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BACKGROUND: Venous thromboembolism (VTE) contributes significantly to COVID-19 morbidity and mortality. The urokinase 
receptor system is involved in the regulation of coagulation. Levels of soluble urokinase plasminogen activator receptor (suPAR) 
reflect hyperinflammation and are strongly predictive of outcomes in COVID-19. Whether suPAR levels identify patients with 
COVID-19 at risk for VTE is unclear.

METHODS AND RESULTS: We leveraged a multinational observational study of patients hospitalized for COVID-19 with suPAR and 
D-dimer levels measured on admission. In 1960 patients (mean age, 58 years; 57% men; 20% Black race), we assessed the as-
sociation between suPAR and incident VTE (defined as pulmonary embolism or deep vein thrombosis) using logistic regression 
and Fine-Gray modeling, accounting for the competing risk of death. VTE occurred in 163 (8%) patients and was associated with 
higher suPAR and D-dimer levels. There was a positive association between suPAR and D-dimer (β=7.34; P=0.002). Adjusted for 
clinical covariables, including D-dimer, the odds of VTE were 168% higher comparing the third with first suPAR tertiles (adjusted 
odds ratio, 2.68 [95% CI, 1.51–4.75]; P<0.001). Findings were consistent when stratified by D-dimer levels and in survival analysis 
accounting for death as a competing risk. On the basis of predicted probabilities from random forest, a decision tree found the 
combined D-dimer <1 mg/L and suPAR <11 ng/mL cutoffs, identifying 41% of patients with only 3.6% VTE probability.

CONCLUSIONS: Higher suPAR was associated with incident VTE independently of D-dimer in patients hospitalized for COVID-19. 
Combining suPAR and D-dimer identified patients at low VTE risk.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT04818866.
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Venous thromboembolism (VTE) is a highly preva-
lent COVID-19 complication, estimated to occur 
in as many as 26% of patients hospitalized for 

the disease.1 Pulmonary embolism remained prevalent 
despite certain immunomodulators effective at stalling 
the progression of respiratory illness.2 It was the direct 
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cause of death in close to one third of patients with 
COVID-19 despite prophylaxis with anticoagulants.3 
Such excessive thromboembolic risk is thought to 
be attributable to not only critical illness but immuno-
thrombosis, a condition where viral infection induces 
immune dysregulation and significant vascular inflam-
mation, ultimately resulting in microangiopathy and 
macroangiopathy.4-6 D-dimer is the most commonly 
used biomarker for VTE but has been shown to be less 
reliable in COVID-19.7 Combining it with markers of im-
mune dysregulation could refine the risk stratification of 
patients with COVID-19.

The urokinase plasminogen activator (uPA)/uroki-
nase plasminogen activator receptor (uPAR) system is 
abundant in various cell types, including vascular endo-
thelial cells, and is known as a key regulator in the cross-
reactions between vascular inflammation, immunity, and 
coagulopathy.8,9 The soluble uPAR (suPAR) is a cleavage 

product from the uPA/uPAR system, levels of which are 
thought to reflect the system’s overall activity.8,9 suPAR 
levels are 3- to 5-fold higher in patients with COVID-19, 
elevated earlier than other biomarkers in disease pro-
gression, and strongly associated with COVID-19 com-
plications, including death, respiratory failure requiring 
mechanical ventilation, and severe acute kidney in-
jury.10,11 suPAR may be an ideal biomarker to quantify 
hyperinflammation in COVID-19. Recently, the European 
Commission authorized the drug anakinra, guided by 
suPAR levels, to target interleukin-1 in COVID-19.2,12 
As a long-term inflammatory biomarker, suPAR levels 
measured in the nonacute setting have previously been 
shown to be associated with incident VTE.13

We leveraged the ISIC (International Study of 
Inflammation in COVID-19) to determine whether 
suPAR levels were associated with VTE risk in 
COVID-19, independently of D-dimer, and whether a 
role exists for suPAR in the risk stratification of patients 
with COVID-19 for VTE.

METHODS
International Study of Inflammation in 
COVID-19
ISIC is a multinational observational study primarily aim-
ing to characterize the roles of inflammatory biomarkers 
in COVID-19–related adverse outcomes.14 Participants 
were enrolled at major health care institutions, includ-
ing the University of Michigan, Ann Arbor, MI; Rush 
University, Chicago, IL; Copenhagen University Hospital 
Hvidovre, Copenhagen, Denmark; Attikon University 
Hospital, Athens, Greece; University of Thessaly, 
Thessaly, Greece; University Hospital of Düsseldorf, 
Düsseldorf, Germany; and Charité University Medicine, 
Berlin, Germany (Data  S1).10,14,15,16,17 Patients positive 
for SARS-CoV-2 in nasopharyngeal or oropharyngeal 
swab reverse transcription–polymerase chain reaction 
test who were hospitalized specifically for COVID-19 
and had a blood sample collected within 48 hours of 
hospitalization were included in this study. Clinical and 
laboratory data were obtained through a manual re-
view of electronic medical records by at least 2 review-
ers per site and entered into an online data repository 
hosted at the University of Michigan. Patient consent 
and institutional review board approvals were obtained 
at each clinical site, as per their institutional policies. 
Data from ISIC can be made available upon request 
through a collaborative process. Please contact pene-
gonz@med.umich.edu for additional information.

