
Vol:.(1234567890)

Journal of Thrombosis and Thrombolysis (2020) 50:772–781
https://doi.org/10.1007/s11239-020-02155-y

1 3

Inflammatory markers in thrombosis associated with primary 
antiphospholipid syndrome

Fernanda T. Arantes1 · Bruna M. Mazetto1 · Sabrina S. Saraiva1 · Laís Q. Tobaldini1 · Ana Paula R. dos Santos1 · 
Joyce Annichino‑Bizzacchi2 · Fernanda A. Orsi1,3 

Published online: 27 May 2020 
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
The role of inflammation in thrombotic complications of primary antiphospholipid syndrome (PAPS) is controversial. The 
aim of this study was to evaluate levels of inflammation and coagulation markers in patients with thrombotic PAPS (t-PAPS). 
Patients with t-PAPS and individuals with no history of thrombosis were enrolled. The association of t-PAPS with levels of 
tumor necrosis factor (TNF)-α, C-reactive protein (hs-CRP), interferon (IFN)-α, interleukins (IL)-6, -8, factor VIII (FVIII), 
von Willebrand factor (VWF) and tissue factor (TF) was evaluated by regression models. The levels of these markers were 
also compared between controls and subgroups of t-PAPS patients with triple positivity, recently diagnosed thrombosis, 
recurrent thrombosis and venous thrombosis. Patients with t-PAPS (n = 101) had a 8.6-fold increased levels of TNF-α, 90% 
increased levels of hs-CRP, 80% increased levels of IL-6, 30% increased levels of FVIIIAg, 50% increased levels of VWF 
and 66% increased levels of TF as compared to controls (n = 131), and the differences did not change after adjustments for 
sex, age and cardiovascular risk factors. Inflammatory markers were elevated in t-PAPS regardless of the aPL profile, number 
of previous thrombosis or time elapsed since diagnosis. TNF-α and IL-8 levels were higher in t-PAPS patients with venous 
thrombosis, in comparison with those with arterial thrombosis and controls. Patients with t-PAPS presented with increased 
levels of inflammatory and coagulation markers, which suggests that t-PAPS is associated not only with hypercoagulability 
but also with a persistent inflammatory state.
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Highlights

•	 Hypercoagulability is present in patients with thrombotic 
PAPS.

•	 An inflammatory state is also detected in thrombotic 
PAPS.

•	 Inflammation is increased in t-PAPS regardless of the 
severity of the disease.

•	 The role of anti-inflammatory and immunomodulatory 
therapies in t-PAPS are yet to be determined.

Introduction

Primary antiphospholipid syndrome (PAPS) is a chronic 
immune-mediated disorder in which antibodies directed to 
phospholipid-binding proteins trigger a procoagulant and 
inflammatory state that leads to placental vascular complica-
tions and thrombotic events of various vascular beds [1, 2]. 
As opposed to secondary APS, an underlying autoimmune 
disease is not detected in PAPS.

Thrombotic events in PAPS (t-PAPS) comprise venous 
thromboembolism (VTE), venous thrombosis in unusual 
sites, arterial and capillary thrombosis [3] and have high 
susceptibility to recurrence. The thrombotic risk is primarily 
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conferred by the effect of antiphospholipids (aPL) on mono-
cytes, endothelial cells and platelets, leading to cell mem-
brane expression of tissue factor (TF), adhesion molecules 
and glycoprotein IIb/IIIa, respectively. Apart from the pres-
ence of aPL, additional prothrombotic mechanisms are 
required to trigger thrombosis, such as transient risk factors 
for thrombosis or an additional pro-coagulant stimulus [1].

Anticoagulation is the standard of care to prevent throm-
bosis in PAPS, however the risk for thrombosis recurrence 
remains high [2, 4–6], despite an efficient anticoagulation 
treatment [2, 5]. This observation raises suspicions that 
hypercoagulability may not be the only mechanism respon-
sible for thrombosis in PAPS. Besides hypercoagulability, 
patients with PAPS may also present with a proinflammatory 
state [7] that contributes to the risk of obstetrical complica-
tions [8]. Even though an inflammatory state is also detected 
in t-PAPS patients [9, 10], the association between inflam-
mation and high-risk APS profile is not established [8].

Therefore, the aim of this study was to investigate the 
presence of a proinflammatory state in patients with t-PAPS. 
We also compared the levels of inflammatory markers 
between patients with high-risk (triple aPL positivity, recur-
rent thrombosis), non-high-risk t-PAPS and controls.

