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Abstract
Emerging evidence shows that the recent pandemic of coronavirus disease 19 (COVID-19) is characterized by coagulation activation
and endothelial dysfunction. This increases the risk of morbidity, mortality and economic loss among COVID-19 patients. Therefore,
there was an urgent need to investigate the extent and risk factors of thromboembolism among COVID-19 patients. English-
language based databases (PubMed, Cumulative Index to Nursing and Allied Health Literature, EMBASE, and Cochrane library) were
exhaustively searched to identify studies related to prevalence of thromboembolism among hospitalized COVID-19 patients. A
random-effects model was employed to estimate the pooled prevalence of thromboembolism. The pooled prevalence of thrombotic
events was computed using STATA 16.0 software. Heterogeneity analysis was reported using I2. A total of 19 studies with 2,520
patients with COVID-19 were included. The pooled prevalence of thrombotic events of hospitalized patients with COVID-19 was
33% (95% CI: 25-41%, I2 ¼ 97.30%, p < 0.001) with a high degree of heterogeneity across studies. Elevated D-dimer hospitalized in
the intensive care unit and being under mechanical ventilation were the most frequently associated factors for the development of
thrombotic events. The pooled prevalence of thrombotic events in COVID-19 patients was 33%. The prevalence of thrombotic
event is variables on the basis of study design and study centers. Several risk factors such as, elevated D-dimer, hospitalized in the
intensive care unit and being under mechanical ventilation, were the most frequently reported risk factors identified. Therefore,
healthcare professionals should consider these risk factors to optimally manage thromboembolism in COVID-19 patients.
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Background

Thromboembolism, the third leading vascular disease, consti-

tutes a major global burden of disease, and its annual incidence

is 1 to 2 cases per 1000 people.1 Thromboembolism is a con-

dition that includes deep vein thrombosis (DVT) and pulmon-

ary embolism (PE), and annual incidence of DVT and PE is

approximately 60-100 per 100,000 and 23–107 per 100,000

people worldwide, respectively.2 The risk of thromboembolism

in the general population remains high.3 Thromboembolism is

often associated with significant morbidity,3,4 mortality,3,5

high rates of hospital readmissions,6 poor health-related quality

of life,7,8 and had a considerable economic impact.9 Throm-

boembolic conditions were estimated to account for 1 in 4
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deaths worldwide in 2010 and are the leading cause of

mortality.10 In addition, the risk of dying within the first year

of diagnosis was higher.11 Further, thromboembolism costs

$7–12 billion per year in the United States of America.12

Surgical procedures, oral contraception use, cancer, and pro-

longed immobilization are associated with risk of thromboem-

bolism. In addition, emerging evidence shows that the recent

pandemic COVID-19 is characterized by endothelial dysfunc-

tion and activation of coagulation.13 COVID-19 predisposes

patients to thrombotic disease due to excessive inflammation,

platelet activation, endothelial dysfunction and stasis. Studies

reported that patients who died of COVID-19 had a higher

D-dimers, associated with venous thromboembolism,14 on

admission compared with those who survived.15,16 The high inci-

dence of thromboembolic events suggests an important role of

COVID-19 on coagulopathy.17 Hence, coagulopathy is a com-

mon abnormality in patients with COVID-19.18 Risk of morbid-

ity, mortality and economic loss is even more worsened among

patients with COVID-19. To reduce these undesirable conse-

quences, the extent and associated risk factors should be known.

Therefore, there is an urgent need to summarize the prevalence

and risk factors of thromboembolism among COVID-19 patients.

Methods

A systematic review with meta-analysis was performed follow-

ing the PRISMA guideline (Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses)19 (Additional file 1:

Table S1). The review protocol was registered in PROSPERO

(ID ¼ CRD42020201562), and the published methodology is

available from https://www.crd.york.ac.uk/prospero/display_

record.php?ID¼CRD42020201562.20

Data Sources and Search Strategy

A systematic search was conducted by visiting important data-

bases; PubMed, Cumulative Index to Nursing and Allied

Health Literature (CINAHL), Scopus and EMBASE (Ovid).

Other supplementary sources such as Google Scholar and

Cochrane library were also used. The search was conducted

with the aid of carefully selected keywords and indexing terms.

