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Abstract

Objective: To identify the different clinical phenotypes of antiphospholipid syndrome (APS) by using cluster analysis and
describe cumulative damage of disease clusters.
Methods: This retrospective study includes patients with APS (±systemic lupus erythematosus (SLE)). Two-step cluster
analysis was applied by considering clinical data. Damage was calculated for all patients by applying damage index for APS
(DIAPS).
Results: A total of 237 patients (198 females; median age of 43 years; median follow-up of 9.5 years) were classified into
four clusters. Cluster 1 (n = 74) consisted of older patients with arterial-predominant thrombosis, livedo reticularis, and
increased cardiovascular risk; cluster 2 (n = 70) of SLE+APS patients with thrombocytopenia and heart valve disease; cluster
3 (n = 59) of patients with venous-predominant thrombosis, less extra-criteria manifestations; and cluster 4 (n = 34) of
patients with only pregnancy morbidity with lower frequency of extra-criteria features and cardiovascular risk. Patients
with SLE+APS (n = 123) had the highest mean DIAPS. Regarding clusters, 1 and 2 had high cumulative damage. While
cumulative survival rates of clusters did not differ, cluster 2 and 3 had lower survival rates at further years. There was no
correlation between DIAPS and mortality.
Conclusion: SLE+APS patients with extra-criteria manifestations and older APS patients with arterial thrombosis and
increased cardiovascular risk have higher cumulative damage. Effective treatment of SLE disease activity and control of
cardiovascular risk may help to reduce cumulative damage in these patients.
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Introduction

Antiphospholipid syndrome (APS) is an autoimmune dis-
ease characterized by vascular thrombosis and/or pregnancy
morbidity with the persistent presence of antiphospholipid
antibodies (aPL).1 Beyond vascular thrombosis and
pregnancy morbidity, various aPL-related neurologic,
cardiac, pulmonary, renal, cutaneous, and hematologic
features, referred to as extra-criteria manifestations, have
been defined.2

Cluster analysis is a statistical technique that aims to
identify groups of patients with similar clinical and/or
laboratory characteristics. Recently cluster analysis has
been used in different APS cohorts to show different disease
phenotypes and to compare the frequencies of thrombosis
and mortality frequencies between subgroups.3-5

Organ damage is defined as “permanent loss of the
normal function of an organ system because of a clinical
manifestation of the disease.”6 Disease damage has been
shown as an essential predictor of survival and a major
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determinant of the quality of life in many studies.7–10

Identification of the long-term damage in different APS
clusters may further improve our understanding of the
disease prognosis.

In the Euro-Phospholipid Project where 1000 patients
with APS were included, mortality rate was 9.3% with
vascular thrombosis ranking first as the most common
cause of mortality.11 In a study by Grika et al.9 it was
shown that APS is a significant cause of morbidity in
young individuals as one-third of the patients experienced
organ damage during the 10-year follow-up. In patients
with systemic lupus erythematosus (SLE), the subgroup
with concomitant APS were shown to have a higher fre-
quency of damage and significantly lower survival rates
due to thrombotic events.8,12 A recent study revealed that
higher organ damage and presence of APS were associated
with increased risk of cardiovascular events and death in
patients with SLE.13

The Systemic Lupus International Collaborating Clinics
(SLICC)/American College of Rheumatology (ACR) damage
index (SDI) was developed to assess organ damage in
patients with SLE.14 Although SDI was applied to the
patients with APS (±SLE) previously,9,15 it does not include
some thrombotic and extra-criteria manifestations of APS
and may underestimate aPL-related damage.16

