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Background: Although thrombosis events have been reported in patients with
coronavirus disease 2019 (COVID-19), the association between thrombosis and COVID-
19-related critical status or risk of mortality in COVID-19 has been inconsistent.

Objective: We conducted a meta-analysis of reports assessing the association between
thrombosis and the prognosis of COVID-19.

Methods: The EMBASE, Ovid-MEDLINE, and Web of Science databases were
searched up to December 9, 2021, and additional studies were retrieved via manual
searching. Studies were included if they reported the risk of COVID-19-related critical
status or COVID-19-related mortality in relation to thrombosis. The related data were
extracted by two authors independently, and a random effects model was conducted to
pool the odds ratios (ORs). In addition, stratified analyses were conducted to evaluate
the association.

Results: Among 6,686 initially identified studies, we included 25 studies published in
2020 and 2021, with a total of 332,915 patients according to predefined inclusion criteria.
The associations between thrombosis and COVID-19-related mortality and COVID-19-
related critical status were significant, with ORs of 2.61 (95% ClI, 1.91-3.55, p < 0.05) and
2.9 (95% ClI, 1.6-5.24, p < 0.05), respectively. The results were statistically significant
and consistent in stratified analyses.

Conclusions: Thrombosis is associated with an increased risk of mortality and critical
status induced by COVID-19. Further prospective studies with large sample sizes
are required to establish whether these associations are causal by considering more
confounders and to clarify their mechanisms.

Observational studies cannot prove causality. However, autopsy studies show
thrombosis events preceding COVID-19-related deaths. The results of this meta-analysis
reported that thrombosis was associated with a 161% increased risk of mortality from
COVID-19 and a 190% increased risk of COVID-19-related critical status. The type of
thrombosis included in the original studies also seemed to be related to the results.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), a novel infectious
disease, is highly prevalent globally and has infected over 271
million patients to date (https://www.who.int/emergencies/
diseases/novel-coronavirus-2019). COVID-19 is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), and progressive respiratory failure is the primary
cause of death (1) during the COVID-19 pandemic. Over 5
million individuals globally have succumbed to COVID-19
(https://covid19.who.int/). However, little is known about the
causes of death. Histologic autopsy of pulmonary vessels in
patients with COVID-19 showed widespread thrombosis with
microangiopathy (1-3). Luca Spiezia et al. (4) reported that
severe hypercoagulability rather than consumptive coagulopathy
station was observed in patients with COVID-19 with acute
respiratory failure. Fibrin formation and polymerization
may contribute to thrombosis and correlate with critical
status and a worse outcome in patients with COVID-19
(4, 5). An increased risk of thrombosis, such as venous
thromboembolism (VTE), brain stroke, cardiac ischemia,
and pulmonary embolism (PE), in patients with COVID-19
admitted to the intensive care unit (ICU) has been reported
(6-9). The magnitude of this public health challenge is
increasing, a concerning trend given that COVID-19 imposes
a significant public health burden and large demand on
health care systems. The association between thrombosis
and COVID-19 prognosis should be recognized by clinical
doctors globally.

There were four types of thrombosis found in patients
with COVID-19: pale thrombus, mixed thrombus (arterial
and venous thrombosis), red thrombus, and hyaline thrombus
(microvascular thrombosis). A hypercoagulable state in the
critically ill patients with COVID-19 was found due to the
following mechanisms: severe hypofibrinolysis (10), endothelial
dysfunction (11, 12), platelet activation (12, 13), endothelial-
derived von Willebrand factor (vWF) activation (14), elevated
soluble (s) P-selectin (13, 15), gene expression (13, 16),
inflammatory cytokine activation (17, 18), and mannose-binding
lectin (MBL)-related complement activation (19, 20). Serious
adverse events, such as thrombosis and thrombocytopenia
syndrome, after COVID-19 vaccination are rare (21) and are
associated with a high mortality rate (22). Campello et al. found
that no hypercoagulable condition was found after COVID-19
(ChAdOx1 or BNT162b2) vaccination (23).

