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Abstract
Microparticles (MPs) have been associated with inflammatory and thrombotic disease. High levels of MPs have been 
identified in patients with systemic lupus erythematosus (SLE) and associated with cardiovascular disease. We analyzed 
the procoagulant activity of MPs and its correlation with arteriosclerosis and arterial thrombosis in SLE patients. Eighty-
seven patients with SLE were included: 22 (25.3%) with associated antiphospholipid syndrome (APS), 32 (36.8%) without 
antiphospholipid antibodies (aPL) and 33 (37.9%) with aPL but without APS. Subclinical arteriosclerosis, defined as the 
presence and number of plaques, was evaluated by ultrasonography of carotid arteries. Thrombotic events were confirmed 
by objective methods. The procoagulant activity of MPs was determined by a functional assay with annexin V. Subclinical 
arteriosclerosis was found in 19 (21.8%) patients. Thirteen episodes of arterial thrombosis and eight of venous thrombo-
sis were recorded. The procoagulant activity of MPs was greater in patients with arterial thrombosis (17.28 ± 8.29 nM vs 
12.96 ± 7.90 nM, p < 0.05). In patients without arterial thrombosis, greater procoagulant activity of MPs was identified in 
patients with multiple (≥ 2) carotid plaques (17.26 ± 10.63 nM vs 12.78 ± 7.15 nM, p = 0.04). In the multivariate analysis, 
the procoagulant activity of MPs was independently associated with multiple (≥ 2) carotid plaques and arterial thrombosis 
[OR = 1.094 (95%CI 1.010–1.185), p = 0.027 and OR = 1.101 (95%CI 1.025–1.182), p = 0.008; respectively]. In conclusion, 
the procoagulant activity of MPs is associated with arteriosclerosis burden and arterial thrombosis in patients with SLE.

Keywords Systemic lupus erythematosus · Microparticles · Procoagulant activity · Subclinical arteriosclerosis · 
Arteriosclerosis burden · Arterial thrombosis
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Highlights

• Systemic lupus erythematosus (SLE) patients have a 
higher risk of cardiovascular (CV) disease (CVD) com-
pared with the general population, which is not fully 
explained by traditional CV risk factors.

• Microparticles (MPs) have been associated with inflam-
matory and thrombotic disease, so we analyzed the rela-
tionship between the procoagulant activity of MPs and 
CVD in SLE patients.

• The procoagulant activity of MPs was associated with 
arteriosclerosis burden and arterial thrombosis in patients 
with SLE.

• If the role of MPs as a biomarker of CV risk in SLE 
patients is confirmed, early arteriosclerosis prophylaxis 
could be initiated in these patients.
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Introduction

Systemic lupus erythematosus (SLE) is the paradigm of 
the systemic autoimmune diseases. It affects half a million 
people in Europe and a quarter of a million in the United 
States [1]. CV involvement is a principal clinical charac-
teristic of SLE. Accelerated subclinical arteriosclerosis 
occurs in SLE patients [2–4], and arteriosclerotic disease 
follows a pathophysiological continuum whose maximum 
expression is arterial thrombosis [5]. Carotid ultrasound 
is the most widely used method for evaluating arterioscle-
rosis due to its relative low cost and because it is a non-
invasive test [4]. This is a validated technique, in which 
both the carotid intima-media thickness and the presence 
of carotid plaque measured by ultrasound are considered 
surrogate markers for arteriosclerosis and are capable of 
predicting CV events [6]. Carotid ultrasound has been pre-
viously used to assess subclinical arteriosclerosis in SLE 
[2, 3, 7]. In recent years, the concept of arteriosclerotic 
burden has become very important, since it seems to better 
predict CV risk than the mere presence of plaque [8] and it 
has been linked to target organ damage [6, 9]. The concept 
of arteriosclerotic burden could represent an intermediate 
point in the aforementioned arteriosclerotic continuum, 
from the mere presence of single plaque to arterial throm-
bosis. In this sense, SLE patients also have a higher risk of 
acute CVD compared with the general population. Coro-
nary artery disease, stroke and peripheral arterial disease 
are leading causes of death in SLE patients, especially in 
advanced stages [4, 10]. However, in these patients, CVD 
is not fully explained by traditional CV risk factors [4, 
11], genetic markers [7, 12, 13], or disease-related factors 
such as the disease duration, treatments received and the 
chronic inflammatory substrate [14, 15].

Arteriosclerosis is now considered the result of an inter-
action between different factors, such as traditional CV 
risk factors, immune-mediated mechanisms, and inflam-
matory triggers [16]. Likewise, the role of inflammation in 
thrombosis is very important and terms such as immuno-
thrombosis or thromboinflammation are used to designate 
this interaction [17].