Recently, Amigo et al.17 developed a damage index for
APS (DIAPS) that included 10 organ systems and 37 items
and showed content, criterion and construct validity, and
strong correlation with EuroQoL, an instrument to mea-
sure health-related quality of life (HRQoL),18 in a cohort
of 156 patients with thrombotic APS. In a retrospective
study, where researchers analyzed organ damage by DI-
APS in 50 patients with primary APS (PAPS) and 50 with
SLE+APS it was shown that there was higher baseline
damage in PAPS group whilst higher damage accrual in
SLE+APS during the 10-year follow-up.19 In a recent
retrospective cross-sectional study that included 84 pa-
tients with APS or aPL carriers, DIAPS was independently
validated and higher damage was shown in APS (±SLE)
and SLE+APS compared to aPL carriers and PAPS, re-
spectively.20 Another study by Medina et al.21 showed a
negative correlation between damage accrual and HRQoL
in a cohort including 67 thrombotic PAPS patients with
15 years of mean follow-up time. A recent analysis by
Antiphospholipid Syndrome Alliance for Clinical Trials
and International Networking (APS ACTION) of 576 aPL-
positives (412 thrombotic and 164 non-thrombotic) with
no other systemic autoimmune diseases showed that older
age, male gender, hypertension, hyperlipidemia, and
obesity were correlated with higher damage in thrombotic
PAPS.22

Herein, we aimed to identify clinical clusters and de-
scribe DIAPS in these clusters in a single center cohort of
patients with APS (±SLE).

Methods

Patients

This retrospective study included 237 consecutive APS
(±SLE) patients followed up for >1 year in the weekly
SLE/APS outpatient clinic of rheumatology unit by a
standard protocol between 1982 and 2020. All patients
fulfilled Sydney and SLICC classification criteria for APS
and SLE, respectively,1,23 and had complete data regarding
demographics, clinical and laboratory characteristics,
disease duration, mortality, and damage parameters that
were retrieved from the database and revised. Disease
duration was defined as the time from the diagnosis of APS
to the time of last visit for each patient and as the time from
the diagnosis of SLE to the time of last visit for patients
who also had SLE. Patients who were not seen in the
outpatient clinic within the last 6 months and were non-
responsive to telephone calls were searched on the hospital
system connected with the national death registration
system (NDR). In case of death, cause was extracted from
patients’ hospital records, NDR, or if unavailable, infor-
mation obtained from relatives contacted. The study was
conducted in accordance with the declaration of Helsinki
and was approved by Istanbul Faculty of Medicine Clinical
Research Ethics Committee (approval number: 2021/157).
Written informed consent to participate and publish the
results was obtained from all patients.

Extra-criteria manifestations retrieved from the database
included livedo reticularis, thrombocytopenia, aPL ne-
phropathy and heart valve disease. Diagnosis of livedo
reticularis was made by physical examination. Thrombo-
cytopenia was defined as a persistent presence of platelet
count of <100 × 109/mm3 and was confirmed by a peripheral
blood smear. Regarding aPL nephropathy, only histopath-
ologically confirmed cases were included. Heart valve
disease was defined as moderate-severe regurgitation and/or
stenosis of mitral and/or aortic valve that were confirmed
with echocardiography at our center.1 Patients with a mean
pulmonary artery pressure (mPAP) at resting greater than
20 mmHg detected by right heart catheterization and/or
systolic pulmonary artery pressure (sPAP) greater than
35 mmHg detected by echocardiography were considered as
having pulmonary hypertension.24,25

Cardiovascular risk factors consisting of arterial hy-
pertension, hyperlipidemia, and smoking were obtained
from the database and were included in the analysis only if
they were present before thrombotic or obstetric events. Arterial
hypertensionwas defined as systolic blood pressure ≥140mmHg
and/or diastolic blood pressure ≥90 mmHg on at least 2
occasions26; hyperlipidemia as LDL-C ≥160 mg/dL and/or
triglyceride ≥175 mg/dL on at least two measurements27;
and cigarette smoking as being active smoker before
thrombotic/obstetric event.
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aPL detection and damage assessment

The aPL profile included lupus anticoagulant (LA), anti-
cardiolipin (aCL) IgG/IgM and anti-beta-2-glycoprotein I
(aβ2GPI) IgG/IgM antibodies and positivity was confirmed
at least twice at least 12 weeks apart. The aCL IgG/IgM and
aβ2GPI IgG/IgM antibodies were detected by enzyme-linked
immunosorbent assay (EUROIMMUN Diagnostics) and
positivity threshold was accepted as >40 GPL or MPL units
or >99th percentile. LAwas measured by aPTT and dilute
Russell’s viper venom time (dRVVT) assays at the he-
matology laboratory according to the guidelines of the
International Society on Thrombosis and Hemostasis.28

Before the onset of dRVVT testing, kaolin clotting time
was used to measure LA activity by an experienced he-
matologist. However, all these patients were tested by
dRVVT at later years. Triple positive aPL was defined as
simultaneous positivity of LA, aCL IgG/IGM, and aβ2GPI
IgG/IgM.

