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Abstract 

Background:  Antiphospholipid syndrome (APS) is an autoimmune disease characterized by persistent antiphospho-
lipid antibodies (aPLs) positivity with a wide manifestation spectrum. A risk stratification is needed for management 
guidance and prognosis assessment. We aimed to identify phenotypes among aPL-positive patients and assess the 
prognosis of each phenotype.

Methods:  This was a single-center, prospective cohort study of aPL-positive patients presented to Peking Union 
Medical College Hospital from 2012 to 2020. Demographic characteristics, aPL-related manifestations, cardiovascular 
risk factors, and antibodies profiles were recorded. The primary endpoint was defined as a combination of newly 
onset thrombosis, major bleeding events, non-criteria manifestations, and all-cause death. Hierarchical cluster analysis 
and Kaplan-Meier survival analysis were performed.

Results:  Four clusters among 383 patients (70.2% female; mean age 37.7 years) were identified. Cluster 1 (n = 138): 
patients with systemic lupus erythematosus (SLE) and non-criteria manifestations; cluster 2 (n = 112): patients with 
multiple cardiovascular risk factors; cluster 3 (n = 83): female patients with obstetric morbidity; cluster 4 (n = 50): 
patients with isolated lupus anticoagulant (LA) positivity.

Non-criteria manifestations were found aggregated with SLE from cluster analysis of variables. Cluster 3 showed the 
best outcome, while cluster 2 suffered highest frenquency of newly onset arterial thrombosis.

Conclusions:  We identified 4 clinical phenotypes of aPL-positive patients. Non-criteria manifestations may indicate 
underlying SLE, for which immunosuppressive therapy besides anticoagulation may be necessary. Patients with 
isolated LA positivity suffered similar risks with secondary APS and patients with multiple cardiovascular risk factors. 
Attention should be paid to male patients, and the screening of cardiovascular risk factors should never be ignored.

Keywords:  Antiphospholipid syndrome, Cluster analysis, Lupus erythematosus, Systemic, Heart disease risk factors, 
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Introduction
Antiphospholipid syndrome (APS) is an autoimmune 
disease characterized by persistent antiphospholipid 
antibodies (aPLs) positivity, leading to thrombotic events 
or obstetric morbidity. Despite considered as a rare dis-
ease with an annual incidence of 5 cases/100,000 and a 
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low prevalence of 40~50 cases/100,000 [1], APS was 
responsible for 25–33% of early-onset (< 50 years old) 
cerebrovascular events, 15–30% of all deep venous 
thrombosis (DVT) episodes, and 10–15% of recurrent 
fetal loss [2]. It usually affected adults of reproductive 
age, with a female/male ratio of over 3:1 [3]. In addition 
to thrombotic events and recurrent obstetric losses, aPLs 
were also associated with a higher prevalence of throm-
bocytopenia, hemolytic anemia, heart valve disease, 
livedo reticularis, aPL-related nephropathy, and cognitive 
impairment, referred to “non-criteria manifestations,” 
which led to disease exacerbation [4, 5]. Therefore, the 
manifestation spectrum ranged from asymptomatic aPLs 
positivity, various non-criteria manifestations, obstetric 
morbidity, thrombosis, to life-threatening catastrophic 
APS (CAPS). The wide manifestation spectrum led to a 
heterogeneous entity and brought challenges to manage-
ment of the syndrome.

As an exploratory method, cluster analysis was increas-
ingly applied to APS [6–8]. Clusters corresponded to 
well-known phenotypes, including secondary APS, 
obstetric APS, asymptomatic aPLs carriers, and throm-
botic APS with multiple cardiovascular risk factors, were 
identified [6–8]. However, the role of non-criteria mani-
festations in risk stratification was still poorly understood 
and there had been few reports on the prognosis of each 
phenotype. We aimed to develop a risk stratification 
based on cluster analysis integrating demographic char-
acteristics, clinical manifestations, traditional cardio-
vascular risk factors, and antibodies profiles, to identify 
phenotypes among aPL-positive patients for manage-
ment guidance and prognosis assessment.

