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ABSTRACT

Introduction: Microvascular manifestations
constitute a subtype of antiphospholipid syn-
drome, and those patients have relatively poor
prognoses, so it is important to find markers for
microvascular manifestations. This study was
conducted to explore whether serum calpro-
tectin could be a predictor of microvascular

manifestations in antiphospholipid antibody
(aPL)-positive patients.
Methods: Consecutive patients with persistent
aPL positivity referred to Peking Union Medical
College Hospital and age- and sex-matched
health controls (HCs) were included. Microvas-
cular manifestations included antiphospholipid
syndrome (APS) nephropathy, livedo reticularis,
valvular lesions, non-stroke central nervous
system manifestations, myocarditis, catas-
trophic APS, and other microvascular manifes-
tations confirmed by pathology, imaging, or
clinical diagnosis. Calprotectin was measured
by an enzyme-linked immunosorbent assay
(ELISA). The cutoff value was defined as
mean ? 2 standard deviations of HCs. Multi-
variable logistic regression analysis was used to
analyze risk factors. Pearson correlation analysis
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was used to detect the correlation between cal-
protectin and other laboratory data.
Results: Of the 466 patients included in the
study, 281 (60.3%) patients met the 2006 Syd-
ney Revised Classification Criteria; among the
latter, 77.2% were patients with primary APS.
The mean age was 39.10 ± 13.05 years old, and
77.0% were female. Thirty-eight age- and sex-
matched HCs were included in the study. Serum
calprotectin levels were increased in aPL-posi-
tive patients compared with HCs
(649.66 ± 240.79 vs 484.62 ± 149.37 ng/ml,
p\0.001), and were increased in patients with
microvascular manifestations compared with
patients without (693.03 ± 271.90 vs
639.43 ± 232.06 ng/ml, p = 0.044). The cutoff
value was 783.36 ng/ml. Ninety-three patients
(20.0%) were positive for calprotectin. Calpro-
tectin positivity was independently associated
with microvascular manifestations (odds ratio
[OR] 1.90, 95% confidence interval [CI]
1.07–3.36) and platelet count (PLT)\100 (OR
2.04, 95% CI 1.08–3.88). Age (OR 0.98, 95% CI
0.96–1.00), systemic lupus erythematosus (OR
2.08, 95% CI 1.15–3.75), calprotectin positivity
(OR 1.83, 95% CI 1.02–3.26), hypertension (OR
2.73, 95% CI 1.36–5.45), hemolytic anemia (OR
2.66, 95% CI 1.13–6.23), and anti-b2GPI anti-
bodies (OR 2.06, 95% CI 1.11–3.83) could
independently predict microvascular manifes-
tations in aPL-positive patients. Serum calpro-
tectin negatively correlated with PLT
(R = - 0.101, p = 0.031).
Conclusion: Serum calprotectin levels are
increased in aPL-positive patients and could be
a potential predictor of microvascular
manifestations.

Keywords: Antiphospholipid antibody;
Calprotectin; Microcirculation;
Thrombocytopenia

Key Summary Points

Why carry out this study?

Microvascular manifestations constitute a
subtype of antiphospholipid syndrome
and those patients have relatively poor
prognoses.

We hypothesize that calprotectin, an
inflammation marker, could be a potential
predictor of microvascular manifestations
in antiphospholipid syndrome.

What was learned from the study?

Serum calprotectin levels are increased in
antiphospholipid antibody (aPL)-positive
patients and could be a potential predictor
of microvascular manifestations.

Serum calprotectin negatively correlated
with platelet count (PLT) in aPL-positive
patients.

Physicians should pay more attention to
patients with high levels of serum
calprotectin, be alert to the occurrence of
microvascular manifestations, and adopt
appropriate treatment regimens in time.

INTRODUCTION

Antiphospholipid syndrome (APS) is a rare and
complicated autoimmune disease characterized
by arterial/venous thrombosis and/or recurrent
pregnancy morbidity with antiphospholipid
antibody (aPL) positivity. Except for thrombotic
APS (tAPS) and obstetric APS (oAPS), some aPL-
positive patients develop extra-criteria mani-
festations including thrombocytopenia, hemo-
lytic anemia, and microvascular manifestations.
Microvascular manifestations include APS
nephropathy, livedo reticularis, valvular
lesions, non-stroke central nervous system
(CNS) manifestations, myocarditis, catastrophic
APS (CAPS), etc. [1–3]. Patients with microvas-
cular manifestations have relatively poor
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prognoses [4, 5]. For those patients, anticoagu-
lation is not enough, and immunosuppressive
medications are always needed [6]. Therefore, it
is crucial to accurately identify patients who
will easily develop microvascular manifesta-
tions. However, there has been no generally
accepted predictor for microvascular
manifestations.