The adjusted global antiphospholipid syndrome score
(aGAPSS) was calculated as previously defined by adding
corresponding points to the risk factors: 3 for hyperlipid-
emia, 1 for arterial hypertension, 5 for aCL IgG/IgM, 4 for
aβ2GPI IgG/IgM, and 4 for LA.29

Cumulative damage was calculated by DIAPS at the last
visit for all patients and by also SDI for patients with
SLE+APS as previously defined.14,17 Frequencies of each
damage item and domain of DIAPS were described for
PAPS and SLE+APS groups.

Statistical analysis

Continuous variables were expressed as mean ± standard
deviation (SD) when normally distributed or as median
(range) when not normally distributed and categorical
variables were expressed as percentages (%). To identify
different clinical phenotypes of the disease, cluster analysis
was performed by considering the following variables: age,
accompanying SLE, history of thrombosis and pregnancy
morbidity, livedo reticularis, thrombocytopenia, aPL ne-
phropathy, heart valve disease, arterial hypertension, hy-
perlipidemia, smoking, and aGAPSS. Due to the presence
of both continuous and categorical variables, we preferred
two-step cluster analysis.30 Two-step cluster analysis is
developed from BIRCH algorithm31 and is suitable for large
datasets that contain both categorical and/or continuous
variables.30 First, the objects are assigned to “pre-clusters”
to reduce the distance between all possible cases32 and then
the pre-clusters are re-clustered by using hierarchical
clustering methods. In the pre-clustering phase, Euclidean
distance is used for continuous variables and log-likelihood
distance is used for categorical variables. In the second
phase, clusters are achieved with the help of a hierarchical
clustering algorithm using the log-likelihood based distance

measure. To check the quality of the clustering, silhouette
measure of cluster cohesion and separation is used. This
measure is shownwith s (i) and can be calculated as follows:
s (i) = [b (i)-a (i)]/max [a (i),b (i)] where a (i) is the average
distance of I to the points in its cluster and b (i) is the
minimum average distance of i to points in another cluster.
Silhouette measure takes values between �1 ≤ 0 ≤ 1 and
higher values indicate a better clustering structure. More
explicitly, values over 0.5 are considered a sign of rea-
sonable structure and values over 0.7 regarded as an in-
dicator of strong structure.33

Since our analysis included categorical variables as well
as continuous variables such as age and aGAPSS we used
both Euclidean distances and log-likelihood distances. After
the clustering phase, differences among clusters were
detected either with a one-way ANOVA (followed by a
Bonferroni post-hoc test if any differences existed) for
continuous variables or with a chi-square test for cate-
gorical variables. A two-sided p-value less than 0.05 was
considered as statistically significant. All statistical ana-
lyses were performed using IBM SPSS Statistics version
25 (IBM Corp., Armonk, NY).

Results

A total number of 237 patients with APS were included in
this analysis. The majority were female (83.5%). The median
age, age at diagnosis, and duration of disease for APS were
43 (20–81), 31 (10–67), and 9.5 (1–37.7) years, respectively.
Of 237 patients, 114 (48.1%) had PAPS and 123 (51.9%) had
SLE+APS. Patients with SLE+APS had a longer duration of
APS compared to patients with PAPS (median 10.9 (1–32.8)
vs 7.9 [1–37.7], p = 0.003).

When patients were grouped according to clinical
manifestations, 120 (50.6%) had vascular thrombosis only,
46 (19.4%) had pregnancy morbidity only, and 71 (30%)
had both. Of 191 patients who experienced thrombotic
events, 77 (40.3%) had arterial thrombosis, 80 (41.8%) had
venous thrombosis, 32 (16.8%) had both, and 2 (1%) had
small vessel thrombosis. Seventy-eight (40.8%) patients
with thrombosis had a history of recurrence. Frequency of
any thrombosis, arterial thrombosis, venous thrombosis,
and recurrence rate did not differ between PAPS and
SLE+APS groups (80.7% vs 80.5%, p = 0.55; 45.6% vs
46.3%, p = 0.51; 49.1% vs 45.5%, p = 0.37 and 45.7% vs
36.4%, p = 0.24, respectively).

