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Abstract

Objectives: Antiphosphatidylserine/prothrombin complex antibodies (aPS/PT) are risk factors for thrombosis, yet

further validation of their clinical relevance in different ethnic groups is required. We investigated the performance

of aPS/PT of IgA/G/M isotypes among Sudanese and Swedish systemic lupus erythematosus (SLE) patients.

Methods: Consecutive SLE patients/matched controls from Sudan (n¼ 91/102) and Sweden (n¼ 332/163) were includ-

ed. All patients fulfilled the 1982 ACR SLE classification criteria. IgA/G/M of aPS/PT, anti-cardiolipin and anti-

b2glycoprotein I (anti-b2GPI) were tested in both cohorts, and lupus anticoagulant (LA) also in the Swedish cohort.

Clinical antiphospholipid syndrome-related events and atherosclerosis, measured as carotid plaques were assessed for

associations. Univariate and multivariate analyses adjusting for cardiovascular risk factors were performed.

Results: Sudanese SLE patients had higher levels of IgM aPS/PT, but using national cut-offs, the frequency of positivity

was similar to Swedish patients for all isotypes. Among Swedish patients, all isotypes of aPS/PT associated with venous

thromboembolism (VTE), while only IgA aPS/PT associated with arterial thrombosis (AT). aPS/PT antibodies associated

strongly with LA and they were, independently, the best predictor for VTE. Double positivity for aPS/PT and anti-b2GPI
associated with higher VTE risk than the conventional triple positivity. Carotid plaques did not associate with any

antiphospholipid antibody.

Conclusions: IgA aPS/PT associated with AT, and the association of IgG/M aPS/PT with VTE outperforms LA and

criteria antiphospholipid antibodies in Swedish SLE patients. Furthermore, double positivity for aPS/PT and anti-b2GPI
performed better than conventional triple positivity. Future studies need to address if aPS/PT can replace LA, as this

would simplify clinical procedures.
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Introduction

Antiphospholipid antibodies (aPL) are directed against
a wide range of phospholipids and phospholipid-
binding plasma proteins, of which anti-b2 glycoprotein
I (anti-b2GPI) and anti-cardiolipin (anti-CL) are
known to be associated with thrombotic clinical
events. IgG/M isotypes of anti-b2GPI, anti-CL,
and/or lupus anticoagulant (LA) positivity, comprise
the laboratory criteria for classification of the anti-
phospholipid syndrome (APS).1 Additionally, aPL of
the immunoglobulin (Ig) A isotype is now included in
the two most recent sets of classification criteria for
systemic lupus erythematosus (SLE).2,3

Since the original description of APS,4,5 other anti-
bodies targeting phospholipid and/or plasma proteins
that associate with thrombotic events have been
reported. Autoantibodies directed against the phospha-
tidylserine/prothrombin complex (aPS/PT) have raised
mounting clinical interest in recent years.6,7 In the pres-
ence of calcium ions, prothrombin (factor II in the
coagulation cascade) binds to negatively charged phos-
pholipids e.g. phosphatidylserine through its vitamin
K-dependent carboxylation domains.8 Associations
with thrombotic and adverse pregnancy outcomes are
more convincing for aPS/PT as compared to another
set of antibodies which target prothrombin directly, not
bound to negatively charged phosphatidylserine.6,9,10

A recent systematic review concluded that there is a
strong evidence for positive associations between aPS/
PT antibodies and APS manifestations, suggesting that
these tests merit clinical use.7 Consequently, aPS/PT
antibodies were also included in risk stratification scor-
ing systems the antiphospholipid score (aPL-S)11 and
the global APS score (GAPSS)12 to evaluate asymp-
tomatic aPL positive patients. To what extent aPL con-
tribute to accelerated atherosclerosis is debated, and no
studies have investigated whether aPS/PT antibodies
relate to measures of atherosclerosis.

Of the criteria APS tests, a positive LA has the
strongest association with clinical APS manifesta-
tions.13 LA positivity has been demonstrated to be
mainly dependent on b2GPI and PS/PT as anti-
gens.14–16 Tetra-positivity including the three criteria
tests plus aPS/PT was recently reported to impose
even higher risk for APS-related events compared to
the conventional triple positivity (anti-b2GPI, anti-CL
and LA).17,18 Despite the documented high concor-
dance between LA and aPS/PT,16,19,20 the latter was
also shown to be a risk factor for thrombosis, indepen-
dent of LA activity.19 Nevertheless, there is still not
enough evidence to endorse the utility of aPS/PT as a
substitute biomarker to LA.21 Further validation of the
role of aPS/PT in clinical settings is even more essential
as it might overcome the technical challenges of LA

testing in different laboratories, and the corresponding
uncertain results in patients on regular anticoagulant
medications.22,23

To our knowledge aPS/PT have never been investi-
gated in populations of African origin affected by SLE
or APS. In the current study we include SLE patients
from Sudan and Sweden and matched controls from
both countries. Our aim was to evaluate the prevalence
of aPS/PT, also including IgA isotypes. We assessed
the clinical significance and compared the performance
with the well-established criteria aPL, including LA
activity.

