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Abstract

Lupus anticoagulant (LA) is considered a risk factor for thromboembolism (TE) and adverse pregnancy outcomes (APOs).
However, quite a few patients diagnosed with LA positivity do not suffer these adverse events. Further testing of anticardi-
olipin (aCL), anti-beta2-glycoprotein I (anti-p2GPI) or anti-domain 1 of f2GPI (anti-D1) may help to assess the occurrence
risk of TE and APOs. Therefore, we aimed to study how to stratify LA-positive patients. In our study, 167 LA-positive
patients were consecutively enrolled from January 2015 to December 2016. Serum aCL and anti-p2GPI (IgG, IgM and
IgA) and anti-D1 IgG were simultaneously measured. Among these patients, 114 (68.3%) were followed for an average of
36.5 months for TE and APOs. The outcomes showed that 105 patients experienced TE and/or APOs, and 62 patients were
LA carriers. Anti-D1 had good consistency with triple positivity (LA+, aCL+, anti-p2GPI+) (kappa =0.742). Elevated anti-
D1 was related to increased risks for TE [odds ratio (OR) 29.87, 95% confidence interval (CI) 8.05-110.74] and APOs (OR
8.73,95% CI 3.41-22.31). Area under curve showed that the diagnostic power of anti-D1 for TE and APOs was 0.856 (95%
CI 0.743-0.970) and 0.682 (95% CI 0.599-0.765), respectively. Survival analysis revealed that patients with high anti-D1
titres had a high cumulative incidence of APOs (hazard ratio 4.66, 95% CI 1.46-14.87). In conclusion, anti-D1, based on
good consistency with triple positivity in LA-positive patients, has a stronger association with TE and APOs and, to some
degree, could predict pregnancy outcomes. Therefore, anti-D1 may aid risk stratification in LA-positive patients.
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Introduction

Antiphospholipid antibodies (aPL) are a heterogeneous
family of autoantibodies present in the circulation and
are frequently associated with thromboembolism (TE) or
adverse pregnancy outcomes (APOs), which are the clini-
cal manifestations of antiphospholipid syndrome (APS) [1].
Furthermore, aPL, such as anticardiolipin (aCL), anti-beta2-
glycoprotein I (anti-p2GPI) and lupus anticoagulant (LA),
are not only detected for the diagnosis of APS but are also
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deemed to play a pathogenic role in the occurrence of TE
or APOs [2, 3]. A large number of studies assessing the risk
of adverse events in patients with aPL. showed that lupus
anticoagulant (LA) was associated strongly with thrombo-
sis and pregnancy morbidity [4-7]. However, quite a few
patients with LA positivity may not suffer any adverse events
for a long time [8]. Therefore, a well-stratified method for
use in LA-positive patients is necessary in clinical practice
and may play a key role in the promotion of individualized
treatment.

Currently, anti-B2GPI is measured by targeting p2GPI
antigen directly; the LA assay is mainly mediated by anti-
bodies targeting prothrombin and f2GPI, and aCL positiv-
ity is primarily determined by p2GPI-dependent aPL [9].
Obviously, B2GPI is the most significant antigen targeted
by aPL. However, it is still debated whether anti-B2GPI is
the most clinically relevant test because of its unsatisfactory
specificity [10]. However, it has been shown that antibodies
specifically targeting domain 1 of f2GPI (anti-D1) associate
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much stronger with a history of thrombosis and pregnancy
morbidity than antibodies targeting other domains of f2GPI
[11-14]. In addition, in mouse models, purified anti-D1 IgG
from APS patients or monoclonal anti-D1 IgG have been
shown to induce thrombosis and foetal loss [15, 16]. And
domain 1 has been proved to protect mice from thrombosis
caused by aPL, which is considered a proof-of-concept for
the pathogenic role of anti-D1 [17].

Therefore, in this study, we aimed to explore whether
anti-D1 could well stratify patients with LA positivity for the
risk of onset of TE or APOs to thereby improve the interven-
tion programme for these patients.

