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a b s t r a c t 

Background: This systematic review and meta-analysis aimed to compare the levels of von Willebrand 

Factor (vWF) antigen in patients with coronavirus disease 2019 (COVID-19) with a poor outcome com- 

pared with those with a good outcome, and explored factors that may affect the difference in terms of 

vWF antigen between the two groups. 

Methods: A comprehensive literature search of PubMed, Embase and Scopus databases was undertaken 

from inception until 7 April 2021. The primary outcome was poor outcome, which is a composite of 

mortality and severity of COVID-19. 

Results: Ten studies including a total of 996 patients were included in this systematic review and meta- 

analysis. vWF antigen was higher in patients with poor outcomes [standardized mean difference (SMD) 

0.84 [0.45–1.23], P < 0.001; I 2 = 87.3, P < 0.001). For subgroup analysis on studies that reported the vWF 

antigen level as a percentage, the mean difference was 121.6 [(53.7–189.4), P < 0.001; I 2 = 92.0, P < 0.001]. 

Meta-regression showed that the SMD between poor outcome and good outcome was affected by the 

platelet count (coefficient 0.0 061, P = 0.0 01), d-dimer level (coefficient 0.0 0 07, P = 0.026) and factor VIII 

level (coefficient 0.0057, P = 0.031), but not by age (coefficient -0.0610, P = 0.440), gender (coefficient 

0.0135, P = 0.698), obesity (coefficient 0.0282, P = 0.666), hypertension (coefficient 0.0273, P = 0.423), dia- 

betes (coefficient 0.0317, P = 0.398) or malignancy (coefficient 0.0487, P = 0.608). 

Conclusion: This meta-analysis showed that the level of vWF antigen was significantly higher in patients 

with COVID-19 with a poor outcome, signalling marked endotheliopathy. Meta-regression showed that 

the differences became larger as the platelet count, d-dimer level and factor VIII level increased. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Coronavirus disease 2019 (COVID-19) is currently one of the 

ost common diseases in the world, and has a considerable death 

oll ( WHO, 2021 ). Although most patients have mild–moderate 

linical manifestations, a significant proportion of patients develop 

ife-threatening complications ( Lim et al., 2020 ; Pranata et al., 
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020a , 2021c ). Complications caused by coagulopathy are among 

he most important. Activation of the coagulation pathway and en- 

othelial cells (ECs) is a hallmark of severe COVID-19, which is 

onsistent with high rates of venous thromboembolism (VTE), pul- 

onary embolism (PE) and disseminated intravascular coagulation 

DIC) ( Mancini et al., 2021a ; Ward et al., 2021 ). von Willebrand

actor (vWF) is a platelet adhesive and aggregator protein which 

arries coagulation factor VIII, produced exclusively by ECs and 

egakaryocytes. Thus, vWF acts as a marker of EC activation, and 

s released after inflammation-mediated vascular damage ( Mancini 

t al., 2021a ). The present systematic review and meta-analysis 

imed to compare vWF antigen levels in patients with COVID-19 

ith a poor outcome compared with those with a good outcome, 
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nd explored factors that may affect the difference in terms of vWF 

ntigen between the two groups. 

ethods 

This meta-analysis followed the Preferred Reporting Items for 

ystematic Reviews and Meta-Analyses (PRISMA) reporting guide- 

ines, and is registered in PROSPERO (CRD42021247507). 

ligibility criteria 

The inclusion criteria were: (1) observational prospective and 

etrospective studies reporting patients with COVID-19; (2) studies 

eporting vWF antigen levels in patients with a poor outcome and 

atients with a good outcome; and (3) studies reporting mortal- 

ty/severity/acute respiratory distress syndrome/need for intensive 

are unit (ICU) or high dependency unit (HDU) admission or me- 

hanical ventilation. 

