
INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune

disease characterized by diverse clinical manifestations

including the excessive production of autoantibodies. Anti-

phospholipid antibodies (aPLs) are found in a large percent-

age of patients with SLE; these antibodies are also associ-

ated with the antiphospholipid syndrome (APS), which com-

prises venous and arterial thrombosis and pregnancy loss

[1, 2]. Further, other clinical conditions such as thrombocy-

topenia have been associated with these antibodies [3]. APS

is diagnosed when there is laboratory evidence of the pres-

ence of aPLs and characteristic clinical manifestations [4].

Several studies in SLE patients have suggested that lupus

anticoagulant (LAC) is probably more frequently associat-

ed with thrombotic events and recurrent pregnancy losses

(RPLs) than anticardiolipin (aCL) antibodies [5-7]. These

studies have also shown that the detection of anti-beta2-

glycoprotein I antibodies (anti-beta2-GPI) are correlated
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Background : The presence of antiphospholipid antibodies (aPLs) is associated with the clinical
features of antiphospholipid syndrome (APS), which comprises venous and arterial thrombosis and
pregnancy loss, and systemic lupus erythematosus (SLE). The prevalence of aPLs has been report-
ed to be different in patient populations affected by either of these conditions. We performed a ret-
rospective study to evaluate the prevalence and clinical associations of aPLs, including lupus anti-
coagulant (LAC), anticardiolipin (aCL), and anti-beta2-glycoprotein I antibodies (anti-beta2-GPI) in
a cohort of Korean patients with SLE.

Methods : This study included samples from 88 SLE patients for whom aPL testing had been
advised between June 2006 and July 2009 at the Dong-A University Hospital. Serum and plasma
samples were tested for LAC, aCL (IgG, IgM), and anti-beta2-GPI (IgG, IgM) antibodies. Clinical
data from patients were obtained from a review of medical records.

Results : LAC was the most common (34.1% of total patients, 30/88) antibody, followed by IgM
aCL (31.8%, 28/88), IgG aCL (18.2%, 16/88), and IgM and IgG anti-beta2-GPI (both 5.7%, 5/88
each). Positivity for LAC was strongly associated with venous/arterial thrombosis (P=0.002).

Conclusions : LAC was the most common antibody detected in Korean SLE patients and is shown
to have a significant association with the presence of venous/arterial thrombosis. The measurement
of LAC may be clinically useful in identifying patients with SLE who are at a high risk for venous/arteri-
al thrombosis. (Korean J Lab Med 2010;30:38-44)
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with the manifestations of APS [8, 9].

Detection of aPLs in patients with a history of throm-

bosis or pregnancy-related complications is an essential

step in both the diagnosis and management of APS. Exa-

mination of aPL in SLE patients of the old or reproductive

age groups is also essential for the evaluation of the risk

of thrombosis and for developing strategies to improve the

pregnancy outcome in these patients. Therefore, the devel-

opment of adequate laboratory tests for the detection of

APS is clinically relevant.

Differential prevalence of aPLs has been reported in dif-

ferent populations of SLE patients [10]. Few comprehen-

sive studies on aPLs expressed in SLE patients have been

performed in a Korean cohort [11]. Different types of aPLs

such as LAC, IgM, and IgG aCL and IgM and IgG anti-beta

2-GPI in SLE patients are rarely evaluated.

In this study, to evaluate the prevalence of aPLs, includ-

ing LAC, aCL, and anti-beta2-GPI in Korean patients, we

performed a retrospective study of the laboratory findings

in patients with SLE during the course of the disease. Fur-

thermore, we investigated the relationship between APS

manifestations and the presence of aPLs.