Materials and methods
Patients and samples

From January 2015 to December 2016, adult patients from
outpatients and inpatients of Peking University Third Hos-
pital who had tested positive for LA on two or more occa-
sions at least 12 weeks apart were consecutively enrolled.
We excluded patients who were older than 70 years, consid-
ering that elderly patients have a high probability of LA false
positivity [18]. By reviewing the patients’ medical records,
the following clinical data were obtained: demographic
and clinical characteristics, reasons for testing for LA, the
history of TE and APOs events, and treatment. According
to the classification criteria for definite Antiphospholipid
Syndrome [1], TE was defined as one or more clinical epi-
sodes of arterial, venous, or small vessel thrombosis in any
tissue or organ. In addition, APOs were defined here as fol-
lows: unexplained spontaneous abortion at < 10 weeks, with
maternal or hormonal abnormalities and maternal and pater-
nal chromosomal causes excluded; or unexplained death of a
morphologically normal foetus at > 10 weeks; or premature
birth of a morphologically normal neonate at < 34 weeks
because of placental insufficiency. Patients who persistently
tested positive for LA but did not suffer TE and APOs were
classified as “LA carrier”. All included patients were simul-
taneously examined for aCL and anti-B2GP1 (IgG, IgM and
IgA) and anti-D1 IgG antibodies, and were followed up for
the occurrence of TE or APOs.

The study was performed in accordance with the Hel-
sinki Declaration and was approved by the Peking University
Third Hospital Medical Science Research Ethics Committee
(ID number is IRB00006761-2016055). Informed consent
was obtained from all patients.

Measurement of autoantibodies

For LA measurement, blood was collected using vac-
uum tubes (Becton Dickinson Medical Devices Co, Ltd,
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Franklin Lakes, New Jersey) containing 3.2% trisodium cit-
rate (0.109 M). Platelet-poor plasma was obtained by double
centrifugation within 2 h (15 min, 2000g). Blood samples for
other aPL detection were collected in serum separation tubes
and spun within 2 h (10 min, 2000g). Plasma and serum
were stored at —80 °C.

LA was determined according to the updated ISTH Lupus
Anticoagulant Guidelines [18]. Screening and confirmatory
test of Silica Clotting Time (SCT) and Diluted Russell’s
Viper Venom time (dRVVT) (Instrumentation Laboratory,
Bedford, MA, USA) were performed on the automated coag-
ulation analyser (ACL TOP®, Instrumentation Laboratory,
Spain). The cut-off levels of the normalized ratio were 1.16
for SCT and 1.11 for dRVVT.

Serum aCL (IgG, IgM and IgA), anti-f2GPI (IgG, IgM
and IgA) and anti-D1 IgG were detected by a chemilumi-
nescence immunoassay (QUANTA Flash® assays, INOVA
Diagnostics, Inc., San Diego, CA) on a BIO-FLASH Chemi-
luminescent Analyser (Biokit S. A., Barcelona, Spain)
according to the manufacturer’s instructions. The cut-off
values for positivity of antibodies above were 20.0 CU
according to the recommendations. The positivity of aCL/
anti-P2GPI was defined as at least one subtype (IgG, [gM
and IgA) positive.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics 20 (SPSS, Inc., Chicago, IL) and GraphPad Prism
5.01 (GraphPad Software, San Diego, CA). The ratio of the
LA difference was tested using one-way ANOVA, and a
nonparametric Mann—Whitney U test was used to analyse
the difference of antibody titres between groups. Cohen’s
kappa agreement was used to assess the consistency. The
odds ratio (OR) was used to evaluate the association between
aPL and clinical events. Receiver operating characteristic
(ROC) curves were used to calculate the area under the
curve (AUC) and defined the cut-off value. A Kaplan—Meier
survival analysis and log-rank test were applied to estimate
the cumulative incidence of APOs in the follow-up patients.