Articles published as pre-prints, reviews, non-research letters or 

ommentaries/viewpoints/editorials, and articles published in any 

anguage other than English were excluded 

The primary outcome of this study was poor outcome, which 

s a composite of mortality and severity. COVID-19 was defined as 

evere if it met the criteria for severe pneumonia ( Metlay et al., 

019 ) or required ICU/HDU care or mechanical ventilation. 

earch strategy and study selection 

A comprehensive literature search of PubMed, Embase and Sco- 

us databases was undertaken from inception until 7 April 2021 

sing the following keywords: ‘2019-nCoV’ OR ‘SARS-CoV-2’ OR 

COVID-19’ AND ‘von Willebrand’ OR ‘vWF’ OR ‘endothelium’. The 

ubMed search strategy was ((2019-nCoV) OR (SARS-CoV-2) OR 

COVID-19)) AND ((von Willebrand) OR (vWF) OR (endothelium)). 

itles and abstracts were screened by two independent authors af- 

er duplicates had been removed. Article eligibility was assessed 

sing the inclusion and exclusion criteria above. 

ata extraction 

The following data were extracted from eligible studies using a 

tandardized extraction form: author, study design, year of pub- 

ication, age, gender, obesity, hypertension, diabetes, malignancy, 

latelet count, d-dimer level, factor VIII level, and primary out- 

ome. Data extraction was performed by two independent authors, 

nd discrepancies were resolved through discussion. 

The primary outcome was poor outcome; the pooled effect es- 

imate was standardized mean difference (SMD) in terms of vWF 

ntigen level between patients with a poor outcome and patients 

ith a good outcome. Effect estimates were reported along with 

tandard deviation (SD). 

isk-of-bias assessment 

Two independent authors assessed the risk of bias using the 

ewcastle–Ottawa Scale. Discrepancies that arose were resolved by 

iscussion. 

tatistical analysis 

This meta-analysis was performed using Stata Version 16 (Stat- 

Corp, College Station, TX, USA). Continuous variables were pooled 

sing Hedges’ random-effects method to populate the pooled SMD 

n terms of Hedges’ g and SDs. Restricted maximum likelihood 

REML) random-effects models were used for the meta-analysis re- 

ardless of heterogeneity. P -values < 0.05 were taken to indicate 
268 
tatistical significance. All P -values were two-tailed, and statistical 

ignificance was set at ≤0.05. Heterogeneity was assessed using 

he Cochran Q test and I 2 statistic, with P < 0.10 or I 2 > 50% taken

o indicate significant heterogeneity. Subgroup analysis to calcu- 

ate the mean difference instead of SMD was performed for stud- 

es that reported vWF antigen as a percentage. Funnel plot analysis 

as used for qualitative measurement of publication bias, followed 

y non-parametric trim-and-fill analysis using Run 0 estimator. Eg- 

er’s test was used for quantitative assessment of the potential 

or small study effects. REML random-effects meta-regression was 

erformed for age, gender, obesity, hypertension, diabetes, malig- 

ancy, platelet count, d-dimer level and factor VIII level. 

esults 

aseline characteristics 

Ten studies including a total of 996 patients were included in 

his systematic review and meta-analysis ( Figure 1 ) ( Goshua et al., 

020 ; Rauch et al., 2020 ; Cugno et al., 2021 ; De Jongh et al., 2021 ;

ancini et al., 2021b ; Philippe et al., 2021 ; Rodríguez Rodríguez 

t al., 2021 ; Sweeney et al., 2021 ; Vassiliou et al., 2021 ; von Mei-

enfeldt et al., 2021 ). The baseline characteristics of the included 

tudies are presented in Table 1 . 