Methods

Participants and clinical characteristics

Ninety-one Sudanese and 332 Swedish SLE patients,
and 102 and 163 age- and sex-matched national con-
trols were included in the study. All patients fulfilled
the 1982 revised SLE criteria.24 Sudanese controls were
healthy individuals; university staff and students and
Swedish controls were population controls where SLE
was the exclusion criterion. Detailed description of the
cohorts was reported in our previous publication.25

Clinical information was obtained from patient
records, interviews and clinical examination at time
of inclusion: history of thrombotic events (venous
thromboembolism (VTE): deep venous thrombosis
confirmed by venography or ultrasonography or pul-
monary embolism confirmed by radionuclide lung
scanning or angiogram, and arterial thrombosis (AT):
cerebrovascular events diagnosed by computer tomog-
raphy or magnetic resonance imaging, myocardial
infarction confirmed by electrocardiography and a
rise in plasma creatine kinase-MB or Troponin T, or
ischemic peripheral tissue loss), obstetric events
(any history of recurrent early miscarriage, late
miscarriage or intra-uterine fetal demise (IUFD)).
Thrombocytopenia at study inclusion was recorded
for Swedish patients, and history of immune thrombo-
cytopenic purpura (ITP) for the Sudanese patients.
Cardiovascular disease (CVD) risk factors included in
the study were: age, gender, arterial hypertension (sys-
tolic and/or diastolic blood pressure �140/90mmHg or
use of antihypertensive medications), hyperlipidemia
(low-density lipoprotein (LDL)> 3mmol/L or treat-
ment with lipid lowering agents) and smoking (never
or ever smokers). As a measure of atherosclerosis,
ultrasound scans were performed in 288 patients from
Sweden using a duplex scanner with a linear array trans-
ducer. Scans were digitalized for off-line analysis. Pictures
were frozen incident with the R-wave on the electrocar-
diogram. Carotid plaques were defined as a local increase
in wall thickness of > 1mm and >100% increase in wall
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thickness compared with adjacent wall. More methodo-

logical details have been previously published.26

All participants gave written informed consent and

the study conformed to the guidelines of Declaration of

Helsinki. The Ethics Committees of Alribat University

hospital, Khartoum, Sudan, Omdurman Military hos-

pital, Omdurman, Sudan (11 April 2011 and 25 May

2011, respectively) and the Uppsala and Karolinska

University Hospital approved the study (03-556 [16

December 2003]).

Antiphospholipid antibodies testing

Quantification of IgA/G/M aPS/PT, anti-CL and anti-

b2GPI was performed using the Aptiva system based

on a particle-based multi-analyte technology (PMAT)

(Inova Diagnostics, San Diego, CA, USA; under devel-

opment and for research use only27). Blood samples

were obtained and prepared on the day of clinical

examination at the time of study inclusion; sera from

Sudanese and Swedish subjects were used for the anal-

yses. The number of patients investigated for aPS/PT

differed slightly between the isotypes for Swedish and

Sudanese patients, the exact numbers are shown in

Supplementary Table 2. Measurement data and clinical

associations for anti-CL and anti-b2GPI for Sudanese

and Swedish subjects were previously published,26,28,29

and only used in this study for multivariate and com-

parative statistics with aPS/PT in Swedish patients.

Information about LA positivity was available for

Swedish patients and was determined by the modified

Dilute Russel Viper Venom Time method (dRVVT)

(Biopool, Umeå, Sweden; using Bioclot LA). Twenty-

four out of 61 LA positive patients were on warfarin

treatment, 17 (70.8%) of which had confirmed positive

LA test on more than one occasion.
Three cut-offs were defined: the manufacturers’ sug-

gested cut-offs, and the 95th and 99th percentiles of the

respective national controls. Non-parametric statistics

were used to identify national cut-offs since all aPL

levels were non-normally distributed. Clinical evalua-

tion of aPL in Sudanese patients did not use the 99th

national cut-offs, as the number of Sudanese controls

was limited (n¼ 106). To determine the clinical associ-

ations among Swedish patients, the 99th national

cut-offs were used in all univariate and multivariate

regression analyses.

Statistical analyses

For comparisons between quantitative variables,

Mann–Whitney’s U test was used, whereas Chi2-test

was used to test for differences between categorical

variables with Fisher’s exact test applied when appro-

priate. Among Swedish patients, thrombotic events and

LA activity were defined as dependent variables; uni-
variate and multivariate logistic regressions including
aPL positivity determined by the 99th national cut-off
were used to calculate odd ratios (OR) and 95% con-
fidence intervals (CI). Subsequently, stepwise forward
regression analyses, including CVD risk factors and LA
when significant and all aPL, were performed to deter-
mine independent predictors. For age, OR was calcu-
lated per change in regressor for 10 years. Multivariate
analyses were not performed in the Sudanese patients
due to the limited cohort size and small number of
thrombotic events.

All statistical analyses including cutoff determina-
tion were conducted using JMP statistical software
(SAS institute, Cary, NC, USA). P values <0.05 were
considered significant.