Cluster analysis resulted with an acceptable level of
silhouette measure (0.55) and 237 patients were classified
into 4 clusters. Cluster 1 (n = 74) consisted predominantly of
older patients with arterial vascular thrombosis, livedo re-
ticularis and cardiovascular risk factors. Cluster 2 (n = 70)
consisted predominantly of patients with concomitant
SLE, thrombocytopenia and heart valve disease. Cluster 3
was composed mainly of patients with venous vascular
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thrombosis (n = 59). The frequency of any extra-criteria
manifestations (30.5%) and mean aGAPSS was signifi-
cantly low in this group. Cluster 4 (n = 34) consisted only
of patients with pregnancy morbidity (no thrombosis).
Extra-criteria features and cardiovascular risk factors were
scarce in this cluster. aPL profiles did not differ between
clusters. Demographic, clinical and laboratory character-
istics of clusters are summarized in Table 1

The mean DIAPS of the cohort was 1.90 ± 1.56.
SLE+APS group had higher mean DIAPS compared to
patients with PAPS (2.10 ± 1.61 vs 1.69 ± 1.47, p = 0.046).
Cardiovascular domain was the most frequently involved
DIAPS domain followed by peripheral vascular and neu-
ropsychiatric domains. Persistent proteinuria and avascular
necrosis were significantly more frequent in SLE+APS
compared to PAPS (9.8 vs 2.2%, p = 0.02 and 5.7 vs 0%,

Table 1. Demographic, clinical and laboratory characteristics of clusters.

Variable All (n = 237) Cluster 1 (n = 74)
Cluster 2
(n = 70) Cluster 3 (n = 59) Cluster 4 (n = 34) p

Age (years), median (range) 43 (20–81) 51 (20–81) 40 (27–72) 42 (24–69) 40.5 (26–65) <0.001
Duration of APS (years),
median (range)

9.5 (1–37.7) 13.1 (1–37.7) 10.4 (1–28.7) 8.5 (1–32.8) 7 (1–22.4) 0.028

Duration of SLE (years),
median (range)

12 (1–35.7) 15 (1.8–35.7) 11.2 (1–28.3) 9.5 (1–32.8) 11.9 (1.6–16) 0.042

Female, n (%) 198 (83.5) 56 (75.7) 61 (87.1) 47 (79.7) 34 (100) <0.05
SLE, n (%) 123 (51.9) 31 (41.9) 46 (65.7) 32 (54.2) 14 (41.2) <0.05
Vascular thrombosis, n (%) 191 (80.6) 73 (98.6) 59 (84.3) 59 (100) 0 (0) <0.001
Arterial thrombosis, n (%) 109 (46) 50 (67.6) 31 (44.3) 28 (47.5) 0 (0) <0.001
Venous thrombosis, n (%) 112 (47.3) 36 (48.6) 37 (52.9) 39 (66.1) 0 (0) <0.001
Pregnancy morbidity, n (%) 117 (49.4) 22 (29.7) 46 (65.7) 15 (25.4) 34 (100) <0.001
Livedo reticularis, n (%) 38 (16) 21 (28.4) 10 (14.3) 5 (8.5) 2 (5.9) <0.01
Thrombocytopenia, n (%) 81 (34.2) 4 (5.4) 65 (92.9) 4 (6.8) 8 (23.5) <0.001
aPL nephropathy, n (%) 12 (5.1) 3 (4.1) 6 (8.6) 3 (5.1) 0 (0) 0.29
Heart valve disease, n (%) 92 (38.8) 32 (43.2) 46 (65.7) 8 (13.6) 6 (17.6) <0.001
Arterial hypertension, n (%) 101 (42.6) 49 (66.2) 34 (48.6) 18 (30.5) 0 (0) <0.001
Diabetes mellitus, n (%) 6 (2.5) 2 (2.7) 3 (4.3) 0 (0) 1 (2.9) 0.48
Ischemic heart disease, n (%) 14 (7.3) 6 (8.2) 5 (8.5) 3 (5.1) 0 (0) 0.87
Hyperlipidemia, n (%) 103 (43.5) 69 (93.2) 26 (37.1) 0 (0) 8 (23.5) <0.001
Smoking, n (%) 58 (24.5) 31 (41.9) 7 (10) 17 (28.8) 3 (8.8) <0.001
LA, n (%) 156 (65.8) 53 (71.6) 48 (68.6) 35 (59.3) 20 (58.8) 0.36
aCL IgG/IgM, n (%) 155 (65.4) 46 (62.2) 46 (65.7) 38 (64.4) 25 (73.5) 0.71
aβ2GPI IgG/IgM, n (%) 93 (39.2) 25 (33.8) 33 (47.1) 26 (44.1) 9 (26.5) 0.13
Triple aPL positivity, n (%) 45 (19) 12 (16.2) 16 (22.9) 13 (22) 4 (11.8) 0.46
aGAPSS, mean ± SD. 9.2 ± 3.7 10.2 ± 3.4 10.3 ± 3.5 7.3 ± 3.5 8.00 ± 3.3 <0.001