WF antigen and outcome 

The vWF antigen level was higher in patients with a poor out- 

ome [SMD 0.84 (0.45–1.23), P < 0.001; I 2 = 87.3, P < 0.001] ( Figure 2 ).

or subgroup analysis on studies that reported the vWF antigen 

evel as a percentage, the mean difference was 121.6 [(53.7–189.4), 

 < 0.001; I 2 = 92.0, P < 0.001)] ( Figure 3 ). 

eta-regression 

Meta-regression showed that the SMD between poor outcome 

nd good outcome was affected by the platelet count (coefficient 

.0 061, P = 0.0 01) ( Figure 4 A), d-dimer level (coefficient 0.0 0 07,

 = 0.026) ( Figure 4 B) and factor VIII level (coefficient 0.0057, 

 = 0.031), but not by age (coefficient -0.0610, P = 0.440), gender 

coefficient 0.0135, P = 0.698), obesity (coefficient 0.0282, P = 0.6 6 6), 

ypertension (coefficient 0.0273, P = 0.423), diabetes (coefficient 

.0317, P = 0.398) or malignancy (coefficient 0.0487, P = 0.608). 

unnel plot 

Qualitative assessment of the funnel plot indicates an asym- 

etrical shape ( Figure 5 A), and subsequent non-parametric trim- 

nd-fill analysis (Run 0) showed that imputation of one study on 

he left side of the plot resulted in an SMD of 0.693 (0.244–1.142) 

 Figure 5 B). Quantitative Eggers’s test indicated no indication of 

mall study effects ( P = 0.767). 

iscussion 

This meta-analysis showed that the level of vWF antigen 

as significantly higher in patients with a poor outcome. Meta- 

egression showed that the differences became larger as the 

latelet count, d-dimer level and factor VIII level increased. 

Activation of the coagulation pathway and ECs is found in pa- 

ients with severe COVID-19, which may result in VTE, PE and DIC 

 Mancini et al., 2021a ; Ward et al., 2021 ). These biological mecha- 

isms play a role in the pathophysiology of serious complications 

f COVID-19, including cardiorespiratory collapse, thrombotic and 

leeding events, sepsis, multiple organ dysfunction, and death ( Lim 

t al., 2020 ). Marked hypercoagulability is characterized by changes 
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Figure 1. PRISMA flowchart. COVID-19, coronavirus disease 2019. 

Figure 2. von Willebrand factor (vWF) antigen and poor outcome. REML, restricted maximum likelihood; SD, standard deviation; CI, confidence interval. 

i

w
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w
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w

t  

M
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o  
n various inflammatory coagulation biomarkers, including D-dimer 

hich is a biomarker for thrombosis and an independent predictor 

f poor clinical outcome; fibrinogen and fibrin degradation product 

hich indicate blood viscosity and fibrinolysis; P-selectin which 

odulates the interaction between ECs and blood cells; and vWF 
269 
hich is a marker of EC damage and bleeding (when low) and 

hrombotic (when high) ( Grobler et al., 2020 ; Ladikou et al., 2020 ;

ancini et al., 2021a ). The D-dimer level often rises at a relatively 

arly stage, while the fibrinogen level and platelet count change 

ver the course of the disease ( Grobler et al., 2020 ; Huang et al.,
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Figure 3. von Willebrand factor antigen and poor outcome (percentage subgroup). REML, restricted maximum likelihood; SD, standard deviation; CI, confidence interval. 

Figure 4. Meta-regression analysis for von Willebrand factor antigen and poor outcome with platelet count (A) and d-dimer level (B) as covariates. CI, confidence interval. 

Figure 5. Publication bias. Funnel plot analysis (A) and trim-and-fill analysis (B). CI, confidence interval. 
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020 ; Pranata et al., 2021e ). vWF is a platelet adhesive and aggre-

ator protein which carries coagulation factor VIII, produced exclu- 

ively by ECs and megakaryocytes. The levels of vWF and factor 

III are often massively elevated (more than four times the upper 

imit of normal) in patients with COVID-19, which is comparable 

o patients admitted to the ICU with severe sepsis ( Escher et al., 

020 ; Grobler et al., 2020 ; Ladikou et al., 2020 ; Zachariah et al.,

020 ). Apart from its role in primary haemostasis, vWF is also a 

arker of EC activation, released after inflammation-mediated vas- 

ular damage ( Mancini et al., 2021a ). An increased level of vWF 

ntigen is consistent with EC activation and reflects disease sever- 

ty, but plasma vWF propeptide has been shown to be a more sen- 

itive and specific indicator of acute EC activation due to a shorter 
270 
lasma half-life ( ∼2 versus 12 h), and its levels are not consumed 