Study Design
Individuals were eligible for this study if they met 
the following inclusion criteria: (1) aged ≥18 years, (2) 

CLINICAL PERSPECTIVE

What Is New?
•	 This is the first study to evaluate the association 

between soluble urokinase plasminogen activa-
tor receptor (suPAR) and venous thromboem-
bolism (VTE) in the setting of acute viral illness, 
such as COVID-19.

•	 There was a significant association between 
suPAR and risk for VTE in COVID-19 that was 
independent of plasma D-dimer level.

•	 The subgroup of patients with suPAR <11 ng/
mL and D-dimer <1 mg/L had only a 3.6% prob-
ability of incident VTE and accounted for 41% of 
patients hospitalized for COVID-19.

What Are the Clinical Implications?
•	 Characterizing the association between suPAR 

and VTE risk furthers our understanding of the 
prognostic role of suPAR, a biomarker with es-
tablished clinical utility in guiding immunother-
apy treatment in COVID-19.

•	 The combined D-dimer and suPAR diagnostic 
cutoffs could refine the risk stratification for VTE 
among patients hospitalized with COVID-19.

Nonstandard Abbreviations and Acronyms

ISIC	 International Study of Inflammation in 
COVID-19

suPAR	 soluble urokinase plasminogen activator 
receptor

uPA	 urokinase plasminogen activator
uPAR	 urokinase plasminogen activator receptor
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primary reason for hospitalization was COVID-19, and 
(3) had available suPAR measurement from a blood 
sample collected on hospital admission. Individuals 
who tested positive for SARS-CoV-2 but were hos-
pitalized for non–COVID-19 reasons were excluded. 
All patients were followed up from hospital admission, 
which defines the baseline of this study, until hospital 
discharge or death. Clinical data were obtained from 
electronic medical records using established data 
mining tools, entered into a secure web-based reposi-
tory Research Electronic Data Capture, and reviewed 
by at least 2 independent reviewers per clinical site for 
accuracy.

Baseline Variables
Baseline variables in this study included age; sex; 
race; body mass index (BMI); anticoagulation therapy 
before hospital admission; comorbidities, including 
diabetes, hypertension, congestive heart failure, atrial 
fibrillation or flutter, stroke, peripheral artery disease, 
chronic obstructive pulmonary disease, and malig-
nancy; and laboratory values, including creatinine, 
D-dimer, and suPAR. We computed the estimated glo-
merular filtration rate using the Chronic Kidney Disease 
Epidemiology Collaboration equation.18

suPAR and D-Dimer Measurements
Plasma suPAR levels were measured using a commer-
cially available double monoclonal antibody sandwich 
assay (suPARnostic, ViroGates, Denmark). The assay’s 
lower detection limit was 100 pg/mL. The intra-assay 
and interassay variations were 2.8% and 9.2%, re-
spectively. D-dimer levels were measured by medical 
laboratories at each site (see details about D-dimer as-
says and reference ranges in Table S1).

Outcomes
The outcome of interest was VTE, defined as a clinical 
diagnosis of deep vein thrombosis, pulmonary embo-
lus, or both. Clinical imaging studies were used for the 
diagnoses of these conditions, which included com-
puted tomography angiography scans of the lungs, 
ventilation/perfusion scans of the lungs, and lower ex-
tremity Doppler ultrasounds. We ascertained the out-
come via a chart review of clinical notes and imaging 
study reports.

Statistical Analysis
We summarized baseline characteristics using de-
scriptive statistics. Outcomes were described using 
total numbers and percentages. Continuous variables 
with skewed distributions (ie, suPAR and D-dimer) 
were log transformed (base 2) to achieve approximate 

normal distribution. The independent association be-
tween suPAR and D-dimer was assessed using multi-
variable linear regression.

We used multivariable logistic regression to assess 
the association between baseline suPAR tertile (0–5.2, 
5.3–8.7, and 8.8–62.7 ng/mL) and VTE, adjusting for 
baseline covariables, including age, sex, Black race, 
BMI, anticoagulation therapy before hospital admis-
sion, history of diabetes, hypertension, congestive 
heart failure, and malignancy, and kidney function at 
hospital admission. In a separate model, we further 
adjusted for D-dimer. The effect modification by D-
dimer was assessed by including an interaction term 
between suPAR and D-dimer as a categorical variable 
(within or not within the reference range) in regression 
models.