Materials and methods

Participant selection

In this case–control study, patients with t-PAPS treated at 
the Hematology and Hemotherapy Center at the University 
of Campinas, Brazil, were consecutively enrolled for the 
study between November 2013 and July 2017. Inclusion 
criteria comprised a confirmed diagnosis of APS not asso-
ciated with systemic autoimmune disease and a history of at 
least one thrombotic event. Patients with active neoplasia, 

underlying autoimmune disease and pregnant women were 
excluded. Patients were enrolled for the study on the day 
of their medical consultation, and clinical information was 
obtained by reviewing medical records and interviewing 
patients. Patients with t-PAPS received prolonged antico-
agulant treatment; some patients also received antiplatelet 
agents.

Individuals with no history of antiphospholipid syn-
drome (APS), arterial or venous thrombosis were enrolled 
as controls between November 2013 and July 2017. Controls 
were enrolled among individuals who were accompanying 
a patient to the medical appointment, employees at the hos-
pital or their relatives or friends. Controls were selected as 
such that t-PAPS patients and controls had similar distri-
butions of age and sex. Individuals with active neoplasia, 
underlying autoimmune disease and pregnant women were 
excluded. Figure 1 illustrates the study enrollment, selection, 
and reasons for exclusion.

Blood was collected on the day of the enrollment by veni-
puncture in one serum separating tubes and in two 0.109 M 
sodium citrate at a proportion of 9:1. The serum separating 
tubes were always collected before the coagulation tubes and 
samples were immediately centrifuged. Platelet-poor-plasma 
was isolated by double centrifugation at 2500×g for 15 min. 
Serum and platelet-poor plasma obtained were separated and 
immediately stored at − 80 °C.

Primary APS diagnosis and clinical features

Information on APS diagnosis and classification were 
assessed in the medical records. APS was diagnosed in 
patients with persistently positive aPL plus a history of 
thrombosis (confirmed by imaging examinations) or obstet-
ric complications [3]. Persistently positive aPL was defined 
as persistently positive lupus anticoagulant (LAC); persis-
tently positive IgG or IgM aCL at moderate to high titers 

Fig. 1   Flow chart of par-
ticipants’ selection and reasons 
for exclusion. PAPS primary 
antiphospholipid syndrome
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(> 40 GPL or MPL) or persistently positive (> the 99th per-
centile) IgG/IgM anti-beta2 glycoprotein 1 (aβ2GP1), on two 
different occasions, with an interval of at least 12 weeks [3].

The detection of aPL was performed at diagnosis follow-
ing the international guidelines from the International Soci-
ety of Thrombosis and Haemostasis (ISTH) and Clinical and 
Laboratory Standard Institute (CLSI). Blood was collected 
prior to the initiation of any anticoagulant drug regimen or 
after a sufficient period of drug discontinuation.

To perform LAC testing, low molecular weight heparin 
and warfarin were withdrawn 24 h and at least five days 
prior to the blood collection, respectively. Thrombin time 
and prothrombin time assays were performed in the same 
sample collected for LAC assay. If thrombin or prothrombin 
was prolonged, LAC assay was not performed. Two assays 
based on different principles were applied to determine the 
presence of LAC in plasma: Dilute Russell’s viper venom 
time (dRVVT) and Silica Clotting Time (SCT). Results of 
screening tests were potentially suggestive of LAC when the 
clotting times were longer than the local cut-off value (per-
centile 99th). In that case, a confirmatory test with excess 
phospholipid and a mixing test with normal pool plasma 
were performed. The results were confirmed for LAC if 
the correction percentage was above the local cut-off value 
(99th percentile) in the confirmatory test. The aPL with solid 
phase were tested in patient serum by “in house” ELISA 
immunological assays, with cardiolipin or β2GP1 as antigen 
(Sigma-Aldrich, USA), as previously described [11, 12]. A 
calibration curve and commercial controls were used, posi-
tive patient samples were also used as positive controls, and 
samples were tested in duplicate. The local cut-off value for 
aβ2GP1 was determined by obtaining the 99th percentile in 
the population.