Results

aPS/PT isotypes in Sudanese and Swedish patients

Demographic data and clinical information are includ-
ed in Supplementary Table 1.

Levels of IgM aPS/PT antibodies were higher
among Sudanese compared to Swedish patients, where-
as no difference in levels of IgA/G isotypes was
observed (Table 1). Using manufacturer’s cut-offs, pos-
itivity of IgA aPS/PT was less frequent among
Sudanese patients. Levels of aPS/PT differed between
Sudanese and Swedish controls. Whereas IgA and IgM
aPS/PT were higher among Sudanese than among
Swedish controls (medians 43 vs. 41 MFI; p¼ 0.0009
and 78 vs. 69 MFI; p< 0.0001 respectively) IgG aPS/
PT levels were higher among the Swedish controls
(medians 229 vs. 242 MFI; p¼ 0.0007). After adjust-
ments to respective national cut-offs (both the 95th and
99th of matched national controls), Sudanese and
Swedish patients did not differ in the prevalence of
any aPS/PT isotype (Table 1).

Among Sudanese patients no associations of aPS/PT
to venous or arterial thrombosis were found
(Supplementary Table 2). Among Swedish patients,
using both the 95th and 99th national cut-offs, VTE
associated with all aPS/PT isotypes, whereas only IgA
aPS/PT associated with AT. IgG aPS/PT associated
with thrombocytopenia both in Sudanese (the 95th
cut-off) and Swedish SLE patients (the 95th and 99th
cut-offs). aPS/PT did not associate with obstetric com-
plications in any cohort.

Extended analyses of thrombotic events, aPL and LA
in Swedish SLE patients

Univariate analysis of conventional CVD risk factors
and different aPL isotypes (using the 99th cut-off), with
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vascular thromboses and carotid plaques as outcomes
are shown in Figure 1. Hyperlipidemia, LA, all isotypes
for aPS/PT but only IgA/G anti-b2GPI and IgA/G
anti-CL significantly associated with VTE; the highest
OR appeared for IgM aPS/PT (OR 7.4 [CI 3.1–18.1]).
AT associated with older age, hypertension, smoking
and hyperlipidemia, but most strongly with occurrence
of IgA aPS/PT (OR 3.9[CI 1.3–10.6]). aPS/PT did not
associate with history of myocardial infarction or the
presence of carotid plaques, however IgA aPS/PT, LA
and older age associated with cerebrovascular events.

Multivariate associations with vascular events. In a multiple
logistic regression model including the three APS crite-
ria tests, LA positivity was the only independent risk
factor for VTE and AT (Figure 2(a) and (b)). However,
when we added aPS/PT antibodies to that model, only
aPS/PT and not LA was an independent risk factor for
VTE (Figure 2(c)), and no associations were significant
for AT (Figure 2(d)). In a multiple regression model
including aPS/PT, anti-b2GPI and anti-CL (any
isotype), only aPS/PT positivity was a significant risk
factor for thrombosis (Figure 2(e) and (f)).
Subsequently when combining only the three aPS/PT
isotypes in the analysis, IgG and IgM associated with

VTE while IgA aPS/PT lost significance for AT (Figure
2(g) and (h)). Stepwise regression including statistically
significant CVD risk factors from the univariate anal-
yses, LA and all aPL specificities revealed significant
association of VTE with IgM aPS/PT, LA and hyper-
lipidemia. In a similar model, AT associated with IgA
aPS/PT and older age (data not shown). IgA aPS/PT
and age were also independently associated with cere-
brovascular events (OR 5.1 [CI 1.3–16.8] and OR 1.6
[CI 1.1–2.2]), respectively.

Predictors of LA positivity. Sixty-one out of 332 Swedish

patients were LA positive (18.4%). All aPL predicted

LA positivity in univariate analysis, with IgG/M aPS/

PT showing the strongest associations (Figure 3(a) and

(b)). Using multiple logistic regression, including the

three aPL specificities, both aPS/PT and anti-b2GPI

positivity predicted LA positivity (Figure 3(c) and

(d)). However, among the LA positive patients, only

aPS/PT associated with previous thrombotic incidents

(Figure 3(e) and (f)).
When we excluded LA positive patients treated with

warfarin (n¼ 24), similar results were obtained regard-

ing associations of aPL with LA activity; both aPS/PT

and anti-b2GPI predicted LA in univariate and

multivariate models (Supplementary Figure 1a–d).

However, due to the limited number of patients with

LA activity and thrombotic events (n¼ 8) we could not

perform regression models (as done in Figure 3(e) and

(f)), in order to investigate the associations of aPS/PT

and anti-b2GPI antibodies to pathogenic LA. Also,

after exclusion of the warfarin-treated patients

the association between LA and venous thrombosis

was lost.

Triple positivity. Interestingly, simultaneous positivity

for anti-b2GPI (IgG or IgM), aPS/PT (IgG or

IgM) and LA conferred higher risk for VTE compared

to conventional triple positivity (IgG/M anti-

b2GPI and IgG/M anti-CL and LA)30 (OR 7.1[CI

3.1–16] vs. OR 5.2[CI 2.5–10.7]) (Table 2). Also,

double positivity for IgG/M anti-b2GPI and IgG/M

aPS/PT was associated with higher VTE risk (OR 6.3

[CI 2.8–13.9]), compared to the conventional triple

positivity.