Results
Patient characteristics

A total of 167 LA-positive patients, aged 18—66 years, were
included in the study. Among them, 16 patients experienced
TE, 84 patients had a history of APOs, 5 patients had both
TE and APOs, and 62 patients were LA carriers. Their clini-
cal details are shown in Table 1. Compared with those in the
LA carrier group, the dRVVT ratio (dARVVT-R) and SCT
ratio (SCT-R) were significantly increased in patients with
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Table 1 Demographic and clinical characteristics of LA-positive
patients

Characteristics Number
N (%) 167 (100)
Sex, n (%)
Female 156 (93.4)
Male 11 (6.6)
Age, mean (SD), year 32.6 (8.1)
Reasons for testing, n (%)

Antiphospholipid syndrome (APS) 64 (38.3)
Primary APS 40 (23.9)
APS associated with other diseases 24 (14.4)

Systemic lupus erythematosus 32 (19.1)

Thyroiditis 9(5.4)

Undifferentiated connective tissue disease 8 (4.8)

Sclerosis 4(2.4)

Thrombocytopenia 3(1.8)

Ankylosing spondylitis 3(1.8)

Behget’s disease 1(0.6)

Infertility 29 (17.4)

Early miscarriage 14 (8.4)

Clinical manifestations, n (%)

Thromboembolism 16 (9.6)
Venous thromboembolism 10 (6.0)
Arterial thromboembolism 5(3.0)
Venous + arterial thromboembolism 1 (0.6)

Adverse pregnancy outcomes 84 (50.3)

Thromboembolism + adverse pregnancy outcomes 53.0)

LA carrier 62 (37.1)
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Fig.1 The ratio of dRVVT (a) and SCT (b) in LA-positive patients
with TE (n=16), APOs (n=84), TE+ APOs (n=5) and LA carri-
ers (n=62). dRVVT Diluted Russell’s Viper Venom time, SCT Silica

a history of TE (p <0.0001 and p <0.05, respectively) and
APOs (p<0.0001 and p <0.05, respectively), especially
in patients who had both TE and APOs (p <0.0001 and
p <0.0001, respectively). In addition, patients with TE had
a higher dRVVT-R than patients with APOs only (p <0.05)
(Fig. 1).

Anti-D1 showed good consistency with triple
positivity

Antiphospholipid antibodies profiles (summarized in
Table 2) in LA-positive patients displayed that 75 patients
expressed LA positivity only, 34 patients exhibited double
positivity (LA+, aCL+, anti-B2GP1— or LA+, aCL—, anti-
B2GP1+) and 58 patients showed triple positivity (LA+,
aCL+, anti-B2GP1+). There were 60 patients showing the
presence of anti-D1. Moreover, a higher anti-D1 value was
observed in triple-positive patients (223.6, 42.8—-737.2) than
in double-positive (3.6, 3.6-56.5) and isolated LA-positive
patients (3.6, 3.6-3.6) (»p <0.0001 and p <0.0001, respec-
tively). Anti-D1 titres of double-positive patients were also
higher than those of isolated LA-positive patients (p =0.008)
(Fig. 2a).

Furthermore, the percentages of anti-D1-positive patients
in the different groups were similar to those of triple-positive
patients (Table 2). Therefore, a coherence analysis between
anti-D1 and triple positivity was performed. The overall
agreement between anti-D1 and triple positivity was 88.02%,
with a Cohen kappa coefficient of 0.742 (p <0.0001).
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Clotting Time, TE thromboembolism, APOs adverse pregnancy out-
comes. *p <0.05, **p <0.01, ***p <0.0001

@ Springer



342

Clinical and Experimental Medicine (2019) 19:339-345

Anti-D1 correlated more strongly with TE or APOs
in LA-positive patients

LA-positive patients were regrouped into three parts, includ-
ing 21 patients with TE, 89 with APOs (5 patients had both
TE and APOs), and 62 LA carriers. The median and inter-
quartile range of anti-D1 titres in the TE, APOs and LA
carrier groups were 121.1 (31.8-407.5), 6.5 (3.6-259.6)
and 3.6 (3.6-3.8), respectively. The levels of anti-D1 were
significantly increased in TE and APOs group compared
with those in the LA carrier group (p <0.001 and p <0.001,