A number of primary studies (24-28) have evaluated the
association between thrombosis and the risk of adverse outcomes
of COVID-19, including mortality and severity of COVID-
19, with inconsistent results. We, therefore, conducted a meta-
analysis to evaluate the association between thrombosis and the
prognosis of COVID-19.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019;
DVT, deep venous thrombosis; ICU, intensive care unit; PE, pulmonary embolism;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VTE, venous
thromboembolism.

METHODS

Retrieval of Studies

The reporting of this meta-analysis of observational studies was
in accordance with the Meta-Analysis of Observational Studies
in Epidemiology (MOOSE) and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
The Embase, Ovid-MEDLINE, and Web of Science databases
were searched up to 9 December 2021. The search consisted of
three terms: thrombosis, COVID-19, and study design. We used
the following key words to search for the first term: “thrombosis”
OR “embolism” OR “thrombotic” OR “thrombus” OR “thrombi”
OR “thromboembol*” OR “emboli*” OR “embolus” OR “clot?”
OR “DVT” OR “VTE” OR “PE.” We used the following key words
to search for the second term: “SARS-CoV-2” OR “COVID-
19.” The third term was associated with “risk,” “mortality,” and
“cohort.” Finally, we used “AND” to connect the three terms. For
the search strategy, see Supplementary Material. The retrieved
studies were first screened by reading the titles and abstracts.
Two authors (Donggiong Xiao and Hu Gao) independently read
the full texts of the remaining studies. Fajuan Tang resolved
any disagreements.

Definition

The critical status among patients with COVID-19 is with any
of the following conditions—shock, respiratory failure requiring
mechanical ventilation, and/or other organ dysfunction requiring
admission to the intensive care unit (ICU) (24).

Study Selection

The inclusion criteria were as follows: (1) studies with
participants who were investigated for the following outcomes:
the incidence, prevalence, or risk or odds ratio (OR) of
mortality and critical status in patients with COVID-19 with
thrombosis relative to those without thrombosis; (2) studies that
evaluated the association between thrombosis and prognosis of
COVID-19 and reported unadjusted or adjusted ORs and their
corresponding 95% confidence intervals (CIs) or the number
of patients with COVID-19 with thrombosis relative to those
without thrombosis; and (3) studies with case-control, cohort, or
cross-sectional designs published in English.

The exclusion criteria were as follows: (1) studies that reported
the results of few autopsy cases of COVID-19; (2) unrelated
studies or studies in which the data overlapped with those of
another study or studies that reported the association between
the D-dimer level and COVID-19 without evidence of definite
thrombosis; or (3) reviews, case reports, and meta-analyses.

Data Extraction

The data were independently extracted from the studies by
Donggiong Xiao and Hu Gao, and they were aggregated in
a standardized form; the collected data included study author
and year, study location and design, sample size, type of
thrombosis, primary outcomes (presence or absence of critical
status, COVID-19-related mortality), adjusted for confounding
factors, and Newcastle-Ottawa Scale (NOS) scores for the
included studies.
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_E 6684 studies identified, 1624 studies from
§ Ovid-Medline, 1965 studies from 2 from the related
% EMBASE, 3095 from Web of Science reference
5
=
%n 2379 mitial studies screening for titles and
'§ abstracts after excluding duplication T T rm—
mb 833 Excludedstudies for review
77 Excluded studies not published in
English language
E‘ 1027 Excluded studies for not related
;_?b 75 full text articles assessed for eligibility
=
15 Excluded studies for D-dimer and
COVID-19
§ 35 Excluded studies for notrelated
=
E 25 studies included in meta-analysis
FIGURE 1 | A flow chart describing study selection.

Quality Evaluation

The methodological quality of all the included studies
(Supplementary Table 2) was examined by Donggqiong Xiao
and Hu Gao independently using the NOS (29), and Fajuan
Tang resolved any disagreements. The reviewers assessed the
quality scores (varying from 0 to 9) in three domains: selection
of the study population, evaluation of exposure and outcomes,
and comparability.

