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A B S T R A C T

Background: Increasing evidence suggests the role of non-criteria aPLs as important supplements to the current
criteria aPLs in APS. In this study, we evaluated the clinical performance of a panel of non-criteria antibodies to
phospholipid antigens, including, phosphatidylserine (aPS), phosphatidylinositol (aPI), sphingomyelin (aSM),
phosphatidylcholine (aPC) and phosphatidylethanolamine (aPE) in a well-defined Chinese APS cohort.
Methods: A total of 229 subjects were tested, including 86 patients with APS, 104 disease controls (DCs) and 39
healthy controls (HCs). Serum IgG/IgM aCL, IgG/IgM aβ2GP1, IgG/IgM aPS, IgG/IgM aPI, IgG/IgM aSM, IgG/
IgM aPC, and IgG/IgM aPE were tested by ELISA.
Results: The presence of aPE, aPS, aPI, aPC, and aSM in patients with APS and Disease Controls were 8.1% (7/
86) and 1.0% (1/104), 37.2% (32/86) and 9.6% (10/104), 50.0% (43/86) and 8.7% (9/104), 23.3% (20/86)
and 1.0% (1/104), and 18.6% (16/86) and 1.9% (2/104), respectively. In criteria aPLs, aCL IgG demonstrated
the highest positive likelihood ratio (LR+) of 35.75, followed by LA (LR+ of 13.51) and aCL IgM (LR+ of
11.64). In non-criteria aPLs, aPC IgG demonstrated the highest LR+ of 24.94 followed by aSM IgM (LR+ of
14.97). Importantly, the non-criteria aPLs were detected in 18.8% (3/16) of seronegative APS patients. The
criteria aPLs, including LA, IgG aCL and IgG aβ2GPI, were significantly correlated with both arterial thrombosis
and venous thrombosis, while the non-criteria aPLs, including IgG aPS, IgM aPS, IgG aPI and IgG aPC were
significantly associated with arterial thrombosis but not venous thrombosis.
Conclusions: In summary, our findings indicate that those non-criteria aPLs may be particularly helpful for
patients in whom APS is highly suspected, but conventional aPLs are repeatedly negative as well as for predicting
APS patients with arterial thrombosis.

1. Introduction

Antiphospholipid syndrome (APS) is a thrombophilic autoimmune
disorder characterized by the presence of a variety of autoantibodies
against phospholipids (PL) and/or PL-binding proteins (antipho-
spholipid antibodies, aPLs) and a wide series of clinical manifestations,
from recurrent arterial and/or venous thrombotic events to recurrent
fetal loss [1–6]. Although the 2006 revised international diagnostic
criteria for APS recommend lupus anticoagulant (LA), anti-cardiolipin
(aCL) and anti-β2-glycoprotein 1 (aβ2GP1) antibodies for routine tests
[7], increasing evidence has highlighted the role of non-criteria aPLs as
important diagnostic supplements to the current criteria aPLs in the
diagnosis of APS, especially in identifying patients with clinical evi-
dence of APS, but seronegative for the criteria markers (seronegative

APS), as well as those at high risk of thrombosis or recurrent fetal loss
[4,8,9].

In addition to aCL, one of the diagnostic criteria aPLs, a number of
autoantibodies targeting phospholipids, including phosphatidylserine
(aPS), phosphatidylinositol (aPI), sphingomyelin (aSM), phosphati-
dylcholine (aPC) and phosphatidylethanolamine (aPE) have been
identified in patients with APS [10,11]. Over the past two decades, a
number of home-made or commercial ELISA kits have been developed
for detecting those non-criteria aPLs. Despite tremendous efforts has
been made to elucidate their clinical relevance in APS, the results were
inconsistent, especially regarding whether those aPLs could predict
patients with at high risk of thrombosis or recurrent fetal loss [12–19].

A possible explanation for those discrepancies mentioned above is
the differences in genetic/environmental factors. To our knowledge,
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few, if any, studies have assessed the clinical relevance of those aPLs in
Chinese patients with APS. Moreover, little is known regarding the
clinical utility of aSM in the diagnosis of APS and in stratifying APS-
related clinical manifestations. This is an important endeavor as this
information will greatly enhance our appreciation on the clinical utility
of those non-criteria aPLs, particularly in their prognostic value for
thrombosis and pregnancy complications. In this study, we evaluated
the clinical performance of a series of non-criteria autoantibodies tar-
geting phospholipids, including aPS, aPI, aSM, aPC and aPE in a well-
defined Chinese APS cohort.