In this scenario of inflammation and vascular damage, 
the role of circulating MPs has been investigated [18–22]. 
MPs are small cell membrane vesicles measuring < 1 
micron released from cells upon cellular activation and 
contain proteins and lipids on their surface membrane 
and nucleic acids inside from the cells which they origi-
nated [18]. It has been suggested that MPs represent the 
link between inflammation, autoimmunity and thrombo-
sis [19, 20]. MPs are involved as modulators in several 
pathophysiological mechanisms such as endothelial dam-
age [21], chronic inflammation and thrombosis [22]. They 

participate in the different steps of arteriosclerosis [23], 
and have also been associated with arterial thrombosis 
[24]. This evidence has led to MPs being proposed as CV 
risk biomarkers and even as possible therapeutic targets 
[22, 23, 25, 26]. Independently of their cellular origin, 
most MPs have functional procoagulant activity mainly 
related to the surface expression of phosphatidylserine 
and/or tissue factor [21, 22, 24–27]. In SLE patients, an 
increase in MPs related to increased thrombin generation 
[28] and endothelial disfunction [29] has been reported 
in some studies [30–33] although not in others [31, 33].

Therefore, the aim of the present study was to analyze 
the procoagulant activity of MPs and its correlation with 
arteriosclerosis and arterial thrombosis in patients with SLE.

Patients and methods

Patients

Patients with SLE were selected at the outpatient clinic 
of the Department of Autoimmune Diseases of a tertiary 
hospital (Hospital Clinic of Barcelona) and consecutively 
enrolled. All patients fulfilled the 2019 European League 
Against Rheumatism/American College of Rheumatology 
(EULAR/ACR) classification criteria for SLE [34]. With the 
intention of covering the entire spectrum of SLE and avoid 
confounding factors, three profiles of SLE patients were 
included: Group 1 (SLE–APS) consisted of patients with 
SLE who were also diagnosed with antiphospholipid syn-
drome (APS) according to the Sidney classification criteria 
[35], including patients with thrombotic and obstetric symp-
toms. Group 2 (SLE non-aPL) was made up of patients with 
SLE and persistently negative antiphospholipid antibodies 
(aPL). Thrombotic events were detected in this group, but in 
the absence of aPL, they did not meet the APS classification 
criteria. Group 3 (SLE–aPL) included patients with SLE, 
and persistently positive aPL who did not experience throm-
botic events and therefore could not be classified as APS.

The study was approved by the Clinical Research Ethics 
Committee of the Hospital Clinic de Barcelona (linked to 
the University of Barcelona), it was performed according to 
the principles of the Declaration of Helsinki and informed 
consent was obtained from all participants.

Variables

Demographic data at SLE diagnosis and study inclusion 
were collected from the medical record. CV risk factors, 
considered as previously defined [2], were recorded. Disease 
duration was defined as the time (in months) from the diag-
nosis of SLE to study inclusion. Immunosuppressive agents, 
immunomodulatory therapy, antiplatelet and anticoagulant 
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treatment were recorded. In SLE patients, the activity and 
chronicity indices were evaluated using the Systemic Lupus 
Erythematosus Disease Activity Index 2000 (SLEDAI-2K) 
[36] and the Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology (SLICC/ACR) 
Damage Index [37], respectively.

Arteriosclerosis assessment by carotid ultrasound

The study of arteriosclerosis was performed using a carotid 
ultrasound. The presence of atheroma plaques in this vas-
cular territory was assessed. Carotid ultrasound was per-
formed, according to the protocol of the Hospital Clinic of 
Barcelona, with a Siemens scanner (Antares model) using a 
multifrequency duplex Doppler transductor of 7.5–10 MHz 
for the real time imaging and 3.75 MHz for the Doppler 
study. All scans were performed by the same sonographer, 
who had extensive experience with carotid ultrasound. The 
scanning was performed at right and left carotid territories. 
Three predetermined segments of the arteries from both 
sides were examined: the common carotid artery (1 cm prox-
imal to the carotid bulb), the bulb (1–2 cm), and the origin 
of the internal carotid artery (1 cm distal to the bifurcation). 
For each location, the sonographer imaged the vessel in lon-
gitudinal and transverse planes, with 45° of neck rotation to 
the contralateral side. The presence and number of plaques 
were evaluated in each study. Intima-media thickness (IMT) 
was defined as the distance between the carotid light-intima 
interface and the media-adventitia interface. Carotid plaque 
was considered as IMT focal or diffuse thickening with a 
height ≥ 1.2 mm.

Subclinical arteriosclerosis

Subclinical arteriosclerosis was defined by the presence of 
one or more plaques at any of the carotid territories explored 
in the absence of clinical manifestations of arteriosclerotic 
disease (i.e. cerebrovascular ischemic episodes or myocar-
dial infarctions).

Multiple carotid plaques

To evaluate the arteriosclerosis burden, the number of 
plaques was taken into account. The existence of ≥ 2 carotid 
plaques at any of the carotid territories explored was defined 
as multiple carotid plaques. Multiple carotid plaques as the 
indicator of arteriosclerosis burden was analyzed only in the 
group of patients with subclinical arteriosclerosis.

Thrombosis diagnosis

Thrombotic events (cerebrovascular ischemic episodes, myo-
cardial infarctions, deep venous thrombosis and pulmonary 

embolism) were recorded. The clinical diagnosis was con-
firmed by objective methods (computed tomography scan-
ning, magnetic resonance imaging, electrocardiographic 
studies and elevated levels of cardiac enzymes, Doppler 
ultrasonographic scan, ventilation-perfusion scanning and 
pulmonary angiography).