Statistical Analysis

The odds ratios (ORs) and 95% CIs were used as measures of the
association between thrombosis and the prognosis of COVID-
19 across studies. For original studies that compared the number
of participants who developed critical status and death exposure
to thrombosis compared with control groups, we calculated ORs
and 95% ClIs for each study (30). All data from the included
studies were converted into log (ORs) and standard errors (SEs)
(31). We pooled the log (ORs) and SEs of each study separately
using the DerSimonian-Laird formula (random effects model)
(32). We used the I? statistic to assess the statistical heterogeneity
among the studies (33). High heterogeneity was indicated with
values of I> > 50% and p < 0.05 (34).

We conducted stratified analyses based on the study
location (Europe, the United States, and Asia), study design
(cohort, cross-sectional), sample size (> 1,000 < 1,000), type
of thrombosis (VTE, PE, DVT, and others), adjusted for
confounding factors [not available (NA), adjusted < 7 factors,
adjusted > 8 factors, < 7 factors], adjusted for age (yes, no),

adjusted for sex (yes, no), adjusted for body mass index (BMI)
(yes, no), adjusted for diabetes (yes, no), and adjusted for
comorbidities (yes, no).

We used Egger’s tests, Begg’s tests, and funnel plots in the
meta-analysis to assess publication bias (33-36). We used Stata
software, version 12.0 (StataCorp, College Station, TX) and
Review Manager, version 5.3 to perform the statistical tests.

RESULTS

Literature Search

We identified 6,686 potential studies, including 1,624 from Ovid-
MEDLINE, 1,965 from Embase, 3,095 from Web of Science, and
2 from the related references (Supplementary Table 3). After
careful screening, 6,661 studies were excluded for the reasons
listed in Figurel, and 25 studies reporting the association
between thrombosis and prognosis of COVID-19 met the
inclusion criteria (see Figure 1). These 25 included studies are
summarized in Table 1.

Characteristics and Quality of the Included

Studies

Table 1 shows the characteristics of the 25 included studies.
Among the included studies, 6 studies (24, 26, 37-40) were cross-
sectional studies, and 19 studies (7, 25, 27, 28, 41-55) were
cohort studies. The association between thrombosis and COVID-
19-related mortality was the primary outcome of interest in 19
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TABLE 1 | Characteristics of the included studies.

Study Year Study location Sample size Study design Type of Outcomes Adjusted for
thrombosis
Zhang 2020 China 143 CSs VTE Mortality and NA
critical care
status
Yaghi, Shadi 2020 United States 3,556 Retrospective Brain stroke Mortality Age and NIHSS score
cohort
Stoneham, 2020 UK 230 CSs VTE ICU NA
Simon M. hospitalization
Middeldorp, S. 2020 Netherlands 198 Retrospective VTE Mortality and Age, sex, and ICU stay
cohort critical care
status
Leonard-Lorant, 2020 France 106 Retrospective PE ICU NA
lan cohort hospitalization
Klok, F. A. 2020 Netherlands 184 Retrospective Thrombotic Mortality NA
cohort complications
Jain, R. 2020 United States 3,218 Retrospective Brain stroke Mortality Age, BMI, and hypertension
cohort
Bhayana, R. 2020 United States 412 CSS Abdominal ICU NA
ischaemia hospitalization
Ren, B. 2020 China 48 CSS VTE Mortality NA
Galloway, James 2020 UK 1,157 Retrospective Cardiac Mortality and >8 factors, age, sex, and with
B cohort ischaemia critical care comorbidities (such as hypertension
status and diabetes mellitus)
Corrado 2020 Italy 338 Retrospective VTE ICU NA
Lodigiani cohort hospitalization
Avruscio 2020 [taly 85 Observational VTE ICU NA
cohort hospitalization
Contou 2020 France 92 CSS PE Mortality NA
Abizaid 2021 Brazil 152 Prospective Mi Mortality Age, prior coronary disease, and
study myocardial blush
Alharthy 2021 Saudi Arabia 352 Retrospective PE Mortality Age, ICU length of stay, SpO,/FiO,
study ratio, WBCs, lymphocytes, D-dimer,
lactate, and active smoking
Alwafi 2021 Saudi Arabia 706 CSS VTE Mortality Age, sex, and comorbidities (diabetes
mellitus, hypertension, coronary artery
disease, end-stage renal disease,
asthma, congestive heart failure,
cerebrovascular accident, chronic
obstructive pulmonary disease,
chronic liver disease, and cancer)
Anderson 2021 UK 312,378 Cohort VTE Mortality Comorbid cardiovascular disease
Critical status (myocardial infarction, heart failure,
angina, stroke, transient ischaemic
attack, atrial fibrillation/flutter, and
valve disease) and prevalent diabetes
mellitus; use of exogenous
oestrogens in women only
Arribalzaga 2021 Spain 5,966 Cohort VTE Mortality Age, sex, follow-up (days), and time
from admission to VTE diagnosis
Fournier 2021 France 531 Cohort Arterial Mortality Age, sex, and comorbidities (cancer,
thrombotic HIV infection, inflammatory disorders,
events high blood pressure, smoking, and
diabetes)
Purroy 2021 Spain 1,737 Cohort Thromboem-  Mortality Age, diabetes, chronic obstructive
bolism pulmonary disease, ICU care, systolic
blood pressure, and oxygen
saturation
Riyahi 2021 USA 413 Retrospective PE Mortality NA
cohort
(Continued)
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TABLE 1 | Continued