Table 1. aPS/PT isotypes among Sudanese and Swedish patients.

Sudan

n¼ 91

Sweden

n¼ 332 P

IgA aPS/PT median/IQR 46/42–52 44/41–53 0.2

IgG aPS/PT median/IQR 249/235–266 251/230–290 0.6

IgM aPS/PT median/IQR 83.5/71–100 71/63–95 0.0002

IgA aPS/PT manufacturer’s cutoff (>65 MFI) 3(3.3) 46(13.9) 0.005

IgG aPS/PT manufacturer’s cutoff (>300 MFI) 11(12.1) 68(20.9) 0.06

IgM aPS/PT manufacturer’s cutoff (>100 MFI) 20(22.7) 70(21.4) 0.9

IgA aPS/PT 95th cutoff (Sudan: >56 MFI, Sweden: >56 MFI) 13(14.3) 66(19.9) 0.2

IgG aPS/PT 95th cutoff (Sudan: >283 MFI, Sweden: >310 MFI) 14(15.4) 64(19.6) 0.3

IgM aPS/PT 95th cutoff (Sudan: >112 MFI, Sweden: >106 MFI) 17(19.3) 67(20.5) 0.8

IgA aPS/PT 99th cutoff (Sudan: >84 MFI, Sweden: >107 MFI) 2(2.2) 20(6) 0.1

IgG aPS/PT 99th cutoff (Sudan: >365 MFI, Sweden: >521 MFI) 3(3.3) 24(7.4) 0.2

IgM aPS/PT 99th cutoff (Sudan: >156 MFI, Sweden: >322 MFI) 7(8) 24(7.4) 0.8

Values are (median (MFI)/IQR) for continuous variables and n (%) for categorical data. Prevalence of antibodies was determined using three cutoffs:

manufacturers’ cutoffs and separate cutoffs based on the 95th and 99th percentiles among national controls. Significant p values are depicted in bold.

aPS/PT: anti-phosphatidylserine/prothrombin; IQR: interquartile range; MFI: median fluorescent intensity.
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Co-occurrence of aPL in Swedish SLE patients. aPL positive

patients mostly fell into two main clusters; a

cluster with quadruple positivity for anti-CL,

anti-b2GPI, aPS/PT and LA, and another with

double positivity for anti-CL and anti-b2GPI

where LA and aPS/PT were negative. IgA aPS/

PT commonly co-occurred with IgG/M aPS/PT

(Figure 4).

Figure 1. Associations of antiphospholipid antibodies (aPL) and cardiovascular risk factors with thrombosis and atherosclerosis in
Swedish SLE patients. Odds ratios with confidence intervals for the occurrence of venous thrombosis (a), arterial thrombosis (b)
and carotid plaques (c) are demonstrated. Univariate regression models were used to calculate odds ratios; for age it was calculated
for 10-year change in regressor. Positivity for all aPL including aPS/PTwas determined by the respective 99th national cut-off values.
y-axis indicates independent variables while the x-axis shows odds ratios.
F: female; HTN: arterial hypertension; LA: lupus anti-coagulant.
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Discussion

In this study IgM/G aPS/PT antibodies were stronger
risk factors for VTE than LA and conventional aPL.
For arterial events IgA aPS/PT was the only test to
have a significant positive association, thus

outperforming all the “criteria APS tests”. When com-
bining test results, we noted that double positivity for
any isotype of anti-b2GPI and any isotype of aPS/PT
performed better than triple positivity by the conven-
tional markers anti-CL, anti-b2GPI and LA. We also

Figure 2. Associations of antiphospholipid antibodies (aPL) and lupus anticoagulant (LA) with thrombosis in Swedish SLE patients.
Criteria APS tests are demonstrated as explanatory variable and venous (a) and arterial thrombosis (b) as outcomes. The effect of
adding anti-phosphatidylserine/prothrombin (PS/PT) predicting venous (c) and arterial thrombosis (d) is shown, and thereafter with
exclusion of LA in (e) and (f). The associations of individual aPS/PT isotypes to venous (g) and arterial thrombosis (h) are also
demonstrated. Positivity for all aPL including aPS/PTwas determined by the respective 99th national cut-off values. y-axis indicates
independent variables while the x-axis shows odds ratios. Multiple logistic regressions were used to calculate all odds ratios.
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confirm that LA is more strongly associated with aPS/