MATERIALS AND METHODS

1. Patients

We included SLE patients for whom aPL testing, includ-

ing tests for LAC, IgM and IgG aCL and IgM and IgG anti-

beta2-GPI, had been performed at the same time during

treatment at Dong-A University Hospital between June

2006 and July 2009. Eighty-eight SLE patients who ful-

filled the American College of Rheumatology classification

criteria [12] were included in a single-center, retrospective

cohort study. We reviewed all patient charts for sex, age,

medications, and clinical manifestations of APS, including

venous/arterial thrombosis and pregnancy loss. Venous

thrombosis was confirmed by venography or ultrasonog-

raphy and arterial thrombosis by computerized tomogra-

phy, magnetic resonance imaging, or arteriography. Throm-

bocytopenia (platelet count: <100,000/mL) was also observed

[4]. Informed consent was obtained from all patients, and

blood samples were collected. Fresh plasma and serumsam-

ples were obtained during treatment and tested for LAC,

IgM, and IgG aCL and IgM and IgG anti-beta2-GPI.

2. Detection of lupus anticoagulant

Blood samples were collected in vacuum tubes contain-

ing sodium citrate (0.109 M). Platelet-free plasma was pre-

pared by centrifugation at 3,000×g for 15 min at room tem-

perature. LAC was screened using a LAC-sensitive activated

partial thromboplastin time (APTT) reagent, PTT-LA (Diag-

nostica Stago, Asnie$res, France). Tests were performed ac-

cording to the manufacturer’s recommendations. PTT-LA

is a reagent containing cephalin prepared from rabbit cere-

bral tissue with a siliceous activator. 

Results were presented as the clotting times of the test-

ed plasma samples. The prolongation of PTT-LA clotting

time was determined as positive results; evidence of inhi-

bition was demonstrated by mixing studies, and the lack

of a specific inhibitor for any specific coagulation factor

must be ruled out with further testing [12]. Confirmation

tests were not performed.

3. Detection of aCL antibodies

Blood samples were collected from patients, and sera were

separated. Analysis of IgM and IgG anticardiolipin antibod-

ieswas performed using the QUANTA Lite™ACA, IgM, and

IgG ELISA kit (Inova Diagnostics, San Diego, CA, USA) for

semiquantitative detection in human sera. The assay was

performed with polystyrene plates coated with purified car-

diolipin antigen and both bovine and human beta2-GPI.

Patient sera were added to each well. Each specimen was

incubated at room temperature for 30 min. Unbound sam-

ple was washed away, and enzyme-labeled anti-human

IgM or IgG antibodies were added to each well. After a se-

cond incubation at room temperature for 30 min and sub-

sequent washing, the activity of the remaining enzyme was

measured by adding a chromogenic substrate and measur-

ing the intensity of the developed color. Optical absorbance
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was measured at 450 nm by using a microplate reader (Mo-

del 680 Microplate Reader; Bio-Rad Laboratories, Hercules,

CA, USA). The anticardiolipin antibody levels were evalu-

ated by comparing the development of color intensity in

wells with that for a five-point calibration curve. The val-

ues of anticardiolipin antibodies were expressed in stan-

dard IgM anticardiolipin units (MPL) or IgG anticardiolipin

units (GPL). In accordance with the manufacturer’s instruc-

tions, 15 GPL units/mL for IgG and 12.5 MPL units/mL for

IgM were considered positive values for this study.

4. Detection of anti-beta2-GPI antibodies

For the measurement of anti-beta2-GPI antibodies, a

semiquantitative ELISA assay was performed with the com-

mercially available QUANTA Lite™ beta2 GPI ELISA kit

(Inova Diagnostics, San Diego, CA, USA). Sera from pati-

ents were collected, and tests were performed following

the same procedure described above. Polystyrene plates

coated with purified beta2-GPI antigen were used. The val-

ues of anti-beta2-GPI antibodies were expressed in stan-

dard IgM anti-beta2-GPI units (SMU) or IgG anti-beta2-

GPI units (SGU). In accordance with the manufacturer’s

instructions, the cut-off value for the positive results was

set at >20 SMU and >20 SGU.