Study Year Study location Sample size Study design Type of Outcomes Adjusted for
thrombosis

Scudiero 2021 [taly 224 Retrospective PE Mortality Age, sex, and comorbidities
cohort

Violi 2021 [taly 373 Prospective Thrombotic Mortality Age, sex, COPD, diabetes, and
multicentre events D-dimer
study

Wang 2021 China 88 Retrospective DvT Critical status NA

Paz Rios 2021 USA 184 Retrospective VTE Mortality Age, sex, race, comorbidities
observational (diabetes, hypertension, COPD, CKD,
study heart failure, cancer, and atrial

fibrillation)

CSS, cross-sectional study; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; DV, deep venous thrombosis; HIV, human immunodeficiency virus; ICU,
intensive care unit; M, myocardial infarction; NA, not available; PE, pulmonary embolism; USA, United States of America, VTE, venous thromboembolism; WBC, white blood cell.

studies, and the association between thrombosis and COVID-19-
related critical status was the primary outcome in 10 studies.

The related studies were published in 2020 and 2021, and the
sample size ranged from 48 to 312,378, for a total of 332,915
participants across studies.

Five studies (25, 38, 42, 51, 55) were conducted in the
United States, 5 studies (24, 26, 39, 46, 54) were conducted in
Asia, 14 studies (7, 27, 28, 37, 40, 41, 43, 44, 47-50, 52, 53) were
conducted in Europe, and one study (45) was conducted in Brazil.
All the included studies included both adult men and women.

Among the included studies, 13 studies (25-27, 39, 42, 45, 46,
48-50, 52, 53, 55) adjusted for age, 7 studies (27, 39, 48, 49, 52, 53,
55) adjusted for sex, one study (42) adjusted for BMI, 8 studies
(26, 39, 47, 49, 50, 52, 53, 55) adjusted for diabetes mellitus,
and 7 studies (39, 43, 46, 47, 49, 52, 55) adjusted for 8 or more
confounding factors.

The quality scores of the included studies ranged from 6 to 8
(Supplementary Table 1), and they were considered high.

Quantitative Results (Meta-Analysis)

Among the 25 selected studies, 19 studies revealed the association
between thrombosis and COVID-19-related mortality, and 10
studies investigated the association between thrombosis and
COVID-19-related critical status. Among the included studies,
5 studies (26, 43, 47, 48, 51) found a non-significant association
between thrombosis and COVID-19-related mortality, while the
other 14 studies (24, 25, 27, 28, 39, 40, 42, 45, 46, 49, 50, 52, 53, 55)
revealed that thrombosis would increase the risk of mortality
from COVID-19. All 19 studies reported risks as ORs, ranging
from 0.79 to 40.27. Any type of thrombosis was associated with
an increased risk of mortality from COVID-19 compared with
the control, with a pooled OR of 2.61 (95% CI, 1.91, 3.55). High
heterogeneity was found in these studies (I* = 84%, p < 0.05)
(Figure 2).