Table 2 Antiphospholipid antibodies profiles in LA-positive patients

respectively) (Fig. 2b). The OR values for TE and APOs are
shown in Table 3. Compared with the other aPL, anti-D1
had the highest OR for TE (29.87, 95% CI 8.05-110.74)
and for APOs (8.73, 95% CI 3.41-22.31). Next, the ROC
curve analysis for aPL was performed. The AUC of anti-D1
was 0.856 (0.734-0.970) for TE and 0.682 (0.599-0.765) for
APOs. The optimal cut-off value of anti-D1 to help predict
TE and APOs was 24.6 CU (the sensitivity and specific-
ity were 81% and 90.3%) and 32.4 CU (the sensitivity and
specificity were 57.2% and 91.9%), respectively (Table 3).

TE (n=16) APOs (n=284) TE+ APOs (n=5) LA carrier (n=62)

LA only (single positive) 2 (14.5%) 33 (39.3%) 0 40 (64.5%)
LA+ aCL+ anti-p2GP1— (double positive) 0 2 (2.4%) 0 3(4.8%)
LA+ anti-p2GP1+ aCL— (double positive) 3 (18.8%) 14 (16.7%) 1 (20.0%) 11 (17.7%)
LA+ aCL+ anti-p2GP1+ (triple positive) 11 (68.8%) 35 (39.3%) 4 (80.0%) 8 (12.9%)
LA+ anti-D1+ 11 (68.8%) 38 (42.9%) 5 (100.0%) 6(9.7%)
TE thromboembolism, APOs adverse pregnancy outcomes
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Fig.2 Titres of anti-D1 in different antiphospholipid antibodies pro-
files (a) and clinical manifestations (b). Triple-positive (LA+, aCL+
and anti-B2GP1+, n=75), double-positive (LA+, aCL+, and anti-
B2GP1— or LA+, aCL—, and anti-f2GP1+, n=34), and isolated

LA positivity (n=58). TE thromboembolism (n=21), APOs adverse
pregnancy outcomes (n=89), LA carrier (n=62). CU chemilumines-
cent units. **p <0.01; ***p <0.0001

Table 3 Odds ratio and

L i aPL OR (95% CI) AUC (95% CI)
clinical utility of aPL for
thromboembolism or adverse TE APOs TE APOs
pregnancy outcomes in patients
with LA positivity aCL IgG 15.71 (4.73-52.21)  3.61(1.46-8.91)  0.847 (0.730-0.942) 0.657 (0.571-0.742)
aCL IgM 4.63 (0.94-22.72)  2.77 (0.74-10.39) 0.696 (0.550-0.842) 0.649 (0.553-0.726)
aCL IgA 8.55 (2.43-30.08)  4.80 (1.80-11.98) 0.778 (0.655-0.901) 0.654 (0.567-0.740)
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Anti-p2GPI IgG
Anti-p2GPI IgM
Anti-p2GPI IgA
Triple positive
Anti-D1

19.64 (5.74-67.26)
2.16 (0.93-7.31)
3.56 (0.92-13.85)

18.67 (5.07-56.21)

29.87 (8.05-110.74)

5.59 (2.29-13.65)
1.12 (0.54-2.34)
2.79 (0.79-6.73)
5.62 (2.54-12.85)
8.73 (3.41-22.31)

0.865 (0.760-0.976)
0.626 (0.483-0.769)
0.720 (0.582-0.857)
0.922 (0.846-0.999)
0.856 (0.743-0.970)

0.680 (0.594-0.758)
0.604 (0.511-0.697)
0.612 (0.522-0.702)
0.719 (0.640-0.799)
0.682 (0.599-0.765)

OR odds ratio, CI confidence interval, AUC area under curve, TE thromboembolism, APOs adverse preg-

nancy outcomes
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Titres of anti-D1 predicted pregnancy outcomes
for LA-positive patients