APS was classified into primary or secondary depending 
on the diagnosis of an underlying autoimmune disease, such 
as SLE. All patients with APS were screened at diagnosis 
for systemic autoimmune diseases and in the follow-up as 
necessary. To do that, the following tests were performed: 
antinuclear antibodies, complement C3 and C4, anti-double-
stranded DNA. In the presence of clinical signs and symp-
toms, such as proteinuria or hematological disorders, further 
investigations were performed. The diagnosis of SLE was 
confirmed according to established criteria [13].

Thrombotic events were characterized as venous or 
arterial, according to the vascular bed where thrombosis 
occurred. Venous thrombosis events were further divided 
into deep vein thrombosis (DVT), pulmonary embolism (PE) 
or thrombosis of unusual sites. Arterial thrombosis events 
were divided into stroke and peripheral arterial thrombosis. 
All thrombotic events were confirmed by image exams, such 
as ultrasound (US), computerized tomography (CT), mag-
netic resonance (MR), ventilation/perfusion lung scan, or 
biopsies, according to the site of thrombosis.

Obesity was defined as body mass index above 30 kg/
m2; hypertension was defined as persistent systolic blood 
pressure above 130 mm Hg, persistent diastolic blood pres-
sure above 90 mm Hg, or use of antihypertensive drugs. 
Dyslipidemia was defined as high levels of low density cho-
lesterol (LDL ≥ 160 mg/dL or 4.1 mmol/L), high levels of 
triglycerides (TG ≥ 150 mg/dL or 1.7 mmol/L), or low levels 
of high density cholesterol (HDL < 40 mg/dL or 1.0 mmol/L 
for men or HDL < 50 mg/dL or 1.3 mmol/L for women), or 
use of statins or fibrates. Diabetes was diagnosed according 
to established criteria [14].

Only patients with PAPS and thrombosis were selected 
for the study. Blood samples were obtained from all partici-
pants (PAPS patients and controls without APS or thrombo-
sis) on the day of their enrollment for the study.

The study was conducted in compliance with the Hel-
sinki Declaration. The local Ethical Committee on Human 
Research approved this study and written informed consent 
was obtained from patients or their attending relatives.

Measurements

Serum levels of C-reactive protein (hs-CRP) were measured 
using the reagent C-Reactive Protein Test System for BN 
device (ProSpec®, Siemens Healthcare, USA) by neph-
elometry. Serum levels of interferon -alpha (IFN-α), tumor 
necrosis factor-alpha (TNF-α), interleukins (IL)-6 and -8 
and TF were measured using commercially available ELISA 
kits:VeriKine Human IFN-alpha ELISA kit (PBL Assay Sci-
ence, Piscataway Township, NJ, USA), IL-6 Quantikine HS 
and TNF-αQuantikine HS (R&DSystems, Minneapolis, MN, 
USA), Human IL -8 ptEIATM (BD Biosciences Pharmin-
gen, San Diego, CA, USA) and IMUBIND® Tissue Factor 
ELISA (Sekisui Diagnosis, San Diego, CA, USA), respec-
tively. The assays were performed according to the manufac-
turer’s instructions. Plasma levels of von Willebrand factor 
(VWF) and factor VIII antigen (FVIIIAg) were measured 
using HemosIL von Willebrand Factor Activity assay and 
HemosIL FVIII (Instrumentation Laboratory, Bedford, MA), 
respectively. ELISA tests were performed in duplicates and 
if the intra-assay variability was less than 10%, tests were 
repeated Technicians were not aware whether the samples 
were from patients or controls.

As TNF-α and hs-CRP have been associated with APS 
[15, 16] the primary endpoints were defined as the differ-
ence in TNF-α and hs-CRP between t-PAPS and controls. 
The difference in IFN-α, IL -6, IL-8, VWF and TF were 
considered secondary endpoints. Previous studies reported 
a mean difference in TNF-α between APS patients and con-
trols of 2.9 pg/mL [15]. We expected to find a powered mean 
difference of at least 0.26 pg/mL in TNF-α levels between 
t-PAPS patients and controls, with a 2-sided alpha of 0.05 
and 80% power.
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Statistical analysis

Clinical characteristics were evaluated as counts and per-
centage when the variables were categorical. When the vari-
ables were continuous, they were expressed as mean ± stand-
ard deviation (SD) or median and interquartile range (IQR). 
Data that were not normally distributed were log-trans-
formed for the regression analysis.

We first determined the between-groups difference in 
levels of TNF-α, hs-CRP, IFN-α, IL-6, IL-8, FVIII, TF and 
VWF. This was achieved by calculating the mean differ-
ence and 95% confidence intervals (CI) of these markers 
between t-PAPS patients and controls using linear regres-
sion methods. Three regression models were performed: 
non-adjusted, adjusted for age and sex; and adjusted for age, 
sex and cardiovascular risk factors (hypertension, diabetes, 
dyslipidemia and BMI ≥ 30 kg/m2). We chose to adjust for 
cardiovascular risk factors because they can affect both the 
risk of thrombosis and the levels of inflammatory markers. 
Next, we evaluated the correlation between inflammation 
and coagulation markers in t-PAPS patients using Spearman 
correlation test.

Additionally, we divided t-PAPS according to the follow-
ing determinants of high-risk: aPL profile (triple or non-
triple positivity), number of thrombotic events (recurrent 
or non-recurrent thrombosis), time elapsed since the last 

thrombotic event (less or more than 12 months) and the site 
of thrombosis (venous or arterial). Patients were classified 
as having “recent thrombosis” in case they had been enrolled 
for the study at least 12 months after the thrombotic event 
occurred and as having “non-recent thrombosis” in case the 
time interval between thrombosis and enrollment for the 
study was longer than 12 months. Levels of inflammation 
and coagulation markers were compared between subgroups 
and controls using Kruskal–Wallis test.

All statistical analyses were performed with SPSS version 
23.0 for Windows (SPSS Inc, Chicago,IL, USA). Graphs 
were plotted using GraphPad Prism version 6.0 (GraphPad 
Software Inc. La Jolla, CA, USA).

Results

Clinical characteristics

A total of 231 participants were included in the study; 101 
patients with t-PAPS and 131 individuals without APS or 
history of thrombosis (controls). Figure 1 illustrates the flow 
chart of participants’ selection and reasons for exclusion. 
Demographic and clinical characteristics at the date of inclu-
sion in the study are shown in Table 1. Age and sex distribu-
tion were similar between t-PAPS patients and controls. The 

Table 1   Demographic and clinical characteristics at the date of inclusion in the study

Age is expressed in years. BMI body mass index. BMI data were missing in some patients and controls
PAPS primary antiphospholipid syndrome
* Self-reported obstetrical complications: 43 women with t-PAPS and 53 controls had at least one pregnancy

Patients with thrombosis associ-
ated with PAPS n = 101

Controls without 
thrombosis
n = 131

P

Age, mean (SD) 41.3 (15.0) 41.9 (14.1) 0.27
Women, n (%) 68 (67.3) 96 (73.3) 0.32
Hypertension, n (%) 35 (34.7) 6 (4.6)  < 0.0001
Dyslipidemia, n (%) 43 (42.6) 13 (9.9)  < 0.0001
Obesity (BMI ≥ 30 kg/m2) 30 (34.5) 21 (16.4) 0.01
Diabetes, n (%) 10 (9.9) 5 (3.8) 0.06
Aspirin use, n (%) 10 (9.9) 0 (0)  < 0.0001
Anticoagulant treatment, n (%) 101 (100) 0  < 0.0001
Warfarin, n (%) 95 (94.1) –
Heparin, n (%) 4 (3.9) –
Direct oral anticoagulant, n (%) 2 (2) –
Statin use, n (%) 19 (18.8) 13 (9.9) 0.06
Obstetric complications*, n (%) of pregnancies ending in abortion, fetal loss 

or other complications
26 (60.5) 11 (20.8)  < 0.0001

 < 3 unexplained consecutive spontaneous abortions (< 10 weeks), n (%) 6 (14) 11 (20.8)
 ≥ 3 unexplained consecutive spontaneous abortions (< 10 weeks), n (%) 10 (23.3) –
Premature birth due to preeclampsia 6 (14) –
Fetal death, n (%) 4 (15.4) –
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presence of cardiovascular risk factors, such as hypertension, 
dyslipidemia, obesity and diabetes was more frequent among 
patients than in controls. Forty-three women with t-PAPS 
and 53 controls had at least one pregnancy. Among these 
women, obstetric complications were reported by 60.5% of 
t-PAPS patients and by 21% of controls. All patients were 
using an anticoagulant (4 heparin, 95 warfarin and 2 direct 
oral anticoagulant), however 26 patients on warfarin were 
using a subtherapeutic dose of the drug (international nor-
malized ratio [INR] below 2.0). Ten patients were also using 
aspirin.