Methods
Patients and data collection
This was a single-center, prospective cohort study 
conducted at Peking Union Medical College Hospital 
(PUMCH) from May 2012 to October 2020. The study 
included consecutive patients with persistent aPLs 
positivity (at least 12 weeks apart). Confirmed APS 
patients fulfilled 2006 Sydney APS Classification Crite-
ria [9], while patients with a coexisting SLE fulfilled the 
2019 European League Against Rheumatism (EULAR)/
American College of Rheumatology Classification Cri-
teria [10]. Confirmed APS patients were enrolled at the 
time of diagnosis, while event-free aPLs carriers were 
enrolled at the time of first aPLs positivity. Demo-
graphic characteristics, APS-related manifestations, 
traditional cardiovascular risk factors, and antibodies 
profiles were carefully collected at the baseline. Exclu-
sive criteria were missing data. Study protocols were 
reviewed and approved by the Ethical Committee of 

PUMCH and informed consent was obtained from all 
patients.

Antibody detection
Serum IgG/IgM anti-cardiolipin antibodies (aCL) and 
IgG/IgM anti-β2glycoprotein I antibodies (aβ2GPI) 
were detected by enzyme-linked immunosorbent assay 
(ELISA) (QUANTA Lite® ELISAs, INOVA Diagnostics, 
San Diego, CA, USA). The cutoff values for positivity 
were set as 40 IgG phospholipid (GPL) units or 40 IgM 
phospholipid (MPL) units. LA was detected by a tradi-
tional three-step procedure based on the guidelines of 
the International Society on Thrombosis and Hemo-
stasis [9]. LA test positivity was defined as a prolonged 
diluted Russell viper venom time (dRVVT) in the 
screening step, which was not reversed by mixing with 
normal plasma but reversed by the addition of excess 
phospholipids in the confirmation step [11].

Follow‑up and outcomes
Patients were followed up every 3 to 6 months in out-
patient clinics. Newly onset events (including non-
criteria manifestations, thrombosis events, bleeding 
events, and death) and laboratory tests were collected. 
Updated follow-up information was obtained by con-
tact with patients via telephone. The primary endpoint 
was determined as a combination of newly onset throm-
botic events, non-criteria manifestations, major bleed-
ing events, and all-cause deaths during follow-up. Newly 
onset thrombotic events were confirmed by computed 
tomographic angiography, magnetic resonance angiog-
raphy, or digital subtraction angiography. Non-criteria 
manifestations included thrombocytopenia, hemolytic 
anemia, heart valve disease, aPL-related nephropathy, 
cognitive impairment, seizure, and chorea. Thrombocy-
topenia was defined as platelet count < 100 × 109/L in the 
absence of other cause of thrombocytopenia. Heart valve 
disease was defined by the presence of valve thickness, 
valve vegetations, and/or valve dysfunction which met 
standards proposed by Amigo et  al. [12]. APL-related 
nephropathy was biopsy-proven or clinically diagnosed 
based on manifestations such as hypertension, micro-
scopic hematuria, proteinuria, and renal insufficiency 
in the absence of other secondary factors. Cognitive 
impairment, seizure, and chorea was diagnosed by pro-
fessional neurologists based on clinical manifestations 
and head magnetic resonance imaging. Major bleeding 
events were defined as bleeding episodes which caused 
a hemoglobin decrease of ≥ 20 g/L within 24 h or an 
unplanned blood transfusion ≥ 2 U of red blood cells or 
whole blood. The observation period ended either at the 
primary endpoint or at the end of the study.
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Statistical analysis
Hierarchical cluster analysis with the Euclidean distance 
and the Ward method was applied to identify clusters of 
patients and variables separately. Characteristics used 
in the cluster analysis of patients included: SLE, male 
sex, smoking history, hypertension, body mass index 
(BMI) ≥ 25 kg/m2, arterial thrombosis (AT), deep venous 
thrombosis (DVT), early miscarriages, fetal death > 
10th week, eclampsia, non-criteria manifestations, aCL, 
aβ2GPI, and LA. The “NbClust” package from R soft-
ware provided 26 clustering criteria, and we decided the 
one with the most approval criteria as the optimal clus-
ter number [13]. The Kruskal–Wallis test was applied 
among clusters for each variable. For multiple compari-
son, the Pearson chi-square test (or chi-square test with 
the Yates continuity, or Fisher exact test as appropriate) 
was used for categorical data, and the Mann-Whitney U 
test was used for qualitative data. Time to event curves 
were estimated by the Kaplan Meier method and com-
pared using a two-side log-rank test. Alpha risk was set 
at 5% and the P value was adjusted according to Bon-
ferroni correction. All statistical analysis was performed 
with R software (version 3.6.1; R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results
Baseline characteristics
As shown in Fig.  1, 417 patients finished the first visit 
and provided informed consent. Twelve patients were 
excluded because of missing data. Twenty-two patients 
were lost to follow-up. A total of 383 patients (70.2% 
female; mean age 37.7 years) were included in the analy-
sis, and the baseline characteristics were summarized in 
Table 1. They were followed for 3.0 ± 2.2 years, of whom 
24.3% with a coexisting SLE. The mean age of onset was 
31.3 years. Patients with a history of arterial thrombosis, 
deep venous thrombosis, and obstetric morbidity at base-
line were 127 (33.2% of the total), 164 (42.8% of the total), 
and 142 (64.0% of female patients), respectively. Cluster 
analysis classified patients into 4 clusters (Supplementary 
Fig.  1). Multiple comparison of baseline characteristics 
among 4 clusters was shown in Table 1.