Additionally, among the included studies, 4 studies (7, 37,
38, 43) found a non-significant association between thrombosis
and COVID-19-related critical status, while the other 6 studies
(24, 27, 41, 44, 47, 54) revealed that thrombosis would increase
the risk of COVID-19-related critical status. All seven studies
reported risks as ORs, ranging from 0.8 to 9.3. Any type of

thrombosis was associated with an increased risk of COVID-19-
related critical status compared with the control, with a pooled
OR 0f2.9 (95% CI, 1.6, 5.24). High heterogeneity was reported in
the studies (I> = 80%, p < 0.05) (Figure 2).

Stratified Analyses

Thrombosis and COVID-19-Related Mortality

Among the 25 selected studies, 19 studies revealed the association
between thrombosis and COVID-19-related mortality. Stratified
analyses of clinical factors and study characteristics were
conducted to evaluate possible sources of heterogeneity in the
included studies (Table 2). The association between thrombosis
and COVID-19-related mortality was significant at 2.61 (95%
CI, 1.91, 3.55), and this association was consistent in all
of the stratified analyses (Table2). Stronger associations
between thrombosis and the COVID-19-related mortality were
found in cross-sectional studies (OR: 4.86, 95% CI, 1.99,
11.83) when compared to that in cohort studies (OR: 2.39,
95% CI, 1.72, 3.33) in studies with small sample sizes (<
1,000) (OR: 2.95, 95% CI, 2.28, 3.82) when compared to
studies with large sample sizes (> 1,000) (OR: 1.99, 95%
CI, 1.1, 3.58), and in studies that were conducted in the
United States compared with studies conducted in Europe and
Asia (Table 2).

The type of thrombosis included in the original reports
also seemed to be related to the results. For example, studies
demonstrated a weaker association between thrombosis and the
COVID-19-related mortality if the thrombosis was VTE (OR:
2.48, 95% CI, 1.17, 5.25) when compared to other types of
thrombosis (OR: 3.17, 95% CI, 1.95, 5.16).

The association between thrombosis and the COVID-19-
related mortality was strong when the studies were not adjusted
for sex, diabetes, comorbidities, or <8 confounding factors
(Table 2).