Among all included patients, 114 patients (68.3%) were fol-
lowed for an average of 36.5 months for the occurrence of
TE or APOs. During the follow-up, none of patients suf-
fered TE events; we observed that 37 patients were pregnant,
whose details are shown in Table 4. There were 15 patients
suffering APOs. The pregnancy outcomes were 1 early mis-
carriage (< 10 weeks), 7 foetal deaths (> 10 weeks), and 7
preterm births due to placenta insufficiency (< 34 weeks).
The levels of anti-D1 were significantly increased compared
with those in the non-APOs patients. Then, based on the
anti-D1 cut-off value (32.4 CU), 37 pregnant LA-positive
patients were divided into two groups: a high-value group
(n=16) and a low-value group (n=21). The Kaplan—Meier
survival analysis showed that high anti-D1 titres were asso-
ciated with a significantly higher cumulative incidence
of APOs compared with those in the low-value group
(p=0.009), as shown in Fig. 3, and the hazard ratio (HR)
was 4.66 (95% CI 1.46-14.87).

Discussion

The present study was aimed to find better indicators to
assess the occurrence risk of TE or APOs in patients with
LA positivity by simultaneously analysing aCL, anti-p2GP1
(IgG, IgM and IgA) and anti-D1 IgG. We found that anti-
D1 showed good consistency with triple positivity (88.02%,
kappa=0.742) and presented a stronger association with TE
(OR 29.87,95% CI 8.05-110.74) and APOs (OR 8.73, 95%
CI3.41-22.31) than did aCL, anti-p2GP1 or triple positivity.
Furthermore, in the follow-up patients, we found that high
anti-D1 titres had a significantly higher cumulative inci-
dence of APOs (HR 4.66, 95% CI 1.46-14.87). To some
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Fig.3 Cumulative incidence of APOs in the high- and low-value
groups of anti-D1 in the pregnant LA-positive patients during follow-
up. high-value group (n=16): anti-D1>32.4 CU; low-value group
(n=21): anti-D1 <32.4 CU. APOs adverse pregnancy outcomes

degree, anti-D1 could help predict pregnancy outcomes for
LA-positive patients.

There is a general consensus that the higher the titres of
LA, the greater is the risk for thrombosis and pregnancy
morbidity. In LA-positive patients we studied, 62.87%
(105/167) of them had a history of TE and APOs, and the
rest were LA carriers. In contrast, with LA carriers, dRVVT-
R and SCT-R were significantly increased in patients with
TE and APOs, especially in patients who had both TE and
APOs. Moreover, we found that the proportion of isolated
LA was small (53.8%) in patients with adverse events.
However, in LA carriers, the proportion of isolated LA was
larger (64.5%), and the values of dRVVT-R and SCT-R were
lower. Therefore, these findings may suggest that non-TE
and non-APOs LA are more frequently weakly positive and
isolated. Nevertheless, no data indicate that weakly positive
LA or isolated LA is not clinically relevant and what level
should be defined as weakly positive LA [5]. Therefore, it is

Table 4 Clinical characteristics

APOs (n=15) non-APOs (n=22) P
and pregnancy outcomes of
LA-positive pregnant patients Age mean (SD), year 29.5 (3.50) 30.2 (3.46) 0.555
during follow-up Anti-D1/CU 372.2 (3.6-1108.9) 3.6 (3.6-20.1) 0.004*
Risk factors, n (%)
Antiphospholipid syndrome 13 (86.7) 12 (54.5) 0.073
Systemic lupus erythematosus 2(13.3) 2(09.1) >0.999
Undifferentiated connective tissue disease 0 3(13.6) 0.257
Hypertension 2(13.3) 7 (31.8) 0.262
History of APOs 14 (93.3) 18 (81.8) 0.629
Treatment, n (%)
Low molecular weight heparin 9 (60.0) 16 (72.7) 0.488
Low dose aspirin 10 (100.0) 18 (81.8) 0.283

APOs adverse pregnant outcomes
*Statistical significance (p <0.05)

@ Springer



344

Clinical and Experimental Medicine (2019) 19:339-345

recommended that these people should be monitored con-
tinuously and treated properly. Then, in patients with TE or
APOs, we found that there were 35.2% (37/105) patients
with the absence of both aCL and anti-p2GPI (IgG/IgM/
IgA). This phenomenon may be due to the existence of other
antibodies, such as anti-annexin A5 and anti-prothrombin/
anti-phosphatidylserine antibodies, which have been proven
to display LA activity [19-22].