Calprotectin, also known as leukocyte L1
antigen complex, is a heterodimer of S100A8/
S100A9 mainly released by neutrophils and
monocytes. Extracellular calprotectin is a steady
marker of inflammation. Serum and plasma
levels of calprotectin are elevated in inflamma-
tory diseases such as systemic lupus erythe-
matosus (SLE), rheumatoid arthritis (RA), and
inflammatory bowel disease (IBD) as well as
thrombotic diseases such as myocardial infarc-
tion and COVID-19 with thrombotic compli-
cations [7–9]. Studies found that
thromboinflammation plays an important role
in microvascular manifestations in patients
with APS [10]. Ruff et al. [11] indicated that the
level of fecal calprotectin in patients with APS is
elevated. However, there has been no study
focusing on serum calprotectin and its rela-
tionship with microvascular manifestations in
aPL-positive patients.

In this cohort study, we aimed to explore
whether serum calprotectin could be a predictor
of microvascular manifestations in aPL-positive
patients. These findings will help us identify
patients who will easily develop microvascular
manifestations and to take appropriate action.

METHODS

Study Design

This was a single-center cohort study [12].
Consecutive patients referred to Peking Union
Medical College Hospital (PUMCH) from
June 2012 to September 2022 with persistent
aPLs positivity (detected at least 12 weeks apart)
and serum samples were included. Serum sam-
ples were obtained from patients during follow-
up. Follow-up time was defined as the time
between the first occurrence of aPLs positivity
and the first occurrence of new-onset

microvascular manifestations or the last follow-
up visit. Follow-up visits ended in November
2022. Blood samples of age- and sex-matched
health controls (HCs) were included. Serum
calprotectin was measured using an enzyme-
linked immunosorbent assay (ELISA) (Elab-
science). The cutoff value was defined as
mean ? 2 standard deviations (SDs) of HCs.

This study was approved by the Medical
Ethics Committee of PUMCH (approval number
JS-2038) and carried out in accordance with the
Declaration of Helsinki and its later amend-
ments. Written informed consent was obtained
from all participants. Patients or the public were
not involved in the design, conduct, reporting,
or dissemination plans of the research.

Data Collection

Blood sampling age, age at the first occurrence
of aPLs positivity, gender, smoking history,
cardiovascular risk factors, clinical manifesta-
tions, and antibody profile of all the patients
were collected. Clinical manifestations included
thrombosis, pregnancy morbidity, thrombocy-
topenia, hemolytic anemia, and microvascular
manifestations that happened before the last
follow-up visit. Microvascular manifestations
[1–3] included APS nephropathy, livedo reticu-
laris, livedoid vasculopathy lesions, valvular
lesions, non-stroke CNS manifestations [13],
myocarditis, CAPS [14], pulmonary hemor-
rhage, multiple bone infarction, retinal
microvascular manifestations [15], liver infarc-
tion [16], cholecystitis, mesenteric vasculitis,
and pancreatitis. APS nephropathy was diag-
nosed by clinical diagnosis or pathology. Livedo
reticularis and livedoid vasculopathy lesion
were diagnosed by clinical diagnosis. The
valvular lesions were diagnosed by transthoracic
echocardiography or transesophageal echocar-
diography. Non-stroke CNS manifestations were
diagnosed by magnetic resonance imag-
ing/magnetic resonance angiography (MRI/
MRA) or clinical diagnosis. Myocarditis was
diagnosed by MRI. CAPS was diagnosed
according to the preliminary classification cri-
teria published in 2003 [1]. Pulmonary hemor-
rhage was diagnosed by computed tomography.
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Multiple bone infarction was diagnosed by MRI.
Retinal microvascular manifestations were
diagnosed by ophthalmological examination
and fluorescein angiography. Liver infarction,
cholecystitis, mesenteric vasculitis, and pan-
creatitis were diagnosed by pathology. Labora-
tory data including blood routine examination,
immunoglobulin, complement, C-reactive pro-
tein (CRP), and erythrocyte sedimentation rate
(ESR) at the time of blood sampling were col-
lected. The treatment regimen including glu-
cocorticoid, anticoagulation, antiplatelet,
hydroxychloroquine, and immunosuppression
at the time of blood sampling were collected as
well.

Lupus anticoagulation (LA), anticardiolipin
antibody (aCL), and anti-b2-glycoprotein I
antibody (anti-b2GPI) constituted aPLs. LA was
measured according to the recommended three-
step procedure with two test systems from the
Scientific and Standardization Committee for
lupus anticoagulant/antiphospholipid antibod-
ies of the International Society on Thrombosis
and Hemostasis Subcommittee. Activated par-
tial thromboplastin time-based assay (aPTT) and
the dilute Russell viper venom time (dRVVT)
were used, and aPTT ratio[ 1.20 or dRVVT
ratio[1.20 [17] was defined as positivity. aCL
and anti-b2GPI were measured by chemilumi-
nescent immunoassay (CLIA) (iFlash CLIA kits
provided by YHLO Biotech Co., Shenzhen,
China). Medium or high titer of aCL was
defined as a titer[10 U/mL and medium or
high titer of anti-b2GPI was defined as a
titer[ 20 U/mL according to the manufac-
turer’s instructions. The detection of aCL and
anti-b2GPI showed good sensitivity and speci-
ficity in our cohort in the previous study [18].