These include keywords related to “COVID-19,” “prevalence,”

and “thromboembolism.” Boolean operators (“OR,” “AND”)

and truncation were used to identify relevant articles and

records that meet our research question. The search was con-

ducted from 20th June–10th August 2020. All published and

unpublished articles regarding the prevalence of thromboem-

bolism among patients with COVID-19 were included until the

end of the data extraction period. Bibliography lists from all

eligible articles were also hand-searched to identify additional

papers potentially relevant for inclusion.

Inclusion and Exclusion Criteria

All observational studies published in English language addres-

sing thromboembolism among patients with COVID-19 were

included in the review. Nonetheless, articles with insufficient

information, records with missing outcomes of interest, find-

ings from personal opinions, case reports and series, systematic

reviews, and qualitative studies were excluded.

Article Screening Process

Records identified from various electronic databases, indexing

services, and directories were saved and exported to Covidence

software. Duplicate records were removed using Covidence

software. The initial title and abstract screening were done by

2 authors (BK and GT). Three categories (yes, no, maybe) were

used during the selection process. The full text of studies con-

sidered ‘yes’ or ‘maybe’ during the screening was assessed

based on the eligibility criteria by 2 authors (GT and BK).

Then, full-text screening was conducted by 2 authors (BK and

AD). In each case, the third author (MT) played a critical role

in solving discrepancies that arose between 2 authors.

Data Extraction and Synthesis

Two authors (BK and GT) independently extracted relevant

data using a standardized data abstraction format prepared in

Microsoft Excel. The extracted data include study characteris-

tics (country and study setting, first author, publication year,

study design, population characteristics, and sample size) and

the result of studies (the prevalence of thrombotic event and

risk factors). Any disagreements were resolved by discussion

with the third author (DT) by crosschecking the papers.

Methodological Quality Assessment of Studies

The methodological quality and risk of bias of the included

studies were independently assessed by 2 authors (BK and

AD) using the Newcastle-Ottawa scale,21 which rate study

quality out of 10 points (stars). For ease of evaluation, the tool

included important indicators categorized into 3 major

domains. The first section assesses the methodological quality

of a study, which has a maximum of 5 stars. The second section

considers the comparability of the study and takes 2 stars, and

the remaining section assesses the outcomes of studies related

to the statistical analysis. This critical assessment was con-

ducted to assess the internal and external validity of the

included studies. The mean score of 2 authors (BK and AD)

was taken for the final decision and studies with a score of 5

and above points/stars were included.

Outcome Measurements and Data Analysis

The outcome measurements of this systematic review were

reported in terms of the prevalence of thrombotic events of

hospitalized patients with COVID-19. The pooled prevalence

of thrombotic events was computed using STATA/MP 16.0

software. Heterogeneity analysis was reported using I2. In addi-

tion, sub-group analysis was performed on patient characteris-

tics (admitted at the intensive care unit (ICU) vs. both ICU and

medical ward vs. medical ward), study design and study

2 Clinical and Applied Thrombosis/Hemostasis



country. Further, contributing factors were also summarized in

a table as clinical factors and other characteristics.

Results

Study Selection

The literature search identified a total of 588 records from

several sources. After the removal of duplicate records with

Covidence software, the remaining 437 records were screened

using their titles and abstracts, and 396 of them were excluded.

The full-text of 41 records was then evaluated as per the pre-

determined eligibility criteria for inclusion. Twenty-two arti-

cles were also excluded as the outcome of interest was missing,

insufficient and unacceptable methodological quality. Finally,

19 articles met the eligibility criteria and quality assessment in

the present systematic review (Figure 1).

Characteristics of the Included Studies

The characteristics of the articles included in the present sys-

tematic review and meta-analysis were summarized in Table 1.