LA: lupus anticoagulant, aCL: anticardiolipin, aβ2GPI: anti-β2-glycoprotein I, aGAPSS: adjusted global antiphospholipid syndrome score.

Table 2. Comparison of damage index for APS damage domains between PAPS and SLE+APS.

PAPS, n (%) SLE/APS, n (%) p

Peripheral vascular 43 (37.7) 52 (42.3) 0.28
Pulmonary 24 (21.1) 33 (26.8) 0.18
Cardiovascular 47 (41.2) 60 (48.8) 0.15
Neuropsychiatric 35 (30.7) 36 (29.3) 0.46
Ophthalmologic 1 (0.9) 2 (1.6) 0.52
Renal 5 (4.4) 14 (11.4) 0.07
Musculoskeletal—avascular necrosis 0 (0) 7 (5.7) 0.009
Cutaneous—chronic cutaneous ulcers 2 (1.8) 6 (4.9) 0.16
Gastrointestinal 10 (8.8) 6 (4.9) 0.17
Endocrine 3 (2.6) 0 (0) 0.11
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p = 0.009, respectively) Table 2 depicts the comparison of
DIAPS domains between patients with PAPS and with
SLE+APS. DIAPS was positively correlated with dis-
ease duration of both APS (r = 0.192, p = 0.003) and SLE
(r = 0.219, p = 0.015). The mean SDI of the SLE+APS
patients was 2.12 ± 1.77 and SDI was positively cor-
related with disease duration of both APS (r = 0.182, p =
0.044) and SLE (r = 0.257, p = 0.004) in this group.
Duration of disease for both APS and SLE were longer in
cluster 1 (median 13.1 (1–37.7) and 15 (1.8–35.7) years,
respectively) compared to other clusters (p = 0.042).
While both DIAPS and SDI were positively correlated
with disease duration of SLE in cluster 2 (r = 0.327,
p=0.027 and r = 0.372, p = 0.011, respectively) and
cluster 3 (r = 0.439, p = 0.012 and r = 0.552, p = 0.001,
respectively), no correlation was shown in cluster 1
(r = �0.278, p = 0.13 and r=�0.316, p = 0.083, re-
spectively) and cluster 4 (r = 0.454, p = 0.103 and r =
0.420, p = 0.134, respectively).

Our analysis showed that cluster 2 had the highest cu-
mulative damage (mean DIAPS 2.48 ± 1.67) followed by
clusters 1 (2.24 ± 1.44), 3 (1.69 ± 1.27), and 4 (0.32 ± 0.68).
Frequencies of patients with damage (DIAPS ≥1) were
similar in clusters 1, 2 and 3 whereas cluster 4 had sig-
nificantly lower frequency of damage (94.6%, 94.3%,
86.4%, and 23.5%, p < 0.001). When patients with
SLE+APS were analyzed separately, distribution of patients
with SDI ≥1 in the clusters was similar (93.5%, 87%,
87.5%, and 21.4%, p < 0.001). Regarding domains, car-
diovascular and pulmonary damage were more frequent in
cluster 2 whereas peripheral vascular in cluster 3 and
neuropsychiatric in cluster 1 (Figure 1).