Table 2 presents the antiphospholipid profile and throm-
botic complications in the 101 t-PAPS included in the 
study. Triple aPL positivity was present in 22% (n = 21) of 
patients and 45.5% (n = 46) presented with single positivity 
for LAC. Antinuclear antibody (ANA) test was positive in 27 
patients (26.7%). Among all patients, 31% (n = 31) had arte-
rial thrombosis and 35% (n = 35) had recurrent thrombosis. 
The median time elapsed from the last thrombotic event to 
enrollment for the study was 53.4 months (IQR = 20.9–108).

Markers of inflammation and coagulation

As shown in Table 3 and Fig. 2, levels of all measured 
inflammation and coagulation parameters, except for IL-8 

and IFN-α, were higher in t-PAPS than in controls. Patients 
with t-PAPS had an 8.6-fold increased levels of TNF-α, 90% 
increased levels of hs-CRP, 80% increased levels of IL-6, 
30% increased levels of FVIIIAg, 50% increased levels of 
VWF and 66% increased levels of TF, as compared with 
controls. The difference in TNF-α, hs-CRP, IL-6, TF and 
VWF levels between t-PAPS and controls did not change 
after adjustments for sex, age and cardiovascular risk factors.

In patients with t-PAPS, there was no correlation 
between levels of TNF-α and TF (r = 0.185; P = 0.13), 
VWF (r = 0.074; P = 0.61) or FVIII (r = -0.167; P = 0.22). 
Also, there was no correlation between levels of hs-CRP 
and TF (r = -0.054; P = 0.66), VWF (r = 0.065; P = 0.64) or 
FVIII (r = 0.227; P = 0.08). Levels of IL-6 were weakly cor-
related with levels of TF (r = 0.262; P = 0.03) but not with 
VWF (r = 0.100; P = 0.48) or FVIII (r = -0.069; P = 0.617). 
We observed that time since the last thrombotic event 
was slightly correlated with levels of TNF- α (r = 0.299, 
P = 0.01), IL-6 (r = 0.369, P = 0.002) and IL-8 (r = 0.297, 
P = 0.04). Although, these correlations were statistically sig-
nificant, the correlation coefficients were low and there was 
no correlation between time since the last thrombotic event 
and other inflammatory or coagulation marker. Altogether, 
these findings suggest that inflammatory markers did not 
change substantially with time.

Table 2   Antiphospholipid 
profile and thrombotic 
complications associated with 
PAPS

aPL antiphospholipid, tPAPS thrombotic primary antiphospholipid syndrome,, IQR:interquartile range, 
LAC lupus anticoagulant, aCL anticardiolipin (IgM or IgG), aβ2GP1 anti-beta 2 glicoprotein 1, LAC 
results were missing in 5 patients

Patients with t-PAPS n = 101

aPL profile
 Non-triple positivity, n (%) 75 (78.1)
 Single positivity for aβ2GP1 or aCL n 12
 Single positivity for LAC, n 46
 Double positivity for aCL and aβ2GP1, n 6
 Double positivity for LAC plus aβ2GP1 (or aCL), n 11
 Triple positivity, n (%) 21 (21.9)

Thrombotic complications
 Time elapsed since the last thrombotic event (months) median (IQR) 53.4 (20.9–108.0)
 Thrombotic episode less than 12 months before enrollment, n (%) 17 (16.8)
 Site of the first thrombosis
 Venous Thrombosis, n (%) 70 (69.3)
 DVT ± PE, n 58 (30.7)
 Unusual site, n 12
 Arterial thrombosis, n (%) 31
 Stroke, n 26
 Peripheral arterial occlusion, n 5
 Recurrent thrombosis, n (%) 35 (34.7)
 Site of the recurrent thrombosis Venous, n (%) 24 (68.5)
 Arterial, n (%) 11
 Thrombotic episode less than 12 months before enrollment plus recurrent 

thrombosis, n (%)
14 (13.9)
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Table 4 demonstrates the analysis of the subgroups. When 
compared to controls, levels of TNF-α, hs-CRP, IL-6, TF 
and VWF were higher in triple (n = 21) and non-triple posi-
tivity patients (n = 80), between patients with (n = 17) and 

without recent thrombosis (n = 84), and between patients 
with incident (n = 66) or recurrent thrombosis (n = 35). TF 
levels were higher in triple aPL positive patients in com-
parison with patients without triple positivity and controls. 