A total of 19 studies with 2,520 hospitalized patients with

COVID-19 were included for this systematic review and meta-

analysis. Thirteen studies (22-34) employed a retrospective

cohort study design. Studies were published in the year 2020 and

targeted a wide range of population characteristics. The adjusted

sample size ranged from 2618 in France to 38813 hospitalized

patients in Italy. Eight studies22,23,24,18,25-28 were conducted on

ICU patients, whereas 8 studies13,29,30,31-33,34,35 were conducted

in both ICU and non-ICU patients, 2 studies36,37 were in non-ICU

patients. Although Tsaplin et al.38 reported the prevalence of

thromboembolism among hospitalized COVID-19 patients, the

study participant of was not clear. The pooled prevalence of

thromboembolism in total and ICU studies ranged from 2.9%30

to 85.4%28 in China and 16.8%27 in the Netherlands to 85.4% in

China, respectively. Regarding geographic distribution, all stud-

ies were conducted in Europe and Asia. Eight studies were con-

ducted in France,36,32,33,24,34,18,25,26 5 studies in China,30,22,23,28,35

2 studies in the Netherlands29,27 and 1 study in Italy,13 Russia,38

United Kingdom31 and Spain.37

Study Outcome Measures

Prevalence of thrombotic events among hospitalized patients with
COVID-19. Random effects model with DerSimonian-Laird

Articles included for 
systematic review and 

Meta-analysis (n=18)

Full text excluded with justification (n=22)

� No sufficient information or vague (11)

� Outcome of interest is missing (7)

� Methodological quality criteria (4)

Full text assessed for 

eligibility (n=41)

Articles excluded by title 

and abstract screening (n = 

396)

Duplicate articles (n = 151)

Articles identified from 

reference list of the 

included studies (n=9)

Records remaining after 

duplicates were removed 

(n= 437)

Articles identified from data bases and 

indexing services; EMBASE (Ovid), 

PubMed, Cumulative Index to Nursing 

and Allied Health Literature (CINAHL), 

Scopus and Google Scholar (n= 579)
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Figure 1. PRISMA flow chart showing article-screening process.
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method was assumed for this meta-analysis. From the 19 stud-

ies reporting thrombotic events, the pooled prevalence of

thrombotic event of hospitalized patients with COVID-19 was

found to be 33% (95% CI: 25, 41). As the I2 (I2 ¼ 97.30%,

p < 0.001) statistic revealed, there is a high degree of

heterogeneity across studies (Figure 2).

Sensitivity and Subgroup Analyses

There was no significant change in the degree of heterogeneity

even if we attempted to exclude the expected outliers and 1 or

more of the studies from the analysis. Therefore, we were

subjected to include all the studies for the meta-analysis.

Subgroup analysis was performed on study design, patient

characteristics, and geographical distribution. Subgroup

analysis based on patient characteristics revealed a higher pre-

valence of thrombotic events (50%) (95% CI: 32-68) was

observed in patients admitted at the intensive care unit than

studies conducted in both medical ward and intensive care unit

(21%) (95% CI: 13–29) as depicted in the forest plot (Figure 3).

In each subgroup, there was higher heterogeneity among stud-

ies. In addition, studies conducted with cross sectional study

design (66%) (95% CI: 27–104) revealed higher thrombotic

events prevalence followed by prospective study design

(38%) (95% CI: 9–67) and retrospective cohort design (27%)

(95% CI: 17–36). Heterogeneity was higher among each sub-

group studies (Figure 4). In addition, despite the higher hetero-

geneity among each study setting, this systematic review was

also revealed that the pooled prevalence of thrombotic events

in China and France was approximately 41% (95% CI: 10-72)

Figure 2. Forest plot illustrating the pooled analysis of 19 studies reporting thrombotic events in patients with COVID-19.
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and 41% (95% CI: 30, 53), respectively (Figure 5). Further-

more, prevalence of thrombotic events was higher among stud-

ies conducted in 2 or more centers (40%) (95% CI: 23–57) than

single centered studies (29%) (95% CI: 20–38) (Figure 6).

Factors Associated With the Prevalence of Thrombotic
Events Among Hospitalized Patients With COVID-19

In this systematic review, various factors contribute to throm-

botic events among patients with COVID-19. Elevated

D-dimer,36,29,22,23,31,33,24,34,35,37 ICU admission30,32,33,34 and

mechanical ventilation use32,24,34 were the most frequently asso-

ciated factors for the development of thrombotic event. Further-

more, being older,23,27 delay from onset of symptoms to

computerized tomography scan (days),32,33 higher Padua pre-

diction score & CURB-65 score (confusion, urea, respiratory

rate, blood pressure, and 65 years of age or older),35

hypoalbuminemia & higher sequential organ failure assessment

score,22 lower lymphocyte counts, & longer activated partial

thromboplastin time,23 longer median hospitalization duration34

and having chronic renal failure24 were associated factors for the

prevalence of thrombotic event (Table 2).