We additionally assessed the cumulative incidence 
of VTE within 30 days of hospitalization by suPAR ter-
tile using Kaplan-Meier cumulative incidence curves. 
The difference in cumulative incidence by suPAR 
tertile was tested using a log-rank test. The associ-
ation between baseline suPAR and time to 30-day 
VTE was examined using Cox proportional hazards 
models adjusted for the aforementioned covariates. 
Follow-up time began at hospital admission until out-
come, hospital discharge, or death within 30 days. 
Death was accounted for as a competing risk in Fine-
Gray models used to calculate the subdistribution 
hazard ratio (HR).

We performed the following sensitivity analyses: 
(1) subgroup analysis among patients in whom blood 
samples for laboratory testing were collected within 
24 hours of hospital admission, (2) subgroup analysis 
among those enrolled at the University of Michigan 
alone, and (3) multivariable models adjusting for D-
dimer categorized on the basis of the respective as-
says’ upper limits of normal (ULNs) at each clinical site 
(<ULN, 1–4× ULN, 4–6× ULN, and >6× ULN).

Sensitivity, specificity, and positive and negative 
predictive values for VTE were reported, stratified by 
quartiles of suPAR and D-dimer. Risk discrimination 
for VTE was assessed with receiver operating char-
acteristic curves of models including suPAR, D-dimer, 
and the combination of both. Differences in the areas 
under the curve were examined using the DeLong 
test.19

We identified the combination of suPAR and D-
dimer cutoffs that yielded the lowest probability of inci-
dent VTE by estimating the failure probability for each 
patient based on random forest and building a deci-
sion tree accordingly that estimated a regression rela-
tionship by binary recursive partitioning in a conditional 
inference framework.20

A complete-case analysis was performed. A 2-
sided P value of 0.05 was used as the threshold for 
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statistical significance. Statistical analyses were per-
formed using R (R Core Team, 2014).21

RESULTS
Cohort Characteristics
A total of 1960 adults met this study’s inclusion criteria. 
Among these patients, the mean age was 58±17 years, 
1114 (57%) were men, and 385 (20%) were Black (Table 1). 
The median plasma D-dimer was 1.0 (interquartile range, 
0.6–2.6) mg/L. The median plasma suPAR was 6.7 (in-
terquartile range, 4.5–10.1) ng/mL. VTE occurred in 163 
(8%) patients, of whom 65, 88, and 10 had incident deep 
vein thrombosis, pulmonary embolus, and both, respec-
tively. There were more men (75% versus 55%), more 
Black individuals (30% versus 20%), higher median D-
dimer (2.1 versus 1.0 mg/mL), and higher median suPAR 
(9.7 versus 6.5 ng/mL) among those who had VTE com-
pared with those who did not.

Correlation Between Circulating suPAR 
and D-Dimer Levels
Per each doubling of plasma suPAR, the D-dimer level was 
7.34 (β=7.34 [95% CI, 1.49–13.2]; P=0.002) times higher 
after controlling for age, sex, Black race, BMI, comorbidi-
ties, and estimated glomerular filtration rate (Table 2).

Association Between suPAR and Incident 
VTE
In an unadjusted model, the odds of incident VTE 
were 72% (odds ratio [OR], 1.72 [95% CI, 0.96–3.09]; 
P=0.07; Figure 1) and 344% (OR, 4.44 [95% CI, 2.62–
7.51]; P<0.001) higher for the second (5.3–8.7 ng/mL) 
and third (8.8–62.7 ng/mL) tertiles of suPAR compared 

Table 1.  Baseline Characteristics, Overall and by Incident VTE, in Patients Hospitalized for COVID-19

Characteristic Overall (N=1960)
Incident VTE during 
hospitalization (N=163)

No VTE during 
hospitalization (N=1797)

Age, y 58 (17) 57 (15) 58 (17)

Men 1114 (57) 122 (75) 992 (55)

Body mass index, kg/m2 32 (9) 31 (10) 32 (9)

Black race 385 (20) 48 (30) 337 (20)

Diabetes 571 (29) 51 (31) 520 (29)

Hypertension 954 (49) 91 (56) 863 (48)

Congestive heart failure 179 (9) 10 (6) 169 (9)

Atrial fibrillation or flutter 172 (9) 7 (4) 165 (9)

Stroke 121 (6) 9 (5) 112 (9)

Chronic obstructive pulmonary disease 170 (9) 15 (9) 155 (9)

Malignancy 82 (4) 14 (9) 68 (4)

Before admission anticoagulation therapy 177 (9) 9 (6) 168 (9)

Creatinine, mg/dL* 1.0 (0.8–1.4) 1.0 (0.9–1.5) 1.0 (0.8–1.3)

D-dimer, mg/L† 1.0 (0.6–2.6) 2.1 (1.1–10.4) 1.0 (0.5–2.2)

suPAR, ng/mL 6.7 (4.5–10.1) 9.7 (6.2–13.8) 6.5 (4.4–9.7)

Data are given as mean (SD), number (percentage), or median (interquartile range). suPAR indicates soluble urokinase plasminogen activator receptor; and 
VTE, venous thromboembolism.