Table 3   Differences in levels of inflammatory and coagulation markers between controls and patients with thrombosis associated with PAPS

Between comparison analysis was performed using linear regression models. CI: confidence interval CV: cardiovascular. The following cardio-
vascular risk factors were considered: hypertension, diabetes, dyslipidemia and BMI ≥ 30 kg/m2 avalues were log transformed before analysis

Mean levels (SD) Mean difference no 
adjustments (95% CI)

Mean difference adjusted 
for age and sex (95% CI)

Mean difference adjusted for age, 
sex and CV risk factors (95% CI)

Tumor necrosis factor-alpha (pg/mL)
 Controls 0.34 (0.60) Reference Reference Reference
 t-PAPS 2.93 (8.89) 2.60 (1.05; 4.14) 2.55 (1.01; 4.09) 2.40 (0.70; 4.10)

CRP (mg/dL)a

 Controls 1.12 (1.10) Reference Reference Reference
 t-PAPS 2.12 (1.53) 1.00 (0.65; 1.35) 0.88 (0.54; 1.22) 0.53 (0.14; 0.92)

Interferon-alpha (pg/mL)a

 Controls 5.87 (0.18) Reference Reference Reference
 t-PAPS 5.84 (0.20) − 0.03 (− 0.10; 0.04) − 0.03 (− 0.10; 0.04) − 0.05 (− 0.12; 0.03)

Interleukin-6 (pg/mL)a

 Controls 1.73 (0.88) Reference Reference Reference
 t-PAPS 3.11 (0.99) 1.38 (1.11; 1.65) 1.38 (1.11; 1.65) 1.20 (0.89; 1.51)

Interleukin 8 (pg/mL)
 Controls 29.96 (62.04) Reference Reference Reference
 t-PAPS 43.91 (59.04) 13.95 (− 8.77; 36.67) 11.04 (− 11.94; 34.01) 8.52 (− 17.00; 34.05)

FVIII (U/dl)
 Controls 105.44 (26.71) Reference Reference Reference
 t-PAPS 137.74 (26.71) 31.76 (13.65; 49.88) 30.29 (12.34; 48.26) 24.08 (4.10; 44.04)

Von willebrand factor (U/dl)
 Controls 103.47 (38.20) Reference Reference Reference
 t-PAPS 156.85 (52.76) 53.38 (34.87; 71.90) 54.37 (35.91; 72.82) 55.42 (34.94; 75.91)

Tissue factor (pg/mL)
 Controls 148.68 (87.87) Reference Reference Reference
 t-PAPS 246.76 (364.70) 98.09 (31.49; 164.68) 96.97 (29.97; 163.97) 109.40 (28.16; 190.64)

Fig. 2   Box plot graphs illustrate the levels (median, interquartile 
range, minimum and maximum) of a TNF-α, IFN-α, hs-CRP, IL-8, 
IL-6 and b FVIII, VWF and TF in individuals without a history of 
thrombosis (n = 131) and PAPS patients (n = 101). *values were sig-

nificantly different from controls (P value < 0.05) by Mann–Whitney 
test. TNF alpha tumor necrosis factor-alpha, CRP C-reactive protein, 
IFN-alpha interferon-alpha, IL-6 interleukin-6, IL-8 interleukin-8, 
FVIII factor VIII, VWF von Willebrand factor, TF tissue factor
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Also, triple aPL positive patients had higher IL-8 levels. 
PAPS patients using anticoagulant plus aspirin (n = 10) had 
levels of TNF-α, hs-CRP, FVIII and TF similar to controls.

Patients with a history of venous thrombosis had higher 
levels of TNF-α (mean 4.6 pg/mL [SD 14.3]) in comparison 
with patients with arterial thrombosis (mean 1.95 pg/mL 
[SD 2.7]) and controls (mean 0.34 [SD 0.60], P = 0.002). 
Levels of IL-8 were also higher in patients with venous 
thrombosis (mean 53.6 pg/mL [SD 65.7]) than in those with 
arterial thrombosis (mean 22.2 pg/mL [SD 9.3]) and controls 
(mean 29.9 [SD 62.0], P = 0.03).

Discussion

In the present study, we first evaluated whether t-PAPS 
patients presented with a proinflammatory state. t-PAPS 
was associated with increased levels of TNF-α, hs-CRP and 

IL-6 when compared with controls (individuals without 
APS or thrombosis). Levels of IL-8 and IFN-α did not dif-
fer substantially between patients and controls. These asso-
ciations were not changed after adjustments for potential 
confounding.