Thrombosis and COVID-19-Related Critical Status
Among the 25 selected studies, 10 studies investigated the
association between thrombosis and COVID-19-related critical
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random. 95% CI
1.1.1 thrombosis and mortality of COVID-19
Abizaid 2021 1.0116 0.3823 3.8% 2.75[1.30,5.82]
Alharthy 2021 1.0682 0.0478 5.4% 2.91 [2.65, 3.20] -
Alwafl 2021 25541 0.7308 21% 12.86([3.07,53.87]
Andersaon 2021 01906 0.2649 4.5% 1.21[0.72,2.03] T
Arribalzaga 2021 -0.2357 0.1848 4.9% 0.79[0.55,1.13] -
Contou 2020 21748  0.857 1.4% 8.80[1.35,57.43]
Fournier 2021 1.0852 0.2398 4.6% 2.96[1.85, 4.74] -
Galloway, James B 2020 0.2311 01548 5.1% 1.26 [0.93,1.71] I
Jain, R. 2020 1.7951 0.4284 3.5% 6.02 [2.60,13.94]
Klak, F. A 2020 1.6864 0.4137 3.6% 5.40[2.40,12.19] —_—
Middeldorp, 8. 2020 0.8755 0.4366 3.4% 2.40[1.02, 5.659) — =
Paz Rios 2021 1.8278 0.3653 3.9% 6.22[3.04,12.73] —
Purray 2021 0.8065 0.3314 41% 224 117,4.29 —
Ren, B. 2020 0149 08015 1.6% 1.16[0.20, 6.79)
Riyahi 2021 -0.0104 0.3418 4.0% 0.99 [0.51,1.93] T
Scudiero 2021 0678 0.3067 4.2% 1.97 [1.08, 3.59] — =
Yioli 2021 1.0006 0.2738 4.4% 2.72[1.59, 4.65] I
Yaghi, Shadi 2020 36956 1.0214 1.3% 4027 [5.44,298.12] ——= ¢+
Zhang 2020 1.3966 0.4388 3.4% 4.04 [1.71,9.559] -
Subtotal (95% CI) 69.3% 2.61[1.91, 3.55] <
Heterageneity: Tau®=0.31; Chi®=114.592, df=18 (P = 0.00001}; F= 84%
Testfor overall effect Z2=6.08 (P = 0.00001)
1.1.2 thrombosis and crtical status of COVID-19
Andersaon 2021 0.3365 01517 5.1% 1.40[1.04,1.88] —
Awruscio 2020 223 0.49386 31% 9.30[3.50, 24.71]
Bhayana, R 2020 1.4924 12292 1.0% 4451040, 49.48]
Corrado Ladigiani 2020 0.8276 0.5995 2.6% 2290071, 7.41] ]
Galloway, James B 2020 -0.1278 0.2783 4.4% 0.88 [0.51,1.52] /T
Leonard-Lorant, lan 2020 1.8326 04778 3.2% 6.25[2.45,15.94] I
Middeldorp, S, 2020 1.9601 0.4228 3.5% 7.107[3.10,16.26] -
Staneham, Simaon M. 2020 -0.2231 0.5835 2.7% 0.80[0.25, 2.51] I
Wang 2021 1.2928 0.559 2.8% 364 [1.22,10.90]
Zhang 2020 1.7014 0.6698 2.3% 5.481[1.47,20.37]
Subtotal (95% CI) 30.7% 2.90 [1.60, 5.24] -
Heterogeneity: Tau®= 0.63; Chi®= 4439 df= 9 (P < 0.00001); F= 80%
Test for averall effect Z=3.52 (P=0.0004)
Total (95% CI) 100.0% 2.67 [2.05, 3.46] L 2
Heterogeneity: Tau®= 0.32; Chi®= 165.80, df= 28 (P = 0.00001); F= 83% u o u=1 3 1’0 100’
Test for averall effect £=7.36 (P = 0.00001}) ’ I . — )
Testfor subaroun diferences: Chi*= 0.10. df= 1 (P = 0.76), = 0% avauEs FumRrmaniall FRrodisiERnia]
FIGURE 2 | A forest plot of the pooled odds ratio of the association between thrombosis and prognosis of COVID-19, including mortality and critical status.

status. The same stratified analyses were conducted (Table 2).
The association between thrombosis and COVID-19-related
critical status was significant (OR: 2.9, 95% CI, 1.6, 5.24), and it
was consistent in all of the stratified analyses (Table 2). Sample
size, study location, type of thrombosis, adjusted for more than 8
confounding factors, diabetes, and comorbidities seemed to be
correlated with the results. For example, stronger associations
between thrombosis and COVID-19-related critical status were
found in studies that were conducted in Asia (OR: 4.31, 95%
CI, 1.86, 9.99) when compared to those in studies that were
conducted in Europe (OR: 2.58, 95% CI, 1.28, 5.19) and in studies
with a small sample size (< 1,000) (OR: 4.17, 95% CI, 2.37, 7.35)
when compared to those in studies with a large sample size (>
1,000) (OR: 1.18, 95% CI, 0.76, 1.83) (Table 2).

The association between thrombosis and COVID-19-related
critical status was strong when the studies were not adjusted for
diabetes, comorbidities, or <8 confounding factors (Table 2).

Publication Bias

Potential publication bias was revealed by asymmetrical funnel
plots (Figure 3). The publication bias test for the association
between thrombosis and COVID-19-related mortality was
not significant (Begg’s test with p = 0.069, z = 1.82),
and publication bias was also not statistically significant for
the association between thrombosis and COVID-19-related
critical status with Beggs test (p = 0.858, z = 0.18)
(Supplementary Table 4).
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TABLE 2 | Stratified analysis of the associations between thrombosis and mortality and COVID-19-related critical status.