2. Materials and methods

2.1. Subjects and specimen collections

Sera from a total of 229 subjects were collected and analyzed. The
serum was collected during the first visit of a patient who was tested for
aPLs. The serum was then aliquoted and stored in −80°C. The patient
was followed up until the final diagnosis of APS was made. Detailed
demographics and clinical characteristics from patients have been
previously published [20,21]. Specifically, the subjects included 86
patients with APS, 104 patients as disease controls (including 30 pa-
tients with non-APS thrombosis, 32 patients with non-APS pregnancy-
related morbidity (PRM), and 42 patients with systemic lupus er-
ythematosus (SLE)), and 39 healthy controls (HC). Patients with non-
APS thrombosis included 10 patients with deep vein thrombosis, 7
patients with cerebral ischemic stroke, 5 patients with Renal artery
thrombosis, 4 patients with pulmonary embolism, 2 patients with portal
vein thrombosis, 1 patient with splenic infarction and 1 patient with
cerebral venous sinus thrombosis. Patients with non-APS PRM included
23 patients with unknown reason for recurrent miscarriage, 4 patients
with uterine fibroids, 2 patients with endometriosis, 1 patient with
polycystic ovary syndrome, 1 patient with severe pre-eclampsia and 1
patient with gestational hypertension and severe pre-eclampsia. APS
was diagnosed according to 2006 Sydney revised Sapporo guidelines
[7]. Specifically, a combination of one positive clinical criterion and
one positive laboratory criterion (LAC, aCL or aβ 2G1 antibodies de-
termined by ELISA) on two different occasions separated by 12weeks
were used for the diagnosis of APS. Among those APS patients, 16 were
defined as seronegative APS, as suggested by other studies [22]. Briefly,
those patients fulfilled the clinical criteria for APS, but were negative
for LA as well as IgG/IgM aCL and IgG/IgM aβ2GPI antibodies as de-
termined by ELISA (Aesku Diagnostics). HCs were defined as no signs of
infection or inflammation or other significant illnesses. Study protocols
were reviewed and approved by the Ethical Committee of Peking Union
Medical College Hospital (PUMCH) and informed consents were

obtained from all participants.

2.2. Serum aPLs antibodies determination

Serum IgG/IgM aCL and IgG/IgM aβ2GP1 were determined by
ELISA (Aesku Diagnostics, Wendelsheim, Germany) according to the
manufacturer's instructions. The cutoff value for positivity of IgG aCL
was set at 18 GPL/ml, and the cutoff value for positivity of IgM aCL was
set at 18 MPL/ml based on the recommendations by the manufacturer.
The cutoff values for positivity of IgG/IgM aβ2GP1 were set at 18 U/ml
based on the recommendations by the manufacturer. Serum IgG/IgM
aPS, IgG/IgM aPI, IgG/IgM aSM, IgG/IgM aPC, and IgG/IgM aPE were
tested by ELISA (Aesku Diagnostics, Wendelsheim, Germany) according
to the manufacturer's instructions. The cutoff values for positivity of
those non-criteria aPLs were set at 18 U/ml based on the re-
commendations by the manufacturer. The detection ranges for IgG aCL
and IgM aCL were 0–300 GPL/ml and 0–300 MPL/ml, respectively. The
detection ranges for other aPLs were 0–300 U/ml. The intra- and inter-
assay coefficients of variation (CV) were<10% for all the tests (data
not shown), which was in accordance with the Clinical and Laboratory
Standards Institute (CLSI) protocol EP15-A2 [23].

2.3. Statistical analysis

One-way ANOVA was utilized to calculate the differences between
groups. The χ2 test or Fisher exact test was utilized for comparison of
categorical variables. Correlations between multiple aPLs and throm-
bosis or obstetrical complications were determined by logistic regres-
sion models. p values of< 0.05 were considered statistically significant.
SPSS 20.0 statistical software package (SPSS Inc., Chicago, Illinois,
USA) and Prism 5.02 (GraphPad Software, San Diego, California, USA)
were utilized for all statistical tests.

3. Results

3.1. Non-criteria aPL profiles in patients with APS and controls

Overall, the presence of aPE, aPS, aPI, aPC and aSM in patients with
APS were 8.1%, 37.2%, 50.0%, 23.3% and 18.6%, respectively. The
presence of aPE, aPS, aPI, aPC and aSM in Disease Controls were 1.0%,
9.6%, 8.7%, 1.0% and 1.9%, respectively (Table 1). None of aPE, aPS,
aPI, aPC were detected in healthy controls. aSM was detected in one
healthy control (Table 1).