TNF-α and IL-6 are cytokines released by macrophages 
and involved in local and systemic inflammation [17]. IL-6 
also stimulates hepatocytes to release acute phase pro-
teins, such as CRP [18]. In vitro studies demonstrated that 
antiphospholipid antibodies, in particular anti-beta2 glyco-
protein 1, are capable of binding to monocytes and induc-
ing the release of both TNF-α and TF [19]. From a clinical 
perspective, increased levels of TNF-α and IL-6 have been 
consistently reported in patients with SLE and APS [15, 16, 
20–22] and an enhanced type I IFN gene signature has been 
demonstrated in PAPS patients with thrombosis [23, 24]. 
Therefore, our findings provide additional evidence for an 
association between t-PAPS and a proinflammatory state.

Table 4   Levels (median and interquartile range) of TNF-α, IFN-α, hs-CRP, IL-8, IL-6, FVIII, VWF and TF in individuals without a history of 
thrombosis and PAPS patients per subgroups

Values are expressed as median and interquartile range
APS primary antiphospholipid syndrome, TNF-alpha tumor necrosis factor-alpha, CRP C-reactive protein, IFN-alpha interferon-alpha, IL-6 
interleukin-6, IL-8 interleukin-8, FVIII factor VIII, VWF von Willebrand factor, TF tissue factor
*Indicates the values were significantly different from controls (P value < 0.05) by Kruskal Wallis test

TNF-alpha (pg/
mL)

CRP (mg/dL) IFN-alpha (pg/
mL)

IL-6 (pg/mL) IL-8 (pg/mL) FVIII (U/dL) VWF (U/dL) TF (pg/mL)

Controls 
(n = 131)

0.11 (0.08;0.16) 0.14 (0.07;0.34) 16.39 
(15.84;17.83)

0.26 (0.16;0.44) 17.47 
(13.53;23.14)

103.55 
(85.72;123.73)

96.90 
(82.25;116.55)

121.03 
(92.64;175.92

PAPS 
non-triple 
positive 
(n = 80)

1.11 * 
(0.12;1.77)

0.36 * 
(0.13;1.36)

16.25 (15.67;17.5) 0.93 * 
(0.53;25.4)

18.85 
(15.61;27.37)

152.60* 
(119.50;194.20)

165.65* 
(119.13;182.75)

164.02 * 
(116.15;228.50)

PAPS triple 
positive 
(n = 21)

1.37 * 
(0.69;2.73)

0.28 (0.09;0.95) 16.57 
(16.18;17.10)

0.72 * 
(0.64;2.53)

62.47* 
(13.47;197.13)

78.60 
(65.23;111.48)

134.20 * 
(114.85;187.05)

202.95 * 
(120.33;398.54)

PAPS 
incident 
thrombosis 
(n = 66)

1.16* 
(0.12;2.09)

0.33 * 
(0.12;0.96)

16.27 
(15.83;17.57)

1.15 * 
(0.58;3.03)

24.04 
(15.43;63.13)

132.40 * 
(101.20;161.60)

152.85 * 
(116.28;229.43)

162.66 * 
(112.88;229.43)

PAPS 
recurrent 
thrombosis 
(n = 35)

1.26 * 
(0.16;1.88)

0.41 * 
(0.1;1.36)

16.25 
(15.83;16.70)

0.73 * 
(0.53;1.48)

17.57 
(15.83;23.97)

147.80 * (81.15–
199.97)

154.30 * 
(120.02;178.7)

189.89 * 
(121.36;281.59)

PAPS non-
recent 
thrombosis 
(n = 84)

1.21 * 
(0.15;1.98)

0.30 * 
(0.11;0.82)

16.26 
(15.83;17.12)

1.04 * 
(0.63;2.58)

21.46 
(17.05;46.80)

133.70 * 
(99.60;177.90)

139.80 * 
(117.03;177.10)

182.39 * 
(112.71;230.71)

PAPS recent 
thrombosis 
(n = 17)

0.29 * 
(0.09;1.75)

0.99 * 
(0.17;2.71)

16.55 (16.0;18.91) 0.51* 
(0.21;1.40)

15.82 
(14.39;19.44)

128.20 * 
(67.55;210.30)

169.50 * 
(114.40;202.80)

176.85 * 
(127.02;356.25)

PAPS use of 
antico-
agulants 
(n = 91)

1.26 (0.23;1.98) 0.36 * 
(0.13;1.37)

16.26 
(15.83;17.22)

1.00 * 
(0.63;2.52)

20.04 
(16.77;38.55)

133.70 * 
(98.60;193.25)

156.50 * 
(116.65;180.0)

188.43* 
(118.93;253.58)

PAPS use of 
anticoagu-
lants plus 
aspirin 
(n = 10)

0.11 (0.10;0.24) 0.22 (0.08;0.48) 16.30 
(15.77;20.02)

0.51 * 
(0.39;2.46)

13.81 
(13.05;14.57)

116.45 
(86.35;157.25)

135.20 * 
(109.43;211.63)

125.44 
(96.71;173.51)
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In addition to inflammation, hypercoagulability was 
observed as the levels of VWF, FVIII and TF were higher 
in t-PAPS than in controls. Factor VIII, VWF and TF are 
coagulation-related proteins that may be released after an 
inflammatory stimulus [25, 26] and have been related to APS 
before [27, 28]. In vitro studies demonstrated that anti-beta2 
glycoprotein 1 antibodies are capable of inducing the release 
of VWF from endothelial cells [29] and the expression of TF 
in monocytes [19]. These antibody-mediated mechanisms 
may be at the basis of the observed association of APS with 
increased TF, FVIII and VWF levels.

Despite the results having demonstrated that both inflam-
mation and hypercoagulability are associated with t-PAPS, 
there was no correlation between the levels of inflammatory 
and coagulation markers. In addition, inflammation was not 
associated with the severity of t-PAPS, since inflammatory 
markers were elevated in t-PAPS regardless of the aPL pro-
file, number of previous thrombosis or time elapsed since the 
acute thrombotic event. TNF-α and IL-8 levels were higher 
in t-PAPS patients with venous thrombosis, in comparison 
with those with arterial thrombosis and controls. Levels of 
TNF-α and IL-8 were higher in patients with venous throm-
bosis than in those with arterial thrombosis and in controls, 
suggesting that these markers may be associated with venous 
events; however, the numbers were too small in these sub-
groups to allow any conclusion. Altogether, our results 
pointed towards the presence of an inflammatory state in 
t-PAPS that seems to be related with both high and low-risk 
disease profile.

There are some limitations in this study that are addressed 
in the following paragraph. First, this is a retrospective 
observational study and we cannot rule out that data may 
have been misreported in the medical records. Second, 
although we demonstrated that patients with t-PAPS have 
increased levels of inflammation markers, the direction of 
this association was not possible to determine as all param-
eters were measured after t-PAPS diagnosis. Third, inflam-
matory and coagulation markers were measured a relevant 
time after the acute thrombosis, which may have affected the 
results. However, the levels of inflammatory and coagulation 
markers were similar between patients with recent (less than 
1 year) and non-recent (more than 1 year) thrombosis, which 
suggests that the time interval between the thrombotic event 
and the inclusion in the study may not have substantially 
affected the results. The diagnosis of APS is often confirmed 
long time after the acute thrombosis, when anticoagulation 
is withdrawal. Forth, subgroup analysis revealed that the lev-
els of inflammatory markers were similar between patients 
with triple positivity and non-triple positivity for aPL, 
incident and recurrent thrombosis. Additionally, subgroup 
analysis revealed that inflammatory and coagulation mark-
ers in PAPS patients taking anticoagulants plus aspirin were 
lower than in those taking only anticoagulants. Although 

these findings may suggest that inflammation is detected in 
t-PAPS regardless of the disease severity and that aspirin 
use may revert this scenario, subgroup analysis must be 
interpreted with caution due to the sample size in these sub-
groups and issues with multiple testing, which could yield 
type I errors. Finally, circulating TF can be measured by 
either ELISA, flow cytometry or functional assays and the 
choice of the assay may affect the clinical interpretation of 
the results [30, 31]. Here, we chose to measure TF antigen 
by using a commercially available ELISA as we wanted to 
use an assay that could be easily reproduced.

In conclusion, patients with t-PAPS have an increase in 
levels of inflammatory and coagulation markers even long 
time after diagnosis, which suggests that the disease is 
associated not only with hypercoagulability but also with a 
chronic proinflammatory profile. The role of inflammation in 
t-PAPS and the need for anti-inflammatory or immunomodu-
latory therapies are yet to be determined.
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