Publication Bias

In our estimates, publication bias was assessed using funnel

plots under the fixed-effects model, which helped us visualize

each funnel plot’s symmetry status. In principle, visual assess-

ment of the effect estimates from larger studies that spread

narrowing at the top of the plot, with more broadly dispersed

estimates at the bottom of the plot among smaller studies, may

inform the existence of bias.39 The exclusion of unpublished

research and the inclusion of various individual research with a

Figure 3. Subgroup analysis of thrombotic event by patient characteristics.
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range of sample sizes in our study may have affected and

maximized the risk of publication bias40 (Figure 7).

Discussion

This systematic review provides the overall prevalence of throm-

boembolism and associated risk factors among COVID-19

patients. Nineteen studies published during the year 2020 were

identified to determine the prevalence of thromboembolism

among patients infected with the novel coronavirus disease-19.

This is the first systematic review and meta-analysis to pro-

vide a comprehensive overview of venous thromboembolism

prevalence based on 19 studies involving 2,520 hospitalized

COVID-19 patients. Recent studies showed that critically ill

COVID-19 patients had an elevated level of D-dimer, fibrino-

gen and fibrinogen degradation products, which are the most

common markers of thrombus formation in the arterial and

venous circulation.41 The present study showed that the pooled

prevalence of thrombotic events among hospitalized patients

with COVID-19 was 33% (95% CI: 25–41, I2 ¼ 97.3). This

high heterogeneity could probably be due to the difference in

the study participants’ clinical and sociodemographic charac-

teristics, sample size, and study designs. The finding is com-

parable with other systematic reviews, which revealed a high

prevalence of thrombotic events in viral diseases.42-45 This

high prevalence of thrombotic events could probably be due

to the inflammatory process, cytokine storm, lung injury, and

endothelial injury that increase the risk of hypercoagulable

Figure 4. Subgroup analysis of thrombotic events based on study design.

Kefale et al 7



state in hospitalized COVID-19 patients.46 Subgroup analysis

based on patient characteristics revealed that the highest inci-

dence of thrombotic events was observed in patients admitted to

the intensive care unit (50%) (95% CI: 32–68) relative to patients

admitted in medical wards. Due to prolonged bed-ridden, sepsis

and surgical procedures, ICU patients are more susceptible to

coagulation problems.47,48 On the contrary, a lower (21%, 95%
CI: 13–29) pooled estimate was observed in studies that include

patients admitted at both the medical ward and intensive care unit.

Our review also showed that there is higher heterogeneity among

studies. The prevalence of thrombotic event was higher among

studies conducted in 2 or more centers (40%) and studies which

used prospective study design (38%) than single centered studies

(29%) and studies performed retrospective design (27%). Further,

this systematic review revealed that China (41%) and France

(42%) had the highest thrombotic events. This could probably

be due to the higher number of aged population and critically ill

patients in these countries.

Viral infections, which is associated with problem of coa-

gulation, can affect all aspects of the coagulation cascade, pri-

mary hemostasis, coagulation, and fibrinolysis.49 Smeeth

et al.50 also found that respiratory viruses raise the risk of

Figure 5. Subgroup analysis of studies reporting the prevalence of thrombotic event segregated by country.
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developing DVT and PE. Likewise, the derangement of the

coagulation cascade and the subsequent development of sys-

temic fibrin clots in coronavirus infections associated with

severe coagulation-related disorders.51

Recently, a novel coronavirus strain disease, COVID-19, has

emerged in Wuhan, China, and has spread rapidly across China

and subsequently around the world.52 Several studies have

indicated that thrombotic complications are emerging problems

in patients with COVID-19 despite thromboprophylaxis.51,53,54

In this systematic review and meta-analysis, various factors

contributing to the prevalence of thrombotic events among

patients with COVID-19 were identified. Elevated D-dimer,

hospitalized in the ICU and being under mechanical ventilation

were the most frequently contributing factors for the prevalence

Figure 6. Subgroup analysis of studies describing the prevalence of thrombotic event by number of settings.
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of thrombotic event. Formation and dissolution of fibrin are key