Statistical Analysis

Continuous variables with normally distributed
data were presented as means and standard
deviations (SD). Medians and interquartile ran-
ges (IQR) (P25, P75) were used for variables with
non-normal distribution. Continuous variables
were analyzed with Student’s t test or
Mann–Whitney U test. Categorical variables
were presented as counts and percentages.

Categorical variables were analyzed with Pear-
son chi-square test or Fisher’s exact test. The
prognosis was shown by the cumulative events
curve. Further comparisons were performed
using a log-rank test. The prediction of calpro-
tectin positivity and microvascular manifesta-
tions was analyzed by multivariable logistic
regression. Variables included in multivariable
logistic regression were selected by least abso-
lute shrinkage and selection operator (LASSO)
regression analysis. Forest plots were used to
illustrate the risk factors. Pearson correlation
analysis was used to detect the correlation
between serum calprotectin and other labora-
tory data. p\ 0.05 was considered statistically
significant.

RESULTS

A total of 466 patients were included in the
study, among whom 281 (60.3%) could be
diagnosed as APS according to the 2006 Sydney
Revised Classification Criteria [19]. Among the
patients with APS, 217 (77.2%) had primary APS
(PAPS) and 64 (22.8%) had secondary APS
(SAPS). The mean age was 39.10 ± 13.05 years
old, and 359 (77.0%) were female (Table 1). A
total of 38 HCs matched for blood sampling age
and sex were included. The mean age of HCs
was 36.47 ± 5.87 years old, and 30 (78.9%) were
female. Patients were followed up for a median
of 29.6 months. Serum calprotectin in aPL-pos-
itive patients was much higher than that in HCs
(649.66 ± 240.79 ng/ml vs 484.62 ± 149.37 ng/
ml, p\ 0.001). Both the average calprotectin
levels in patients with SLE (689.49 ± 269.07 ng/
ml) and in patients without SLE
(635.85 ± 228.98 mg/ml) were significantly
higher than calprotectin in HCs (p\ 0.001). In
addition, serum calprotectin in patients with
microvascular manifestations was much higher
than that in patients without microvascular
manifestations (693.03 ± 271.90 ng/ml vs
639.43 ± 232.06 ng/ml, p = 0.044) (Fig. 1).

The cutoff value for calprotectin positivity
was set as 783.36 ng/ml. Ninety-three patients
(20.0%) were positive for serum calprotectin.
Calprotectin positivity was significantly associ-
ated with SLE (34.4% vs 23.6%, p = 0.033), SAPS
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Table 1 Demographic and clinical characteristics of included patients

Overall
(N = 466)

PAPS
(N = 217,
46.6%)

SAPS (N = 64,
13.7%)

Non-criteria APS
(N = 185, 39.7%)

Female, n (%) 359 (77.0) 139 (64.1) 55 (85.9) 165 (89.2)

Blood sampling age, mean ± SD 37.13 ± 11.60 38.65 ± 12.86 36.64 ± 11.81 35.51 ± 9.62

SLEDAI, median (IQR) 1.5 (0, 2) – 2 (0, 3) 1 (0, 2)

Smoking, n (%) 68 (14.8) 52 (24.1) 4 (6.7) 12 (6.5)

Hypertension, n (%) 60 (12.9) 37 (17.1) 8 (12.5) 15 (8.1)

Diabetes, n (%) 15 (3.2) 10 (4.6) 4 (6.2) 1 (0.5)

Hyperlipidemia, n (%) 15 (3.2) 11 (5.1) 3 (4.9) 1 (0.5)

Thrombosis, n (%) 228 (48.9) 179 (82.5) 49 (76.6) 0 (0)

Arterial, n (%) 105 (22.5) 86 (39.6) 19 (29.7) 0 (0)

Venous, n (%) 154 (33.0) 116 (53.5) 38 (59.4) 0 (0)

Pregnancy morbidity, n (%) 92/290 (32.1) 65/119 (54.6) 27/43 (62.8) 0/128 (0)

Early miscarriages (\ 10 weeks),

n (%)

6/290 (2.1) 4/119 (3.4) 2/43 (4.7) 0/128 (0)

Fetal death (C 10 weeks), n (%) 60/290 (20.7) 41/119 (34.5) 19/43 (44.2) 0/128 (0)

Preeclampsia, eclampsia, and

placental dysfunction, n (%)

37/290 (12.8) 26/119 (21.8) 11/43 (25.6) 0/128 (0)

Extra-criteria manifestation, n (%) 240 (51.5) 90 (41.5) 55 (85.9) 95 (51.4)

