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Abstract

Introduction: Approximately 1% of the world population has now been in-
fected by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
which causes coronavirus disease 2019 (COVID-19). With cases still rising and
vaccinesjust beginningto rollout, we are still several months away from seeing
reductions in daily case numbers, hospitalisations, and mortality. Therefore,
there is a still an urgent need to control the disease spread by repurposing
existing therapeutics. Owing to antiviral, anti-inflammatory, immunomodu-
latory, and cardioprotective actions, statin therapy has been considered as
a plausible approach to improve COVID-19 outcomes.

Material and methods: We carried out a meta-analysis to investigate the effect
of statins on 3 COVID-19 outcomes: intensive care unit (ICU) admission, tra-
cheal intubation, and death. We systematically searched the PubMed, Web of
Science, Scopus, and ProQuest databases using keywords related to our aims
up to November 2, 2020. All published observational studies and randomised
clinical trials on COVID-19 and statins were retrieved. Statistical analysis with
random effects modelling was performed using STATA16 software.

Results: The final selected studies (n = 24 studies; 32,715 patients) showed
significant reductions in ICU admission (OR =0.78,95% Cl: 0.58-1.06; n = 10;
/2= 58.5%) and death (OR = 0.70, 95% Cl: 0.55-0.88; n = 21; /> = 82.5%) out-
comes, with no significant effect on tracheal intubation (OR = 0.79; 95% Cl:
0.57-1.11; n = 7; P = 89.0%). Furthermore, subgroup analysis suggested
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that death was reduced further by in-hospital application of stains (OR = 0.40, 95% Cl: 0.22-0.73, n = 3;
P> = 82.5%), compared with pre-hospital use (OR = 0.77, 95% Cl: 0.60-0.98, n = 18; F* = 81.8%).
Conclusions: These findings call attention to the need for systematic clinical studies to assess both pre- and
in-hospital use of statins as a potential means of reducing COVID-19 disease severity, particularly in terms
of reduction of ICU admission and total mortality reduction.

Key words: coronavirus, COVID-19, disease severity, intensive care unit, mortality, statins.

Introduction

As of December 2020, almost 80 million people
have been infected by the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), which
causes coronavirus disease 2019 COVID-19 [1, 2].
This equates to more than 1% of the world pop-
ulation [3]. The total number of COVID-19-related
deaths has now reached more than 1.7 million,
which translates to a rate of 2.2% of the cases. In
the face of this, the last several weeks have seen
the rollout of new vaccines for protection against
COVID-19, which have been produced in record
time due to an unprecedented worldwide effort
[4-6]. Although massive worldwide networks have
already been put in place to distribute these vac-
cines across the globe, we are still several months
away from seeing a drop in daily COVID-19 case
numbers, hospitalisations, and mortality. Therefore,
there is still an urgent need to control the disease
spread by testing of new drugs and compounds
and by repurposing existing therapeutics [7, 8].

Epidemiological studies have shown that age
and preexisting medical conditions such as hyper-
tension, cardiopulmonary diseases, diabetes and
obesity are associated with a more severe disease
course and higher mortality in patients hospital-
ized with COVID-19 disease [9-13]. However, it is
still not known why some of these individuals ex-
perience a more severe form of the diseasewhile
others in the same high-risk groups only show
mild symptoms or are asymptomatic. One possi-
ble explanation is due to the protective effects of
medications routinely used to treat these condi-
tions, although this has been debated [14, 15].

Statins are inexpensive, easily available, and
are already in widespread use for treatment of
cardiovascular disorders, which has created con-
siderable interest in further exploration of their
repurposing as a new treatment for managing the
severity of COVID-19 infections [16-21]. Statins
are known to reduce the risk of major cardiovas-
cular events and to counteract inflammation, the
immune response, and oxidative stress damage
[22-25], which may reduce the risk of a more
severe disease course and improve outcomes in
COVID-19 patients. However, it should be empha-
sised that there is still a lack of clinical consen-
sus on the efficacy of statins in improving disease
outcomes in COVID-19 patients, particularly with

respect to whether or not the drug has been ad-
ministered before or after diagnosis.