y platelet aggregation or influenced by ABO blood group ( Mancini 

t al., 2021a ; Philippe et al., 2021 ; Ward et al., 2021 ). However, the

lasma vWF propeptide/vWF antigen ratio was decreased, suggest- 

ng that a reduced VWF clearance rate plays a role in increasing 

he vWF antigen level in patients with severe COVID-19 ( Ward et 

l., 2021 ). vWF activity, vWF antigen level, D-dimer level and fac- 

or VIII clotting activity were persistently and massively elevated, 

hile ADAMTS13 (A Disintegrin And Metalloprotease with Throm- 

oSpondin 1 repeats, number 13) activity and platelet count were 

elatively normal in the majority of patients with severe COVID- 

9. This suggests that coagulopathy may be a different form of 

ighly prothrombotic alteration, most likely an endothelial disease 
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 Escher et al., 2020 ). Due to the ultra-large size of vWF multimers 

50 0 0–10,0 0 0 kDa), their high levels can only be reduced by means

f plasma exchange (haemodialysis only removes molecules < 60 

DA in size). As vWF molecules are cleared by macrophages, the 

ctivation of EC (depicted by increased levels of vWF) may con- 

ribute to the activation of macrophages in patients with COVID-19 

 Zachariah et al., 2020 ). 

ECs that line blood vessels normally function to prevent patho- 

ogical thrombosis. Severe acute respiratory syndrome coron- 

virus 2 (SARS-CoV-2) gains cellular entry to human cells using 

ngiotensin-converting enzyme 2 receptors, which are found in the 

Cs of various organs and tissues ( Lim et al., 2020 ; Ward et al.,

021 ). EC activation in response to high shear stress and other 

nflammatory mediators results in the substantial release of vWF 

ultimers into the circulation; these are cleaved and can be acti- 

ated by metalloprotease ADAMTS13 ( Grobler et al., 2020 ; Yang et 

l., 2020 ; Mancini et al., 2021a ). A decrease in ADAMTS1 was seen

n some patients with COVID-19, which suggests the loss of vWF 

leaving protease and subsequently its activity, as well as increased 

isk of thrombosis in patients with myocardial infarction and is- 

haemic stroke ( Ladikou et al., 2020 ). Severe ADAMTS13 deficiency 

activity < 10 IU/dL) indicates thrombotic thrombocytopenic pur- 

ura, a life-threatening diffuse thrombotic microangiopathy caused 

y the accumulation of hyperactive vWF multimers ( Escher et al., 

020 ; Mancini et al., 2021a ; Philippe et al., 2021 ). Imbalance be-

ween vWF and ADAMTS13 could lead to a prothrombotic state in 

nflammatory-driven conditions, as seen in sepsis and DIC ( Yang et 

l., 2020 ; Mancini et al., 2021a ). 