PT than with anti-b2GPI.
Previous studies have demonstrated associations of

both IgG and IgM aPS/PT to APS-related events,6,7

but only few researchers reported multivariate adjust-

ments for the criteria aPL31,32 and/or conventional

thrombotic risk factors.20,33 In the current study,

occurrence of IgM aPS/PT was the strongest risk

factor for VTE in univariable analysis of Swedish

SLE patients. This association remained independent

of the conventional aPL and CVD risk factors. This

is an interesting observation, since the association

between thrombotic events and IgM isotypes of anti-

CL/anti-b2GPI have been questioned,33,34 a view which

is supported by our results as we did not see any asso-

ciations with arterial or venous thrombosis.
In clinical practice VTE and AT are treated as sep-

arate entities as they are known to differ regarding risk

profiles and treatments. Consequently, we analyzed

risk factors for VTE and AT separately, though a

Figure 3. Predictors for a positive lupus anticoagulant (LA) test in Swedish SLE patients. Using univariate statistics, odds ratios of the
individual antiphospholipid antibodies (aPL) (a) and any IgG/M aPL (b) are demonstrated. Using multiple regressions, the association
between any IgG/M (c) and IgA/G/M (d) of aPS/PT, anti-b2GPI and anti-CL with LA and the association of IgG/M (e) and IgA/G/M (f) of
aPS/PT and anti-b2GPI with LA in patients with thrombosis vs. without thrombosis are demonstrated. Positivity for all aPL including
aPS/PT was determined by the respective 99th national cut-off values. y-axis indicates independent variables while the x-axis shows
odds ratios.
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considerable number of previous aPL studies combined

VTE and AT to a composite thrombotic outcome.35,36

We noted that hyperlipidemia, defined by high LDL or

lipid lowering treatment, was independently associated

with VTE in Swedish SLE patients. In some former

reports, positive associations between VTE and dysli-

pidemias were also reported,37 though in general hyper-

lipidemia is a well-known risk factor for arterial, and

not venous events.38 Our observations might be true,

but can also reflect confounding by other factors that

were not adjusted e.g., obesity and renal disease.
Published data on the role of aPS/PT as a risk factor

specifically for AT are inconsistent; some studies have

demonstrated positive associations,32,39,40 whereas

others did not.20,41 Zigon et al. recently described a

positive association between IgA/G aPS/PT and

thrombosis defined as a combination of venous and

arterial events.33

In our study, IgA aPS/PT was the strongest risk

factor for AT and to our best knowledge we are the

first group to report this association using both uni-

and multivariate statistical methods including criteria

aPL and CVD risk factors. Murthy et al previously

reported that in SLE patients isolated IgA anti-b2GPI

positivity remained as an independent risk factor for

AT but not VTE, after adjustment for other risk fac-

tors.42 Furthermore, we recently reported similar exclu-

sive association of IgA anti-b2GPI domain1

antibodies.29 In our study IgA aPS/PT commonly co-

occurred with IgG/M aPS/PT isotypes. Further studies

are clearly needed to investigate triggers, the role and

temporal patterns of different aPL isotypes.
While the link between aPL and vascular events is

well established, associations between aPL and meas-

ures of atherosclerosis is debated. We did not observe

any associations between carotid plaques, a robust

measure of subclinical atherosclerosis, and aPL of

any specificity in this study. Similar observations

were reported in prospective studies by Mc Mahon M

et al.43 and Kiani AN et al.,44 whereas Kravvariti et al.,

Table 2. Thrombotic risk of double and triple positivity of the different anti-phospholipid tests.

OR (CI) VTE OR (CI) AT

Triple positivity (IgG/M anti-b2GPI, anti-CL and LA) 5.2 (2.5–10.7) 1.5 (0.5–3.7)

Triple positivity (IgG/M anti-b2GPI, aPS/PT and LA) 7.1 (3.1–16.0) 1.3 (0.4–3.7)

Double positivity (IgG/M anti-b2GPI and aPS/PT) 6.3 (2.8–13.9) 1.6 (0.5–4.2)

Triple positivity (IgA/G/M anti-b2GPI, anti-CL and LA) 5.0 (2.4–10.2) 1.5 (0.5–3.6)

Triple positivity (IgA/G/M anti-b2GPI, aPS/PT and LA) 8.1 (3.7–17.8) 1.2 (0.3–3.3)

Double positivity (IgA/G/M anti-b2GPI and aPS/PT) 6.8 (3.1–14.5) 1.8 (0.6–4.4)

Positivity for all aPL including anti-PS/PTwas determined by the respective 99th national cut-off values.

aPS/PT: anti-phosphatidylserine/prothrombin; AT: arterial thrombosis; b2GPI: b2 glycoprotein I; CI: confidence interval; CL:

cardiolipin; LA: lupus anticoagulant; OR: odd ratio; VTE: venous thromboembolism.

Figure 4. Venn diagrams of the different antiphospholipid isotypes and lupus anticoagulant among the Swedish SLE patients.
Occurrence of IgG/M (a) and IgA/G/M (b) of aPS/PT, anti-b2GPI and anti-CL and LA, and in (c) the different isotypes of aPS/PT
antibodies, are shown. Positivity for all aPL including aPS/PTwas determined by the respective 99th national cut-off values. Patients
with full data on all measures (n¼ 310) were included.
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who investigated the combined plaque occurrence in
carotid and femoral arteries, found positive associa-
tions with a combination of criteria aPL.45 To under-
stand if aPL contribute to the development of
premature atherosclerosis needs to be investigated
further.