To address these points, we have carried out
a systematic review and meta-analysis to inves-
tigate the effect of statins on COVID-19 disease
outcomes. In particular, we focused on the rate
of intensive care unit (ICU) admission, the need
for mechanical ventilation, and mortality. It was
also of special interest to determine whether or
not there was a difference in these outcomes in
patients who had received statins before or after
their COVID-19 diagnosis.

Material and methods

Search strategy

This systematic review followed the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. Ethical ap-
proval was obtained from the research ethics
committee of Bagiyatallah University of Med-
ical Sciences with the ethics code of IR.BMSU.
REC.1399.009 in 2020-03-26. The searches were
conducted in the Web of Science, PubMed, Sco-
pus, and ProQuest databases for eligible articles
up to November 2, 2020, with no restrictions on
language or publication date. The reference lists
of articles were also reviewed using forward and
backward citation tracking to identify other el-
igible documents. The population, intervention,
comparison, and outcome (PICO) criteria were
formulated as follows:

» population: patients infected with SARS-CoV-2
confirmed by reverse transcriptase polymerase
chain reaction (RT-PCR);

« intervention: statin therapy;

e comparison: patientsinfected with SARS-CoV-2
who did not use statins;

e outcomes: intensive care unit (ICU) admission,
tracheal intubation, and all-cause mortality.
The overall aim was to determine whether or

not a relationship exists between statin therapy

and improvement of outcomes in patients infect-
ed with SARS-CoV-2. The following is an example
of the PubMed title and abstract search strategy:

¢ novel coronavirus OR novel coronavirus 2019
OR 2019 novel coronavirus OR 2019 nCoV OR
Wuhan coronavirus OR Wuhan pneumonia OR
covid-19 OR 2019-nCoV OR SARS-CoV-2 OR
coronavirus 2019 OR 2019-nCoV
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AND
 statin OR HMGCoA reductase inhibitor OR lova-

statin OR fluvastatin OR pravastatin OR rosu-

vastatin OR pitavastatin OR atorvastatin OR
simvastatin OR cerivastatin OR lipitor OR lescol

OR lecol AND x| OR mevacor OR altoprev OR

pravachol OR crestor OR zocor OR livalo.

To ensure comprehensive searches of all articles
related to the effect of statins on outcomes, we fol-
lowed a search strategy without considering spe-
cific outcomes. After finding all relevant articles,
we concluded that only 3 outcomes were amena-
ble to meta-analysis due to sufficient numbers of
studies including the parameters in the literature:
1) ICU admission; 2) tracheal intubation; and 3) all-
cause mortality. Therefore, the study continued
with a focus on these 3 outcomes.

Inclusion and exclusion criteria

The inclusion criteria were as follows:

» observational studies (case-control studies and
cohort studies) and randomised clinical trials
evaluating the impact of statins on patients
with COVID-19 in either prospective or retro-
spective formats;

e outcome measures that included all-cause mor-
tality, ICU admission, and tracheal intubation.
The exclusion criteria were as follows:

« clinical case reports, literature reviews, animal
studies, and studies involving in vitro experiments;

 studies not including statin non-users.

Study selection

We performed a 4-step process carried out in
parallel by 2 authors (AHS and AVA) to determine
eligible criteria for inclusion. First, we searched the
PubMed, Web of Science, Scopus, and ProQuest
databases and identified 1094 potentially relevant
studies. Six additional studies were identified via In-
ternet searches, bringing the total number of articles
to 1100. Next, we exported the identified records
into the EndNote X9 software, reviewed the full list,
and excluded duplicate studies, leaving 954 records.
The titles and abstracts of these articles were then
screened, and relevant studies selected for full text
evaluation. The full texts of the 66 remaining stud-
ies were assessed for eligibility, leaving 26 studies.
Finally, 24 studies that met all inclusion and exclu-
sion criteria were selected for the analysis (Figure 1).

Data extraction

Data extraction was completed independently
by 2 researchers (FHB and AVA), and the data form
was populated to include the following: authors
name, sample size, subjects, reported rate, setting,
study design, result, and conclusions (the year
was not included because all studies were from
2020). The main outcomes were also summarised.
Discrepancies in extracted data were resolved by
discussion between authors. Remaining disagree-
ments were resolved by a third reviewer. The ex-
tracted data are displayed in Table I.