*Serum creatinine normal range: 0.65 to 1.00 mg/dL (University of Michigan and Rush University Medical Center), 0.57 to 1.02 mg/dL for women and 0.68 
to 1.19 mg/dL for men (Copenhagen University Hospital Hvidovre), 0.50 to 0.90 ng/mL (University of Thessaly), and 0.50 to 0.9 mg/dL for women and 0.70 to 
1.20 mg/dL for men (Attikon University Hospital in Athens, University Hospital of Düsseldorf, and Charité University Medicine).

†D-dimer normal range: 0.000 to 0.500 mg/L (University of Michigan, Copenhagen University Hospital Hvidovre, Attikon University Hospital in Athens, 
University Hospital of Düsseldorf, and Charité University Medicine), 0.000 to 0.600 mg/L (Rush University Medical Center), and 0.000 to 0.255 mg/L (University 
of Thessaly).

Table 2.  Independent Associations Between Baseline 
Variables and D-Dimer

Variable
Regression 
coefficient (95% CI) P value

suPAR, per log (ng/mL)/log (2) higher 7.34 (1.49 to 13.2) 0.014

Age, per 10 y older −0.31 (−2.67 to 2.05) 0.79

Men vs women 0.27 (−5.83 to 6.36) 0.93

Black vs White, Asian, American 
Indian and Pacific Islander

−1.03 (−8.25 to 6.20) 0.78

Body mass index, per 5 kg/m2 higher −2.02 (−3.72 to −0.31) 0.02

History of diabetes vs none 3.72 (−3.19 to 10.63) 0.29

History of hypertension vs none 1.64 (−5.49 to 8.76) 0.65

History of congestive heart failure 
vs none

−0.79 (−10.6 to 9.03) 0.87

Estimated glomerular filtration rate, 
per 5 mL/min per 1.73 m2 higher

0.28 (−0.32 to 0.88) 0.36

Regression coefficients are interpreted as fold changes in D-dimer level. 
suPAR indicates soluble urokinase plasminogen activator receptor.
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with the first tertile (0–5.2 ng/mL). After adjusting for 
baseline age, sex, Black race, BMI, anticoagulation 
therapy, comorbidities, and kidney function, the third 
tertile of suPAR was associated with a 168% (adjusted 
OR, 2.68 [95% CI, 1.51–4.75]; P<0.001) higher odds of 
VTE when compared with the first tertile of suPAR. This 
association was mildly attenuated after additionally ad-
justing for D-dimer level (adjusted OR, 1.98 [95% CI, 
1.08–3.66]; P=0.028). The association was unchanged 
in patients with D-dimer ≤ULN compared with those 
with D-dimer >ULN (P-interaction=0.21).

Within 30 days of hospitalization, there were 148 
(7.6%) incident VTE events. The cumulative incidence 
of VTE within 30 days was 3.5%, 6.0%, and 12.6% for 
the first, second, and third tertiles of suPAR, respec-
tively (log-rank P<0.001; Figure 2). In survival analyses, 
the risk of VTE within 30 days was 3% lower (adjusted 
HR, 0.97 [95% CI, 0.48–1.58]; P=0.15) and 52% higher 
(adjusted HR, 1.52 [95% CI, 0.86–2.68]; P=0.32) for 
the second and third tertiles of suPAR, respectively, 
compared with the first tertile, adjusting for the afore-
mentioned covariates, including D-dimer (Table 3). The 
associations were similar in a competing risk analysis 
accounting for death within 30 days of hospitalization 
(n=149 [7.6%]) as a competing event.

Sensitivity Analyses
We found consistent results in the subgroup of patients 
in whom blood samples were obtained during the first 
24 hours of hospital admission (Table S2), among those 

enrolled at the University of Michigan (Table S3), and in 
multivariable models adjusting for D-dimer scaled to 
the assays’ upper normal limits at respective clinical 
sites (Table S4).