Table 1
Demographic, clinical characteristic, and aPL profiles in patients with APS and controls.

APS (n=86) DC (n=104) HC (n=39) p-Value***

Gender (female/male) 67/17 81/23 14/25 0.997
Median age at study (max, min) 34 (9, 86) 37 (12, 85) 39 (25, 65) 0.053
Arterial thrombosis, % (n) 33.3(28) 5.8 (6) 0.0 (0) < 0.001
Venous thrombosis, % (n) 47.6 (40) 26.0 (27) 0.0 (0) 0.003
Obstetric complications*, % (n) 50.0 (28/56) 46.6 (34/73) 0.0 (0/12) 0.372
aCL, % (n) ** 58.1 (50) 3.8 (4) 0.0 (0) < 0.001
aβ2GPI, % (n) 66.3 (57) 9.6 (10) 2.6 (1) < 0.001
LA, % (n) 75.6 (65) 7.7 (8) 0.0 (0) < 0.001
aPE, % (n) 8.1 (7) 1.0 (1) 0.0 (0) 0.046
aPS, % (n) 37.2 (32) 9.6 (10) 0.0 (0) < 0.001
aPI, % (n) 50.0 (43) 8.7 (9) 0.0 (0) < 0.001
aPC, % (n) 23.3 (20) 1.0 (1) 0.0 (0) < 0.001
aSM, % (n) 18.6 (16) 1.9 (2) 2.6 (1) < 0.001

*Percentage among females with reproductive history; **Either IgG or IgM; ***p-Value was calculated between APS patients and diseases controls. APS, antipho-
spholipid syndrome; DC, disease control; HC, health controls, aCL, anticardiolipin antibodies, aβ2GP1, anti-β2-glycoprotein 1 antibodies, LA, lupus anticoagulants;
aPE, antiphosphatidylethanolamine, aPS, anti-phosphatidylserine, aPI, antiphosphatidylinositol; aPC, antiphosphatidylcholine; aSM antisphingomyelin.
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3.2. The predictive power of multiple aPLs in the diagnosis of patients with
APS vs. Disease Controls

Assay performance parameters of each aPL were calculated to fur-
ther assess the role of non-criteria aPLs in the diagnosis of patients with
APS (Table 2). In criteria aPLs, aCL IgG demonstrated the highest po-
sitive likelihood ratio (LR+) of 35.75 with a sensitivity of 50.0% and a
specificity of 98.6%, followed by LA (LR+ of 13.51, sensitivity of
75.58% and specificity of 94.41%) and aCL IgM (LR+ of 11.64, sen-
sitivity of 16.28% and specificity of 98.60%) (Table 2). In non-criteria
aPLs, aPC IgG demonstrated the highest LR+ of 24.94 with a sensitivity
of 17.44% and a specificity of 99.30%, followed by aSM IgM (LR+ of
14.97, sensitivity of 10.47% and specificity of 99.30%) (Table 2). Of
note, IgM aPS exhibited good diagnostic potential with a sensitivity of
16.28% and a specificity of 100%.

3.3. Relationships among multiple non-criteria aPLs and criteria aPLs in
patients with APS

The distributions and relationships among multiple non-criteria
aPLs and criteria aPLs in patients with APS are illustrated by a Venn
diagram in Fig. 1. Overall, 16 patients (18.6%, 16/86) were ser-
onegative APS, who were negative for all of the three criteria aPLs (LA,

aCL and aβ2GP1). Of note, the non-criteria aPLs were detected in 3 of
those patients (18.8%, 3/16) (Fig. 1). In addition, among APS patients
that were negative for IgM/IgG aCL and IgM/IgG aβ2GP1, non-criteria
aPLs were detected in 6 patients (13.3%, 6/45) (Fig. 1).

3.4. Associations between multiple aPLs and thrombosis/obstetrical
complications

The correlations between multiple aPLs and thrombosis/pregnancy
morbidities were evaluated (Table 3). The criteria aPLs, including LA,
IgG aCL and IgG aβ2GPI, were significantly correlated with both ar-
terial thrombosis and venous thrombosis. While IgG aPS, IgM aPS, IgG
aPI and IgG aPC were significantly associated with thrombosis, they
were all correlated with arterial thrombosis but not venous thrombosis
(Table 3). Among those non-criteria aPLs, IgG aPI displayed the highest
OR of 4.209 in identifying APS patients at high risk of arterial throm-
bosis, followed by IgG aPC (OR, 3.964) and IgM aPS (OR, 3.563)
(Table 3).