Laboratory methods

Blood sampling

Venous blood samples were drawn by clean antecubital 
venous puncture without venocclusion, in the morning, with 
the patient sitting and resting. Samples for coagulation and 
fibrinolysis studies were obtained in tubes containing 3.8% 
trisodium citrate (1:9, vol:vol) (Becton Dickinson, Ruther-
ford, NJ, USA) and platelet-free plasma was immediately 
obtained by double centrifugation: first at 2000 g for 10 min 
at 22 °C, and then at 5000 g for 10 min at 4 °C. Plasma was 
aliquoted, snap frozen in a mixture of dry ice:ethanol (1:2, 
vol:vol) and stored at −80 °C.

General hemostasis studies

Prothrombin and activated partial thromboplastin time were 
determined in an automated analyzer (Siemens, Marburg, 
Germany) using standard reagents (Siemens) and were 
expressed as ratios (patient time/control time). Fibrinogen 
was measured by the Clauss technique.

Antiphospholipid antibodies

Lupus anticoagulant (LAC) was detected according to 
the Subcommittee on Lupus Anticoagulant/Phospholipid-
dependent Antibodies of the International Society on 
Thrombosis and Haemostasis guidelines [38]. Anticardi-
olipin (aCL) and anti-ß2 glycoprotein I antibodies were 
measured using standardized ELISAs (Aesku, Wendelsheim, 
Germany) and the results were expressed in GPL and MPL 
units. Titers > 40 GPL or MPL were considered positive for 
aCL and higher than the 99th percentile of the reference 
range for anti-ß2 glycoprotein I antibodies, respectively.

Microparticles

The total procoagulant activity of MPs was tested in plasma 
using a commercial functional assay (Hyphen BioMed, 
Neuville, France) based on the property of annexin-V, 
immobilized onto plastic wells, to bind phosphatidylser-
ine (PS) expressed in MPs, as described previously [39]. 
In brief, plasma samples were placed onto plate microwells 
coated with streptavidin and biotinylated annexin V. After 
incubation and washing, bovine factor Xa–Va and human 
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prothrombin were added. After further incubation, the 
thrombin-specific chromogenic substrate was added. The 
reaction was stopped with 2% citric acid after 10 min, and 
absorbance was measured at 405 nm. The results of dupli-
cates were expressed as nanomolar PS equivalent (nM PS 
eq) by reference to a standard curve. The detection limit of 
the assay was 0.05 nM, the intra-assay coefficient of varia-
tion was 5% and the interassay coefficient of variation was 
8%.

Statistical analysis

Data were stored on SPSS (SPSS version 20 for MS Win-
dows statistical package, Chicago, IL, USA) with a unique 
record per patient. The Student´s t-test or the analysis of 
variance (ANOVA) test with Bonferroni’s correction were 
used to compare quantitative variables. The Chi-square test 
or Fisher’s exact test were used to compare qualitative vari-
ables. Logistic multivariate regression analyses were car-
ried out using subclinical arteriosclerosis (presence of one 
or more plaque in the absence of clinical manifestations of 
arteriosclerotic disease), multiple (≥ 2) carotid plaques and 
arterial thrombosis as the dependent variables. Variables 
significantly associated in the multivariate analysis together 
with other potentially relevant variables were included in the 
analysis as independent variables. All statistical tests were 
two-tailed and a value of p < 0.05 was considered statisti-
cally significant.

Results

General characteristics

The main characteristics according to the SLE profiles are 
shown in Table 1. Eighty-seven SLE patients were included: 
Twenty-two (25.3%) patients were classified as SLE–APS, 
32 (36.8%) as SLE non-aPL, and 33 (37.9%) as SLE–aPL 
patients. Most patients (93.1%) were female and their mean 
age was 41.1 ± 11.2 years. There was no difference in the 
prevalence of vascular risk factors (family history of CVD, 
smoking, obesity, arterial hypertension, diabetes mellitus, 
hypercholesterolemia, and hypertriglyceridemia) among the 
three groups.

Subclinical arteriosclerosis was found in 19 (21.8%) 
patients. Thirteen episodes of arterial thrombosis were 
recorded: 8 in patients with SLE–APS and 5 in patients with 
SLE non-aPL. Only one episode of thrombotic microangi-
opathy was observed (in a SLE–APS patient). Eight epi-
sodes of venous thrombosis were detected, all in patients 
with SLE–APS.

MPs in the whole series

The mean procoagulant activity of MPs in all 87 
patients was 13.65 ± 8.08  nM and there was no differ-
ence among SLE–APS (15.24 ± 9.07 nM), SLE non-aPL 
(12.46 ± 5.94  nM), and SLE–aPL (13.76 ± 9.16  nM); 
p = 0.466. No significant differences were seen in proco-
agulant MPs according to age, vascular risk factors or aPL 
positivity.