5. Statistical methods

Statistical analysis was performed using MedCalc ver-

sion 9.3 (MedCalc Software, Mariakerke, Belgium). Distri-

butions of IgM and IgG aCL, IgM and IgG anti-beta2-GPI

antibodies, and LAC in patients were analyzed. The results

for each test (for IgM and IgG aCL, LAC, and IgM and IgG

anti-beta2-GPI antibodies) were analyzed by the chi-square

test to determine the associations between each of these

antibodies and specific clinical events of APS, including

thrombocytopenia. A P value less than 0.05 was considered

significant.

RESULTS

Eighty-eight SLE patients were recruited into the study.

The demographic data of the patients are shown in Table

1. Among the 88 SLE patients (79 females and 9 males), 6

(6.8%) presented with at least one of the diagnostic crite-

ria for APS, such as thromboembolism or pregnancy loss,

whereas 82 (93.2%) did not. Eleven patients had thrombo-

cytopenia; 2 of them were included in the APS group. The

median age of patients was 32 yr (age range, 17-62 yr) in

patients without APS and 30.5 yr (age range, 27-35 yr) in

patients with APS. During the course of their disease, the

majority of patients was treated with prednisone.

General distributions of aCL and anti-beta2-GPI anti-

*Values are expressed as numbers (%); �Women only are evaluated.
Abbreviations: NSAIDs, nonsteroidal antiinflammatory drugs; APS, anti-
phospholipid syndrome.

Variable
No APS
(N=82)

APS
(N=6)

Sex (Female/male) 74/8 5/1
Median age (range) 32 (17-62) 30.5 (27-35)
Clinical manifestation*
Arterial/venous thrombosis 0 (0.0) 6 (100.0)
Pregnancy loss� 2 (2.7) 1 (20.0)
Thrombocytopenia 9 (11.0) 2 (33.3)

Medication*
Corticosteroids 82 (100.0) 6 (100.0)
Hydroxichloroquine 43 (52.4) 4 (66.7)
Azathioprine 15 (18.3) 0 (0.0)
NSAIDs 32 (37.8) 2 (33.3)
Mycophenolate mofetil 9 (11.0) 1 (16.7)
Methotrexate 10 (12.2) 0 (0.0)

Table 1. Demographic data from patients with systemic lupus
erythematosus (N=88)

*A positive IgG and/or IgM isotype was regarded as a positive result.
Abbreviations: LAC, lupus anticoagulants; aCL, anticardiolipin antibod-
ies; anti-beta2-GPI, anti-beta2-glycoprotein I antibodies; Refer Table 1.

N (%)

LAC aCL* 
anti-beta2-

GPI* No APS 
(N=82)

APS 
(N=6)

Total 
(N=88)

+ + + 4 (4.9) 0 4 (4.5)
+ + - 11 (13.4) 1 (16.7) 12 (13.6)
+ - + 0 0 0
+ - - 9 (11.0) 5 (83.3) 14 (15.9)
- + + 3 (3.7) 0 3 (3.4)
- + - 15 (18.3) 0 15 (17.0)
- - + 1 (1.2) 0 1 (1.1)
- - - 39 (47.6) 0 39 (44.3)

Table 2. Distribution of lupus anticoagulant, anticardiolipin anti-
bodies, and anti-beta2-glycoprotein I antibodies in patients with
systemic lupus erythematosus
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bodies in patients with and without APS are shown in Table

2. The distributions of LAC, aCL, and anti-beta2-GPI an-

tibodies in patients with SLE indicated that at least 1 type

of aPL could be detected in 49 (55.7%) patients. Only 4 pa-

tients (4.5%) had positive results for all the aPL tests. One

patient was positive only for anti-beta2-GPI, but negative

for aCL and LAC. Among the 6 patients with APS, all were

positive for LAC, 1 was also positive for IgG aCL, and the

other 5 were negative for both aCL and anti-beta2-GPI.

