ejim.2023.06.020, PMID: 37385917


	 Galli M, Luciani D, Bertolini G, Barbui T. Lupus anticoagulants are stronger risk factors for thrombosis than anticardiolipin antibodies in the antiphospholipid syndrome: A systematic review of the literature. Blood. (2003) 101:1827–32. doi: 10.1182/blood-2002-02-0441, PMID: 12393574


	 Garcia D, Akl EA, Carr R, Kearon C. Antiphospholipid antibodies and the risk of recurrence after a first episode of venous thromboembolism: A systematic review. Blood. (2013) 122:817–24. doi: 10.1182/blood-2013-04-496257, PMID: 23760616


	 Martinez-Flores JA, Serrano M, Perez D, Lora D, Paz-Artal E, Morales JM, et al. Detection of circulating immune complexes of human iga and beta 2 glycoprotein I in patients with antiphospholipid syndrome symptomatology. J Immunol Methods. (2015) 422:51–8. doi: 10.1016/j.jim.2015.04.002, PMID: 25865263


	 Pericleous C, Ferreira I, Borghi O, Pregnolato F, McDonnell T, Garza-Garcia A, et al. Measuring iga anti-beta2-glycoprotein I and igg/iga anti-domain I antibodies adds value to current serological assays for the antiphospholipid syndrome. PloS One. (2016) 11:e0156407. doi: 10.1371/journal.pone.0156407, PMID: 27253369


	 Pastori D, Bucci T, Triggiani M, Ames PRJ, Parrotto S, Violi F, et al. Immunoglobulin G (Igg) anticardiolipin antibodies and recurrent cardiovascular events. A systematic review and bayesian meta-regression analysis. Autoimmun Rev. (2019) 18:519–25. doi: 10.1016/j.autrev.2019.03.005, PMID: 30844560


	 Liu T, Gu J, Wan L, Hu Q, Teng J, Liu H, et al. Non-criteria” Antiphospholipid antibodies add value to antiphospholipid syndrome diagnoses in a large chinese cohort. Arthritis Res Ther. (2020) 22:33. doi: 10.1186/s13075-020-2131-4, PMID: 32085759


	 Ruiz-Garcia R, Serrano M, Angel Martinez-Flores J, Mora S, Morillas L, Martin-Mola MA, et al. Isolated iga anti- beta 2 glycoprotein I antibodies in patients with clinical criteria for antiphospholipid syndrome. J Immunol Res. (2014) 2014:704395. doi: 10.1155/2014/704395, PMID: 24741618


	 Harel M, Aron-Maor A, Sherer Y, Blank M, Shoenfeld Y. The infectious etiology of the antiphospholipid syndrome: links between infection and autoimmunity. Immunobiology. (2005) 210:743–7. doi: 10.1016/j.imbio.2005.10.004, PMID: 16325492


	 Cervera R, Asherson RA. Antiphospholipid syndrome associated with infections: clinical and microbiological characteristics. Immunobiology. (2005) 210:735–41. doi: 10.1016/j.imbio.2005.10.003, PMID: 16325491


	 Ranzolin A, Bohn JM, Norman GL, Manenti E, Bodanese LC, von Muhlen CA, et al. Anti-beta2-glycoprotein I antibodies as risk factors for acute myocardial infarction. Arq Bras Cardiol. (2004) 83:141–4; 37-40. doi: 10.1590/s0066-782x2004001400005, PMID: 15322656


	 Murthy V, Willis R, Romay-Penabad Z, Ruiz-Limon P, Martinez-Martinez LA, Jatwani S, et al. Value of isolated iga anti-beta2 -glycoprotein I positivity in the diagnosis of the antiphospholipid syndrome. Arthritis Rheum. (2013) 65:3186–93. doi: 10.1002/art.38131, PMID: 23983008


	 Glick I, Kadish E, Rottenstreich M. Management of pregnancy in women of advanced maternal age: improving outcomes for mother and baby. Int J Womens Health. (2021) 13:751–9. doi: 10.2147/IJWH.S283216, PMID: 34408501