MPs and subclinical arteriosclerosis

After excluding patients with arterial thrombosis, the pro-
coagulant activity of MPs was analyzed based on the pres-
ence or absence of subclinical arteriosclerosis. The main 
characteristics of these 2 groups of patients are reflected in 
Table 2. Patients with subclinical arteriosclerosis were older, 
had a longer time of evolution of the disease, more chronic 
damage assessed by the SLICC scale and had predominance 
of some aPL (LAC and IgG aCL).

The procoagulant activity of MPs was 15.35 ± 9.26 nM 
in SLE patients with subclinical arteriosclerosis and 
12.85 ± 7.40 nM in patients without subclinical arterioscle-
rosis (p = NS) (Fig. 1). The multivariate analysis included 
demographic characteristics, CV risk factors, clinical 
manifestations, activity and damage scales (SLEDAI and 
SLICC), laboratory features, and treatment received. Only 
age [OR = 1.100 (95%CI 1.040–1.164); p = 0.001] and 
SLICC [OR = 1.528 (95%CI 1.073–2.178); p = 0.019] were 
independently associated with subclinical arteriosclerosis.

MPs and multiple carotid plaques

Subsequently, the association of arteriosclerosis burden with 
the procoagulant activity of MPs was analyzed, comparing 
patients with multiple (two or more) carotide plaques ver-
sus those with less than two (one or none) carotid plaques. 
To analyze the relationship of MPs with the arteriosclerosis 
burden, patients with arterial thrombosis were excluded. The 
main characteristics of the patients without arterial throm-
bosis based on the absence or presence of multiple carotid 
plaques are shown in Table 2. Patients with multiple carotid 
plaques (and therefore, with a greater arteriosclerosis bur-
den), were older, with a longer evolution time of the disease 
and had more chronic damage. However, there were no dif-
ferences in the presence of aPL in both groups.

In SLE patients with multiple carotid plaques, the 
procoagulant activity of MPs was significantly higher 
(17.26 ± 10.63 nM vs 12.78 ± 7.15 nM; p = 0.04) (Fig. 1). 
In the multivariate analysis (performed with the variables 
described in the previous section), age [OR = 1.121 (95%CI 
1.044–1.205); p = 0.002], SLICC [OR = 1.658 (95%CI 
1.124–2.445); p = 0.011] and the procoagulant activity of 
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Table 1  Main characteristics 
of SLE patients included in the 
study

Categorical variables are expressed as number and percentage (in brackets) and continuous variables as 
mean ± standard deviation (in square brackets)
Abbreviations: aß2GPI anti-ß2 glycoprotein I, aCL anticardiolipin antibodies, aPL antiphospholipid anti-
bodies, APS antiphospholipid syndrome, APS-SLE APS with associated SLE, CVD cardiovascular disease, 
F female, ISS immunosuppressant, LAC lupus anticoagulant, MCP multiple carotid plaques, NS no sig-

SLE-APS (n = 22) SLE non-aPL (n = 32) SLE-aPL (n = 33) p

Age (years) 42.3 [9.6] 41.5 [10.3] 39.9 [13.1] NS
Sex (F) 18 (81.8) 31 (96.9) 32 (97.0) NS
Disease duration (months) 109.9 [71.7] 141.0 [68.3] 133.3 [86.1]
Family history of CVD 1 (4.5) 5 (15.6) 1 (3.0) NS
Smoking 7 (31.8) 10 (31.3) 7 (21.2) NS
Obesity 2 (9.1) 4 (12.5) 7 (21.2) NS
Hypertension 5 (22.7) 12 (37.5) 12 (36.4) NS
Diabetes mellitus 0 (0.0) 1 (3.1) 0 (0.0) NS
Hypercholesterolemia 8 (36.4) 12 (37.5) 8 (24.2) NS
Hypertriglyceridemia 8 (36.4) 7 (21.9) 8 (24.2) NS
SLE clinical features
 Joint involvement 21 (95.5) 30 (93.8) 32 (97.0) NS
 Skin involvement 15 (68.2) 26 (81.3) 28 (84.8) NS
 Thrombocytopenia 13 (59.1) 5 (15.6) 11 (33.3) p = 0.003
 Renal involvement 11 (50.0) 21 (65.6) 11 (33.3) p = 0.034
 Serositis 5 (22.7) 13 (40.6) 7 (21.2) NS
 CNS involvement 5 (22.7) 4 (12.5) 2 (6.1) NS
 Hemolytic anemia 3 (13.6) 9 (28.1) 12 (36.4) NS

Arteriosclerosis  prevalencea 11 (50.0) 9 (28.1) 8 (24.2) NS
 Clinical  arteriosclerosisa 6 (27.3) 3 (9.4) – NS
 Subclinical  arteriosclerosisa 5 (22.7) 6 (18.8) 8 (24.2) NS

Multiple carotid  plaquesb 7 (31.8) 6 (18.8) 4 (12.1) NS
 Clinical  MCPb 5 (22.7) 3 (9.4) – NS
 Subclinical  MCPb 2 (9.1) 3 (9.4) 4 (12.1) NS