- Records identified through database searching
2 PubMed (n = 319)
3 Web of Science (n = 613) Additional records identified through
':g Scopus (n =121) other sources (n = 6)
§ ProQuest (n = 41)
Total (1094)

o0 A Y
=
S Records after duplicates removed (n = 954)

Y

Records screened (n = 66) > Records excluded (n = 888)
2
=
.20 A\
- . - Full-text articles excluded,
Full-text articles assessed for eligibility (n = 26) with reasons (n = 42)
©
()
o]
% Y
= Studies included in quantitative synthesis
(meta-analysis) (n = 24)

Figure 1. Study selection process
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Quality assessment

The methodological quality assessment of
studies was performed independently by 2 au-
thors (FHB and AVA) using the Newcastle-Ottawa
Scale (NOS) for cohort studies, and disagreements
were resolved by discussion between the authors.
The NOS scale was developed to assess the qual-
ity of nonrandomised studies with respect to de-
sign, content, and ease of use in the interpreta-
tion of results of meta-analyses. Using this scale,
each study was assessed according to 3 broad
perspectives: 1) selection of the study groups;
2) comparability of the groups; and 3) the ascertain-
ment of either the exposure or outcome of interest
for case-control or cohort studies, respectively [26].
A rating system of 03 stars per category was used
to indicate quality, giving a range of 0-9 total stars
per study [27]. Disagreements about inclusion cri-
teria, data extraction, and quality assessment were
resolved by consensus. The quality assessment of
the studies is shown in Table II.

Statistical analysis

All analyses were conducted using STATA16
(StataCorp, College Station, Texas, USA). The report-
ing of the study was adapted based on the PRISMA
statement [28]. Data extraction for the main out-
comes was conducted and random effects meta-
analyses were carried out using the restricted
maximum likelihood method [29]. The random
effects model was applied due to the possible
existence of other unknown, unregistered, or
unpublished studies, which we could not access.
Between-study heterogeneity was evaluated us-
ing Cochran Q test, tau-squared (t?), H-squared
(H?), and I-squared (/?) statistics. The significance
of the results of the tests and values higher than
75% for F# were considered as having substantial
heterogeneity, while H? = 1 was taken to represent
perfect homogeneity among the studies [30]. To
assess the publication bias, funnel plots, regres-
sion-based Egger’s [31], and nonparametric rank
correlation-based Begg’s [32] tests were used to
test for the presence of small-study effects often
associated with publication bias. A funnel plot is
a scatter plot of study-specific effect sizes on the
x axis against standard errors on the y axis. In the
absence of small-study effects, the plot should
look symmetrical. A nonparametric trim-and-fill
method of accounting for publication bias was
conducted, and the modified effect size was esti-
mated after adjusting for publication bias. This es-
timates the number of studies potentially missing
from a meta-analysis because of publication bias,
imputes these studies, and computes the overall
effect-size estimate using the observed and im-
puted studies. This can also be used to generate

a funnel plot, in which omitted studies are imput-
ed [33]. Common effect sizes were calculated as an
odds ratio (OR) with 95% confidence interval (CI)
for each main outcome, and the results were pre-
sented using forest plots. The individual and the
overall effect sizes, Cls, heterogeneity statistics,
and significance tests for effect size were report-
ed. Additionally, predetermined subgroup analyses
were conducted according to the conditions of ei-
ther in- or pre-hospital use of the statin treatments.

Results
ICU admission

The OR from 10 studies was 0.78 (95% Cl:
0.58-1.06, p = 0.11), with significant heteroge-
neity between studies (t? = 0.16, I? = 85.80%,
H =7.04, Qups = 107.72,p, < 0.001) (Figure 2 A).
Assessment for bias by Egger’s (p = 0.815) and
Begg's (p = 0.142) tests showed no significant
small-study effects. Further visual inspection of
the funnel plot suggested a slight degree of pub-
lication bias (Figure 2 B). Extending the results of
the analyses for the nonparametric trim-and-fill
method of accounting for publication bias showed
that there should be 2 additional studies for inclu-
sion (Figure 2 C). A re-estimation of the overall OR
after these studies was included, which resulted
inan OR = 0.70 (95% Cl: 0.52-0.94).