Thrombocytopenia, n (%) 191 (41.0) 71 (32.7) 44 (68.8) 76 (41.1)

Microvascular manifestations, n (%) 89 (19.1) 38 (17.5) 21 (32.8) 30 (16.2)

Valvular lesions, n (%) 21 (4.5) 7 (3.2) 9 (14.1) 5 (2.7)

APS nephropathy, n (%) 22 (4.7) 15 (6.9) 4 (6.2) 3 (1.6)

Livedo reticularis, n (%) 12 (2.6) 3 (1.4) 6 (9.4) 3 (1.6)

Livedoid vasculopathy lesions, n (%) 5 (1.1) 3 (1.4) 2 (3.1) 0 (0)

Non-stroke CNS manifestations,

n (%)

39 (8.4) 16 (7.4) 8 (12.5) 15 (8.1)

Cognitive dysfunction, n (%) 6 (1.3) 3 (1.4) 3 (4.7) 0 (0)

Seizure, n (%) 13 (2.8) 3 (1.4) 6 (9.4) 4 (2.2)

Chorea, n (%) 4 (0.9) 2 (0.9) 0 (0) 2 (1.1)

Other CNS manifestations, n (%) 20 (4.3) 9 (4.1) 2 (3.1) 9 (4.9)

Myocarditis, n (%) 4 (0.9) 1 (0.5) 1 (1.6) 2 (1.1)

CAPS, n (%) 4 (0.9) 3 (1.4) 0 (0) 1 (0.5)

Pulmonary hemorrhage, n (%) 2 (0.4) 1 (0.5) 0 (0) 1 (0.5)
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Table 1 continued

Overall
(N = 466)

PAPS
(N = 217,
46.6%)

SAPS (N = 64,
13.7%)

Non-criteria APS
(N = 185, 39.7%)

Bone infarction, n (%) 3 (0.6) 0 (0) 0 (0) 3 (1.6)

Eye microvascular manifestations,

n (%)

5 (1.1) 1 (0.5) 0 (0) 4 (2.2)

Liver infarction, n (%) 1 (0.2) 0 (0) 0 (0) 1 (0.5)

Cholecystitis, n (%) 1 (0.2) 1 (0.5) 0 (0) 0 (0)

Mesenteric vasculitis, n (%) 1 (0.2) 0 (0) 1 (1.6) 0 (0)

Pancreatitis, n (%) 1 (0.2) 0 (0) 1 (1.6) 0 (0)

LA, n (%) 320 (68.7) 157 (72.4) 58 (90.6) 105 (56.8)

aCL, n (%) 276 (59.4) 124 (57.1) 44 (68.8) 108 (58.4)

Anti-b2GPI, n (%) 338 (72.7) 158 (72.8) 43 (67.2) 137 (74.1)

High-risk aPL profile, n (%) 381 (81.8) 182 (83.9) 63 (98.4) 136 (73.5)

Triple aPL positivity, n (%) 185 (39.7) 90 (41.5) 33 (51.6) 62 (33.5)

ANA positivity, n (%) 246 (53.9) 86 (41.0) 63 (98.4) 97 (53.3)

Calprotectin, mean ± SD 649.66 ± 240.79 635.04 ± 219.93 702.48 ± 259.99 648.55 ± 255.69

Calprotectin positivity, n (%) 93 (20.0) 43 (19.8) 19 (29.7) 31 (16.8)

WBC, mean ± SD 6.71 ± 2.40 6.69 ± 2.47 6.38 ± 2.54 6.84 ± 2.28

NEUT, mean ± SD 4.37 ± 2.03 4.29 ± 2.07 4.42 ± 2.11 4.45 ± 1.97

MONO, mean ± SD 0.38 ± 0.17 0.38 ± 0.20 0.38 ± 0.14 0.38 ± 0.15

PLT, mean ± SD 208.52 ± 87.39 219.65 ± 84.11 198.94 ± 91.17 198.78 ± 88.77

PLT\ 100 9 109/L, n (%) 58 (12.5) 20 (9.3) 8 (12.9) 30 (16.2)

ESR, median (IQR) 9.00 (4.00,

16.50)

7.00 (3.00,

14.00)

12.00 (6.00,

23.00)

11.00 (5.00, 20.00)

CRP, median (IQR) 1.09 (0.48, 2.51) 1.06 (0.43, 2.33) 1.06 (0.61, 3.39) 1.15 (0.44, 2.52)

IgG, mean ± SD 11.94 ± 3.80 11.45 ± 3.19 13.19 ± 4.68 12.07 ± 4.00

IgA, mean ± SD 2.18 ± 1.02 2.12 ± 0.94 2.76 ± 1.38 2.06 ± 0.91

IgM, mean ± SD 1.35 ± 0.75 1.35 ± 0.78 1.16 ± 0.64 1.41 ± 0.75

C3, median (IQR) 1.02 (0.86, 1.19) 1.08 (0.90, 1.22) 0.86 (0.78, 1.00) 1.03 (0.88, 1.18)