SLEDAI-2K 10.4 [7.5] 4.7 [5.7] 7.0 [5.7] p = 0.006
SLICC/ACR–DI 1.4 [1.5] 1.4 [1.6] 1.1 [1.5] NS
Treatment
 Antimalarial drugs 18 (81.8) 29 (90.6) 33 (100) NS
 Glucocorticoids 17 (77.3) 29 (90.6) 28 (84.8) NS
 ISS  agentsc 13 (59.1) 29 (90.6) 24 (72.7) NS
 Antiplatelet agents 6 (27.3) 8 (25.0) 13 (39.4) NS
 Anticoagulation 11 (50.0) 0 (0.0) 1 (3.0)d p < 0.001

APS clinical features
 Arterial thrombosis 8 (36.4) 5 (15.6) –
 Venous thrombosis 8 (36.4) 0 (0.0) –
 TMA 1 (4.5) 0 (0.0) –
 Obstetric  morbiditye 5 (27.8) 4 (12.9) –

aPL laboratory features
 aPL 22 (100.0) – 33 (100.0)
 LAC 18 (81.8) – 17 (51.1)
 aCL 16 (72.7) – 30 (90.9)
 IgG aCL 11 (50.0) – 18 (54.5)
 IgM aCL 5 (22.7) – 14 (42.4)
 aß2GPI 5 (22.7) – 6 (18.2)
 IgG aß2GPI 3 (13.6) – 6 (18.2)
 IgM aß2GPI 4 (18.2) – 3 (9.1)
 Triple aPL positivity 4 (18.2) – 5 (15.2)
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MPs [OR = 1.094 (95%CI 1.010–1.185); p = 0.027] were 
independently associated with multiple carotid plaques.

MPs and arterial thrombosis

The main characteristics of the patients based on the absence 
or presence of arterial thrombosis are reflected in Table 3. 
The patients who suffered arterial thrombosis were older 
and had less joint involvement, took fewer antimalarials and 
received anticoagulation more frequently. As it could be pre-
dictable, a higher prevalence and burden of arteriosclerosis 
was seen in patients who had suffered arterial thrombosis 
(Table 3), which corroborates the arteriosclerotic continuum 
in the patients of the present study.

The procoagulant activity of MPs was higher in SLE 
patients with arterial thrombosis than in those without 
arterial thrombosis (17.28 ± 8.29 nM vs 12.96 ± 7.90 nM; 
p < 0.05) (Fig. 1). Likewise, in the multivariate analysis 
(including the variables used in previous sections) arte-
rial thrombosis was independently associated with age 
[OR = 1.080 (95%CI 1.016–1.148); p = 0.014] and the proco-
agulant activity of MPs [OR = 1.101 (95%CI 1.025–1.182); 
p = 0.008].

MPs and other thrombosis

No relationship was found between increased procoagulant 
activity of MPs and venous thrombosis (17.78 ± 9.75 nM 
vs 13.24 ± 7.84 nM; p = NS). Since thrombotic microangi-
opathy was detected in only one patient, we decided not to 
include it in the analysis.

Discussion

MPs have been associated with endothelial dysfunction [29] 
and CVD [33] in SLE patients but, to our knowledge, this is 
the first study to analyze the specific relationship between 
the procoagulant activity of MPs and the arteriosclerotic 

disease continuum, from subclinical arteriosclerosis to arte-
rial thrombosis, highlighting the importance of the arterio-
sclerosis burden. We found that the procoagulant activity 
of MPs was not statistically different among patients with 
or without subclinical arteriosclerosis (presence/absence 
of plaque). However, with the increase in arteriosclerotic 
burden (patients with multiple carotid plaques and patients 
with arterial thrombosis) an association with procoagulant 
activity of MPs was found.

The importance of the arteriosclerosis burden in CV risk 
assessment has been highlighted in recent years [6, 8, 9, 40] 
stating that compared to the mere presence of plaque, the 
measurement of arteriosclerosis burden better assess the CV 
risk [8]. In line with our results, in a recent study analyzing 
obesity (another CV risk factor), an association between adi-
posity and carotid plaque burden, but not with the presence/
absence of plaque, has been found. The authors suggested 
that perhaps adiposity contributes more to development than 
to the onset of plaque [40]. Other authors have demonstrated 
in type 1 [6] and type 2 [9] diabetes patients an association 
between the arteriosclerosis burden and the existence of dia-
betic retinopathy, a target organ injury associated with an 
increased risk of developing CVD [6, 9].