LA positivity was better predicted by aPS/PT than
by anti-b2GPI in the Swedish SLE patients, and only
anti-PS/PT significantly correlated with pathogenic
LA, defined as LA associated with thrombotic events.
While aPS/PT independently associated with VTE, LA
positivity lost this association when we adjusted for the
presence of these antibodies. These data strengthen the
narrative that aPS/PT could be a surrogate biomarker
for LA, or even a more specific biomarker to identify
the LA positive subgroup with high risk of thromboses.
In a former study Shi H et al. investigated Chinese
patients with primary and secondary APS, describing
aPS/PT as a superior predictor of thrombosis com-
pared to LA.46 Notably, the point estimate for VTE
in Swedish SLE patients was higher for double positiv-
ity for aPS/PT together with anti-b2GPI antibodies
than for conventional triple positivity further support-
ing a pivotal role of aPS/PT antibodies.

The LA test is poorly standardized and it is also
often missed in clinical practice due to practical prob-
lems, as it requires fresh or fresh frozen citrate
plasma.22 In the clinic it would be advantageous if
aPS/PT can replace or serve as a surrogate measure
of LA when the latter is technically unfeasible.

As there are no previous studies on the prevalence
and role of aPS/PT in patients from the African conti-
nent, our aim of investigating the Sudanese subjects
was to look for possible clinical associations and com-
pare with Swedish patients. This intention was also
driven by the clear differences in conventional aPL
that we had observed between Sudanese and Swedish
SLE patients in our previous publication.29 Although
the presence of aPS/PT in Sudanese SLE patients did
not associate with thromboses, we speculate that this
statistical insignificance is a result of the low number of
events in this patient group.

Main limitations of this study are the retrospective
design and the low number of patients from Sudan,
where we were not able to perform the LA test and
where we could not collect as detailed clinical informa-
tion as in the Swedish cohort. In addition, we did not
adjust for ongoing treatment e.g. hydroxychloroquine
and steroids as clinical events were collected retrospec-
tively. A prospective study with expansion of the
Swedish SLE cohort is now being performed. An inter-
esting question to also investigate is whether levels
and performance of aPS/PT antibodies as risk
predictors are affected by SLE treatment e.g.
hydroxychloroquine.

To our best knowledge, this is the first study to dem-

onstrate the association between IgA aPS/PT antibod-

ies and arterial events in SLE patients. More

importantly, double positivity for aPS/PT and anti-

b2GPI tests conferred higher VTE risk than the con-

ventional triple positivity, a finding that may simplify

aPL testing in the clinic. Further prospective studies are

needed, and it is especially important to explore IgA

aPS/PT as a risk factor for vascular outcomes.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) disclosed receipt of the following financial sup-

port for the research, authorship and/or publication of this

article: This work was supported by the Swedish Rheumatism

Association (R-932093, to JR, R-840401 to ES); King Gustav

Vth 80-year foundation (FAI-2019-0577, to JR, FAI-2019-

0628 to ES); the Agnes and Mac Rudberg Foundation; the

Signe and Reinhold Sund’s Foundation for Rheumatological

Research; the Swedish Society of Medicine and the Ingegerd

Johansson Donation (SLS-713911 to ES); the Swedish

Research Council (2019-01632, to JR, 2018-02535 to ES);

the Uppsala County Council (ALF); the Stockholm County

Council (ALF) and the Swedish Heart-Lung Foundation

(20170257 and 20190510 to ES).

Acknowledgements

We thank Silvia Casas and Michael Mahler at Inova

Diagnostics who provided laboratory reagents, access to

assay equipment and manpower for autoantibody analyses.

We thank Kerstin Jensen-Urstad who performed the duplex

ultra-sound scans to detect carotid plaques.

ORCID iD

Sahwa Elbagir https://orcid.org/0000-0003-2515-7066

Supplemental Material

Supplemental material for this article is available online.

References

1. Miyakis S, Lockshin MD, Atsumi T, et al. International

consensus statement on an update of the classification

criteria for definite antiphospholipid syndrome (APS).

J Thromb Haemost 2006; 4: 295–306.
2. Petri M, Orbai AM, Alarcon GS, et al. Derivation and val-

idation of the Systemic Lupus International Collaborating

Clinics classification criteria for systemic lupus erythemato-

sus. Arthritis Rheum 2012; 64: 2677–2686.
3. Aringer M, Costenbader K, Daikh D, et al. 2019

European League against Rheumatism/American

College Of Rheumatology Classification Criteria for

Elbagir et al. 1297

https://orcid.org/0000-0003-2515-7066
https://orcid.org/0000-0003-2515-7066


systemic lupus erythematosus. Ann Rheum Dis 2019; 78:

1151–1159.
4. Harris EN, Gharavi AE, Boey ML, et al. Anticardiolipin

antibodies: detection by radioimmunoassay and associa-

tion with thrombosis in systemic lupus erythematosus.

Lancet (London, England) 1983; 322: 1211–1214.
5. Hughes GR. The anticardiolipin syndrome. Clin Exp

Rheumatol 1985; 3: 285–286.
6. Sciascia S, Sanna G, Murru V, et al. Anti-prothrombin

(aPT) and anti-phosphatidylserine/prothrombin (aPS/

PT) antibodies and the risk of thrombosis in the anti-

phospholipid syndrome. A systematic review. Thromb

Haemost 2014; 111: 354–364.
7. Radin M, Foddai SG, Cecchi I, et al.

Antiphosphatidylserine/prothrombin antibodies: an

update on their association with clinical manifestations

of antiphospholipid syndrome. Thromb Haemost 2020;

120: 592–598.
8. Wu JR and Lentz BR. Phospholipid-specific conforma-

tional changes in human prothrombin upon binding to

procoagulant acidic lipid membranes. Thromb Haemost

1994; 71: 596–604.
9. Forastiero R, Martinuzzo M, Pombo G, et al. A prospec-

tive study of antibodies to beta2-glycoprotein I and pro-

thrombin, and risk of thrombosis. J Thromb Haemost

2005; 3: 1231–1238.
10. Bizzaro N, Ghirardello A, Zampieri S, et al. Anti-pro-

thrombin antibodies predict thrombosis in patients with

systemic lupus erythematosus: a 15-year longitudinal

study. J Thromb Haemost 2007; 5: 1158–1164.
11. Otomo K, Atsumi T, Amengual O, et al. Efficacy of the

antiphospholipid score for the diagnosis of antiphospho-

lipid syndrome and its predictive value for thrombotic

events. Arthritis Rheum 2012; 64: 504–512.
12. Sciascia S, Sanna G, Murru V, et al. GAPSS: the global

anti-phospholipid syndrome score. Rheumatology

(Oxford) 2013; 52: 1397–1403.
13. Galli M, Luciani D, Bertolini G, et al. Lupus anticoagu-

lants are stronger risk factors for thrombosis than anti-

cardiolipin antibodies in the antiphospholipid syndrome:

a systematic review of the literature. Blood 2003; 101:

1827–1832.
14. Oosting JD, Derksen RH, Entjes HT, et al. Lupus anti-

coagulant activity is frequently dependent on the pres-

ence of beta 2-glycoprotein I. Thromb Haemost 1992;

67: 499–502.
15. de Groot PG and Urbanus RT. The significance of auto-

antibodies against beta2-glycoprotein I. Blood 2012; 120:

266–274.
16. Sakai Y, Atsumi T, Ieko M, et al. The effects of

phosphatidylserine-dependent antiprothrombin antibody

on thrombin generation. Arthritis Rheum 2009; 60:

2457–2467.
17. Cattini MG, Bison E, Pontara E, et al. Tetra positive

thrombotic antiphospholipid syndrome: major contribu-

tion of anti-phosphatidyl-serine/prothrombin antibodies

to lupus anticoagulant activity. J Thromb Haemost 2020;

18: 1124–1132.

18. Pengo V, Del Ross T, Ruffatti A, et al. Lupus anticoag-

ulant identifies two distinct groups of patients with dif-

ferent antibody patterns. Thromb Res 2018; 172: 172–178.
19. Bertolaccini ML, Sciascia S, Murru V, et al. Prevalence

of antibodies to prothrombin in solid phase (aPT) and to

phosphatidylserine-prothrombin complex (aPS/PT) in

patients with and without lupus anticoagulant. Thromb

Haemost 2013; 109: 207–213.
20. Vlagea A, Gil A, Cuesta MV, et al.

Antiphosphatidylserine/prothrombin antibodies (aPS/

PT) as potential markers of antiphospholipid syndrome.

Clin Appl Thromb Hemost 2013; 19: 289–296.
21. Bertolaccini ML, Amengual O, Andreoli L, et al. 14th

International Congress on Antiphospholipid Antibodies

Task Force. Report on antiphospholipid syndrome labo-

ratory diagnostics and trends. Autoimmun Rev 2014; 13:

917–930.
22. Pengo V, Tripodi A, Reber G, et al. Update of the guide-

lines 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: 1737–1740.
23. Antovic A, Norberg EM, Berndtsson M, et al. Effects of

direct oral anticoagulants on lupus anticoagulant assays

in a real-life setting. Thromb Haemost 2017; 117:

1700–1704.
24. Tan EM, Cohen AS, Fries JF, et al. The 1982 revised

criteria for the classification of systemic lupus erythema-

tosus. Arthritis Rheum 1982; 25: 1271–1277.
25. Elbagir S, Elshafie AI, Elagib EM, et al. Sudanese and

Swedish patients with systemic lupus erythematosus:

immunological and clinical comparisons. Rheumatology

(Oxford) 2020; 59: 968–978.
26. Gustafsson JT, Herlitz Lindberg M, Gunnarsson I, et al.