Twenty-four patients died during a follow-up of 38 years
and mortality rate was 1.06 per 100 patient-years. Eight of
those patients were included in cluster 3, 8 in cluster 2, 6 in
cluster 1, and 2 were in cluster 4. Leading cause of death
was thrombotic complications with myocardial infarction
(n = 5) ranking first followed by pulmonary hypertension
secondary to pulmonary embolism (n=4), stroke (n=1) and
liver failure secondary to Budd-Chiari syndrome (n = 1).
Eight patients were lost due to infections. These patients had
SLE+APS and were on immunosuppressive treatment in-
cluding high dose steroids. There were 3 patients who died
because of intracranial hemorrhage due to uncontrolled
warfarin use. Data regarding the cause of death could not be
collected in 3 patients. Kaplan–Meier analysis revealed that
cumulative survival rates of clusters did not differ signifi-
cantly albeit clusters 2 and 3 had a tendency for lower
survival rates (91.9%, 88.6%, 86.4%, and 94.1% in clusters
1, 2, 3, and 4, respectively; p = 0.076). (Figure 2). No
correlation was shown between DIAPS and death (r =
0.123, p = 0.058 for all patients; r = 0.088, p = 0.46 for
cluster 1; r = 0.138, p = 0.25 for cluster 2; r = 0.056, p = 0.67
for cluster 3; and r = 0.065, p = 0.71 for cluster 4). When
only patients with SLE+APS were evaluated, neither SDI
nor DIAPS correlated with death (r = �0.071, p = 0.43 and
r = 0.056, p = 0.54, respectively).

Discussion

Antiphospholipid syndrome is a heterogeneous disease with
various clinical and laboratory manifestations. Regardless
of its inability to provide a deep insight, clustering may help
to recognize different disease subtypes, develop clinical

Figure 1. Mean DIAPS values of the clusters. Major domains of the DIAPS were presented as separate bar graphs. DIAPS: damage index
for APS
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approaches accordingly and shape the expectations for the
follow-up.

Recently 3 different cluster analyses have been con-
ducted in APS cohorts. Sciascia et al.3 identified 5 disease
clusters according to clinical and laboratory characteristics:
thrombotic APS with triple aPL positivity; SLE+APS with
anti-dsDNA positivity; obstetric APS; APS with cytopenia
(especially thrombocytopenia), and asymptomatic aPL
carriers. In another study, a cluster of patients with arterial
thrombosis and cardiovascular risk factors, a cluster with
SLE+APS and a cluster with venous thrombosis and triple
aPL positivity were identified.4 Frequency of thrombotic
events and mortality rate were significantly higher in the
first cluster. Cluster analysis of the APS ACTION Registry
revealed three different disease phenotypes: female PAPS
patients with venous thromboembolism and triple aPL
positivity; female SLE/APS patients with venous throm-
boembolism and extra-criteria manifestations; older male

patients with arterial thrombosis and cardiovascular risk
factors.5

Our two-step cluster analysis revealed 4 clusters. Cluster
1 consisted predominantly of older patients with arterial
thrombosis and cardiovascular risk factors, cluster 2 of
patients with SLE+APS with extra-criteria manifestations,
cluster 3 of patients with venous thrombosis and cluster 4 of
females with only obstetric APS. This clustering was based
on clinical data and did not include serological character-
istics. aGAPSS of patients with arterial thrombosis, namely,
cluster 1, was significantly higher compared to aGAPSS of
patients with venous thrombosis, namely, cluster 3. As aPL
profile was not different between clusters, this difference in
comparison reflects the high prevalence of cardiovascular
risk factors in cluster 1. Atherosclerotic plaque rupture is the
main triggering factor for arterial thrombosis in APS. aPL
binding to circulating oxidized—low density lipoprotein
(oxLDL) and β2GPI complexes enhances their phagocytosis

Figure 2. Kaplan–Meier estimates of cumulative survival in clusters. Cumulative survival in cluster 1, 2, 3 and 4 was 91.9%, 88.6%, 86.4%,
and 94.1%, respectively (p = 0.076).
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by macrophages and accelerates atherosclerosis.34,35 Con-
ventional cardiovascular risk factors further accelerate the
atherogenesis and increase the risk of arterial thrombosis in
APS.36 Andrade et al.37 have shown that PAPS patients with
arterial and/or venous thrombosis and without cardiovascular
risk factors do not have premature atherosclerosis. Therefore,
clusters 1 and 3 may reflect two different thrombotic APS
phenotypes with similar aPL profiles. Corporation of new
biomarkers showing endothelial dysfunction and a wider
spectrum of non-criteria aPL may be beneficial to differen-
tiate the phenotype with arterial thrombosis in the presence of
cardiovascular risk factors and the phenotype with immune-
mediated venous thrombosis where cardiovascular risk
factors do not seem to play a significant role.

Damage is the most important parameter to determine
prognosis and it may be very pronounced in the setting of
arterial/venous occlusions where obstruction to the vascular
flow impairs the function of the affected organ/tissue as is
the case with vascular APS. We found higher cumulative
damage by DIAPS in patients with SLE+APS compared to
PAPS. In a previous study, while patients with PAPS had
higher baseline damage, damage accrual was higher in
SLE+APS group during the 10-year follow-up.19 In a recent
retrospective cross-sectional study, patients with SLE+APS
also had higher cumulative damage compared to those with
PAPS.20 Longer disease duration, higher frequency of lupus
major organ involvement and higher immunosuppressive
usage, especially of corticosteroids, may have contributed to
higher damage in this group.7 Compatible with this, in our
study, persistent proteinuria as a result of lupus nephritis
associated damage and avascular necrosis, mainly a steroid-
attributable damage, were the only two damage items that
were significantly more frequent in SLE+APS group.
SLE+APS patients also had higher disease duration of APS
compared to those with PAPS.

In previous studies, most frequently affected DIAPS
domains were reported as peripheral vascular19,22 and
neuropsychiatric20,21 whereas in our cohort, due to high
prevalence of heart valve disease, cardiovascular domain
ranked the highest (38.8% of the cohort). Diagnosis of heart
valve disease was made by transthoracic echocardiography
(and transesophageal echocardiography, if necessary) ac-
cording to Miyakis et al.1 in our cohort. Different studies
have reported heart valve disease prevalence ranging from
14% to 86% in patients with aPL (+) SLE and 30%–82% in
patients with PAPS.38

Cluster 2 where predominantly SLE patients with
thrombocytopenia and heart valve involvement resided,
displayed the highest damage score. In our previous cluster
work in patients with SLE, we found that patients with aPL
positivity and thrombocytopenia had the highest damage
rate and worst survival compared to others.12 Patients in this
cluster had significantly a higher frequency of neuropsy-
chiatric manifestations and experienced significantly more

thrombotic events. The contribution of thrombocytopenia to
damage may be the result of higher cumulative dose of
corticosteroids used to treat it or the multisystemic active
disease that thrombocytopenia was a part of.

In cluster 1, increased damage was mainly driven by
longer disease duration of both APS and SLE, increased
thrombotic central nervous system involvement, and heart
valve disease. In a recent analysis of APS ACTION registry
presented at ACR 2021, older age, male gender, hyper-
tension, hyperlipidemia, and obesity were found to be
correlated with higher damage in thrombotic PAPS.22 In this
study hypertension and hyperlipidemia were correlated with
damage also in non-thrombotic aPL-positives. Compatible
with this study, patients in our cluster 1 where older patients
with high damage resided, a higher frequency of hyper-
tension, and hyperlipidemia were found. Despite a high
prevalence of peripheral vascular damage in cluster 3, the
lower frequency of extra-criteria manifestations lowered
overall damage scores in these patients compared to patients
in clusters 1 and 2.