Our findings support an association between MPs and 
arteriosclerosis burden in SLE patients. These results are in 
line with those obtained in patients without autoimmune dis-
eases. Chironi et al. [41] analyzed subclinical arteriosclero-
sis by ultrasound of the carotid arteria, abdominal aorta and 
femoral arteries in 216 asymptomatic subjects included in 
a CV prevention program and found that leukocyte-derived 
MPs levels were significantly associated with a higher arte-
riosclerotic burden, defined by plaque in 2 or 3 sites com-
pared with a single site or no site. Suades et al. [42] analyzed 
MPs levels in 37 high CV risk-familial hypercholesterolemia 
patients and compared them with 37 patients with second-
ary hypercholesterolemia. Levels of procoagulant tissue 
factor-bearing MPs were higher in high CV risk patients and, 
among them, MPs levels correlated with the lipid-rich arte-
riosclerotic plaque burden at the carotid and aortic levels. 

nificant, SLE systemic lupus erythematosus, SLE-aPL SLE with aPL but without clinical criteria of APS, 
SLEDAI-2K Systemic Lupus Erythematosus Disease Activity Index 2000, SLE non-aPL SLE without aPL, 
SLICC/ACR-DI Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index, TMA thrombotic microangiopathy
a Arteriosclerosis prevalence was defined by the presence of one or more plaques at any of the carotid ter-
ritories explored. Clinical and subclinical arteriosclerosis refers to the presence or absence of thrombotic 
manifestations of arteriosclerotic disease, respectively
b Multiple carotide plaques was defined by the existence of ≥ 2 plaques at any of the carotid territories 
explored. Clinical and subclinical MCP refers to the presence or absence of thrombotic manifestations of 
arteriosclerotic disease, respectively
c Cyclophosphamide, azathioprine, methotrexate, mycophenolate or others
d One patient with SLE-aPL was receiving anticoagulation therapy due to a mechanical valve (without 
thrombotic events)
e Only taking females into account

Table 1  (continued)
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Table 2  Main characteristics of SLE patients without arterial thrombosis according to subclinical arteriosclerosis and multiple carotide plaques

Categorical variables are expressed as number and percentage (in brackets) and continuous variables as mean ± standard deviation (in square 
brackets)
Abbreviations: aß2GPI anti-ß2 glycoprotein I, aCL anticardiolipin antibodies, aPL antiphospholipid antibodies, CVD cardiovascular disease, F 
female, ISS immunosuppressant, LAC lupus anticoagulant, NS no significant, SLE systemic lupus erythematosus, SLEDAI-2K Systemic Lupus 
Erythematosus Disease Activity Index 2000, SLICC/ACR-DI Systemic Lupus International Collaborating Clinics/American College of Rheuma-
tology Damage Index
a Subclinical arteriosclerosis was defined by the presence of one or more plaques at any of the carotid territories explored in the absence of clini-
cal manifestations of arteriosclerotic disease
b Multiple carotid plaques was defined by the existence of ≥ 2 plaques at any of the carotid territories explored. The analysis was performed in 
patients without arterial thrombosis
c Cyclophosphamide, azathioprine, methotrexate, mycophenolate or others

Subclinical  arteriosclerosisa Multiple carotide  plaquesb

Presence (n = 19) Absence (n = 55) p Presence (n = 9) Absence (n = 65) p

Age (years) 47.8 [9.2] 37.3 [11.1] p < 0.001 50.3 [10.8] 38.5 [11.0] p = 0.003
Sex (F) 17 (89.5) 52 (94.5) NS 8 (88.9) 61 (93.8) NS
Disease duration (months) 181.5 [98.0] 113.5 [62.6] p = 0.009 198.2 [100.3] 122.0 [71.0] p = 0.005
Family history of CVD 2 (10.5) 3 (5.5) NS 1 (11.1) 4 (6.2) NS
Smoking 6 (31.6) 14 (25.5) NS 2 (22.2) 18 (27.7) NS
Obesity 2 (10.5) 9 (16.4) NS 1 (11.1) 10 (15.4) NS
Hypertension 8 (42.1) 17 (30.9) NS 5 (55.6) 20 (30.8) NS
Diabetes mellitus 0 (0.0) 1 (1.8) NS 0 (0.0) 1 (1.5) NS
Hypercholesterolemia 7 (36.8) 17 (30.9) NS 5 (55.6) 19 (29.2) NS
Hypertriglyceridemia 6 (31.6) 13 (23.6) NS 4 (44.4) 15 (23.1) NS
SLE clinical features
 Joint involvement 19 (100.0) 54 (98.2) NS 9 (100.0) 64 (98.5) NS
 Skin involvement 15 (78.9) 45 (81.8) NS 7 (77.8) 53 (81.5) NS
 Thrombocytopenia 4 (21.1) 20 (36.4) NS 2 (22.2) 22 (33.8) NS
 Renal involvement 8 (42.1) 28 (50.9) NS 5 (55.6) 31 (47.7) NS
 Serositis 7 (36.8) 14 (25.5) NS 5 (55.6) 16 (24.6) NS
 CNS involvement 2 (10.5) 5 (9.1) NS 2 (22.2) 5 (7.7) NS
 Hemolytic anemia 3 (15.8) 18 (32.7) NS 1 (11.1) 20 (30.8) NS

SLEDAI-2K 7.1 [6.7] 6.4 [6.3] NS 7.4 [6.1] 6.5 [6.5] NS
SLICC/ACR-DI 1.9 [1.6] 1.0 [1.3] p = 0.01 2.7 [1.8] 1.0 [1.2] p = 0.001
Treatment
 Antimalarial drugs 18 (94.7) 54 (98.2) NS 8 (88.9) 64 (98.5) NS
 Glucocorticoids 16 (84.2) 48 (87.3) NS 9 (100.0) 55 (84.6) NS
 ISS  agentsc 14 (73.7) 42 (76.4) NS 8 (88.9) 48 (73.8) NS
 Antiplatelet agents 4 (21.1) 18 (32.7) NS 2 (22.2) 20 (30.8) NS
 Anticoagulation 2 (10.5) 5 (9.1) NS 1 (11.1) 6 (9.2) NS

aPL laboratory features
 aPL 13 (68.4) 34 (61.8) NS 6 (66.7) 41 (63.1) NS
 LAC 11 (57.9) 17 (30.9) p = 0.04 5 (55.6) 23 (35.4) NS
 aCL 11 (57.9) 30 (54.5) NS 5 (55.6) 36 (55.4) NS
 IgG aCL 10 (52.6) 15 (27.3) p = 0.04 5 (55.6) 20 (30.8) NS
 IgM aCL 4 (21.1) 14 (25.5) NS 1 (11.1) 17 (26.2) NS
 aß2GPI 4 (33.3) 5 (11.9) NS 2 (33.3) 7 (14.6) NS
 IgG aß2GPI 3 (25.0) 4 (9.5) NS 2 (33.3) 5 (10.4) NS
 IgM aß2GPI 3 (25.0) 3 (7.1) NS 1 (16.7) 5 (10.4) NS
 Triple aPL positivity 3 (20%) 4 (7.7) NS 1 (14.3) 6 (10.0) NS
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The fact that MPs were associated with arteriosclerosis 
burden rather than the mere presence or absence of plaque 
is intriguing. In our study, presence/absence of plaque was 
related only with age and chronic damage associated with 
SLE. Consequently, and in accordance with that suggested 
by Imahori et al. [40], we can hypothesise that MPs contrib-
ute to the process of arteriosclerosis progression more than 
the process of plaque initiation.

We found an association between the procoagulant activ-
ity of MPs and arterial thrombosis in patients with SLE. 
Only two studies have analyzed the relationship between 
arterial thrombosis and MPs in patients with SLE, with dif-
fering results [31, 33]. López et al. [33] found a significantly 
higher amount of total MPs in SLE patients with CVD. In 
contrast, Nielsen et al. [31] reported lower levels of MPs in 
70 patients with SLE compared with controls, with a relative 
increase in annexin V-nonbinding MPs in SLE patients with 
a history of arterial thrombosis.

The role of MPs in non-autoimmune diseases has been 
assessed in arterial thrombosis. In 2018, a meta-analysis 
of 13 studies including 988 patients with ischemic stroke 
and 985 controls found an association between MPs levels 
and ischemic stroke, except for lymphocyte-derived MPs 
where no relationship was found [43]. In another review, 
an association between endothelial and platelet-derived 

MPs and stroke was postulated [44]. Additionally, in a 
meta-analysis of 11 studies, a relationship was found 
between myocardial infarction and annexin V-positive, 
endothelial and platelet MPs, but not with leukocyte MPs 
[45]. This evidence seems to show a clear relationship 
between MPs and arterial thrombosis [31, 33, 43–45], 
although studies assessing subtypes of MPs related to 
CVD are not always concordant [43, 45]. This may be 
explained, in part, by methodological issues. Flow cytom-
etry is the method most frequently used to determine MPs 
and allows the quantification and determination of their 
cellular source. Although flow cytometry is considered the 
gold standard, it has some technical limitations, such as 
the lack of standardization and concerns about the detec-
tion limit for small size MPs that makes its use outside of 
research laboratories difficult. Functional assays, such as 
that used in the present study, assess the biological activi-
ties (procoagulant in the present assay) independently of 
their cellular source or size. Functional assays are repro-
ducible and automatable and thus procoagulant MPs may 
be postulated as a biomarker of atherothrombotic risk [46].

Lastly, the possible value of MPs as a biological thera-
peutic target for arterial thrombosis or subclinical arte-
riosclerosis progression in SLE remains to be assessed. A 
therapeutic regime including drugs such as statins, aspirin 
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Fig 1  Procoagulant activity of MPs in SLE patients with subclinical 
arteriosclerosis, multiple carotid plaques without arterial thrombosis, 
or arterial thrombosis. Procoagulant activity of MPs (mean ± stand-
ard deviation) obtained for the different study subgroups was the 
following: subclinical arteriosclerosis, presence 15.35 ± 9.26  nM vs 
absence 12.85 ± 7.40 nM, p = NS; multiple carotid plaques, presence 
17.26 ± 10.63 nM vs absence 12.78 ± 7.15 nM, p = 0.04; and arterial 
thrombosis, presence 17.28 ± 8.29  nM vs absence 12.96 ± 7.90  nM, 

p < 0.05. The p-value was obtained by Student t-test. The results 
shown are unadjusted for covariables. Subclinical arteriosclerosis was 
defined by the presence of one or more plaques at any of the carotid 
territories explored in the absence of clinical manifestations of arte-
riosclerotic disease. Multiple carotid plaques was defined by the 
existence of ≥ 2 plaques at any of the carotid territories explored. The 
analysis was performed in patients without arterial thrombosis.
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Table 3  Main characteristics 
in SLE patients according to 
arterial thrombosis