Tracheal intubation

The OR from 7 studies was 0.79 (95% Cl:
0.57-1.11, p = 0.18) based on the random effects
model analysis, with significant heterogeneity be-
tween studies (12 = 0.16, 12 = 88.99%, H* = 9.08,
Qupe = 349, p, < 0.001) (Figure 3 A). Assessment
forbias by Egger’s (p=0.447) and Begg's (p=0.115)
tests showed no significant small-study effects,
and visual inspection of the funnel plot suggest-
ed no publication bias (Figure 3 B). Therefore, we
did not extend the results of the analyses for non-
parametric trim and fill method of accounting for
publication bias in this case.

Death

The OR from 21 studies which assessed the
effect of statins on all-cause mortality was 0.70
(95% Cl: 0.55-0.88, p < 0.01) based on a random
effects model, with significant heterogeneity be-
tween studies (t? = 0.18, I? = 82.55%, H* = 5.73,
Q(df=20) = 97.04, p, < 0.001). Further investigation
detected 2 outliers with a large effect size [34,
35]. We removed these from further analyses for
this outcome, which resulted in a slight reduc-
tion in effect size (OR = 0.64, 95% Cl: 0.52-0.79,
p < 0.01); although heterogeneity was re-
duced, it still remained significant (x> = 0.11,

P =76.50%, H = 4.23, 0., = 76.5, p, < 0.001)
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Study OR [95% CI] Weight (%)
Zhang et al. —l— 0.37[0.26-0.53]  15.21
Song et al. 1l 0.45 [0.20-1.00] 9.04
Gupta et al. —B— 0.78[0.20-1.00]  16.50
Masana et al. —— 1.23[0.93-1.62] 16.25
Cariou et al. — 1.13[0.83-1.53]  15.91
Tan et al. 0.92 [0.83-1.02] 17.99
Peymani et al. 0.96 [0.43-2.13] 9.10
Overall 0.79[0.57-1.11]
Heterogeneity: ? = 0.16, I* = 88.99, H* = 9.08
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Testof 6 =0:z=-1.34,p=0.18
Random effects REML model
l|/4 1/2 f ﬂ
Funnel plot Funnel plot
0 0
[ ] L]
L,
. - ° o ®
2 0.2 £ 024
(1 Q
o © °
] s °
o ©
c c
£ 04 8 0.4
%] w
° (]
L]
0.6 0.6 . > e
T T T T T T T T T T T T
-2.0 -1.5 -1.0 -0.5 0 0.5 -1.5 -1.0 -0.5 0 0.5 1
OR OR

— Pseudo 95% Cl — Estimated 6, ® Studies

— Pseudo 95% Cl
® Observed studies

— Estimated 0,

® Imputed studies

Figure 2. A — Forest plot of individual effect sizes within each study for ICU admission outcome. The overall effect
is shown by the green symbol. B — Funnel plot showing publication bias for ICU admission outcome. C — Extending
the results using the nonparametric trim and fill method to account for publication bias. Two additional studies

were included in this analysis (shown in red)

(Figure 4 A). Assessment for bias by Egger’s
(p = 0.903) and Begg’s (p = 0.349) tests showed
no significant small-study effects, and visual in-
spection of the funnel plot suggested no publica-
tion bias (Figure 4 B).

Subgroup analysis

The forest plot of individual ORs of the prede-
termined subgroup analyses indicated a signif-
icant effect in the pre-hospital use (OR = 0.70,
95% Cl: 0.56-0.86, n = 18) and the in-hospital use
(OR = 0.40, 95% Cl: 0.22-0.73, n = 3) subgroups,
with a non-significant difference between the
subgroups (Q(df=1) = 2.86, p, = 0.09) (Figure 5 Q).
Additionally, although the heterogeneity was re-
duced slightly in the 2 subgroups, the amount
of reduction was not considerable and remained
significant in the pre-hospital group (p < 0.05).
The heterogeneity was not significant in the
in-hospital group (p = 0.08), which may be due
to the smaller number of studies in this subgroup
and thus a lower power of the heterogeneity test.