	 Hoxha A, Mattia E, Tonello M, Grava C, Pengo V, Ruffatti A. Antiphosphatidylserine/prothrombin antibodies as biomarkers to identify severe primary antiphospholipid syndrome. Clin Chem Lab Med. (2017) 55:890–8. doi: 10.1515/cclm-2016-0638, PMID: 27816952


	 Radin M, Foddai SG, Cecchi I, Rubini E, Schreiber K, Roccatello D, et al. Antiphosphatidylserine/prothrombin antibodies: an update on their association with clinical manifestations of antiphospholipid syndrome. Thromb Haemost. (2020) 120:592–8. doi: 10.1055/s-0040-1705115, PMID: 32185783


	 Sanmarco M, Gayet S, Alessi MC, Audrain M, de Maistre E, Gris JC, et al. Antiphosphatidylethanolamine antibodies are associated with an increased odds ratio for thrombosis. A multicenter study with the participation of the european forum on antiphospholipid antibodies. Thromb Haemost. (2007) 97:949–54., PMID: 17549297


	 Sevim E, Zisa D, Andrade D, Sciascia S, Pengo V, Tektonidou MG, et al. Characteristics of antiphospholipid antibody positive patients in antiphospholipid syndrome alliance for clinical trials and international networking. Arthritis Care Res (Hoboken). (2020) 74(2):324–35. doi: 10.1002/acr.24468, PMID: 32986935


	 Erton ZB, Sevim E, de Jesus GR, Cervera R, Ji L, Pengo V, et al. Pregnancy outcomes in antiphospholipid antibody positive patients: prospective results from the antiphospholipid syndrome alliance for clinical trials and international networking (Aps action) clinical database and repository (‘Registry’). Lupus Sci Med. (2022) 9. doi: 10.1136/lupus-2021-000633, PMID: 35701043


	 Sciascia S, Montaruli B, Infantino M. Antiphospholipid antibody testing. Med Clin (Barc). (2024) 163 Suppl 1:S4–9. doi: 10.1016/j.medcli.2024.06.002, PMID: 39174152


	 Pregnolato F, Chighizola CB, Encabo S, Shums Z, Norman GL, Tripodi A, et al. Anti-phosphatidylserine/prothrombin antibodies: an additional diagnostic marker for aps? Immunol Res. (2013) 56:432–8. doi: 10.1007/s12026-013-8421-z, PMID: 23572433


	 Chighizola CB, Sciascia S, Andreoli L, Meroni PL. Beyond current concepts in anti-phospholipid syndrome: the 16th international congress on anti-phospholipid antibodies (Icapa) in manchester. Autoimmun Rev. (2020) 19:102615. doi: 10.1016/j.autrev.2020.102615, PMID: 32663623


	 Sciascia S, Sanna G, Murru V, Roccatello D, Khamashta MA, Bertolaccini ML. Gapss: the global anti-phospholipid syndrome score. Rheumatol (Oxford). (2013) 52:1397–403. doi: 10.1093/rheumatology/kes388, PMID: 23315788


	 Sciascia S, Radin M, Sanna G, Cecchi I, Roccatello D, Bertolaccini ML. Clinical utility of the global anti-phospholipid syndrome score for risk stratification: A pooled analysis. Rheumatol (Oxford). (2018) 57:661–5. doi: 10.1093/rheumatology/kex466, PMID: 29342292







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Cabrera-Marante, Pleguezuelo, Garcinuño, Naranjo, Díaz-Simón, Gil-Etayo, Zafra, Lozano-Morillo, Morillas, Abad, Villar, Martínez-Salio, Lizarraga-Hurtado, Paz-Artal, Serrano and Serrano.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1636171-g001.jpg
Patients

aPS/PT aB2GP1/CL
19G/M IgG/M
aB2GP1 LA
IgA
Reference population
(controls)
aPS/PT aB2GP1/CL
1gG/M lgG/M
aB2GP1 LA