Categorical variables are expressed as number and percentage (in brackets) and continuous variables as 
mean ± standard deviation (in square brackets)
Abbreviations: aß2GPI anti-ß2 glycoprotein I, aCL anticardiolipin antibodies, aPL antiphospholipid anti-
bodies, CVD cardiovascular disease, F female, ISS immunosuppressant, LAC lupus anticoagulant, NS no 
significant, SLE systemic lupus erythematosus, SLEDAI-2K Systemic Lupus Erythematosus Disease Activ-
ity Index 2000, SLICC/ACR-DI Systemic Lupus International Collaborating Clinics/American College of 
Rheumatology Damage Index
a Arteriosclerosis prevalence was defined by the presence of one or more plaques at any of the carotid ter-
ritories explored
b Multiple carotide plaques was defined by the existence of ≥ 2 plaques at any of the carotid territories 
explored
c Cyclophosphamide, azathioprine, methotrexate, mycophenolate or others

Arterial thrombosis

Presence (n = 13) Absence (n = 74) p

Age (years) 47.4 [6.2] 40.0 [11.5] p = 0.002
Sex (F) 12 (92.3) 69 (93.2) NS
Disease duration (months) 125.8 [66.4] 131.0 [78.5] NS
Family history of CVD 2 (15.4) 5 (6.8) NS
Smoking 4 (30.8) 20 (27.0) NS
Obesity 2 (15.4) 11 (14.9) NS
Hypertension 4 (30.8) 12 (33.8) NS
Diabetes mellitus 0 (0.0) 1 (1.4) NS
Hypercholesterolemia 4 (30.8) 24 (32.4) NS
Hypertriglyceridemia 4 (30.8) 19 (25.7) NS
SLE clinical features
 Joint involvement 10 (76.9) 73 (98.6) p = 0.01
 Skin involvement 9 (69.2) 60 (81.1) NS
 Thrombocytopenia 5 (38.5) 24 (32.4) NS
 Renal involvement 7 (53.8) 36 (48.6) NS
 Serositis 4 (30.8) 21 (28.4) NS
 CNS involvement 4 (30.8) 7 (9.5) NS
 Hemolytic anemia 3 (23.1) 21 (28.4) NS

Arteriosclerosis  prevalencea 9 (69.2) 19 (25.7) p = 0.004
Multiple carotid  plaquesb 8 (61.5) 9 (12.2) p < 0.001
SLEDAI-2K 9.4 [7.1] 6.6 [6.4] NS
SLICC/ACR-DI 1.5 [2.1] 1.2 [1.4] NS
Treatment
 Antimalarial drugs 8 (61.5) 72 (97.3) p = 0.001
 Glucocorticoids 10 (76.9) 64 (86.5) NS
 ISS  agentsc 10 (76.9) 56 (75.7) NS
 Antiplatelet agents 5 (38.5) 22 (29.7) NS
 Anticoagulation 5 (38.5) 7 (9.5) p = 0.015

aPL laboratory features
 aPL 8 (61.5) 47 (63.5) NS
 LAC 7 (53.8) 28 (37.8) NS
 aCL 5 (38.5) 41 (55.4) NS
 IgG aCL 4 (33.3) 25 (33.8) NS
 IgM aCL 1 (8.3) 18 (24.3) NS
 aß2GPI 2 (20.0) 9 (16.7) NS
 IgG aß2GPI 2 (20.0) 7 (13.0) NS
 IgM aß2GPI 1 (10.0) 6 (11.1) NS
 Triple aPL positivity 2 (16.7) 7 (10.4) NS
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or aggressive immunosuppressive therapy, which is known 
to diminish MPs levels [47–49], may be a useful approach 
in the future.

Strengths and limitations

A strength of the study is that it is the first specific analysis 
of the relationship between MPs and arteriosclerosis burden 
in patients with SLE. However, some limitations should be 
noted. Firstly, the retrospective nature of the study. Secondly, 
the small number of patients, inherent to the low prevalence 
of the disease. Thirdly, the use of carotid ultrasound to assess 
the arteriosclerosis burden. Although it is a validated test, 
there are subjective aspects in its interpretation, linked to 
the experience of the sonographer. Finally, the risk of type 
I error (that is, the existence of "casual" false positives, just 
by analyzing multiple subgroups) is another limitation that 
is implicit in a work of this nature where the analysis of 
different subgroups was essential to eliminate confounding 
factors.

Future directions

If prospective studies with more patients confirm that the 
procoagulant activity of MPs could identify SLE patients 
at greater atherothrombotic risk, their use as a biomarker 
would enable patients to benefit from early arteriosclerosis 
prophylaxis.

Conclusions

In conclusion, our results show the procoagulant activity of 
MPs was associated with the burden of arteriosclerosis and 
with arterial thrombosis in patients with SLE and, therefore, 
is related to the CV risk of these patients.
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