C4, median (IQR) 0.17 (0.13, 0.23) 0.18 (0.15, 0.23) 0.13 (0.09, 0.17) 0.17 (0.13, 0.24)

Glucocorticoid, n (%) 192 (41.2) 68 (31.3) 48 (75.0) 76 (41.1)

Anticoagulation, n (%) 216 (46.4) 157 (72.4) 33 (51.6) 26 (14.1)

Antiplatelet, n (%) 271 (58.2) 104 (47.9) 27 (42.2) 140 (75.7)
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(20.4% vs 12.1%, p = 0.036), microvascular
manifestations (26.9% vs 17.2%, p = 0.033),
non-stroke CNS manifestations (14.0% vs 7.0%,
p = 0.029), lupus anticoagulant (LA) positivity
(79.6% vs 66.0%, p = 0.011), platelet count
(PLT)\100 9 109/L (20.4% vs 10.5%,
p = 0.009), and higher CRP (median [P25, P75],
1.36 [0.55, 3.46] vs 0.97 [0.43, 2.32], p = 0.018)
(Table 2). Thrombocytopenia history had no
significant relationship with calprotectin posi-
tivity (46.2% vs 39.7%, p = 0.250). Among the
89 patients with microvascular manifestations,
25 had positive calprotectin and 64 had nega-
tive calprotectin. Among the 377 patients
without microvascular manifestations, 68 had

positive calprotectin and 309 had negative cal-
protectin. The specificity of calprotectin as a
biomarker of microvascular manifestations was
82% (95% confidence interval [CI] 78–86%).

Fourteen candidate variables (sex, blood
sampling age, SLE, microvascular manifesta-
tions, arterial thrombosis, venous thrombosis,
PLT\ 100, hemolytic anemia, LA, aCL, anti-
b2GPI, glucocorticoid, hydroxychloroquine,
immunosuppression) were included in the
LASSO regression analysis to select the variables
to predict calprotectin positivity. The lambda.-
min was 0.0155 and selected seven variables
(Supplementary Material Figs. S1, S2). In multi-
variable logistic regression, microvascular

Table 1 continued

Overall
(N = 466)

PAPS
(N = 217,
46.6%)

SAPS (N = 64,
13.7%)

Non-criteria APS
(N = 185, 39.7%)

Hydroxychloroquine, n (%) 365 (78.3) 167 (77.0) 55 (85.9) 143 (77.3)

Immunosuppression, n (%) 181 (38.8) 59 (27.2) 44 (68.8) 78 (42.2)

SLEDAI systemic lupus erythematosus disease activity index, APS antiphospholipid syndrome, PAPS primary APS, SAPS
secondary APS, CNS central nervous system, CAPS catastrophic APS, LA lupus anticoagulant, aCL anticardiolipin
antibody, anti-b2GPI anti-b2-glycoprotein I antibody, aPLs antiphospholipid antibodies, ANA antinuclear antibody,WBC
white blood cell count, NEUT neutrophil count, MONO monocyte count, PLT platelet count, ESR erythrocyte sedi-
mentation rate, CRP C-reactive protein, IgG immunoglobulin G, IgA immunoglobulin A, IgM immunoglobulin M, C3
complement 3, C4 complement 4, SD standard deviation, IQR interquartile range

Fig. 1 Comparison of serum calprotectin levels between patients and healthy controls, and between patients with and
without microvascular manifestations. HCs health controls
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Table 2 Demographic and clinical characteristics of patients with positive and negative serum calprotectin

Calprotectin positive
(N = 93, 20.0%)

Calprotectin negative
(N = 373, 80.0%)

p

Female, n (%) 73 (78.5) 286 (76.7) 0.709

Blood sampling age, mean ± SD 39.10 ± 13.05 36.64 ± 11.17 0.097

SLE, n (%) 32 (34.4) 88 (23.6) 0.033*

SLEDAI, median (IQR) 1.5 (0, 3) 1.5 (0, 2) 0.906

APS, n (%) 62 (66.7) 219 (58.7) 0.161

PAPS, n (%) 43 (46.2) 174 (46.6) 0.943

SAPS, n (%) 19 (20.4) 45 (12.1) 0.036*

Smoking, n (%) 12 (13.0) 56 (15.2) 0.606

Hypertension, n (%) 14 (15.2) 46 (12.3) 0.483

Diabetes, n (%) 1 (1.1) 14 (3.8) 0.327

Hyperlipidemia, n (%) 5 (5.4) 10 (2.7) 0.323

Thrombosis, n (%) 49 (52.7) 179 (48.0) 0.417

Arterial, n (%) 23 (24.7) 82 (22.0) 0.571

Venous, n (%) 33 (35.5) 121 (32.4) 0.577

Pregnancy morbidity, n (%) 24/62 (38.7) 68/228 (29.8) 0.183

Early miscarriages (\ 10 weeks), n (%) 1/62 (1.6) 5/228 (2.2) 1.000

Fetal death (C 10 weeks), n (%) 16/62 (25.8) 44/228 (19.3) 0.262

Preeclampsia, eclampsia, and placental

dysfunction, n (%)