Discussion

Overall, this systematic review and meta-anal-
ysis shows a significant benefit of statin use in re-
ducing the severity of COVID-19 disease. We found
a 22-30% reduction of the risk of ICU admission
and a 30% reduction in the risk of death due to
COVID-19 disease. In addition, our subgroup anal-
ysis showed that in-hospital use of statins was
associated with as much as a 60% reduction in
mortality while pre-hospital use was associated
with a 30% reduction, although the difference be-
tween the subgroups did not reach significance.
Statin use was not associated with the tracheal
intubation outcome.

Statins may help by preventing the development
of severe lung injury and acute respiratory distress
syndrome (ARDS) by protecting against inflamma-
tion via modulation of cytokine over-expression, an-
giotensin-converting enzyme 2 (ACE2) expression,
and the immune response in COVID-19 patients
[18, 36, 37]. Statins have been shown to inhibit
nuclear factor kB (NF-xB), which mediates inflam-
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A
Study OR [95% CI] Weight (%)
Masana et al. Il 1.24[0.96-1.60]  14.16
Zhenget al. - B 0.69[0.56-0.85]  14.63
Song et al. 0.90[0.49-1.66] 9.65
Argenziano et al. 1.07 [0.79-1.45] 13.56
De Spiegeleer et al. L 0.75[0.27-2.09] 5.70
Yan et al. L 0.98 [0.32-3.00] 5.10
Dreher et al. i 1.13[0.36-3.57] 4.89
Tan et al. [ ] 0.41[0.37-0.45] 15.45
Daniels et al. Il 0.29[0.11-0.74] 6.41
Vahedian-Azimi et al. —B— 1.00 [0.58-1.73] 10.45
Overall O 0.78 [0.57-1.06]
Heterogeneity: 12 = 0.16, /> = 85.80, H* = 7.04
Test of 6 = 0i: Q(6) = 107.72, p < 0.05
Testof 6 =0:z2=-1.62,p=0.11
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OR B - Funnel plot showing publication bias for trache-
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matory responses during infections [38, 39]. Statins
may also be used to counteract the cytokine storm,
which can also occur in severe cases of viral infection
such as in COVID-19 cases [40, 41]. These proper-
ties support statin continuation for mitigating ARDS
and multiorgan failure, which can occur in the acute
phases of COVID-19 illness [42]. In addition, statins
can exert direct antiviral effects [43]. We recently
produced in-silico evidence showing that statins can
bind with high affinity to the main Mpro protease,
which mediates viral replication and transcription
and could potentially exert anti-SARS-CoV-2 activi-
ty through inhibition of viral replication [44]. Statins
also exert anti-thrombotic actions through mod-
ulation of endothelial cell activation and platelet
aggregation, and thereby mitigate coagulopathies
associated with infection, the cytokine storm, and
impending organ failure [18, 19] (Figure 5).

Our findings regarding the reduced deaths in
COVID-19 patients using statins are consistent
with mechanistic findings on the anti-thrombotic,
anti-inflammatory, antiviral, and immunomodula-
tory actions of statins [18, 43] as well as those of
a recent meta-analysis of 6 studies, which found

a pooled 30% risk reduction of severe disease
or mortality in COVID-19 patients taking statins
[45]. However, 2 of the studies within the previous
analyses based statin use on historical record with
no mention of pre- or in-hospital administration
[46, 47]. Differences in the type of statin used may
also account for discrepancies across different
studies. This possibility was highlighted in a study
by Rossi et al., which showed that administration
of simvastatin and atorvastatin reduced mortality
in COVID-19 patients, whereas those treated with
pravastatin and rosuvastatin showed no such dif-
ference [48]. In contrast, the CORONADO study
found that statin use was associated with an
increased risk of death in diabetes patients with
COVID-19 [49], although this conflicted with an-
other study, which found that statin application re-
duced mortality in COVID-19 diabetic patients [50].
These discrepancies may be due to the use of
different statins, because the statin type was not
listed in the former study and the latter mainly
involved the use simvastatin and atorvastatin.
Another possibility for discrepancies in the pre-
hospital use of statins with respect to COVID-19
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A