Diagnostic Power and Risk Discrimination 
for Incident VTE Comparing suPAR and 
D-Dimer
The sensitivity values for incident VTE at the 25th, 
50th and 75th percentiles of suPAR levels were 0.91 
(95% CI, 0.87–0.96), 0.70 (95% CI, 0.63–0.77), and 
0.47 (95% CI, 0.40–0.55), respectively (Table  4). The 
sensitivity values for incident VTE at the 25th, 50th, 
and 75th D-dimer percentiles were 0.92 (95% CI, 
0.88–0.96), 0.78 (95% CI, 0.72–0.83), and 0.48 (95% 
CI, 0.41–0.55), respectively. The 95% sensitivity cutoff 
was 4.12 ng/mL for suPAR (negative predictive value, 
0.98) and 0.50 mg/dL for D-dimer (negative predictive 
value, 0.97). The C-statistic values for incident VTE 
were 0.677 (95% CI, 0.630–0.724) and 0.713 (95% CI, 
0.673–0.752) for suPAR and D-dimer in their respec-
tive univariate logistic regression models. Including 
both suPAR and D-dimer in one model improved the 
C-statistic to 0.718 (95% CI, 0.673–0.764), although 
the increment compared with D-dimer alone was not 
statistically significant (P=0.86).

suPAR and D-Dimer Cutoff Combination 
to Identify Patients With the Lowest 
Probability of VTE
A decision tree based on predicted probabilities from 
random forest identified a subgroup of patients with 
suPAR <11 ng/mL and D-dimer <1.0 mg/L who had a 

Figure 1.  Odds ratios and 95% CIs for venous thrombo
embolism per soluble urokinase plasminogen activator 
receptor (suPAR) tertile in patients hospitalized with 
COVID-19, with and without adjustments for baseline co
variables and D-dimer level.
Baseline clinical characteristics included in model 1: age, sex, 
Black race, body mass index, history of diabetes, history of 
hypertension, history of congestive heart failure, history of 
atrial fibrillation or flutter, history of stroke, history of chronic 
obstructive pulmonary disease, history of malignancy, before 
admission anticoagulation therapy, and estimated glomerular 
filtration rate.

Figure 2.  Cumulative incidence of venous thromboembolism 
(VTE) within 30 days of hospitalization by soluble urokinase 
plasminogen activator receptor (suPAR) tertile.
suPAR categories are defined as follows: first tertile, 0 to 5.2 ng/
mL; second tertile, 5.3 to 8.7 ng/mL; and third tertile, 8.8 to 
62.7 ng/mL
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3.6% probability of incident VTE during a COVID-19 
hospitalization (Figure  3). This subgroup represented 
41% of the total study population. No other suPAR and 
D-dimer cutoff combinations yielded a <5% probability 
of the outcome.

DISCUSSION
In this multinational observational cohort study of 
1960 adults hospitalized for COVID-19, we found sig-
nificantly more incident VTE events among individuals 
with higher compared with lower suPAR levels on hos-
pital admission. The significant association between 
suPAR and VTE was independent of established 

clinical thromboembolic markers, such as D-dimer, 
suggesting that suPAR may account for the excessive 
thromboembolic risk in COVID-19, possibly secondary 
to immunothrombosis. Using a plasma suPAR level of 
4.12 ng/mL as a cutoff, we were able to identify pa-
tients at risk for VTE with 95% sensitivity and a nega-
tive predictive value of 0.98. We also illustrated the use 
of suPAR and D-dimer cutoff combinations to iden-
tify patient subgroups with a low probability of VTE, 
which may aid in the risk stratification of patients with 
COVID-19.

VTE is highly prevalent among those with COVID-19 
and can contribute significantly to morbidity and mor-
tality.22,23 This has led to increasingly widespread 
use of prophylactic and therapeutic anticoagulation. 

Table 3.  Cox Proportional Hazards and Competing Risk Regressions for the Association Between suPAR and Time to 
Incident VTE Within 30 Days of Hospitalization

Variable

Cox model Fine-Gray model

HR (95% CI) P value HR (95% CI) P value

suPAR

First tertile (0–5.2 ng/mL) 1.0 (Reference) … 1.0 (Reference) …

Second tertile (5.3–8.7 ng/mL) 0.87 (0.48–1.58) 0.64 0.88 (0.48–1.61) 0.67

Third tertile (8.8–62.7 ng/mL) 1.52 (0.86–2.68) 0.15 1.52 (0.84–2.74) 0.17

Age, per 10 y older 0.93 (0.81–1.07) 0.32 0.93 (0.81–1.07) 0.32

Men, vs women 2.25 (1.45–3.47) <0.001 2.24 (1.45–3.46) 0.003

Black, vs White, Asian, American Indian and 
Pacific Islander

1.87 (1.23–2.86) 0.004 1.86 (1.22–2.84) 0.004

Body mass index, per 5 kg/m2 higher 1.06 (0.98–1.14) 0.15 1.06 (0.99–1.13) 0.12

History of diabetes, vs none 0.89 (0.58–1.37) 0.60 0.90 (0.60–1.34) 0.59

History of hypertension, vs none 0.88 (0.56–1.38) 0.58 0.88 (0.55–1.41) 0.60

History of congestive heart failure, vs none 0.57 (0.25–1.27) 0.17 0.57 (0.25–1.28) 0.17