9/62 (14.5) 28/228 (12.3) 0.640

Extra-criteria manifestation, n (%) 55 (59.1) 185 (49.6) 0.100

Thrombocytopenia, n (%) 43 (46.2) 148 (39.7) 0.250

Microvascular manifestations, n (%) 25 (26.9) 64 (17.2) 0.033*

Valvular lesions, n (%) 6 (6.5) 15 (4.0) 0.467

APS nephropathy, n (%) 6 (6.5) 16 (4.3) 0.544

Livedo reticularis, n (%) 5 (5.4) 7 (1.9) 0.124

Non-stroke CNS manifestations, n (%) 13 (14.0) 26 (7.0) 0.029*

Cognitive dysfunction, n (%) 3 (3.2) 3 (0.8) 0.097

Seizure, n (%) 4 (4.3) 9 (2.4) 0.524

Chorea, n (%) 2 (2.2) 2 (0.5) 0.180

Other CNS manifestations, n (%) 6 (6.5) 14 (3.8) 0.388

Myocarditis, n (%) 0 (0.0) 4 (1.1) 0.589

CAPS, n (%) 1 (1.1) 3 (0.8) 1.000
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Table 2 continued

Calprotectin positive
(N = 93, 20.0%)

Calprotectin negative
(N = 373, 80.0%)

p

LA, n (%) 74 (79.6) 246 (66.0) 0.011*

aCL, n (%) 54 (58.1) 222 (59.7) 0.799

Anti-b2GPI, n (%) 61 (65.6) 277 (74.5) 0.094

High-risk aPL profile, n (%) 79 (84.9) 302 (81.0) 0.374

Triple aPL positivity, n (%) 41 (44.1) 144 (38.6) 0.334

ANA positivity, n (%) 52 (55.9) 194 (53.4) 0.500

WBC, mean ± SD 6.34 ± 1.97 6.80 ± 2.50 0.061

NEUT, mean ± SD 4.18 ± 1.82 4.42 ± 2.08 0.271

MONO, mean ± SD 0.37 ± 0.14 0.39 ± 0.18 0.292

PLT, mean ± SD 193.39 ± 90.31 212.33 ± 86.35 0.070

PLT\ 100 9 109/L, n (%) 19 (20.4) 39 (10.5) 0.009*

ESR, median (IQR) 12.00 (5.00, 17.50) 9.00 (4.00, 16.00) 0.086

CRP, median (IQR) 1.36 (0.55, 3.46) 0.97 (0.43, 2.32) 0.018*

IgG, mean ± SD 12.67 ± 4.19 11.76 ± 3.68 0.075

IgA, mean ± SD 2.25 ± 1.12 2.17 ± 1.00 0.561

IgM, mean ± SD 1.31 ± 0.73 1.36 ± 0.76 0.622

C3, median (IQR) 1.00 (0.85, 1.19) 1.02 (0.86, 1.19) 0.599

C4, median (IQR) 0.17 (0.12, 0.22) 0.17 (0.13, 0.23) 0.550

Glucocorticoid, n (%) 44 (47.3) 148 (39.7) 0.181

Anticoagulation, n (%) 37 (39.8) 179 (48.0) 0.156

Antiplatelet, n (%) 50 (53.8) 221 (59.2) 0.337

Hydroxychloroquine, n (%) 79 (84.9) 286 (76.7) 0.083

Immunosuppression, n (%) 41 (44.1) 140 (37.5) 0.246

SLE systemic lupus erythematosus, SLEDAI systemic lupus erythematosus disease activity index, APS antiphospholipid
syndrome, PAPS primary APS, SAPS secondary APS, CNS central nervous system, CAPS catastrophic APS, LA lupus
anticoagulant, aCL anticardiolipin antibody, anti-b2GPI anti-b2-glycoprotein I antibody, aPLs antiphospholipid anti-
bodies, ANA antinuclear antibody, WBC white blood cell count, NEUT neutrophil count, MONO monocyte count, PLT
platelet count, ESR erythrocyte sedimentation rate, CRP C-reactive protein, IgG immunoglobulin G, IgA immunoglobu-
lin A, IgM immunoglobulin M, C3 complement 3, C4 complement 4, SD standard deviation, IQR interquartile range
*p\ 0.05
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manifestations (odds ratio [OR] 1.90, 95% CI
1.07–3.36) and PLT\ 100 (OR 2.04, 95% CI
1.08–3.88) were independently associated with

calprotectin positivity in aPL-positive patients
(Fig. 2).