Cluster 1
Cluster 1 included 138 patients (36.0% of the total), 44.2% 
with a coexisting SLE. Non-criteria manifestations, espe-
cially thrombocytopenia, hemolytic anemia, heart valve 
disease, livedo reticularis, and non-stroke center nerv-
ous system (CNS) manifestations (including cognitive 
impairment, seizure and chorea), presented the most in 

cluster 1. Cluster 1 presented with high AT rate (42.8%) 
and moderate DVT (33.3%) rate, with 57.2% positive of 
triple aPLs.

Cluster 2
Cluster 2 (112 patients, 29.2% of the total) represented 
male patients with multiple cardiovascular risk factors, 
of whom 77.7% were male, 45.5% with a smoking his-
tory, 35.7% with hypertension, 42.0% with hyperhomo-
cysteinemia and the mean BMI was 24.7 kg/m2. Cluster 2 
showed the highest rate of AT (45.5%) and DVT (73.2%), 
and moderate rate of non-criteria manifestations (48.2%), 
with 46.4% positive of triple aPLs.

Cluster 3
Women with obstetric morbidity were aggregated in 
cluster 3 (83 patients, 21.7% of the total), in which 43.6% 
with history of early miscarriages, 37.2% with fetal 
death > 10th week, 10.3% with premature birth of fetus. 
Twenty-five patients (30.1%) were positive for more than 
one aPL, while only 2 patients (2.4%) were triple aPLs 
positive. The proportions of AT (3.6%), DVT (16.9%), 
and non-criteria manifestations (14.5%) were all the low-
est in cluster 3.

Cluster 4
Cluster 4 represented patients with isolated LA positivity 
(98.0%). Fifty patients (13.1%) were included, with 36.0% 

Fig. 1  Flow diagram of the study
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being male and 38.0% coexisting with SLE. High AT rate 
(28.0%) and moderate DVT (44.0%) and non-criteria 
manifestations rates (46.0%) were shown in cluster 4.

Cluster analysis of variables
Four clusters of variables were identified (Fig. 2): (A) early 
miscarriages and fetal death > 10th week; (B) venous 
thrombosis, male sex, smoking history, hypertension, 
dyslipidemia and BMI ≥ 25 kg/m2; (C) premature birth, 
aCL and aβ2-GPI; and (D) arterial thrombosis, LA, SLE 
and non-criteria manifestations.

Follow‑up
The mean follow-up was 36.4 months. Primary endpoint 
occurred in 56 patients, with an event occurrence rate of 
4.82 per 100 person-years (Supplementary Table 1). From 

Kaplan Meier analysis, 1-, 3-, and 5-year event-free survival 
rates were 92.6% (95% confidence interval [CI], 90–95.3%), 
85.2% (95% CI, 81.3–89.4%) and 79.8% (95% CI, 74.4–
85.5%), respectively (Fig. 3, Supplementary Table 2). Clus-
ters 1, 2, 3, and 4 showed the 5-year event-free survival 
rate of 79.4% (95% CI, 71.3–88.4%), 71.0% (95% CI, 60.3–
83.5%), 94.3% (95% CI, 88.1–100%), and 79.4% (95% CI, 
63.9–98.7%), respectively (Fig. 3, Supplementary Table 2). 
For primary endpoint and thrombosis endpoint, patients 
in cluster 3 showed the lowest risks, while patients in clus-
ters 1, 2, and 4 suffered similar risks (Fig. 4, Supplementary 
Table  2). For the AT endpoint, cluster 2 showed signifi-
cant higher rate (2.57 per 100 person-years) than the other 
clusters (Fig. 4, Supplementary Table 2). For endpoints of 
DVT, non-criteria manifestations, major bleeding events, 
or mortality, no difference was found among clusters.