Study OR [95% CI] Weight (%)
Pre-hospital

Gupta et al. ) 0.49 [0.38-0.63] 7.24
Masana et al. - 0.58 [0.38-0.88] 6.35
Rossi et al. —— 0.52[0.18-1.53] 2.95
Cariou et al. .- 1.46 [1.09-1.96] 7.02
Saeed et al. [ ] 0.51[0.43-0.61] 7.58
Saeed et al. (b) 0.93[0.70-1.24] 7.07
Song et al. —L 0.88 [0.37-2.09] 3.81
De Spiegeleer et al. ——— 0.61[0.18-2.06] 2.52
Zengetal. 0.79 [0.30-2.07] 3.39
Nguyen et al. i 0.81[0.39-1.70] 4.41
Wang et al. L 6.21[1.15-33.5] 1.55
Grasselli et al. [ | 0.98[0.81-1.19] 7.49
Ayed et al. — 0.49[0.11-2.13] 1.92
Tan et al. —— 0.43[0.15-1.21] 3.11
Peymani et al. L 0.76 [0.16-3.66] 1.73
Nicholson et al. —l— 0.50[0.27-0.93] 5.10
Lala et al. || 0.57 [0.47-0.69] 7.51
Krishnan et al. — 2.44[1.24-4.80] 4.76
Heterogeneity: 1> = 0.16, I* = 81.77%, H* = 5.48 ’ 0.77 [0.60-0.98]

Test of © = 0i: Q(17) = 86.87, p < 0.05

In-hospital

Zhang et al. B 0.58 [0.43-0.79] 6.94
Rodriguez-Nava et al. — 0.38[0.18-0.79] 4.49
Vahedian-Azimi et al. —— 0.18 [0.06-0.51] 3.05
Heterogeneity: 1 = 0.17, I = 61.00%, H* = 2.56 . 0.40[0.22-0.73]

Test of © = 0i: Q(2) = 5.06, p = 0.08

Overall ‘ 0.70 [0.55-0.88]
Heterogeneity: 12 = 0.18, I* = 82.55%, H* = 5.73

Test of 6 = 0i: Q(20) = 97.04, p < 0.05

Test of group differences: Qb(1) = 3.87, p = 0.05
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severity could be due to the presence of diseas-
es, such as hypertension, obesity, or lipid disor-
ders, which are significant risk factors for worse

32

Figure 4. A — Forest plot showing the effect across
the studies assessing pre-hospital (n = 18) and
in-hospital (n = 3) use of statins for the death out-
come (overall for each subgroup shown as red sym-
bols). The overall effect is shown by the green sym-
bol. B — Funnel plot showing the publication bias for
all 21 studies which assessed the death outcome

outcomes [10-12]. A study carried out in Den-
mark showed that recent statin use in COVID-19
patients was not associated with an effect on

Arch Med Sci 3, April / 2021

591



Amir Vahedian-Azimi, Seyede Momeneh Mohammadi, Farshad Heidari Beni, Maciej Banach, Paul C. Guest, Tannaz Jamialahmadi,
Amirhossein Sahebkar
Leukocyte Plateled

Proinflammatory
cytokines

©,

Statins

SARS-CoV-2

ACE2

SARS-CoV-2

ACE2

Tissue
factor

(o)L (%

- Cholesterol Cholesterol

Epithelial cell Endothelial cell

‘ Statins ‘
L

Endothelial . . -
_CoV- -
dysfunction/damage SARS CoV:Z infection Cytokine storm

v
Activation
of coagulation cascade

T

Statins

S Yoo B D9 8 & ) e

VWF GPIbVIX P selectin Cytokines Endothelial Leucocytes SARS-CoV-2 Thrombin Fibrin
ACE2 TMPRSS2 ICAM-1 Endothelial €l Platelet Erythrocyte Tissue Fibrinogen
insult factor

Figure 5. (Upper figure) Proposed mechanisms for the beneficial effects of statins in SARS-CoV-2 infection. Cellular
pathways altered by statins during the course of infection in COVID-19 patients. Surface expression of ACE2 in
epithelial and endothelial cells is enhanced by statins. Statins also mitigate the MYD88-NF-kB pathway and the
ensuing proinflammatory cytokine response following interaction of SARS-CoV-2 with toll-like receptors (TLRs).
The anti-thrombotic effects of statins are mediated by suppressive effects on tissue factor, and cytosolic phospho-
lipase A2 (cPLA2)-induced thromboxane A2 (TXA2) synthesis and inactivated endothelial cells and platelets, respec-
tively. