Do all antiphospholipid antibodies confer the same risk for major
organ involvement in systemic lupus erythematosus patients?
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Abstract
Objective
We aimed to investigate the association between the different antiphospholipid antibodies (aPL) and both systemic lupus
erythematosus (SLE) and antiphospholipid syndrome (APS) manifestations.

Methods
Patients from the RELESSER registry, a Spanish retrospective, cross-sectional, forty-five hospital registry of adult SLE patients,
were included.

Results
Out of a total of 3,658 SLE patients, 1372 were aPL positive (555 of them fulfilled criteria for APS). All aPL types showed a
negative association with cutaneous SLE manifestations. Lupus anticoagulant (LA) and anticardiolipin antibodies (aCL) were
both associated with haematological, ophthalmological and neuropsychiatric manifestations. IgG isotypes were associated with
a higher risk of lupus manifestations compared with IgM. We found that the risk of neuropsychiatric and ophthalmological
manifestations significantly increased with a higher number of positive aPL whereas the risk of cutaneous symptoms showed a
negative correlation. All types of aPL, and more strongly LA, were associated with non-criteria antiphospholipid syndrome
(APS) manifestations such as thrombocytopenia and haemolytic anaemia. Moreover, LA and aCL (particularly IgG isotype)
were also associated with Libman-Sacks endocarditis and cognitive impairment. This association was stronger with more than
one positive aPL. All types of aPL were also associated with classic APS manifestations, although LA, IgG isotypes, and
patients with more than one aPL displayed a higher risk.

Conclusion
There is a hierarchy for aPL and the risk of APS and SLE manifestations. aCL, and especially LA, confer a higher risk for
major organ involvement in SLE. IgG isotypes seem to have a more important role. The load of aPL confer a higher risk for
APS and certain SLE manifestations.
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Introduction

Systemic lupus erythematosus (SLE)
patients produce a wide variety of au-
toantibodies, some of which are simply
markers of the disease or disease activ-
ity, while others, such as antiphospho-
lipid antibodies (aPL), are definitely
pathogenic (1). aPL include a heteroge-
nous group of autoantibodies, including
anticardiolipin antibodies (aCL), anti-
[2-glycoprotein-I antibodies (aB2GPI)
and lupus anticoagulant (LA). About
30 to 40% of SLE patients are positive
for aPL(2), aCL seems to be the most
frequently positive, followed by LA(3).
Fewer data are available about the prev-
alence of aB2GPI (4).

aPL have been extensively associated
with an increased risk of thrombosis
and poor pregnancy outcomes in prima-
ry antiphospholipid syndrome (APS).
Moreover, LA and particularly triple
positivity have been associated with the
highest risk for thrombosis and also for
obstetric complications (5-7). However,
less information addressing the associa-
tion of aPL and thrombotic or obstetric
manifestations in SLE is available (8,
9). Regarding SLE manifestations, aPL.
positivity has been related with higher
damage accrual in SLE patients (10),
valvular heart disease (11), pulmonary
hypertension (12) or neuropsychiatric
manifestations (13). However, most
data rely on studies focused that do not
take into account neither the influence
of the different types of aPL nor their
isotypes or the number of positive anti-
bodies.

The aim of the present study was to in-
vestigate the association between the
different aPL as well as their isotypes
with both clinical criteria for APS and
other APS-related manifestations and
SLE-related clinical manifestations.
Furthermore, we also attempt to eluci-
date the influence of the load of anti-
bodies in the clinical profile of APS and
SLE patients.

Material and methods

Patients

Patients from the Registry of SLE pa-
tients of the Spanish Society of Rheu-
matology (RELESSER) who met at
least 4 ACR-97 SLE criteria (14) were
included. The methodology used, the

definitions of the disease related vari-
ables, and general characteristics of this
cohort have been previously described
in detail (15, 16). Briefly, RELESSER
is a forty-five hospital registry, from
a large representative sample of adult
non-selected patients with SLE attend-
ing Spanish rheumatology services from
the public national health system. It in-
cludes a retrospective cross-sectional
collection of SLE patient data during a
12-month period from October 2011 to
September 2012. All of the participat-
ing researchers carried a specific train-
ing on the study procedures and on the
use of SLE assessment tools. The study
was approved by the local Ethics Com-
mittees of all participating centres. The
Research Unit of the Spanish Society of
Rheumatology (SER) managed all data
and data processing. The Research Unit
of the SER has given expert methodo-
logical support to recognised registries
of patients with different rheumatic dis-
eases (16-18).

Data collection

Information was collected for a total
of = 400 variables per patient includ-
ing the following domains: a) Demo-
graphics: age, gender, and ethnicity; b)
Clinical variables: comorbidities, delay
in SLE diagnosis, disease duration, ac-
cumulated ACR criteria (14), Sydney
criteria for APS (19). The main SLE-
related clinical manifestations analysed
in the present study are shown in Sup-
plementary Table S1; ¢) Immunological
domain: complement (C3, C4) levels,
presence of autoantibodies (ANA, an-
ti-ds-DNA, anti-Sm, anti-Ro, anti-La,
anti-RNP, and aPL included in Sydney
criteria (19). IgG and IgM aCL and aB-
2GPI levels were measured by stand-
ardised ELISA. LA was determined ac-
cording to the standard guidelines (20).
aPL serology was considered positive
when two different samples were posi-
tive, at least 12 weeks apart according
to Sidney Criteria (19).

Statistical analysis

Means and standard deviations for nu-
meric variables based on normal dis-
tribution, and absolute and relative fre-
quencies for qualitative variables were
calculated for the global study popula-
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tion and for the different study groups.
Student’s #-test and Krustal-Wallis were
used for numerical variables and Chi-
square when comparing categorical
variables between groups. Finally, in or-
der to assess association of the different
aPL, their isotypes and the number of
positive antibodies to clinical features
an assessment calculating crude odds
ratios (OR) through logistic regression
was done. Statistically significance was
assumed as p<0.05. All analyses were
performed through Stata 13.1 for Win-
dows (Copyright 1985-2013 StataCorp
LP StataCorp 4905 Lakeway Drive
College Station, Texas 77845 USA).

Results

Characteristics of the cohort

The study cohort included 3658 SLE
patients. Among them, 2398 SLE pa-
tients had at least one aPL determina-
tion. As shown in Supplementary Table
2, the majority of patients had aCL and
LA measurements, but about half of
the patients were lacking aB2GP I de-
termination (Suppl. Table S2). Among
the 2398 SLE patients, 1372 (57.3%)
tested positive for at least one aPL.
555 (23.1%) were diagnosed with as-
sociated APS and 817 (34.1%) had a
positive aPL serology but did not meet
clinical criteria for APS (19). The main
demographic characteristics are sum-
marised in Table I. Detailed informa-
tion on clinical SLE manifestations,
non-criteria APS manifestations and
classic APS manifestations are included
in Supplementary Tables S3-5. The fre-
quencies of the different aPL are shown
in Table II. Regarding the number of
positive antibodies, 752 (31.4% of the
cohort) patients had one positive aPL,
443 (18.5%) patients had two positive
antibodies and 177 (7.4%) were triple
positive.

LA and aCL are associated

with an increased burden of disease

in SLE patients

Both LA and aCL were associated with
major SLE organ manifestations (Fig.
1A and Suppl. Table S3). LA and aCL
were also associated with ophthalmo-
logical and haematological manifesta-
tions. Besides, LA was also related to
renal disease (OR: 1.21 (1.01-1.44],
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Table I. Demographic data and traditional cardiovascular risk factors distribution in the

study cohort.

Patients with aPL determination

Whole study cohort

(n=2398) (n=3658)

Female sex 2164 (90.4) 3298 (90.3)
Caucasic origin 2178 (93.4) 3309 (93.2)
Age, mean+SD (yr) 46.1 =142 46.8 +14.8
Age at SLE diagnosis, mean + SD (yr) 343 +142 352+14.7
Disease duration, mean + SD (mo) 142.8 £102.3 142.6 +100.7
Tobacco use (n/%):

Current 381 (17.4) 551 (16.7)

Former 531 (24.2) 802 (24.4)
High blood pressure (n/%) 697 (29.3) 1061 (29.3)
Dyslipidaemia (n/%): 731 (31.6) 1101 (31.3)
Diabetes (n/%):

Without organ damage 95 (4) 151 (42)

With organ damage 18 (0.8) 28 (0.8)
Alcohol consumption (n/%):

Current 18 (0.8) 25 (0.7)

Former 74 (3.3) 119 (3.6)

SLE: systemic lupus erythematosus; n: number; SD: standard deviation; yr: years; mo: months.

Table II. Distribution of the different antiphospholipid antibodies isotypes and the number

of positive antibodies in the study cohort.

Whole study cohort
(n=3658)

IgM aCL (n / % of patients with this
determination available / % of the whole cohort)
IgG aCL
IgM aB2GP 1
IgG aB2GP1
LA
Number of positive aPL (n /% of patients with
aPL determination / % of the whole cohort):
1
2
3

677/20.1/ 18.5

833/24.7/22.8
300/13.8/8.2
293/13.5/80
637/24.0/ 174

752 /31.4/20.6
443/18.5/12.1
177/7.4/4.8

aCL: anticardiolipin; aB2GPI: anti B2 glycoprotein I; LA: lupus anticoagulant.

p=0.042). In contrast, aB2GPI were
only associated with ophthalmologi-
cal and gastrointestinal manifestations
(OR: 1.57 [1.02-241], p=0.039 and
OR: 1.64 [1.08-2.48], p=0.019, respec-
tively). As shown in Figure 1A, all three
aPL were inversely associated with
SLE cutaneous manifestations (OR:
0.81[0.70-0.95], p=0.011 for aCL,, OR:
0.78 [0.63-0.97], p=0.027 for aB2GPI
and OR: 0.79 [0.65-0.97], p=0.021 for
LA). LA was also inversely associated
with musculoskeletal manifestations
(OR: 0.72 [0.58-0.88], p=0.001).

As shown in Figure 1B and Supple-
mentary Table S3, all types of aPL
were associated with non-criteria hae-
matological APS manifestations such
as thrombocytopenia and haemolytic

anaemia. LA and also aCL were asso-
ciated with Evans syndrome. The asso-
ciation was stronger for LA in all cases,
with an OR: 2.29 [1.88-2.79], p<0.001
for thrombocytopenia, OR: 2.08 [1.58—
2.74], p<0.001 for haemolytic anaemia
and OR: 2.65 [1.80-3.88], p<0.001 for
Evans syndrome. Moreover, aCL and
LA were also associated with Libman-
Sacks endocarditis and cognitive im-
pairment, and, whereas LA showed also
an association with valvular dysfunc-
tion, aCL correlated with headache.
aB2GPI only showed an association
with cognitive impairment (OR: 1.67
[1.01-2.78], p=0.047).

As expected, all types of aPL were as-
sociated with classic APS manifesta-
tions (Fig. 1C and Suppl. Table S3).
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Fig. 1. Antiphospholipid antibody type and their association with clini-

cal manifestations in SLE patients.

A: includes SLE organ manifestations.

B: includes non criteria APS manifestations.

C: includes classic APS manifestations.

All the associations represented in the figure were statistically signifi-

cant (p<0.05).

The association was stronger with
thrombotic events and recurrent preg-
nancy losses with more than a three-
fold increased risk for the three aPL.
aCL showed the highest risk for arte-
rial thrombosis (OR: 5.74 [4.13-7.97],
p<0.001) whereas LA showed the high-
est risk for venous thrombosis (OR:
4.86 [3.77-6.26], p<0.001). Both aCL
and aB2GPI confer analogous risk for
recurrent pregnancy losses (OR: 4.47
[2.58-7.74] and OR: 4.48 [2.59-7.75],
p<0.001, respectively)

IgG isotypes increase the risk

for major SLE manifestations

and clinical APS

When evaluating the influence of aPL
isotypes, we found that particularly IgG
aCL were associated with respiratory,
cardiac, neuropsychiatric, ophthalmo-
logical and gastrointestinal manifesta-
tions (Fig. 2A and Suppl. Table S4).
Conversely, IgM aCL were only asso-
ciated with neuropsychiatric manifes-
tations. In line, IgG aB2GPI antibod-
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ies showed a positive association with
cardiac, ophthalmological and gastro-
intestinal manifestations, whereas IgM
aB2GPI were only associated with gas-
trointestinal manifestations. Interest-
ingly, both IgG aCL, IgM aCL and IgM
aB2GPI were inversely associated with
SLE cutaneous manifestations (OR:
0.80 [0.68-0.96], p=0.013, OR: 0.68
[0.57-0.82], p<0.001 and OR: 0.74 [0.—
0.96], p=0.022, respectively).
Regarding non-criteria APS manifesta-
tions, both IgG and IgM isotypes were
similarly associated with thrombocyto-
penia and haemolytic anaemia (Fig. 2B
and Suppl. Table S4). However, IgG
isotypes were more strongly associated
with other non-criteria manifestations
such as Libman Sacks endocarditis
(OR:3.94[1.99-7.79], p<0.001 for IgG
aCLand OR:3.56[1.31-9.71],p=0.013
for IgG aB2GPI) and cognitive impair-
ment (OR: 1.81 [1.19-2.74], p=0.005
for IgG aCL and OR: 1.90 [1.05-3.42],
p=0.033 for IgG aB2GPI).

When analysing the IgG and IgM iso-

types of aCL and aB2 GPI antibodies,
we found that all of them were associ-
ated with thrombotic manifestations,
fetal death and recurrent pregnancy
losses. However, as showed in Figure
2C and Supplementary Table S4, the
association was again stronger for IgG
isotypes. Moreover, only IgG aCL was
significantly related with preterm birth,
OR: 1.7 [1.03-2.82], p=0.038.

The load of aPL antibodies is
associated with the risk for certain
clinical SLE manifestations and

APS clinical features

We found that the number of positive
aPL antibodies influences the presence
of certain SLE manifestations (Fig. 3A
and Suppl. Table S5). The inverse as-
sociation between aPL and cutaneous
manifestations was stronger with double
and triple positivity (OR: 0.90 [0.75-
1.09], p=0.273 for single positivity, OR
0.77 [0.62-0.96], p=0.021 for double
positivity and OR: 0.71 [0.51-0.98],
p=0.038 for triple positivity). Indeed,

Clinical and Experimental Rheumatology 2021
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Fig. 2. Antiphospholipid antibody isotype and
their association with clinical manifestations in
SLE  patients.

A: includes SLE organ manifestations.

B: includes non criteria APS manifestations.
C: includes classic APS manifestations.

All the associations represented in the figure
were statistically significant (p<0.05).
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particularly the higher load of posi-
tive antibodies, the less likely to suffer
photosensitivity (Fig. 3A). Moreover,
the association between aPL and neu-
ropsychiatric manifestations was more
consistent with more than one positive
aPL (OR: 1.19 [0.95-1.48], p=0.129 for
single positivity, OR: 1.71 [1.33-2.19),
p<0.001 for double positivity and OR:
1.68 [1.16-2.42], p=0.006 for triple
positivity). This was particularly true
for psychosis, where positivity for one,
two and three antibodies conferred an
OR: 1.67 [0.96-2.81] p=0.071, OR:
2.17[1.20-3.91] p=0.010 and OR: 2.36
[1.04-5.35] p=0.040, respectively. The
risk for ophthalmological manifesta-
tions also increased with the higher
number of positive aPL (OR:1.44
[0.96-2.16], p=0.076 for single positiv-
ity, OR: 1.79 [1.13-2.82], p=0.013 for
double positivity and OR: 3.05 [1.76—
5.28], p<0.001) for triple positivity).

There was a linear association between
the number of positive antibodies and
the risk of thrombocytopenia, haemo-
lytic anaemia, Libman Sacks endocar-
ditis and cognitive impairment (Fig.
3B and Suppl. Table S5). The risk was
particularly high for Libman Sacks en-
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docarditis where positivity for three an-
tibodies conferred more than a six-fold
increased risk, OR: 6.66 [2.25-19.71],
p=0.001.

We also found a direct association be-
tween the number of positive antibod-
ies and APS thrombotic manifestations
and recurrent pregnancy losses. The
higher the number of positive antibod-
ies, the higher the risk for developing
thrombotic manifestations and recur-
rent pregnancy losses. Regarding fetal
death, double and triple positivity in-
creased the risk for fetal death compar-
ing with single positivity, but no differ-
ences were found between positivity
for two or three antibodies. This asso-
ciation was not found for preterm birth
(Fig. 3C and Suppl. Table S5).

Discussion

The present study describes a large mul-
ticentric cohort of well characterised
SLE patients and the impact of aPL in
the disease phenotype, not only in APS
manifestations, but also in non-criteria
APS and SLE-specific clinical features.
aCL was the most common antibody,
and the majority of patients carried only
one positive aPL. When evaluating the

influence of each type of antibody, we
found that LA and aCL were associated
with SLE major manifestations and also
with certain non-criteria APS manifes-
tations. Regarding the relevance of the
aPL isotypes, IgG isotypes were re-
sponsible for most of the SLE related
manifestations, and they were also re-
sponsible for the highest risk of classic
APS manifestations. We also found that
the higher the number of positive aPL
the higher the risk for neuropsychiatric
and ophthalmological SLE manifesta-
tions and the lower the risk for cuta-
neous manifestations. Moreover, we
found that the higher load of antibodies
also increased the risk for non-criteria
and classic APS manifestations.

aPL have been associated with certain
SLE manifestations such as valvular
heart disease(11) or neuropsychiatric
manifestations (13,21), and also with
organ damage (10, 22) and hypocom-
plementaemia (23-25). We found that
LA, IgM aB2GPI and both IgG and
IgM aCL were inversely associated
with SLE cutaneous manifestations.
The strength of this association was
reinforced by the negative linear effect
of the autoantibody burden on cutane-
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Fig. 3. Number of antiphospho-

Cutaneous Photosensitivity lipid antibodies and their associa-
tion with clinical manifestations
3 o | 3 o in SLE patients.
A: includes SLE organ manifesta-
3 3 tions.
B: includes non criteria APS mani-
festations.
1 e L . C: includes classic APS manifes-
00 05 10 15 00 05 1.0 15 tations. - o
OR OR The number of positive antibodies
is represented in the Y-axis.
Neuropsychiatric Psychosis Opthalmological
3 —— 3 L 4 i 3 —e—
2 —— 2 —e— 2 —o—
1 1 —o— 1 —o—i
0 1 2 3 o 1 2 3 4 5 0 2 4 6
OR OR OR
B Thrombocytopenia Hemolytic anemia
34 —e———1 3 e
24 —eo— 24 —e—A
14 e 14 —eo—
1 2 3 4 1 2 3 4
OR OR

Libman Sacks endocarditis

Cognitive impairment

1| —o— 3 ——
29| —o—— 2 —o——
11— 1 Heo—i
T T T T 1 t T T T 1
5 10 15 20 25 0 2 4 6 8
OR OR

Venous thrombosis

= 3 early pregnancy losses

3 —e———— 3 pe @ e Al =
2 —o——I 2 —o—i 24| —o——
14| e 1 —o—i 11| H—
0 10 20 30 0 5 10 15 10 20 30 40
OR OR OR

ous manifestations, especially in photo-
sensitivity. In keeping with our results,
Taraborelli et al. (26) and Ilgen et al.
(23) found an inverse association be-
tween aPL positivity and acute cutane-
ous lupus. It probably reflects that SLE
aPL positive patients have a different

560

disease phenotype possible influenced
by a certain genetic background or dif-
ferent molecular signatures (26). It is
also possible, that certain clusters based
on the autoantibody profile might also
identify subgroups of patients with a
different clinical phenotype (27).

A striking finding of this work was the
association of major SLE manifesta-
tions with aCL and especially with LA.
However, aB2GPI was only associated
with less frequent SLE manifestations
such as gastrointestinal and ophthalmo-
logic ones. LA and aCL (both IgG and

Clinical and Experimental Rheumatology 2021



IgM) were also associated with neu-
ropsychiatric lupus in our cohort. Some
studies have linked aPL with cognitive
impairment in SLE patients (13, 28,
29) but did not analyse the influence of
the different antibodies. Other studies
found no associations (30, 31) except
for a link between LA and thrombosis
(21). Some reasons explaining the fre-
quency of nervous system affection in
APS, included the fact that the endothe-
lial surface and anti-clotting biology of
cerebral blood vessels differ from ves-
sels elsewhere. Moreover, some experts
(32) have suggested that some aPL have
direct anti-neuronal specificity. Indeed,
brain-blood ‘sludging’ can explain why
anticoagulation improves mini-strokes,
seizures and memory loss (32). We also
found that SLE renal manifestations
were associated with LA. Some authors
(23, 26, 33) reported no association ei-
ther between aPL positivity or with the
levels of antibodies and SLE nephritis.
The aPL isotype and titre are also im-
portant for severity assessment in SLE
patients (35). The results of our study
suggest that the IgG isotype is associ-
ated, more frequently than IgM, to the
development not only of characteristic
manifestations of APS, but also of spe-
cific manifestations of SLE. We found
that IgG aCL were related with respira-
tory symptoms in SLE patients. In line
with this, a previous meta-analysis (12)
reported an association between LA and
IgG aCL and pulmonary hypertension
in SLE patients. This association was
not shown for IgM aCL and aB2GPI.
Regarding cardiac manifestations, we
found that IgG aCL and IgG aB2GPI
were both associated with SLE car-
diac affection. This keeps in line with
a meta-analysis by Zuily er al. (11)
who found that SLE patients with LA
or IgG aCL had six times higher risk
of valve disease that those without aPL
(the studies included in the meta-analy-
sis did not have data on aB2GPI). The
prevailing theory behind SLE-related
valvular disease is that aPL contribute
to damage via inflammatory and throm-
botic mediated pathways (36).

Previous studies have suggested that
certain aPL types might be related with
non-criteria APS manifestations (37).
Libman Sacks endocarditis can be
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found in 10% of patients with SLE, and
is associated with disease duration, dis-
ease activity, presence of aPL and clini-
cal APS (38). In the present study, LA
conferred a seven-fold increased risk
of Libman Sacks endocarditis, where-
as aCL conferred a two-fold increased
risk. When analysing the isotypes, IgG
aCL and IgG aB2GPI significantly in-
creased the risk of this manifestation.
Zuily et al. (11) found an OR of 3.5 for
Libman Sacks endocarditis in aPL posi-
tive patients. In line with valvular dys-
function, Perez-Villa et al. (39) found
that IgG aCL were associated with se-
vere valvular regurgitation in SLE pa-
tients.

Thrombocytopenia has been associated
with aPL positivity in several studies
(23,27, 34,40-43). We confirmed these
results as we found an association be-
tween thrombocytopenia and all three
aPL, including IgG and IgM isotypes,
being LA responsible for the strongest
association. We found that haemolytic
anemia was associated with the three
types of antibodies, with the highest
risk for LA and aCL, confirming previ-
ous unpublished findings by Unlu (44).
Cognitive deficit has also been reported
(13) to be two times more frequent in
SLE patients with aPL. We found also
that all aPL except aB2GPI were asso-
ciated with cognitive impairment.
There are few studies addressing the
global influence of aPL and classic APS
manifestations in SLE patients. Wahl et
al. back in 1997 (8) reported a higher
risk for thrombotic events in lupus pa-
tients with LA than in those with aCL.
We also found that all antibodies were
associated with APS manifestations,
with the strongest association between
LA with venous thrombosis and aCL
with arterial thrombosis. Previous stud-
ies suggested that aCL seemed more of-
ten associated with arterial events, and
aB2GPI antibodies with venous throm-
bosis in APS patients (45). Moreover,
we confirmed that IgG isotypes were
more strongly associated with APS
symptoms than IgM isotypes. IgM iso-
types and their relation with thrombosis
has been debated, although included in
the classification criteria for APS, many
authors question their single positivity
as a risk factor for thrombosis (46, 47).

Arecent review confirmed more signifi-
cant correlations with thrombotic com-
plications for the IgG isotype than for
the IgM isotype (48).

In patients with isolated APS a clear re-
lationship has been established between
the number of autoantibodies present
and the development of clinical mani-
festations (5-7). In the present study,
we found that the risk for certain SLE
manifestations such as neuropsychi-
atric (particularly psychosis) and oph-
thalmological manifestations increased
with a higher number of positive anti-
bodies. Moreover, and as stated above,
the aPL protective effect for cutaneous
manifestations increased with more
than one positive antibody. Regarding
non-criteria APS manifestations, we
also found that there was an increased
risk for these symptoms in SLE pa-
tients with higher load of antibodies. In
line with classic APS manifestations,
we confirmed the data reported in pri-
mary APS, that the higher the number
of positive aPL, the higher the risk for
thrombotic and obstetric manifesta-
tions. Thus, our study confirms that
those SLE patients with triple positiv-
ity are prone to have a more severe dis-
ease, with higher thrombotic risk and
also with a higher risk for development
other APS related manifestations.

This study has several limitations. First,
aPL and LA assays have not been ho-
mogeneous, as they were performed
in different laboratories. Nevertheless,
Sydney classification criteria (19) were
strictly followed for the classification of
patients. We do not have data on the se-
rological evolution of aPL, however, for
considering aPL positivity there should
have two determinations performed at
least 12 weeks apart. Furthermore, not
all patients had measurements of the
three aPL and data mainly on aB2GPI
were missing in some of them. Al-
though other aPL (IgA isotypes or anti-
phosphatidylserine/prothrombin  anti-
bodies) have been related with clinical
manifestations in SLE (49), we were
focused only in those aPL included in
the classification criteria. Second, due
to the retrospective nature of the study,
not all the relevant clinical data, such as
livedo reticularis, were recorded. Third,
the study includes only lupus patients
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attending Spanish hospitals. Never-
theless, as the vast majority of centres
participating in the study were not re-
ferral units for complex SLE patients,
this makes a selection bias towards
more severe patients unlikely. Forth,
and very important, the present study
has a cross sectional design. Therefore,
baseline variables were retrospectively
collected several years into the disease
course rather than at the beginning of
SLE. Finally, another limitation is the
fact that all thrombotic events when in
patients with positive serology were at-
tributed to APS, not taking into account
other aspects of their disease or treat-
ments used. However, we think that this
situation reflects what happens in daily
practice as APS classification criteria
do not take into account any other pro-
thrombotic risk factors.

We also consider that our study has
several strengths. First of all, it is the
widest cohort reported so far that ana-
lysed the influence of aPL in SLE. In
fact, the analysis not only included the
type of aPL, but also the influence of
the isotype and the number of autoan-
tibodies in the disease phenotype. Fur-
thermore, the influence of aPL were not
only analysed in APS manifestations,
but also in non-criteria APS manifesta-
tions and classic SLE clinical features.
Thus, the present study provides a glob-
al approach to the role of aPL in SLE
patients. The RELESSER project has
been design and developed according
to a rigorous protocol. Indeed, all coin-
vestigators who included patients in the
cohort performed mandatory clinical
trainings. This cohort is a well charac-
terised cohort of Spanish SLE patients
with a substantial contribution to the
knowledge of the disease in southern
Europe.

In conclusion, the present study in a
large SLE cohort confirms than there is
a hierarchy for aPL and their associa-
tion with SLE and APS manifestations.
Although all types of antibodies confer
risk for APS classic manifestations and
other manifestations such as throm-
bocytopenia and haemolytic anaemia,
only aCL, and especially LA, confer a
higher risk for major organ involvement
in SLE patients and non-criteria APS
manifestations such as Libman Sacks
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endocarditis or cognitive impairment.
IgG isotypes are mostly responsible for
these associations. The load of aPL an-
tibodies significantly increases the risk
for clinical and non-criteria APS and
also for certain neuropsychiatric and
ophthalmological lupus manifestations
whereas it decreases the risk for cutane-
ous lupus manifestations.
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