events in haemostasis. Coagulation is initiated by the tissue

factor VIIa complex, which promotes thrombin generation sub-

sequently converting fibrinogen to fibrin monomers. In addi-

tion, factor XIII links with D-dimer of fibrin monomers which

facilitates a solid fibrin clot. The level of D-dimer in serum is

highly sensitive for coagulation; hence, it is used for a marker of

blood clotting.55 In COVID-19 disease, some pathological con-

ditions favor for coagulation. In addition, due to disturbances of

primary hemostasis, abnormality of blood plasma and complex

coagulopathies among ICU admitted patients make this group of

patients susceptible to coagulation.56

Furthermore, being older, longer median duration of hospi-

talization and having chronic renal failure were associated

factors for the prevalence of thrombotic event. In the elderly,

higher level of plasma concentration of clotting factors like F I,

VII, VIII: C, X, high molecular weight-kininogen and prekal-

likrein, lower level of antithrombin III and plasminogen acti-

vators in the euglobulin fraction were lower.57 Together with

blood stasis and vessel wall damage, this shift of the hemostatic

balance contributes to a higher incidence of thromboembolic

events in the elderly.57 Chronic renal failure patients experi-

ence hyper-fibrinogen level and higher level of D-dimer, von

Willebrand factor, factor VII, and factor XIII antigens. They

also exhibited significant reductions of antithrombin III, free

protein S, plasminogen, and tissue-type plasminogen activator

concentrations.58 These increase risk of coagulation. Further,

prolonged hospitalization result in longer immobility time

which increases risk of coagulation.59

The strengths of our systematic review include complete

literature search in more than 1 relevant database (PubMed,

EMBASE, CINAHL, Scopus, Google, and Google scholar) and

proper screening of eligible studies by 2 independent

reviewers. In addition, our review has the following limita-

tions; due to heterogeneity among studies, the meta-analysis

result should be interpreted cautiously. Finally, we acknowl-

edge that we may not have been able to retrieve unpublished

data and gray literature.

Conclusions

The pooled prevalence of thrombotic events of hospitalized

patients with COVID-19 was 33%. The prevalence of throm-

boembolism events is different based on study design and

admission site. ICU admission is associated with higher risk

of TE. Future studies should investigate why ICU admission is

Table 2. Factors Associated With the Prevalence of Thrombotic Events Among Hospitalized COVID-19 Patients.

Authors Sample size
Prevalence of

TE, N (%) Factors affecting the prevalence of TE

Demelo-Rodrı́guez et al.37 156 23 (14.7) Elevated D-dimer
Zhang et al.35 143 66 (46.1) Higher Padua prediction score, CURB-65 score, elevated D-dimer
Artifoni et al.36 71 23 (32.5) Elevated D-dimer
Xu et al.30 138 4 (2.9) ICU hospitalization
Middeldorp et al.29 198 33 (17) Elevated D-dimer
Chen et al.22 88 40 (46) Elevated D-dimer, hypoalbuminemia, higher SOFA score and inpatient status
Cui et al.23 81 20 (25) Elevated D-dimer, older age, lower

lymphocyte counts, longer APTT
Klok et al.27 184 31 (16.8) Older age
Whyte et al.31 214 80 (37) Elevated D-dimer
Grillet et al.32 100 23 (23) Invasive mechanical ventilation, ICU hospitalization, delay from onset of symptoms

to CT scan (days)
Leonard-Lorant, et al.33 106 32 (30) Elevated D-dimer, ICU hospitalization, Delay from onset of symptoms to

CT scan (days)
Fraissé et al.24 92 37 (40) Chronic renal failure, invasive mechanical ventilation, elevated D-dimer
Bompard et al.34 135 32 (23.7) More frequently hospitalized in ICU and under mechanical ventilation,

longer median hospitalization duration, elevated D-dimer

TE: thrombotic event, ICU: Intensive care unit, APTT: activated partial thromboplastin time, CT: computerized tomography, SOFA: Sequential organ failure
assessment, CURB-65: Confusion, urea, respiratory rate, blood pressure, and 65 years of age or older.

Figure 7. Publication bias using funnel plot of standard error by Logit
event rate.
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more susceptible and we also recommend researchers to find

out relevant prevention strategies. Several risk factors such as,

elevated D-dimer, hospitalized in the intensive care unit and

being under mechanical ventilation, were the most frequently

reported risk factor for the development of thrombotic events.
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24. Fraissé M, Logre E, Pajot O, Mentec H, Plantefève G, Contou D.
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