The multiple positivity of aPL profiles is increasingly
considered an important parameter for evaluating the risk
of thrombosis and obstetrical complications [23, 24]. We
observed that 80% of patients had triple positivity in the
group with both TE and APOs events, 68.8% patients were
triple positivity in the TE group, and 39.3% of patients were
triple positivity in the APOs group, but these percentages
were still higher than that in the LA carrier group (12.9%).
Interestingly, we discovered that the percentages of anti-
D1-positive patients were quite similar to those of triple posi-
tivity in the different groups. In addition, anti-D1 had good
consistency with triple positivity (kappa=0.742). Moreover,
the levels of anti-D1 were significantly higher in patients with
triple positivity compared to those in patients with double or
single positivity, which agreed with previous studies [13, 14,
25, 26]. Thus, these findings suggest that anti-D1 might be
a marker of high-risk aPL profiles. Furthermore, compared
with aCL and anti-B2GP1, anti-D1, in line with previous data,
showed the highest OR for TE (29.87, 95% CI 8.05-110.74)
[13, 21]. In our study, anti-D1 also had the highest OR for
APOs (8.73, 95% CI 3.41-22.31), which is different from
the former observations that anti-D1 had a weaker associa-
tion with pregnancy morbidity [13]. However, a recent study,
which included patients who had anti-B2GP1 IgG positivity,
at least one previous pregnancy and no associated systemic
autoimmune diseases, showed that anti-D1 had the highest
OR (7.3, 95% CI 2.1-25.5) for late pregnancy morbidity
[27]. These results should not be surprising, as the levels
of anti-D1 were much higher in patients with APOs events
than in patients without adverse events. The mechanism by
which anti-D1 causes vessel occlusion and pregnancy failure
is not elusive at present. The pathogenetic explanation might
be that the anti-D1 recognized domain 1 of B2GP1 can dis-
rupt the annexin A5 anticoagulant shield of trophoblasts and
endothelial cells and expose the phosphatidylserine (PS) to
thereby activate coagulation system, increase tissue factor
(TF) activity of macrophages [15] and promote vascular cell
adhesion molecule (VCAM) expression on endothelial cells
and tumour necrosis factor a (TNF-a) released by monocytes
[28], and activate the complement cascade [16]. Above all,
anti-D1 seems to have potential for identifying LA-positive
patients at high risk for TE and APOs.

Moreover, by analysing the 37 pregnant LA-positive
patients followed, we found that the high-value group had a
much higher cumulative incidence of APOs. Therefore, this
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result suggests that high expression of anti-D1 confers a high
risk for pregnancy complications in LA-positive patients.
Among 15 patients suffering APOs, 1 patient was a LA car-
rier without a history of TE and APOs. Therefore, we recom-
mend that women showing the presence of LA be advised
to undergo testing for anti-D1 regardless of whether they
have a history of adverse events. If a woman has a higher
level of anti-D1, she should be advised to receive treatment
that will possibly prevent adverse clinical events. Therefore,
LA-positive patients can be stratified through the titres of
anti-D1, which is an easy way to facilitate clinical determi-
nation. However, we do not mean that anti-D1 can replace
the classic aPL panel, considering the unsatisfactory sen-
sitivity of anti-D1. However, anti-D1 might contribute to a
better, easier and more complete risk stratification for LA-
positive patients.

Nevertheless, our study has some limitations. First, there
is a bias in our studied population, as our hospital has a good
reputation in obstetrics, gynaecology and reproductive sci-
ence, which might reduce the value of anti-D1 to evaluate
the risk for thrombosis. Second, we used samples from a
single centre. A multicentre study is necessary to clarify
the anti-D1 role.

Conclusions

In LA-positive patients, anti-D1, based on a good agreement
with triple-positive aPL, showed a stronger association with
the occurrence of TE or APOs and predicted the pregnancy
outcomes to some degree. Therefore, anti-D1 may be a use-
ful tool to aid risk stratification for LA-positive patients.
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