Excess atherosclerosis in systemic lupus erythematosus,-a

matter of renal involvement: case control study of 281

SLE patients and 281 individually matched population

controls. PLoS One 2017; 12: e0174572.
27. Sciascia S, Radin M, Ramirez C, et al. Evaluation of

novel assays for the detection of autoantibodies in anti-

phospholipid syndrome. Autoimmun Rev 2020; 19:

102641.
28. Ruacho G, Kvarnstr€om M, Zickert A, et al. Sj€ogren syn-

drome in systemic lupus erythematosus: a subset charac-

terized by a systemic inflammatory state. J Rheumatol

2020; 47: 865–875.
29. Elbagir S, Elshafie AI, Elagib EM, et al. High IgA anti-

phospholipid autoantibodies in healthy Sudanese explain

the increased prevalence among Sudanese compared to

Swedish systemic lupus erythematosus patients. Lupus

2020; 29: 1412–1422.
30. Pengo V, Biasiolo A, Pegoraro C, et al. Antibody profiles

for the diagnosis of antiphospholipid syndrome. Thromb

Haemost 2005; 93: 1147–1152.
31. Atsumi T, Ieko M, Bertolaccini ML, et al. Association of

autoantibodies against the phosphatidylserine-

prothrombin complex with manifestations of the

1298 Lupus 30(8)



antiphospholipid syndrome and with the presence of
lupus anticoagulant. Arthritis Rheum 2000; 43:
1982–1993.

32. Nojima J, Kuratsune H, Suehisa E, et al. Strong correla-
tion between the prevalence of cerebral infarction and the
presence of anti-cardiolipin/beta2-glycoprotein I and anti-
phosphatidylserine/prothrombin antibodies–co-existence
of these antibodies enhances ADP-induced platelet activa-
tion in vitro. Thromb Haemost 2004; 91: 967–976.

33. Zigon P, Podovsovnik A, Ambrozic A, et al. Added value
of non-criteria antiphospholipid antibodies for antiphos-
pholipid syndrome: lessons learned from year-long rou-
tine measurements. Clin Rheumatol 2019; 38: 371–378.

34. Kelchtermans H, Pelkmans L, de Laat B, et al. IgG/IgM
antiphospholipid antibodies present in the classification
criteria for the antiphospholipid syndrome: a critical
review of their association with thrombosis. J Thromb

Haemost 2016; 14: 1530–1548.
35. Tsutsumi A, Hayashi T, Chino Y, et al. Significance of

antiprothrombin antibodies in patients with systemic
lupus erythematosus: clinical evaluation of the antipro-
thrombin assay and the antiphosphatidylserine/pro-
thrombin assay, and comparison with other
antiphospholipid antibody assays. Mod Rheumatol

2006; 16: 158–164.
36. Bardin N, Alessi MC, Dignat-George F, et al. Does the

anti-prothrombin antibodies measurement provide addi-
tional information in patients with thrombosis?
Immunobiology 2007; 212: 557–565.

37. Ageno W, Becattini C, Brighton T, et al. Cardiovascular
risk factors and venous thromboembolism: a meta-anal-
ysis. Circulation 2008; 117: 93–102.

38. Chamberlain AM, Folsom AR, Heckbert SR, et al.
High-density lipoprotein cholesterol and venous throm-
boembolism in the longitudinal investigation of throm-
boembolism etiology (LITE). Blood 2008; 112:
2675–2680.

39. Nojima J, Iwatani Y, Suehisa E, et al. The presence of

anti-phosphatidylserine/prothrombin antibodies as risk

factor for both arterial and venous thrombosis in patients

with systemic lupus erythematosus. Haematologica 2006;

91: 699–702.
40. Liu T, Gu J, Wan L, et al. “Non-criteria” antiphospho-

lipid antibodies add value to antiphospholipid syndrome

diagnoses in a large Chinese cohort. Arthritis Res Ther

2020; 22: 33.
41. Szodoray P, Tarr T, Tumpek J, et al. Identification of

rare anti-phospholipid/protein co-factor autoantibodies

in patients with systemic lupus erythematosus.

Autoimmunity 2009; 42: 497–506.
42. Murthy V, Willis R, Romay-Penabad Z, et al. Value of

isolated IgA anti-beta2 -glycoprotein I positivity in the

diagnosis of the antiphospholipid syndrome. Arthritis

Rheum 2013; 65: 3186–3193.
43. McMahon M, Skaggs BJ, Grossman JM, et al. A panel of

biomarkers is associated with increased risk of the pres-

ence and progression of atherosclerosis in women with

systemic lupus erythematosus. Arthritis Rheum 2014; 66:

130–139.
44. Kiani AN, Post WS, Magder LS, et al. Predictors of pro-

gression in atherosclerosis over 2 years in systemic lupus

erythematosus. Rheumatology (Oxford) 2011; 50:

2071–2079.
45. Kravvariti E, Konstantonis G, Sfikakis PP, et al.

Progression of subclinical atherosclerosis in systemic

lupus erythematosus versus rheumatoid arthritis: the

impact of low disease activity. Rheumatology (Oxford)

2018; 57: 2158–2166.
46. Shi H, Zheng H, Yin YF, 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: 614–624.

Elbagir et al. 1299


	table-fn1-09612033211014570
	table-fn2-09612033211014570
	table-fn3-09612033211014570
	table-fn4-09612033211014570