IgA





OEBPS/Images/fimmu-16-1636171-g003.jpg
——m—— aPS/PT IgG/igM
Vascular aB2GP1 IgA
; —a— Sidney aPL (LA or classic aPL)
a_UtOImmune —— Classic aPL (aB2GP1 or aCL)
diseases Classic IgM (aB2GP1 or aCL)
———@——  Classic IgG (aB2GP1 or aCL)
+
—.—
Vgscular m
primary — .
—_—
——.——
. —_—
Obstetric e -
autoimmune ™ T
. —_— .
diseases S L S A
—_——
R ——
] —
Obstetric —
.
primary T = LTT1
—..__
[ N —

0,1 1 10 100 1000
ODDS RATIO





OEBPS/Images/table2.jpg
A. Global vascular events multivariate

Univariate Multivariate
Variable
95% CI 95% CI p-Value

Sex (female) 0.77 0.58-1 0.86 0.65-1.15 0.324
Active smoking 3.64 2.41-5.48 331 2.17-5.06 <0.001
Arterial hypertension 1.76 1.29-241 142 1.01-1.99 0.046
Dyslipidemia 161 1.17-2.23 124 0.87-1.77 0.237
Lupus anticoagulant 3.08 1.81-523 1.98 1.13-3.48 0.017
Classic aPL (aB2GPI or aCL IgG/M) 3.54 1.86-6.74 240 122-472 0.011
Anti B2GPI IgA 271 1.57-4.69 253 1.44-4.46 0.001
Anti PS/PT (IgG or IgM) 322 1.87-5.54 236 133-421 0.004
Area under the ROC curve (AUC) 0.703 (0.673-0.732)

B. Independent event multivariate

. Venous Pulmonary Stroke Myocardial Arterial
Variable thrombosis embolism infarction Thrombosis*
95% o o, o °
OR cl OR 95% Cl 95% Cl OR 95%ClI OR 95% CI
Sex female 077 | 058-1 121 | 08-181 | 128 | 084-195 082 | 04-171
3 . 241-
Active smoking 3.64 5.48 432 259-72 3.01 1.75-5.18 8.15 3.79-17.49
§ " 1.29-
Arterial hypertension 1.76 241 ) B 1.12-28 129 0.79-2.09 1.63 0.76-3.53
5 8 1.17-
Dyslipidemia 161 Shy 152 095242 | 128 078209 360 | 169767
Lupus anticoagulant 3.08 15'821; 2.56 1.28-5.13 147 0.68-3.18 1.94 0.65-5.77 240 0.74-7.75
1.86-
Classic aPL aB2GPI or aCL IgG/M 3.54 68764 217 | 093-506 | 441 | 206-945 416 | 133-1304 322 | 081-1272
Anti B2GPI IgA 271 14'5679_ 238 1.17-4.83 240 1.16-4.99 4.04 1.43-11.44 445 1.52-13.01
1.87-
Anti PS/PT IgG or IgM 2 | 574 195 | 094-404 | 201 | 095-427 200 & 0.69-583 418 | 148-118
0.65-
AUC 0.69 073 0.721 0.68-0.761 0.68 0.64-0.72 0.85 0.81-0.89 0.666 0.61-0.72

(A) Analysis of factors identified in the initial univariate analysis with a p-value < 0.1

(B) Analysis stratified by individual pathologies associated with APS.

The only factors that remained as independent variables were smoking habit and the presence of IgA aB2GP1.

*Due to the low number of arterial thrombosis studied, only four variables could be analyzed, and the four types of aPLs were chosen. The rest of the factors were not analyzed. Multivariate
variable aPL was associated with thrombosis. Shaded values did not obtain statistical significance.