History of malignancy, vs none 2.22 (1.13–4.36) 0.021 2.21 (1.13–4.32) 0.021

Before admission anticoagulation therapy, 
vs none

0.40 (0.16–1.01) 0.053 0.41 (0.16–1.04) 0.06

Admission estimated glomerular filtration 
rate, per 5 mL/min per 1.73 m2 higher

0.99 (0.95–1.02) 0.39 0.99 (0.95–1.02) 0.38

D-dimer, per fold higher compared with 
baseline

1.44 (1.30–1.60) <0.001 1.43 (0.70–1.30) <0.001

HR indicates hazard ratio; suPAR, soluble urokinase plasminogen activator receptor; and VTE, venous thromboembolism.

Table 4.  Sensitivity and Specificity Parameters for Incident VTE by Different suPAR and D-Dimer Centiles

Marker Cutoff Centile
Sensitivity 
(95% CI)

Specificity 
(95% CI)

Positive predictive 
value (95% CI)

Negative predictive 
value (95% CI)

suPAR, ng/mL 4.12 20 0.95 (0.91–0.98) 0.21 (0.19–0.23) 0.10 (0.09–0.10) 0.98 (0.96–0.99)

4.54 25 0.91 (0.87–0.96) 0.26 (0.24–0.28) 0.10 (0.10–0.11) 0.97 (0.96–0.98)

6.70 50 0.70 (0.63–0.77) 0.52 (0.50–0.54) 0.12 (0.11–0.13) 0.95 (0.94–0.96)

10.1 75 0.47 (0.40–0.55) 0.75 (0.75–0.79) 0.16 (0.13–0.18) 0.94 (0.93–0.95)

D-dimer, mg/L 0.50 20 0.95 (0.92–0.98) 0.21 (0.20–0.24) 0.12 (0.11–0.12) 0.97 (0.96–0.99)

0.56 25 0.92 (0.88–0.96) 0.26 (0.25–0.29) 0.12 (0.12–0.13) 0.97 (0.95–0.98)

1.03 50 0.78 (0.72–0.83) 0.53 (0.50–0.56) 0.15 (0.14–0.16) 0.96 (0.94–0.97)

2.40 75 0.48 (0.41–0.55) 0.77 (0.75–0.79) 0.19 (0.16–0.21) 0.93 (0.92–0.94)

suPAR indicates soluble urokinase plasminogen activator receptor; and VTE, venous thromboembolism.
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Pulmonary embolism, however, remained the direct 
cause of mortality in up to one third of patients who 
died from COVID-19. VTE may be unnoticed through-
out the course of the disease; extensive thrombi, 
including those in pulmonary and glomerular microcir-
culations, were identified during autopsies of patients 
with COVID-19.3,24 Even in the absence of critical ill-
ness, and with therapy targeting certain inflammatory 
pathways effective at controlling the progression of se-
vere respiratory disease, thromboembolic events are 
common.2,5,25 Aside from critical illness, the dispropor-
tionately high thromboembolic risk in COVID-19 was 
attributed in part to immunothrombosis, thromboem-
bolism secondary to a distinct proinflammatory milieu 
caused by immune dysregulation and host defense 
against the SARS-CoV-2 virus (viral infection-induced 
significant immune dysregulation), and local vascu-
lar inflammation (ie, endotheliitis), thereby triggering 
extensive microangiopathy and macroangiopathy.4 
Unfortunately, conventional clinical imaging studies are 
incapable of discerning this type of thromboembolism 
from that arising from nonimmune causes. Traditional 
VTE markers (eg, D-dimer and fibrinogen) have been 
less reliable in predicting incident VTE events in 
COVID-19. Although D-dimer levels are higher in the 
presence of VTE, they do not always correlate with 
the risk of developing new VTE in COVID-19, making 
D-dimer less helpful in clinical decision making. This 

finding may be explained by the direct release of D-
dimer from the inflammation-injured lungs.26,27 Whether 
suPAR can be released from the lungs in a similar 
manner in COVID-19 has yet to be investigated. We 
note that only a few of the novel VTE markers being in-
vestigated in non–COVID-19 settings have been found 
to be independently associated with incident VTE in 
COVID-19 (eg, plasma P-selectin, an activated platelet 
and endothelial membrane protein, presumably a me-
diator of immunothrombosis, via facilitating leukocyte 
rolling).28-30