4. Discussion

In the present study, we evaluated the clinical performance of a
series of non-criteria autoantibodies targeting phospholipids, including
IgG/IgM aPS, IgG/IgM aPI, IgG/IgM aSM, IgG/IgM aPC and IgG/IgM
aPE in the diagnosis of APS in a well-defined Chinese cohort. Although
those non-criteria aPLs did not exhibit better diagnostic potentials than
the current criteria aPLs in the diagnosis of APS, they were present in
18.8% (3/16) of seronegative APS. In addition, different from criteria
aPLs which were significantly associated with both arterial thrombosis
and venous thrombosis, some of those non-criteria aPLs, including IgG
aPS, IgM aPS, IgG aPI and IgG aPC were significantly correlated with
arterial thrombotic events alone. Collectively, our findings delineate
the clinical relevance of those non-criteria aPLs, especially when it
comes to distinguishing arterial thrombosis from venous thrombosis or
diagnosing seronegative APS.

In this study, we found that aPE were less common than the rest
non-criteria aPLs (IgG/IgM of 8.1% (7/86), IgG aPE of 5.81% (5/86)
and IgM aPE of 4.65% (4/86), respectively). Although PE is one of the
primary lipid components of the cell membrane, it is a neutral phos-
pholipid [10]. As aPLs are mainly react with negatively charged
phospholipids and cofactors, the neutral nature of PE may explain the
low prevalence of aPE in our APS cohort. In addition, we failed to find a
significant association between aPE and thrombosis events, which is
consistent with a study by Bertolaccini et al., who also failed to de-
monstrate an association of aPE with thrombotic events in SLE [24]. A

Table 2
The predictive power of multiple aPLs in the diagnosis of patients with APS vs. Disease Controls.

Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR-

LA 75.58 94.41 89.04 86.54 13.51 0.26
aCL IgG 50.00 98.60 95.56 76.63 35.75 0.51
aCL IgM 16.28 98.60 87.50 66.20 11.64 0.85
aβ2GPI IgG 65.12 93.71 86.15 81.71 10.35 0.37
aβ2GPI IgM 10.47 98.60 81.82 64.68 7.48 0.91
aPE IgG 5.81 99.30 83.33 63.68 8.31 0.95
aPE IgM 4.65 100.00 100.00 63.56 N/A 0.95
aPS IgG 29.07 93.01 71.43 68.56 4.16 0.76
aPS IgM 16.28 100.00 100.00 66.51 N/A 0.84
aPI IgG 47.67 93.71 82.00 74.86 7.57 0.56
aPI IgM 12.79 100.00 100.00 65.60 N/A 0.87
aPC IgG 17.44 99.30 93.75 66.67 24.94 0.83
aPC IgM 12.79 100.00 100.00 65.60 N/A 0.87
aSM IgG 12.79 98.60 84.62 65.28 9.15 0.88
aSM IgM 10.47 99.30 90.00 64.84 14.97 0.90

APS, antiphospholipid syndrome; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR-, negative likelihood ratio; aCL,
anticardiolipin antibodies; aβ2GP1, anti-β2-glycoprotein 1 antibodies; LA, lupus anticoagulants; aPE, antiphosphatidylethanolamine, aPS, anti-phosphatidylserine,
aPI, antiphosphatidylinositol;

Fig. 1. Relationships among multiple non-criteria aPLs and criteria aPLs in
patients with antiphospholipid syndrome (APS). aCL, anticardiolipin anti-
bodies; aβ2GP1, anti-β2-glycoprotein 1 antibodies; LA, lupus anticoagulants;
aPE, antiphosphatidylethanolamine, aPS, anti-phosphatidylserine, aPI, anti-
phosphatidylinositol; aPC, antiphosphatidylcholine; aSM antisphingomyelin.
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multicenter study from Europe showed that aPE were significantly as-
sociated with thrombosis when using patients with thrombosis and
matched controls as study subjects [15]. The differences in study sub-
jects may account for those discrepancies. Antibodies against another
neutral phospholipid, aPC, have received less attention than aPE. In our
study, we found that aPC displayed a higher prevalence in APS com-
pared to aPE (IgG/IgM of 23.3% (20/86), IgG aPE of 17.44% (15/86)
and IgM aPE of 12.79% (11/86), respectively), which was different
from a study showing that the prevalence of aPC was 15.9%, while the
prevalence of aPE was 18.2% [17]. Importantly, we found that IgG aPC
displayed a LR+ of 24.94, which was higher than those from criteria
aPLs, including LA (LR+ of 13.51), IgM aCL (LR+ of 11.64), IgG
aβ2GP1 (LR+ of 10.35) and IgM aβ2GP1 (LR+ of 7.48). In addition,
we showed that IgG aPC can predict patients at risk of arterial throm-
bosis. Taken together, our data indicate that aPC may have a better
clinical performance than aPE in the diagnosis of APS in Chinese co-
hort.