Thrombosis and mortality

Thrombosis and critical status

Variables Studies OR (95% CI) 12 (P-value) P Studies OR (95% CI) 12 (P-value) P
Total 19 2.61(1.91, 3.55) 84% (<0.05) 10 2.9(1.6,5.24) 83% (<0.05)

Study location

Europe 10 2.01(1.37, 2.95) 79% (<0.05) <0.05 7 2.58(1.28, 5.19) 85% (<0.05) <0.05
Unites States-Brazil 5 4.24 (1.67,10.76) 83% (<0.05) 1 4.45 (0.4, 49.48) NA

Asia 4 3.51(1.95,6.3) 47% (0.13) 2 4.31(1.86, 9.99) 0(0.64)

Study design

Cohort 15 2.39(1.72,3.33) 87% (<0.05) <0.05 7 3.11(0.55,6.2) 85% (<0.05) >0.05
Cross-sectional 4 4.86 (1.99, 11.83) 35% (0.18) 3 2.38(0.58, 9.76) 61% (0.08)

Sample size

>1,000 6 1.99 (1.1, 3.58) 85% (<0.05) >0.05 1.18(0.76, 1.83) 53% (0.14) <0.05
<1,000 13 2.95(2.28,3.82) 53% (0.01) 8 417 (2.37,7.35) 50% (0.05)

Type of thrombosis

VTE 7 2.48 (1.17,5.25) 86% (<0.05) <0.05 6 2.67 (1.28, 5.59) 75% (<0.05) <0.05
PE 4 2.16 (1.18, 3.93) 76% (<0.05) 1 6.25 (2.45, 15.94) NA

DVT 0 NA NA 1 3.64 (1.22, 10.90) NA

Other 8 3.17 (1.95, 5.16) 79% (<0.05) 2 1.27 (0.34, 4.38) 39%(0.2)

Adjusted for confounding factors

NA 5 2.81(1.16,6.78) 72% (<0.05) <0.05 7 3.74 (1.95, 7.16) 52% (0.05) <0.05
Adjusted (<7 factors) 6 3.06 (1.35, 6.95) 88% (<0.05) 1 7.1(3.1,16.26) NA

Adjusted (>8 factors) 8 2.25(1.54, 3.31) 86% (<0.05) 2 1.18(0.76, 1.83) 53% (0.14)

Adjusted for age

Yes 12 2.8(1.91,4.1) 88% (<0.05) >0.05 2 2.44(0.32, 18.87) 94% (<0.05) >0.05
No 7 2.29 (1.26, 4.17) 68% (<0.05) 8 3.1(1.59, 6.06) 74% (<0.05)

Adjusted for sex

Yes 8 2.39(1.43, 3.97) 87% (<0.05) >0.05 2 2.44(0.32,18.87) 94% (<0.05) >0.05
No 11 2.84 (1.92, 4.18) 72% (<0.05) 8 3.1 (1.59, 6.06) 74% (<0.05)

Adjusted for BMI

Yes 1 6.02 (2.6, 13.64) NA <0.05 NA NA NA
No 18 2.49(1.82, 3.42) 85% (<0.05) 10 2.9 (1.6, 5.24) 83% (<0.05)

Adjusted for diabetes

Yes 7 2.59 (1.56, 4.31) 81% (<0.05) >0.05 2 1.18(0.76, 1.83) 53% (0.14) <0.05
No 12 2.69 (1.74, 4.16) 81% (<0.05) 8 417 (2.37,7.35) 78% (<0.05)

Adjusted for comorbidities

yes 6 2.53 (1.44, 4.44) 84% (<0.05) >0.05 2 1.18(0.76, 1.83) 53% (0.14) <0.05
no 13 2.71(1.81,4.07) 83% (<0.05) 8 417 (2.37,7.35) 78% (<0.05)

BMI, body mass index; DVT, deep venous thrombosis; NA, not available; PE, pulmonary embolism; VTE, venous thromboembolism. Significantly different (o < 0.05).
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FIGURE 3 | A funnel plot of public bias of the association between thrombosis and prognosis of COVID-19.