The uPAR is a glycosylphosphatidylinositol-
anchored 3-domain membrane protein bound to 
various cells, such as myeloid and endothelial cells, 
which is likely a key regulator of cross-linking vascu-
lar inflammation, immunity, and coagulation.9 In the 
presence of inflammatory stimuli, uPAR is cleaved and 
released into circulation, becoming suPAR, enhancing 
local vascular inflammation, and exerting immune ef-
fects distally, possibly via what is known as a “danger-
associated molecular pattern.” Mounting evidence has 
pointed to suPAR being a key immune component 
in certain renal and cardiovascular conditions (eg, 
hypertension-attributed chronic kidney disease).31-36 
suPAR can be elevated by 3- to 5-fold in patients with 
COVID-19, and often earlier than other inflammatory 
biomarkers, including D-dimer, with higher suPAR 
levels portending detrimental complications, such as 
severe acute kidney injury and respiratory failure re-
quiring mechanical ventilation.10,11,37 An association 
between suPAR and thromboembolism independent 
of D-dimer, a downstream, direct biomarker of throm-
boembolism, suggests that suPAR and the uPA/uPAR 
system may reflect upstream immunothrombotic ac-
tivity and explain the excessive thromboembolic risk 
in COVID-19.6,8,9 However, in survival analyses with 
and without accounting for the competing risk of 
death, despite a trend toward higher risk for 30-day 
VTE with higher suPAR, consistent with results from 
multivariate logistic regression, the association was 
not statistically significant, which may be explained 
by insufficient power and delays in clinical diagnosis 
among at-risk individuals. Of note, previous studies 
have reported higher D-dimer in those with obesity 
and COVID-19, presumably because of hyperinflam-
mation.38 Interestingly, we observed a small but sta-
tistically significant negative association between BMI 
and D-dimer after accounting for suPAR. Such finding 
suggests suPAR, as an early biomarker of hyperinflam-
mation in COVID-19, may explain the association be-
tween obesity and elevated D-dimer.

There have been ongoing efforts to integrate suPAR 
testing, which is now commercially available and afford-
able, into clinical practice; the European Commission 
recently authorized the drug, anakinra, to target inter-
leukin-1 in COVID-19 using suPAR levels for guidance.2 

Figure 3.  A decision tree based on predicted probabilities 
from random forest exploring soluble urokinase 
plasminogen activator receptor (suPAR) and D-dimer cutoff 
combinations for the stratification of patients by probability 
of venous thromboembolism (VTE).
The subgroup of patients with suPAR <11 ng/mL and D-dimer 
<1.0 mg/L had a 3.6% probability of incident VTE during a 
COVID-19 hospitalization. This subgroup represented 41% of 
the total study population. No other suPAR and D-dimer cutoff 
combinations yielded a <5% probability of the outcome. The red 
color indicates lower probabilities, and the blue color indicates 
higher probabilities. Units for suPAR and D-dimer as shown in 
the figure are ng/mL and mg/L, respectively.
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In light of these developments, our findings provide ad-
ditional data to improve the understanding of suPAR’s 
role in clinical settings. For example, with suPAR lev-
els >4.12 ng/mL, we identified with a 95% sensitivity 
patients at risk for developing VTE. Combining suPAR 
and D-dimer cutoffs, we also identified patient sub-
groups with a low probability of VTE.

To our knowledge, only one published observational 
study has explored the association between suPAR 
and VTE, which was in a general European population 
in the 1990s.13 No published study to date has demon-
strated an independent association between suPAR 
and thromboembolism in the setting of acute viral ill-
ness, such as COVID-19. The strength of this study lies 
in its large sample size and detailed ascertainment of 
clinical and laboratory variables in all participants. This 
study also has limitations. First, we are unable to as-
cribe causality with an observational study design. The 
possibility of residual confounding cannot be excluded. 
However, we have adjusted for most known thrombo-
embolic risk factors in our analyses and performed a 
competing risk analysis. Second, there was possibly 
an underascertainment of outcomes, given assess-
ment for VTE was not systematic and was performed 
on the basis of clinical suspicion. However, the inci-
dence of VTE in this study population was comparable 
to that of others.1 Third, blood samples were collected 
for laboratory testing within the first 48 hours of hos-
pitalization. Laboratory values later during this period 
may have been affected by inpatient COVID-19 treat-
ments. However, a sensitivity analysis including blood 
samples obtained within the first 24 hours of hospital-
ization showed consistent findings. Fourth, different D-
dimer assays were used at different clinical sites, which 
may lead to inconsistent accuracy in measurements. 
Nonetheless, subgroup analysis within the University 
of Michigan cohort produced consistent findings, and 
multivariable analyses adjusting for D-dimer rescaled to 
respective centers’ ULNs did not change results.

In conclusion, in a multinational observational cohort 
of adults hospitalized with COVID-19, we found suPAR 
levels measured on admission to be associated with 
incident VTE independently of D-dimer levels, a well-
established clinical marker of coagulopathy. This finding 
implies the possible roles of suPAR in COVID-19–related 
immunothrombosis. suPAR may be used in conjunction 
with D-dimer in clinical practice for improved risk strati-
fication of patients with COVID-19 for VTE.
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SUPPLEMENTAL MATERIAL  



Table S1. ISIC clinical sites, D-dimer assays, and reference ranges.  
 