Fig. 2  Hierarchical cluster analysis of 383 aPL-positive patients (x-axis) and 15 variables (y-axis) with the Euclidean distance and the Ward method. 
Four clusters of patients (cluster 1, 2, 3, 4) and four clusters of variables (cluster A, B, C, D) were identified separately. HPN, hypertension; BMI, body 
mass index; SLE, systemic lupus erythematosus; aCL, anticardiolipin antibodies; LA, lupus anticoagulant
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Discussion
This single-center prospective cohort study with 383 
aPL-positive patients identified 4 clusters with differ-
ent combination of clinical features, which reflected the 
heterogeneity of the syndrome. Cluster 1: secondary 
APS (SAPS) with non-criteria manifestations; cluster 2: 
male patients with multiple cardiovascular risk factors; 
cluster 3: female patients with obstetric morbidity; clus-
ter 4: patients with isolated LA positivity. Another four 
clusters were identified from cluster analysis of variables, 
and non-criteria manifestations were found aggregated 
with SLE in both cluster analysis. Patients with isolated 
LA positivity suffered similar risk of primary endpoint 
with SAPS and patients with multiple cardiovascular risk 
factors.

Cluster 1 represented SAPS and aggregated with non-
criteria manifestations, especially thrombocytopenia, 
hemolytic anemia, heart valve disease, livedo reticula-
ris, and non-stroke CNS manifestations. From cluster 
analysis of variables, non-criteria manifestations were 
once again found together with SLE. Similar results were 
reported in cluster analysis of an international cohort, in 
which aPL-related nephropathy, thrombocytopenia, and 
hemolytic anemia were found aggregated with second-
ary APS [8]. In previous studies, an increased incidence 
of thrombocytopenia, hemolytic anemia, heart valve 
disease, livedo reticularis, skin ulcers, pseudovascolitis, 
and chorea was observed in aPL-positive patients with 

SLE compared with those without SLE [4, 14–17]. We 
considered these non-criteria manifestations more sup-
portive of thrombotic microangiopathy in target organs 
already compromised by inflammatory damage of SLE. 
For heart valve disease, the immune complex involving 
aCL, aβ2GPI, and complement was deposited on the sub-
endothelial heart valve, and on this basis, aPLs promoted 
thrombosis and further valve damage [12]. From the clin-
ical perspective, the heart valve disease was progressive 
despite anticoagulation [18]. Clinicians should be alert 
to the underlying SLE in patients with those non-criteria 
manifestations, for whom anticoagulants alone may offer 
insufficient protection [19] and for those with a severe 
condition immunosuppressive therapy besides antico-
agulation may be necessary. Further search is needed to 
investigate whether non-criteria manifestations can pre-
dict future SLE in aPL-positive patients, while it is cer-
tain that non-criteria manifestations should be taken into 
account in the APS assessment [20].

Cluster 2 in our study represented patients with mul-
tiple well-known cardiovascular risk factors, as another 
major concern in primary APS for clinicians. The 5-year 
event-free survival rates in clusters 2 were 71.0%, simi-
lar to that of 74.9% reported in the Japanese cohort [6]. 
It showed the highest rate of both arterial and venous 
thrombosis at baseline and the highest incidence of 
primary endpoint and newly onset thrombosis dur-
ing follow-up. From cluster analysis of variables, venous 

Fig. 3  A Cumulative event-free survival curves in 383 aPL-positive patients. B Cumulative event-free survival curves of four clusters. Cluster 1: 
secondary APS; cluster 2: male patients with multiple cardiovascular risk factors; cluster 3: obstetric morbidity; cluster 4: isolated LA positivity
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thrombosis was aggregated with male sex, smoking his-
tory, hypertension, dyslipidemia, and BMI ≥ 25 kg/m2, 
which were all well-proven venous thrombosis and ath-
erosclerosis risk factors [21–23]. For atherosclerosis, 
increasing evidence suggested that its pathophysiology 
involved autoimmune mechanisms [24, 25]. Accelerated 
atherosclerosis and thrombosis associated with aPLs may 
directly lead to acute cardiovascular events. Males were 
not predisposed to APS, but to atherosclerosis [23]. Male 

APS patients tended to have more cardiovascular risk 
factors and suffered a higher risk of arterial thrombosis. 
For APS patients, especially for males or for those with a 
high-risk antibody profile, anticoagulation should be per-
formed under adequate management of current, modifi-
able cardiovascular risk factors.