DISCUSSION

To the best of our knowledge, this study tried to evaluate the
association between thrombosis and the prognosis of COVID-
19, which is often neglected by clinical physicians. The results
of this meta-analysis, which included 25 studies, revealed that
thrombosis was associated with a 161 and 190% increased risk
of COVID-19-related mortality and COVID-19-related critical
status, respectively. The association persisted and remained
statistically significant in all of the stratified analyses.
Observational studies cannot prove causality. However, the
following issues may explain the causation. First, there was
an appropriate temporal relationship: thrombosis preceded
COVID-19-related mortality in all studies. Second, there is
theoretical biological plausibility for causality in that thrombosis
may lead to organ dysfunction or prolong hypoxia, critical
status, and death. The high rate of death-causing pulmonary
embolism at autopsy is one of the strongest prognostic markers
of a poor outcome (2). Additionally, the lungs of patients
with COVID-19 displayed severe endothelial injury and diffuse
thrombosis with microangiopathy (1, 56, 57). The association
between deep venous thrombosis (DVT) and COVID-19 is
uncertain, and the mechanisms may be related to the following

factors: the coagulation system may be activated by SARS-
CoV-2, viral infection-induced release of cytokine, which is
also thrombogenic, the plausible role of angiotensin-converting
enzyme receptors induced severe endothelial injury, a pro-
coagulatory state by tissue factor pathway activation (2, 4, 8,
58). Third, the findings revealed stronger associations for other
thromboses, such as brain stroke and PE, relative to VTE.
Hypoxia of important organs may lead to critical status and death
(59). Fourth, there was consistency of this association across the
included studies, as shown by the forest plot (Figure 2).
Conversely, there are also possible non-causal explanations
for this association. Thrombosis is often associated with other
confounding factors, including lack of physical activity, obesity,
diabetes, hypertension, older age, sex, and chronic organ diseases
(60, 61). Some of these factors were adjusted for the studies
included in our meta-analysis, but the extent to which these
potential intervening factors were controlled for in the individual
studies was generally limited. The lack of adjustment for age
(only 13 studies adjusted for age), sex (only 9 studies), BMI,
diabetes, and comorbidities (only 7 studies) could contribute to
a non-causal association between thrombosis and the COVID-
19-related critical status and COVID-19-related mortality.
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Our meta-analysis reports a stronger association between
thrombosis and mortality without adjusting for sex relative to
adjusting for sex. In our meta-analysis, two studies reported an
association adjusted for sex. Xie et al. (62) may explain that
age and sex are related to the COVID-19-related mortality. The
authors reported that ACE2 concentration decreased almost 67%
in older female rats and 78% in older male rats relative to
younger groups. Additionally, evidence shows that sex hormones
may modulate the expression of ACE2 (63). Kuba et al. (64)
identified that ACE2 protects against acute lung injury, and
decreased ACE2 may be related to the adverse outcome of
COVID-19. The risk of severe infection and mortality increase
with male sex (65). Sex was a strong factor in the COVID-
19-related mortality, and several studies support this result
(66, 67).

Our meta-analysis has many limitations. First, the sample
size of the included studies was small, and the results
of this meta-analysis should be interpreted with caution.
Second, some of the included studies reported the association
among thrombosis and mortality and critical status without
adjustment for confounding factors, such as crude ORs
or number of participants, which may have led to high
heterogeneity and an overestimation of the results of the
meta-analysis. Third, some related studies may be omitted
by the study selection. Fourth, potential publication bias
existed because studies published in English and articles were
included. Fifth, there was no analysis of the association
between different types of thrombosis and different statuses
of COVID-19 based on the original studies. Furthermore,
quantitative synthesis could not eliminate the bias inherent to
observational studies.

There are a few merits of this meta-analysis.
First, this study evaluated the association among
thrombosis and mortality and the COVID-19-related
critical ~ status  globally.  Considering the  consistent
finding of increased mortality and critical status
associated with thrombosis, we recommend that further
prospective cohort studies considering additional adjusted
confounding factors should be performed to test this
hypothesis. Second, this study demonstrated that study
location, study design, sample size, type of thrombosis,
and adjusted confounding factors were all sources
of heterogeneity.
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