Phosphatidylinositol (PI) and PS are negatively charged phospho-
lipids. Antibodies to PI (aPI) and aPS were more commonly detected in
our APS cohort than aPE and aPC (aPI, 50.0% (43/86) and aPS, 37.2%
(32/86) vs. aPE 8.1% (7/86) and aPC 23.3% (20/86). Importantly, IgM
aPS demonstrated good performance with a sensitivity of 16.28% and a
specificity of 100%. A study from Saudi Arabia showed that aPS were
present in 75% of confirmed APS cases, which was higher than those
our study (37.2%, 32/86) [16]. Previous studies have indicated that
aPS were associated with clinical features of APS [25–29]. We found
that both IgG aPS and IgM aPS were significantly associated with ar-
terial thrombosis but not venous thrombosis. Lopez et al. also found
that aPS were strongly associated with arterial thrombosis (p < .001),
but they also found that aPS were weekly but significantly correlated
with venous thrombosis (p= .01) [27]. Of note, aPI demonstrated the
highest prevalence among non-criteria aPLs assessed in this study
(50.0%, 43/86), and aPI were detected in two seronegative APS pa-
tients. One patient, who had recurrent pregnancy failure, was only
positive for IgG aPI, while the other patient with a history of stroke was
positive for both IgM aPI and IgM aPS. Further, we showed that IgG aPI
were significantly correlated with arterial thrombosis. Our findings
were in agreement with previous reports showing that aPS and aPI may
be implicated in stroke etiology [28,29]. A recent study by Castanon
et al. failed to show any significant associations between IgG/IgM aPI
and thrombosis [18]. The discrepancy may be due to the differences in
sample size, ELISA kits for aPI or genetic/environmental factors. Taken
together, our data show that both IgG/IgM aPS and IgG aPI may have

promising diagnostic potentials in the diagnosis of APS, especially for
seronegative APS.

Few, if any, studies have examined the clinical utility of aSM in the
diagnosis of APS. In this study, we found that the prevalence of aSM
was significantly higher in patients with APS than DC and HC.
Importantly, IgM aSM displayed a LR+ of 14.97, which was also higher
than those from LA (LR+ of 13.51), IgM aCL (LR+ of 11.64), IgG
aβ2GP1 (LR+ of 10.35) and IgM aβ2GP1 (LR+ of 7.48). Further, al-
though we failed to identify significant associations between IgG/IgM
aSM and APS clinical manifestations, we did observe that IgG aSM was
present in one seronegative APS patient. In fact, IgG aSM was the only
aPL found in this APS patient. Thus, incorporating aSM into the aPLs
panel may enhance the diagnostic sensitivity for APS.

Our study has a number of notable strengths. To the best of our
knowledge, our study represents the first study in China investigating
the clinical performance of those non-criteria aPLs in the diagnosis of
APS, and the information obtained from our study will enhance our
understanding of the clinical utility of those aPLs in Chinese APS pa-
tients. It should be noted, however, that our study has several limita-
tions. First, the sample size was small, which may lead to potential
analytical bias. Further studies with large cohorts are needed. Second,
the subjects in our study were from a single institution, and these
subjects were homogenous Han Chinese ethnic group. A multicenter
study with various ethnic groups is needed to evaluate the general-
izability of our results.

In summary, our study provides evidence regarding the clinical re-
levance of a number of non-criteria aPLs in the diagnosis and risk
stratification of APS in Chinese patients. Our findings indicate that
those non-criteria aPLs may be particularly helpful for patients in whom
APS is highly suspected, but conventional aPLs are repeatedly negative
as well as for predicting APS patients with arterial thrombosis. It is
noteworthy that a multi-analyte aPLs detection system, which allows
multiplex detection of aCL, aβ2GPI, anti-phosphatidic acid antibody,
aPC, aPE, anti-phosphatidylglycerol antibody, aPI, aPS, anti-annexin V
antibody and anti-prothrombin antibody, has been developed [30].
Thus, our findings may also shed insights on the strategies of devel-
oping appropriate aPLs panels for multi-analyte detection systems in
the diagnosis, clinical and therapeutic decision-making process in
Chinese patients with APS.
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