OEBPS/Images/table4.jpg
Univariate

Multivariate

A. Risk factors 95% ClI 95% ClI
Age (years) 113 1.09-1.17 L11 1.07-1.15 <0.001
Dyslipidemia 9.04 1.73-47.15 4.00 0.53-30.48 0.181
Arterial hypertension 4.57 1.85-11.29 179 0.58-5.53 0.309
Additional autoimmune disease 6.19 251-153 198 0.58-6.84 0278
Classical aPL (aB2GPI/aCL IgG/M) 211 6.04-73.65 15.36 3.7-63.84 <0.001
I aP2GPI IgA 555 1.94-15.91 323 0.85-12.25 0.084
aPS/PT (IgG or IgM) 6.76 3.36-13.57 445 1.96-10.11 <0.001
Area under the ROC curve (AUC) 0.758 0.721-0.792
B. Risk factors OR 95% Cl OR 95% Cl p-Value
Age (years) L13 1.09-1.17 L11 1.07-1.15 <0.001
Dyslipidemia 9.04 (1.73-47.15) 4.00 0.52-30.52 0.181
Arterial hypertension 457 (1.85-11.29) 1.81 0.59-5.54 0.298
Additional autoimmune disease 6.19 (2.51-15.3) 1.96 0.57-6.81 0.287
Classic aPL IgM (aB2GPI or aCL) 37.75 4.79-298 36.04 3.56-65.23 0.002
Classic aPL IgG (aB2GPI or aCL) 16.81 3.58-78.83 6.06 0.91-40.32 0.063
aP2GPI IgA 5.55 1.94-15.91 323 0.85-12.28 0.086
aPS/PT (IgG or IgM) 6.76 3.36-13.57 4.4 1.93-10.06 <0.001
Area under the ROC curve (AUC) 0.758 0.722-0.793

A. Positivity for classic aPL (those included in the Sidney criteria) without a single variable. B. Classic aPL was divided into two variables: one collecting positives for classic aPL of the IgM isotype
(1gM aB2GPI or aCL) and the other for those of the IgG isotype (IgG aB2GPI or aCL).

Given the power of the IgM isotype in the univariate analysis (strongest risk factors), a second multivariate analysis was carried out in which classic aPL was divided into two variables: one
collecting positives for classic aPL of the IgM isotype and the other for IgG isotype.
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Obstetric APS symptoms

N = 130 Healthy women N = 45. .
p-Value 95% Cl

CONDITION N/median IQR/% N/median IQR/%

Age (years) 37 33-40 32 27-36 <0.001

Dyslipidemia 5 (3.8%) 2 (0.4%) 0.007 9.04 1.73-47.15

Diabetes mellitus 2 (1.5%) 4 (0.9%) 0273

Smoking habit 7 (5.4%) 37 (8.1%) 0.292

Arterial hypertension 11 (8.5%) 9 (2%) <0001 457 1.85-11.29

Obesity 1 (0.8%) 10 (22%) 0.196

Additional autoimmune disease 13 (10%) 8 (1.8%) <0.001 6.19 251-153

Lupus anticoagulant* 17 (13.1%) 2 (3.4%) 0.0242 429 0.96-192

Classic aPL (aB2GPI + aCL IgG/M) 16 (123%) 3 (0.7%) <0.001 211 6.04-73.65
aB2GPI IgM 10 (7.7%) 0 (0%) <0.001 79.2 4.6-1361
aB2GPI IgG 10 (7.7%) 2 (0.4%) <0.001 18.83 4.07-87.11
aCL IgM 9 (6.9%) 1 (02%) <0.001 33.69 423-269
aCL IgG 8 (6:2%) 1 (0.2%) <0.001 29.7 3.68-240

Classic aPL IgM (IgM aB2GPI or aCL) 10 (7.7%) 1 (02%) <0.001 37.75 479-298

Classic aPL IgG (IgG aB2GPI or aCL) 9 (6.9%) 2 (0.4%) <0.001 16.81 3.58-78.83

aP2GPI IgA 9 (6.9%) 6 (1.3%) <0001 555 1.94-1591

aPS/PT (IgG/M) 23 (17.7%) 14 (3.1%) <0.001 676 336-13.57
aPS/PT IgM 17 (13.1%) 7 (1.5%) <0.001 9.61 3.89-23.73
aPS/PT IgG 12 (9:2%) 7 (1.5%) <0.001 649 2.5-16.86

Clinical characteristics**

Normal fetus dead (>10 weeks) 33 (25%)
Premature births (<34 weeks) 6 (5%)
Three or more abortions (<10 weeks) 95 (73%)

IQR, interquartile range.
*Lupus anticoagulant was evaluated only in 58 healthy women.
**Some women suffered more than one process.
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Vascular APS criteria General population

