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Figure 1. Pooled mortality and/or disease severity risk in COVID-19 patients using or not using statins. (Heterogeneity: I2=71%; p = 0.01)
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least 7/9). Study characteristics are pro-
vided in Table 1. The pooled analysis
revealed a significantly reduced hazard
for fatal or severe disease with the use
of statins (Figure 1; pooled HR=0.70;
95% CI 0.53-0.94) compared to non-
use of statins in COVID-19 patients.
Since our meta-analysis included a
fairly large total number of COVID-19
patients from four studies in which 3
are large-scale studies that adjusted
extensively for multiple potential con-
founding factors, the findings can be
considered reliable. Current prelimi-
nary findings suggested a reduction in
fatal or severe disease by 30% and dis-
credited the suggestion of harms with
the use of statins in COVID-19 patients.
Much left to be determined on the regi-
men of statin for the treatment of
COVID-19 though available evidence
suggests that statin therapy of moder-
ate-to-high intensity could be effective.
Nevertheless, we await more data from
prospective studies to substantiate our
findings. Future well-designed random-
ized controlled trials are also needed to
confirm the benefits of statins in
COVID-19 patients.
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The Effect of

Anticoagulation Use on
Mortality in COVID-19

Infection
Coagulopathy is a common feature
of the coronavirus-2019 (COVID-19)
and entails a worse prognosis. Studies
have reported conflicting results regard-
ing the effect of anticoagulation
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Figure 1. Forrest plot comparing mortality rates among patients with COVID-19 who received anticoagulation and those who did not.
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treatment on mortality in patients with
COVID-19. In this meta-analysis study,
we aim to examine the effect of antico-
agulation use on mortality in patients
with COVID-19. PubMed database was
searched for relevant articles. Inclusion
criteria were (1) Cohort studies, case
series studies, or case reports. (2) The
study population included patients with
confirmed COVID-19 infection. (3)
Use of anticoagulation, whether in ther-
apeutic or prophylactic doses, was
reported in the study. (4) Mortality
among patients who received anticoa-
gulation was reported in the study or
could be calculated and compared with
those who did not receive anticoagula-
tion. Mortality rates were pooled using
a random effect model. Risk ratio (RR)
and its 95% confidence interval (CI)
were calculated using the same model.
Six studies with a total of 6,390 patients
were included. The mortality rate in
patients who were taking anticoagula-
tion was 17.4%, whereas it was 20.9%
in patients who were not taking anticoa-
gulants (RR 1.17, 95% CI [0.87,1.57]).
I2 index was 74%. There is no associa-
tion between anticoagulation use and
mortality in patients with COVID-19
infection.

The coronavirus-2019 (COVID-19)
is a current pandemic caused by the
severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). A salient
clinical feature of this illness is a
marked increase in thrombotic and
microvascular complications. Coagul-
opathy is considered a common feature
of COVID-19 infection and is associ-
ated with poor prognosis.1 A recent
report has identified heparan sulfate as
a coreceptor for SARS-CoV-2 and sug-
gested that exogenous heparin may pro-
vide therapeutic benefits for patients
with COVID-19 infection.2 Studies to
evaluate the effect of anticoagulation
treatment on mortality in patients with
COVID-19 are limited and have
reported conflicting results. In this
meta-analysis study, we examined the
effect of anticoagulation use on mortal-
ity in patients with COVID-19.

PubMed database was searched for
relevant articles using “COVID-19”
and “characteristics” and “mortality,”
“COVID-19” and “heparin,” COVID-
19” and “warfarin,” and “COVID-19”
and “coagulation” from inception until
June 2, 2020. No language restricted
was applied. Inclusion criteria were (1)
Cohort studies, case series studies, or
case reports. (2) The study population
included patients with confirmed
COVID-19 infection. (3) Use of antico-
agulation, whether in therapeutic or
prophylactic doses, was reported in the
study. (4) Mortality among patients
who received anticoagulation was
reported in the study or could be calcu-
lated and compared with those who did
not receive anticoagulation. All other
studies were excluded. Review Man-
ager 5.4 was used to perform a random
effect model analysis to compare mor-
tality between patients with COVID-19
infection who received anticoagulation
and those who did not. RR with its 95%
CI was calculated. Cohran’s Q and I2
index were used for heterogeneity esti-
mation. Sensitivity analysis was done
by excluding one study at a time. Fun-
nel plot was used to assess for potential
publication bias.

340 studies were initially identified.
After careful assessment by applying
our inclusion criteria, only 6 studies
with a total of 6,390 patients were
included. Of those, 2,876 were taking
anticoagulants. Heparin was used in 3
studies,3−5 whereas the type of antico-
agulant was not specified in the other 3
studies.6−8 In one study, heparin was
used in prophylactic doses,4 whereas
anticoagulation was used in therapeutic
doses in 2 studies.6,7 The mortality rate
in patients who were taking anticoagu-
lation was 17.4%, whereas it was
20.9% in patients who were not taking
anticoagulants (RR 1.17, 95% CI
[0.87,1.57]). I2 index was 74%. Sensi-
tivity analysis yielded consistent results
(Figures 1 and 2).

Coagulopathy in COVID-19-
infected patients is multifactorial and
can be explained by Virchow’s triad
(i.e., hypercoagulability, stasis of flow,
and endothelial injury). (1) Hypercoag-
ulability: Systemic infections typically
initiate a systemic inflammatory
response, which subsequently results in
dysregulation of coagulation, platelet
activation and leukocyte recruitment.
This results in a hypercoagulable state,
a concept often referred to as throm-
boinflammation.9 (2) Hyperviscosity: In
a capillary viscometer study in 15
patients with COVID-19 infection, all
patients had increased plasma viscos-
ity.10 The hyperviscosity state can
lead to endothelium injury and, thus,
there is an increased risk for throm-
bosis in these patients. (3) Endothe-
lial injury (endothelialitis):
Endothelial injury is likely the start-
ing point of Virchow’s triad in
COVID-19. A recent report showed
accumulation of viral elements and
inflammatory cells within endothelial
cells with evidence of endothelial
injury in patients with COVID-19
infection.11 This leads to activation
of endothelial cells with subsequent
expression of procoagulant factors.12

Based on these concepts, anticoagu-
lation has been proposed in COVID-19
patients. However, anticoagulation use
in patients with COVID-19 did not
have a statistically significant effect on
mortality in our analysis.

In an expert consensus statement,12

use of pharmacological prophylaxis
with low molecular weight heparin was
recommended in severe and critically
ill COVID-19 patients at low or moder-
ate risk of bleeding, in mild and moder-
ate COVID-19 patients who have a
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Figure 2. Funnel plot to assess for potential publication bias.
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high or moderate risk of venous throm-
boembolism based on PADUA or
IMPROVE RAM risk scores, and in
mild and moderate COVID-19 patients
who have a high or moderate risk of
venous thromboembolism.

Despite the inherent limitations of
meta-analysis and differences in the stud-
ies included, analysis of closely matched
studies shows no association between
anticoagulation use and mortality in
patients with COVID-19 infection. Deci-
sion to start anticoagulation in patients
with COVID-19 should be individualized
based on the risks and benefits.
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