Table 3 shows the prevalence of LAC, IgM/IgG aCL, and

IgM/IgG anti-beta2-GPI in SLE patients. LAC was the most

common (34.1%) antibody detected in the population group,

followed by IgM aCL (31.8%), and IgG aCL (18.2%). Five pa-

tients each (5.7% of the total) were positive for IgM and IgG

anti-beta2-GPI, and none of these patients had APS ma-

nifestations.

The relationship between specific clinical events and la-

boratory findings and aPL isotypes in SLE patients is shown

in Table 4. Positivity for LAC was strongly associated with

venous/arterial thrombosis (P=0.002).

DISCUSSION

Clinical manifestations and abnormal laboratory values

associated with APS are relatively common among patients

with SLE [13]. According to the International Consensus

Document, which provides updated classification criteria

for APS [4], a definite diagnosis for APS requires the fol-

lowing criteria to be fulfilled: vascular thrombosis and/or

pregnancy morbidity and the presence of at least 1 of the

following antibodies-LAC, IgM/IgG aCL, and IgM/IgG anti-

beta2-GPI.

Simultaneous tests for aPLs such as LAC, IgM, and IgG

aCL and IgM and IgG anti-beta2-GPI are rarely performed

as part of routine clinical investigation for SLE patients in

Korea. We evaluated the frequencies as well as isotype dis-

tribution of LAC, aCL, and anti-beta2-GPI. Results from

a few previous studies performed in different populations

of SLE patients have estimated the prevalence of aPLs to

range approximately between 10% and 80% [2, 9, 14, 15].

In this study, the overall prevalence of aPLs was 53.7%.

The prevalence of LAC was 34.1%; IgM aCL, 31.8%; IgG aCL,

18.2%; IgM anti-beta2-GPI, 5.7%; and IgG anti-beta2-GPI

was 5.7% of the total patients. The frequencies of theses

aPLs were similar to those reported in previous studies,

except for that of anti-beta2-GPI; the prevalence of anti-

beta2-GPI in the present study was lower than that report-

ed in studies performed in Western countries [9, 14, 15].

Findings similar to ours have been reported in previous

studies: the prevalence of IgG anti-beta2 GPI in 272 Chi-

nese SLE patients was reported to be low, at 7.7% and of

61 Korean SLE patients, 2.6% were positive for IgG anti-

beta2 GPI and 0%, for IgM anti-beta2 GPI [16, 17]. How-

Abbreviations: Refer Tables 1, 2.

Prevalence (%)

No APS 
(N=82)

APS 
(N=6)

Total
(N=88)

LAC 24 (29.3) 6 (100.0) 30 (34.1)
IgG aCL 15 (18.3) 1 (16.7) 16 (18.2)
IgM aCL 27 (32.9) 1 (16.7) 28 (31.8)
IgG anti beta2-GPI 5 (6.1) 0 (0.0) 5 (5.7)
IgM anti beta2-GPI 5 (6.1) 0 (0.0) 5 (5.7)

Table 3. Prevalence of lupus anticoagulant, anticardiolipin anti-
bodies, and anti-beta2-glycoprotein I antibodies in 88 patients
with systemic lupus erythematosus

*Only female patients are evaluated.
Abbreviations: Refer Table 2.

Arterial/venous
thrombosis

Yes
(N=
6)

Yes 
(N=
3)

Yes 
(N=
11)

No 
(N=
77)

No 
(N=
76)

No 
(N=
82)

P P P

Pregnancy loss*
Thrombocy-

topenia

LAC+ 6 24 0.002 1 23 0.67 7 23 0.12
(N=30)

IgG aCL+ 1 15 0.65 0 14 0.94 4 12 0.21
(N=16)

IgM aCL+ 0 28 0.20 0 23 0.56 5 23 0.48
(N=28)

IgG anti 0 5 0.77 0 5 0.40 1 4 0.86
beta2-GPI+ 
(N=5)

IgM anti 0 5 0.77 0 5 0.40 1 4 0.86
beta2-GPI+ 
(N=5)

Table 4. Relationship between individual antiphospholipid tests
and clinical features of antiphospholipid syndrome in 88 patients
with systemic lupus erythematosus



42 Kwang-Sook Woo, Kyung-Eun Kim, Jeong Man Kim, et al.

ever, the prevalence of anti-beta2 GPI in Korean patients

with SLE reported by Lee et al. [11] was higher than that

observed in our study. The discrepancy in the results per-

taining to the prevalence of anti-beta2 GPI in Korean SLE

patients may be attributed to the difference in the assays

used in the studies (home-based or commercial assays) and

relatively small study population. Further studies will be

required to determine the clinical roles and racial disparity

in the prevalence of anti-beta2 GPI in Korean SLE patients.

The significant association between the presence of LAC

and aCL and the clinical manifestations of APS and throm-

bocytopenia is a well-known phenomenon. Recent studies

indicate that the risk of thrombotic events and RPLs is

more strongly associated with LAC than with aCL. Our

results indicated a strong association of LAC with venous/

arterial thrombosis; these findings were consistent with

those of previous studies [5, 7]. These results suggest that

LAC has a greater predictive value for thrombosis in SLE

patients than other aPLs. The detection of LAC appeared

to be the preferred choice of assay for the examination of

functional aPL antibodies.

Previous studies have revealed a specific association

between aCL antibodies and clinical manifestations of APS

[14, 18]. A scientific committee recently recommended the

replacement of the aCL test with anti-beta2 GPI and LAC

tests [19]. However, available evidence indicates that anti-

beta2 GPI cannot yet be confirmed as a substitute for aCL

[20, 21]. In the updated classification criteria for APS, the

aCL test continues to be a laboratory criterion for the dia-

gnosis of APS [4]. A study on the persistence of aCL failed

to establish that the risk of thrombosis increases in SLE

patients with negative LAC and transiently-positive aCL

[22]. Our study found no significant association between

aCL and the clinical manifestations of APS; this finding

may be explained by the lack of follow-up of aCL in our

patients.

The test for anti-beta2 GPI has 2 methodological advan-

tages over the aCL test. The former is less affected by the

presence of infectious antibodies against cardiolipin and it

does not require cofactors [23]. Several reports have shown

that anti-beta2-GPI may be the only test that yields pos-

itive results in APS patients [24, 25]. In contrast to previ-

ous studies, no case was observed with a negative result

for aCL and LAC and a positive result for anti-beta2-GPI.

In this study, the anti-beta2-GPI test did not provide addi-

tional information for the diagnosis of APS in SLE patients.

We performed the aCL and anti-beta2-GPI tests using the

same manufacturer’s reagent, which may be 1 of the caus-

es for different findings.

aPLs are frequently observed in patients initially diag-

nosed with idiopathic thrombocytopenic purpura; throm-

bocytopenia is more common in patients with APS and SLE

than in patients with APS alone [26, 27]. The International

Consensus Committee recommends closer follow up in thro-

mbocytopenic patients with persistent aPL, despite the ab-

sence of clinical manifestations of APS because of increased

risk for thrombosis in such patients. In our study, throm-

bocytopenia was more frequent in the SLE patients with

APS than in those without APS; however, the results of

the aPL tests were not significantly associated with throm-

bocytopenia. 

The incidence of APS in SLE patients is high, ranging

from 20% to 30% [2, 18]. However, in our study, the inci-

dence of APS in patients with SLE was as low as 6.8%. This

finding was consistent with those of a study reporting that

the incidence of venous thromboembolism in Korean pati-

ents was lower than that in Western populations [28].

In conclusion, we found that 56% of SLE patients had

detectable levels of at least 1 type of aPL; LAC was the most

common aPL and was shown to have a significant associ-

ation with the presence of venous/arterial thrombosis. The-

refore, the measurement of LAC may be clinically useful

in the identification of Korean SLE patients who may be

at a high risk for venous/arterial thrombosis.
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