Condition N =715 N =296 p-Value  OR  95%Cl
N/median IQR/% N/median IQR/%

Age (years) 57 | 45-70 56 | 44-69 0.220

Sex (women) 334 | (46.7%) 158 | (53.4%) 0.054

Dyslipidemia 211 (29.5%) 61 | (20.6%) 0.004 161 1.17-2.23

Diabetes mellitus 76 = (10.6%) 29 | (9.8%) 0.693

Smoking habit 208 (29.1%) 30 (10.1%) <0.001 364 241-548

Arterial hypertension 243 (34%) 67 | (22.6%) <0.001 176 1.29-241

Obesity 29 (4.1%) 18 | (6.1%) 0.164 »

Additional autoimmune disease 37 (52%) 12| (4.1%) 0.450

Antiphospholipid antibodies 162 (22.7%) 28 | (9.5%) <0.001 28 1.83-43
Lupus anticoagulant 113 | (15.8%) 17 | (5.7%) <0.001 3.08 1.81-5.23
Classic aPL (ap2GPI + aCL 1gG/M) 86 (12%) 11| (3.7%) <0.001 3.54 1.86-6.74
aP2GPI IgA 96 (13.4%) 16 | (5.4%) <0.001 271 ‘ 1.57-4.69
aPS/PT (IgG/M) 111 (15.5%) 16 | (5.4%) <0.001 322 1.87-5.54

APS events*

Deep venous thrombosis 343 | (48%)

Pulmonary embolism 33 (4.6%)

Arterial thrombosis 200 (28%)

Stroke 171 | (23.9%)

Myocardial infarction 55 (7.7%)

Obstetric morbidity* 7 (1%)

IQR, interquartile range.
*Some patients have more than one event.
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Primary form Autoimmune disease associated

A. aPL and symptoms profile

Vascular symptoms (APS thrombotic form)

Antibodies OR 95% CI p-Value OR 95% CI p-Value
aPS/PT (IgG/M) 296 1.71-5.11 <0.001 84 3.58-19.71 <0.001
aB2GPI T IgA 278 1.6-4.82 <0.001 1.54 0.43-5.57 0.208
Lupus anticoagulant 3.04 1.79-5.18 <0.001 3.83 1.47-9.97 0.006
Sidney aPL 272 1.77-4.18 <0.001 4.60 2.08-10.13 <0.001
Classic aPL (aB2GPI or aCL) 332 1.74-6.34 <0.001 833 3.18-21.81 <0.001
Classic IgM (aB2GPI or aCL) 246 1.19-5.08 0.012 287 0.87-9.41 0.066
Classic 1gG (aB2GPI or aCL) 34 1.32-8.73 0.003 5.52 2.02-15.09 <0.001

Obstetric symptoms (gestational APS)

Antibodies OR 95% CI p-Value OR 95% CI p-Value

aPS/PT (IgG/M) 6.48 3.16-13.28 <0.001 943 2.34-38.1 0.009
aB2GPI IgA 4.03 1.28-12.75 0.011 224 4.9-102.5 0.001
Lupus anticoagulant 320 0.69-14.8 0.137 17.5 2.89-106 0.002
Sidney aPL 4.01 1.14-14.05 <0.001 1145 2.9-105.8 0.003
Classic aPL (aB2GPI or aCL) 17.18 4.76-61.97 <0.001 66.8 13-343 <0.001
Classic IgM (aB2GPI or aCL 3325 4.11-268 <0.001 136 13-1,423 <0.001
Classic IgG (aB2GPI or aCL 1438 2.95-70.19 <0.001 67.7 10.2-450 <0.001
Profile Kappa 95% CI p-Value Kappa 95% CI p-Value
Vascular or obstetric 0.338 0.249-0.426 0.024 0.343 0.058-0.629 0.015
Vascular symptoms (thrombosis) 0.323 0.233-0.423 <0.001 0.229 ~0.084-0.563 0.183
Obstetric symptoms 0425 0.198-0.655 <0.001 0.649 0.229-1 0.035

B. Strength of agreement between lupus anticoagulant markers and anti-phosphatidylserine/prothrombin antibodies (IgG/IgM) in the most common clinical forms of APS.