In addition to clusters corresponded to well-known 
subtypes, we identified a cluster (cluster 4) characterized 
by isolated LA positivity. To the best our knowledge, this 

Fig. 4  A Cumulative thrombosis-free survival curves of four clusters. B Cumulative AT-free survival curves of four clusters. C Cumulative DVT-free 
survival curves of four clusters. D Cumulative non-criteria manifestation-free survival curves of four clusters. AT, arterial thrombosis; DVT, deep 
venous thrombosis. Cluster 1: secondary APS; cluster 2: male patients with multiple cardiovascular risk factors; cluster 3: obstetric morbidity; cluster 
4: isolated LA positivity
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is the first time that patients with isolated LA positivity 
were identified in a distinct cluster, facilitating the risk 
assessment of LA. In the early 1950s, lupus anticoagu-
lant was first coined to described the “peculiar hemor-
rhagic disorder” found in SLE patients [26]. Interestingly, 
LA was subsequently found associated with thrombosis 
rather than bleeding, since LA were actually immuno-
globulins targeting phospholipid binding protein on cell 
membranes, prothrombin, and β2GPI [27, 28]. LA pos-
itivity was defined as one of the high-risk aPLs profiles 
according to the EULAR recommendations [22] and was 
assigned of 4 points in the Global Anti-Phospholipid 
Syndrome Score (GAPSS) [15]. In 2014, Reynaud et  al. 
[29] published a meta-analysis with 16,441 patients from 
30 studies to quantify the thrombotic risk associated with 
each aPL. They reported odds ratio of 6.14 (95% confi-
dence interval CI 2.74–13.8, P < 0.001) for venous throm-
bosis associated with LA, compared with odds ratio 
of 1.46 and 1.61 for aCL and aβ2GPI, respectively. For 
arterial thrombosis, the odds ratio of LA was 3.58 (95% 
CI 1.29–9.92, P  = 0.01). LA was identified as an inde-
pendent risk factor of first thrombosis episode in aPLs 
carriers [30]. In our study, cluster 4 showed the short-
est Ward distance with cluster 1, indicating the lowest 
inter-group differences with SAPS. From multiple com-
parison, as compared with cluster 1, cluster 4 aggregated 
more males with smoking history and high LDL levels 
and less patients with history of stroke or non-criteria 
manifestations. LA was aggregated with arterial throm-
bosis in cluster D. From Kaplan-Meier survival analysis, 
cluster 4 shared similar prognosis with cluster 1 and clus-
ter 2 in terms of primary endpoint, confirming that LA 
represented a high-risk antibody spectrum. LA-positive 
patients may suffer similar risks with SAPS and patients 
with multiple cardiovascular risk factors.

Our study has some limitations. Firstly, this was a 
single-center study conducted in a tertiary hospital. 
The enrichment of difficult cases may introduce selec-
tion bias and further multi-center studies were needed 
to confirm the results. Patients with SLE were included 
in the study, who were prone to have some non-criteria 
manifestations, such as thrombocytopenia and hemo-
lytic anemia, which might led to a bias and limited the 
extrapolability and informative value of cluster 1. As an 
exploratory tool, cluster analysis was not able to identify 
dependent and independent risk factors for the primary 
endpoint, but was a suitable methodology for this entity 
with great heterogeneity. Further quantitative analysis 
could be conducted in each cluster. The treatment was 
not included in the variables due to the large individual 
differences in therapies, especially for patients with SLE 
and pregnant women. The absence of therapies limited 

prognostic values of clusters. A treatment-naïve incep-
tion cohort is needed for further assessment of the prog-
nostic difference.

Conclusions
In conclusion, we identified 4 clinical phenotypes of aPL-
positive patients derived from hierarchical cluster analy-
sis. The comparison among these clusters revealed the 
heterogeneity of APS. APS secondary to SLE was always 
aggregated with non-criteria manifestations. Therefore, 
clinicians should be alert to the possibility of SLE in aPL-
positive patients with coexisting non-criteria manifes-
tations, for whom immunosuppressive therapy besides 
anticoagulation may be necessary. Cluster 4 represented 
patients with isolated LA positivity and shared similar 
prognosis with secondary APS and male patients with 
multiple cardiovascular risk factors, which confirmed that 
LA represented a high-risk antibody spectrum. Addition-
ally, cardiovascular risk factors played an important role 
in both arterial and venous thrombosis events and led to 
poor prognosis. Therefore, more attention should be paid 
to male patients, and the screening and management of 
cardiovascular risk factors should not be ignored.
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