Clinical site Type of assay Reference range 
University of Michigan INNOVANCE® Automated 

Sensitive 
Immunoturbidimetric Assay 

0.000 - 0.500 mg/L FEU 

 
Rush University Medical 
Center 

INNOVANCE® Automated 
Sensitive 
Immunoturbidimetric Assay 

0.000 - 0.600 mg/L FEU 

Copenhagen University 
Hospital Hvidovre 

HemosIL® Latex-enhanced 
Immunoturbidimetric Assay 

0.000 - 0.500 mg/L FEU 

Attikon University Hospital in 
Athens 

Roche® CARDIAC D-dimer 0.000 - 0.499 mg/L FEU 

University of Thessaly HemosIL® Latex-enhanced 
Immunoturbidimetric Assay 

0.000 – 0.255 mg/L DDU 

University Hospital of 
Dusseldorf 

INNOVANCE® Automated 
Sensitive 
Immunoturbidimetric Assay 

0.000 - 0.500 mg/L FEU 

Charité University Medicine INNOVANCE® Automated 
Sensitive 
Immunoturbidimetric Assay 

0.000 - 0.500 mg/L FEU 

 
FEU, fibrinogen equivalent unit. DDU, D-dimer unit.  
  



Table S2. Odds ratios and 95% confidence intervals for venous thromboembolism per 
suPAR tertile measured within 24 hours of hospital admission (N=1,543). 
 
SuPAR  Model 0 Model 1 Model 2 

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
1st tertile 1.0 [ref]  1.0 [ref]  1.0 [ref]  
2nd tertile 1.77 (0.95, 3.30) 0.07 0.98 (0.51, 1.86) 0.94 0.94 (0.48, 1.86) 0.79 
3rd tertile 4.99 (2.87, 8.69) <0.001 2.73 (1.50, 4.98) <0.001 2.04 (1.08, 3.88) 0.029 

 
CI, confidence ratio. OR, odds ratio. SuPAR, soluble urokinase plasminogen activator 
receptor. 
 
Model 0: suPAR only 
Model 1: Model 0 + age, sex, Black race, body mass index, history of diabetes mellitus, 
history of hypertension, history of congestive heart failure, history of atrial fibrillation or 
flutter, history of stroke, history of chronic obstructive pulmonary disease, history of 
malignancy, prior to admission anticoagulation therapy, and estimated glomerular filtration 
rate 
Model 2: Model 1 + D-dimer 
 
 
 
  



Table S3. Odds ratios and 95% confidence intervals for venous thromboembolism per 
suPAR tertile within the University of Michigan cohort (N=1,521). 
  
SuPAR  Model 0 Model 1 Model 2 

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
1st tertile 1.0 [ref]  1.0 [ref]  1.0 [ref]  
2nd tertile 1.57 (0.84, 2.93) 0.16 0.82 (0.42, 1.58) 0.55 0.91 (0.46, 1.79) 0.79 
3rd tertile 3.80 (2.16, 6.69) <0.001 2.31 (1.23, 4.32) 0.009 1.96 (1.02, 3.75) 0.044 

 
CI, confidence ratio. OR, odds ratio. SuPAR, soluble urokinase plasminogen activator 
receptor. 
 
Model 0: suPAR only 
Model 1: Model 0 + age, sex, Black race, body mass index, history of diabetes mellitus, 
history of hypertension, history of congestive heart failure, history of atrial fibrillation or 
flutter, history of stroke, history of chronic obstructive pulmonary disease, history of 
malignancy, prior to admission anticoagulation therapy, and estimated glomerular filtration 
rate 
Model 2: Model 1 + D-dimer 
  



Table S4. Odds ratios and 95% confidence intervals for venous thromboembolism per 
suPAR tertile, adjusted for baseline covariables and D-dimer categorized based on 
respective assays’ upper limits of normal. 
 
SuPAR  OR (95% CI) P-value 

1st tertile 1.0 [ref]  

2nd tertile 0.88 (0.46, 1.67) 0.70 

3rd tertile 1.88 (1.02, 3.46) 0.043 

 
CI, confidence ratio. OR, odds ratio. SuPAR, soluble urokinase plasminogen activator 
receptor. 
 
D-dimer was categorized based on elevation in relation to the respective assays’ upper limits 
of normal (ULN) using the following categories: < ULN, 1-4x ULN, 4-6x ULN, and >6x ULN.  
 
Other covariates included in the model: age, sex, Black race, body mass index, history of 
diabetes mellitus, history of hypertension, history of congestive heart failure, history of atrial 
fibrillation or flutter, history of stroke, history of chronic obstructive pulmonary disease, 
history of malignancy, prior to admission anticoagulation therapy, and estimated glomerular 
filtration rate 
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