During a median follow-up of 29.6 months,
there were 53 microvascular manifestations
events. The 1-, 3-, and 5-year microvascular
manifestation risks were 4.6%, 10.6%, and
17.2%, respectively. Patients with calprotectin
positivity tended to develop microvascular
manifestations during follow-up (Fig. 3), but the
difference was not significant (p = 0.14).

According to the literature review and expert
consensus, 12 candidate variables (sex, age at
the first occurrence of aPLs positivity, SLE, cal-
protectin positivity, hypertension, arterial
thrombosis, venous thrombosis, thrombocy-
topenia, hemolytic anemia, LA, aCL, anti-
b2GPI) were included in the LASSO regression
analysis to select variables to predict microvas-
cular manifestations. The lambda.min was
0.0049 and selected 11 variables (Supplemen-
tary Material Figs. S3, S4). In multivariable
analysis, age at the first occurrence of aPLs
positivity (OR 0.98, 95% CI 0.96–1), SLE (OR
2.08, 95% CI 1.15–3.75), calprotectin positivity
(OR 1.83, 95% CI 1.02–3.26), hypertension (OR

Fig. 2 Forest plot predicting calprotectin positivity in
aPL-positive patients. SLE systemic lupus erythematosus,
PLT platelet, LA lupus anticoagulant, ab2GPI anti-b2-
glycoprotein I antibody, aPLs antiphospholipid antibodies,
OR odds ratio, CI confidence interval

Fig. 3 Cumulative microvascular manifestations event curve of patients with positive and negative serum calprotectin
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2.73, 95% CI 1.36–5.45), hemolytic anemia (OR
2.66, 95% CI 1.13–6.23), and anti-b2GPI anti-
body (OR 2.06, 95% CI 1.11–3.83) could inde-
pendently predict microvascular manifestations
in aPL-positive patients (Fig. 4).

Pearson correlation analysis showed that
serum calprotectin had positive correlations
with ESR (R = 0.155, p = 0.001), CRP (R = 0.119,
p = 0.014), and a negative correlation with PLT
(R = - 0.101, p = 0.031) at the time of blood
sampling (Fig. 5).

DISCUSSION

This is the first study showing that calprotectin
might be a potential predictor of microvascular
manifestations in aPL-positive patients based on
a large cohort. Serum calprotectin in aPL-posi-
tive patients was much higher than that in HCs
(649.66 ± 240.79 ng/ml vs 484.62 ± 149.37 ng/
ml, p\0.001). Age of the first occurrence of
aPLs positivity (OR 0.98, 95% CI 0.96–1), SLE
(OR 2.08, 95% CI 1.15–3.75), calprotectin posi-
tivity (OR 1.83, 95% CI 1.02–3.26), hyperten-
sion (OR 2.73, 95% CI 1.36–5.45), hemolytic
anemia (OR 2.66, 95% CI 1.13–6.23), and anti-
b2GPI antibody (OR 2.06, 95% CI 1.11–3.83) are

independent risk factors for microvascular
manifestations in aPL-positive patients. Serum
calprotectin had positive correlations with ESR
(R = 0.155, p = 0.001), CRP (R = 0.119,
p = 0.014), and a negative correlation with PLT
(R = - 0.101, p = 0.031) at the time of blood
sampling.

Extra-criteria manifestations, including
microvascular manifestations, reflect a subtype
of patients with aPLs positivity [4]. Those
patients have a higher prevalence of arterial
thrombosis, preeclampsia, relapse, and triple
aPL positivity [5]. In the new APS classification
criteria, microvascular manifestations were lis-
ted as clinical criteria as well, suggesting that
microvascular manifestations play an important
role in patients with APS [2]. However, there has
been no generally accepted serum predictor for
microvascular manifestations.

Calprotectin is a heterodimer of S100A8/
S100A9 belonging to the family of Ca2? binding
proteins. It is mainly secreted by neutrophils
and monocytes by necrosis, neutrophil extra-
cellular trap formation, and Golgi-independent
alternative pathway [20–22]. Macrophages, pla-
telets, epithelial cells, keratinocytes, and cancer
cells can also express calprotectin. Extracellular
calprotectin is a steady marker of inflammation.
It induces a proinflammatory response on
endothelial cells, monocytes, neutrophils, and
T cells mainly by Toll-like receptor 4 (TLR4) and
receptor of advanced glycation end products
(RAGE) [7]. Serum and plasma levels of calpro-
tectin are elevated in many inflammatory dis-
eases and thrombotic diseases [7]. Serum
calprotectin is significantly higher in patients
with SLE and has a positive correlation with
disease activity [23]. In patients with COVID-19,
calprotectin in circulation is correlated with
thrombosis and poor prognosis [9, 24]. In
patients with IBD, fecal calprotectin can be used
to distinguish IBD from irritable bowel syn-
drome and monitor disease activity [25].