Since DIAPS was not developed to evaluate the chronic
damage associated with obstetrical impact, cluster 4 con-
sisting only of patients with pregnancy morbidity had
significantly lower cumulative damage. Considering the
data that suggests obstetric and vascular APS may be dif-
ferent variants of the syndrome, better tools to reflect
damage in patients with isolated pregnancy morbidity are
needed.

During the follow-up, 24 patients died and cumulative
survival rates of clusters did not differ. However, beyond
10 years cluster 3 and 20 years clusters 1 and 2 displayed
lower survival rates. Majority of deaths were secondary to
thrombosis followed by infections and hemorrhage. Eleven
patients with thrombotic events died including four that had
pulmonary hypertension secondary to pulmonary embolism
and five patients with myocardial infarction. Cervera et al.11

reported that in a cohort of 1000 patients with APS, mor-
tality rate was 9.3% and 36.5% of total deaths was due to
thrombotic events followed by infections (26.9%) and
hemorrhages (10.7%). Among these thrombotic events,
14% suffered from pulmonary emboli and 38% from
myocardial infarction. In our study, cluster 3 that had a
lower survival rate consisted predominantly of patients with
venous thrombosis had a higher frequency of pulmonary
emboli leading to pulmonary hypertension. Since anti-
coagulation is the standard treatment of APS and immu-
nosuppressives are widely used especially in patients with
concomitant SLE, hemorrhagic and infectious complica-
tions are substantially common in the course of the disease.
Recently Ajeganova et al.13 have shown that higher SDI and
history of APS were associated with increased risk of
cardiovascular events and death in patients with SLE. In our
study we found no correlation between mortality and DI-
APS in patients with APS. SDI was also not correlated with
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death in SLE+APS patients. It is possible that more reliable
conclusions regarding the association of damage and
mortality could be drawn if data reflecting the change in
damage over time was available. Furthermore, taking
treatment-related complications such as hemorrhage into
consideration may improve the performance of the index in
predicting mortality.

Our study has some limitations. Since DIAPS was
evaluated cumulatively in a patient population with a
variable follow-up time due to the retrospective design, we
could not observe the progression of damage over time.
Also, data on treatment which may account for damage
accrual in patients with APS and SLE was missing.
Therefore, a prospective study with a long follow-up period
and consecutive damage assessments with the inclusion of
cumulative dose of immunosuppressive medication, espe-
cially of corticosteroids, would better reflect the correlation
of damage with mortality and could have a stronger clinical
interpretation. It is also important to consider that SLE
patients included in the clusters may affect comparison of
damage due to longer disease duration. As mentioned
earlier, higher damage in cluster 1 may be associated with
longer duration of SLE. However, analyses to show cor-
relation between damage and duration of SLE in each
cluster did not show any correlation in clusters 1 and 4.

Despite our efforts to include all published relevant
criteria and extra-criteria features of APS, demographic data
and cardiovascular risk factors into cluster analysis, it is
still possible that adding different variables could increase
the performance of the analysis in distinguishing disease
phenotypes. Finally, considering the distribution of clin-
ical manifestations in our cohort, despite some significant
differences, it is hard to say patients with APS form ex-
clusive clusters as patients with SLE, a disease charac-
terized by many autoantibodies and clinical features.
Importantly antiphospholipid antibody profile was not able
to make a distinction between the clusters. Whether ex-
tending aPL profile to include non-criteria antibodies as
well would cause a significant change in clusters is
unknown.

In conclusion, the cluster consisting of SLE+APS pa-
tients with extra-criteria manifestations had the highest
damage and worst survival. Considering underlying SLE as
the potential cause, effective treatment of SLE disease
activity may help to reduce cumulative damage in this
subgroup. Controlling cardiovascular risk may help to
lessen organ damage in patients especially with arterial
thrombosis and cardiovascular risk factors. As pulmonary
emboli causing pulmonary hypertension is the leading cause
of death in patients with venous thrombosis, it is important
to assess cardiopulmonary function of these patients peri-
odically. DIAPS is the only index developed to evaluate
damage in APS. Although it seems to work well, it may still
be possible to improve its efficacy by the inclusion of some

other parameters like treatment-related complications and
possibly new biomarkers causing and showing damage,
respectively.
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