Once activated, platelets can bind to vWF via an exposed bind- 

ng site for GPIb α (part of the GPIb-IX-V receptor complex), ini- 

iating the thrombogenic process and leading to integrin αII b β3 

ctivation and the pivotal role of the FcR γ chain and Fc γ RIIa im- 

unoreceptor tyrosine-based activation motif pathway. vWF bind- 

ng to the upregulated αII b β3 integrin promotes platelet adhesion 

nd aggregation, and vWF binding to fibrinogen augments throm- 

us formation ( Grobler et al., 2020 ; Mancini et al., 2021a ). αv β3

ntegrin is the best-characterized EC receptor for vWF, which re- 

ates to EC (and smooth muscle cell) adhesion, migration prolifer- 

tion, differentiation and survival. Com plex responses that depend 

n αv β3 function include angiogenesis, vasculogenesis and vascu- 

ar cell survival, and it also plays a crucial role in inflammatory 

ndothelial responses ( Grobler et al., 2020 ). vWF can bind to red 

lood cells under conditions such as decreased shear rates. After 

nflammatory damage and increased generation of reactive oxy- 

en species ( Grobler et al., 2020 ), vWF is released from Weibel- 

alade bodies of ECs. Some enters the circulation, and some re- 

ains bound to the EC surface ( Philippe et al., 2021 ). During in-

ammation (and oxidative stress), red blood cells may undergo 

ryptosis, characterized by cell shrinkage, membrane blebbing and 

ell membrane scrambling. vWF mediates erythrocyte–erythrocyte 

inking as well as platelet-independent erythrocyte adhesion to 

Cs, causing microvascular occlusion and interfering with dynamic 

lood flow ( Nicolay et al., 2018 ; Grobler et al., 2020 ). 

Bleeding and thrombotic pathologies often occur in patients 

ith multiple risk factors that are likely to create severe symptoms 

nd complications. Old age, excessive body mass index, debilitat- 

ng and frail conditions, and various chronic, non-communicable 

iseases are comorbidities associated with worse outcomes in pa- 

ients with COVID-19 ( Tuty Kuswardhani et al., 2020 ; Martha et 

l., 2021 ; Pranata et al., 2021 , 2021a , 2021b , 2021c ). These un-

avourable conditions drive chronic and systemic inflammation, 

ven in individuals without COVID-19. Pro-inflammatory cytokine 

elease, complement activation and severe hypoxia can aggravate 

C damage in patients with severe COVID-19. Due to the hyper- 

nflammatory reaction in the COVID-19-induced cytokine storm, 

arious inflammatory biomarkers, including interleukins, creatine 
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inase, erythrocyte sedimentation rate, C-reactive protein, ferritin 

nd procalcitonin are often found to be elevated ( Huang et al., 

020 ; Yonas et al., 2020 ; Akbar et al., 2021 ). Interestingly, meta-

egression analysis showed that obesity, hypertension, diabetes and 

alignancy did not affect the difference in vWF antigen between 

he two groups. These factors are usually associated with endothe- 

iopathy; nevertheless, the medications used in the patients in the 

tudies included in this review were obscure. Several long-term 

edications used may be beneficial in patients with COVID-19 

ith comorbidities, and have an effect on the endothelium ( Lukito 

t al., 2020 ; Pranata et al., 2020b , 2021d ); this may have affected

he analysis. 

linical implications 

This meta-analysis indicates that the vWF antigen level is 

igher in patients with severe COVID-19, thus establishing the im- 

ortance of endotheliopathy from the pathophysiological perspec- 

ive in patients with COVID-19 as the disease progresses. From the 

linical perspective, elevated vWF antigen signals poor prognosis. 

or therapeutic purposes, the result of this review may serve as 

 basis for further research; for example, several studies indicated 

hat the use of antiplatelet or anticoagulant drugs was associated 

ith improved prognosis, while others did not. Investigating the 

ffect of antiplatelet or anticoagulant drugs on prognosis in pa- 

ients with high vWF antigen levels compared with patients with 

ow vWF antigen levels may explain the heterogeneity between the 

tudies. 

imitations 

The studies did not report optimal cut-off points for prognos- 

ication purposes. To be more useful clinically, the cut-off points 

eed to be determined. Additionally, most of the studies included 

n this review did not report the use of drugs such as aspirin, an-

icoagulants, nitric-oxide-related drugs, statins and other medica- 

ions that may affect endothelial function. These medications may 

ffect the dynamics of vWF antigen or outcome in these patients. 

ome of the included studies were cross-sectional, so some of the 

vents may already have occurred when the blood was drawn. Fu- 

ure studies should address the optimal cut-off point for prognostic 

urposes, and whether antiplatelet/anticoagulant drugs affect out- 

ome in patients with high vWF antigen levels. 

onclusion 

This meta-analysis showed that the level of vWF antigen was 

ignificantly higher in patients with COVID-19 with a poor out- 

ome, signalling marked endotheliopathy. Meta-regression showed 

hat the differences became larger as the platelet count, d-dimer 

evel and factor VIII level increased. 
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