In our study, we found that serum calpro-
tectin levels in aPL-positive patients were much
higher than that in HCs regardless of SLE. There
has been no study focusing on serum calpro-
tectin levels in patients with APS before. Ruff
et al. [11] found that the level of fecal calpro-
tectin in patients with APS is elevated. Lood

Fig. 4 Forest plot predicting microvascular manifestations
in aPL-positive patients. LA lupus anticoagulant, ab2GPI
anti-b2-glycoprotein I antibody, SLE systemic lupus ery-
thematosus, aPLs antiphospholipid antibodies, OR odds
ratio, CI confidence interval
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et al. [26] indicated that platelet calprotectin
levels were increased in patients with SLE, par-
ticularly in patients with aPL positivity. How-
ever, the platelet level of calprotectin had no
relationship with serum or plasma levels. These
suggest that there might be an increment in
both the expression and release of calprotectin
in aPL-positive patients.

As an inflammation marker, calprotectin had
positive correlations with ESR and CRP in our
study. Patients with calprotectin positivity had
a higher prevalence of microvascular manifes-
tations. Endothelial cell dysfunction plays an
important role in the pathogenesis of
microvascular manifestations in patients with
APS. Antibodies from patients with APS stimu-
late the mammalian target of rapamycin com-
plex (mTORC) in endothelial cells, which is
involved in the pathogenesis of microvascular
manifestations [27]. Agostinis et al. [28] found

that proinflammatory factors were needed for
the binding between b2GPI and endothelial
cells. These might explain the reason for the
correlation between calprotectin and microvas-
cular manifestations. Calprotectin could be an
independent risk factor for microvascular man-
ifestations, suggesting that patients in a hyper-
inflammation state are more likely to have
endothelial cell dysfunction and develop
microvascular manifestations.

Thrombocytopenia occurs in 20–50% of aPL-
positive patients [29]. There are many proposed
mechanisms of thrombocytopenia in patients
with APS [30]. Anti-b2GPI–b2GPI complex
could activate platelets by binding the glyco-
protein Iba (GPIba) receptor, which might lead
to thrombocytopenia [31]. In this study, we
found that calprotectin was associated with
thrombocytopenia at the time of blood sam-
pling, but not thrombocytopenia history, which

Fig. 5 Correlation between serum calprotectin and ESR, CRP, and PLT. ESR erythrocyte sedimentation rate, CRP
C-reactive protein, PLT platelet count
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indicated that the process of calprotectin release
was associated with the decrease of PLT.
In vitro, calprotectin activated platelets with
GPIba as the receptor and the supporting role of
CD36. Glycoprotein IIb/IIIa (GPIIb/IIIa) was
activated, the expression of p-selectin was
upregulated, and platelet-neutrophil aggregates
were increased, but there was no platelet
aggregation, which suggested a new mechanism
of platelet activation [24]. Therefore, calpro-
tectin might lead to thrombocytopenia by
binding GPIba and activating platelets.

Except for serum calprotectin, age at the first
occurrence of aPLs positivity, SLE, hyperten-
sion, hemolytic anemia, and anti-b2GPI anti-
body were also found to be independent risk
factors for microvascular manifestations, which
was similar to the results in other studies. Anti-
b2GPI antibody, double aPL positivity, cere-
brovascular events history, and hypertension
were more prevalent in patients with PAPS and
extra-criteria manifestations [32]. Huang et al.
[33] found that SLE, anti-b2GPI antibody, LA,
and triple aPL positivity were associated with
extra-criteria manifestations in aPL-positive
patients. Thrombocytopenia, elevated CRP, and
anti-b2GPI antibody were found to be inde-
pendent risk factors for microvascular manifes-
tations in patients with PAPS [34]. The reason
for anti-b2GPI antibody contributing to
microvascular manifestations remains unclear.
By binding to b2GPI, the antibody activates
endothelial cells, which leads to inflammation,
endothelial cell proliferation, and intimal
hyperplasia [35]. This process might result in
microvascular manifestations.

This study has several limitations. Firstly, the
results should be validated in another APS
cohort to confirm the relation between calpro-
tectin and microvascular manifestations. Sec-
ondly, a single test of calprotectin could not
reflect the whole picture of the disease for
patients. Studies monitoring serum calprotectin
levels continuously are needed to find out a
more specific relation between calprotectin and
disease progression. Thirdly, this study did not
elucidate the mechanism that enables calpro-
tectin to cause microvascular manifestations
and thrombocytopenia. Cell and mouse exper-
iments are needed to explore the pathogenesis

of calprotectin. Fourthly, the treatment regi-
men had an impact on the occurrence of
microvascular manifestations, but the influence
could not be eliminated when we predict
microvascular manifestations.

CONCLUSIONS

Serum calprotectin levels are increased in aPL-
positive patients and could be a potential pre-
dictor of microvascular manifestations in
patients with antiphospholipid syndrome.
Physicians should pay more attention to
patients with high levels of serum calprotectin,
be alert to the occurrence of microvascular
manifestations, and adopt appropriate treat-
ment regimens in a timely manner.
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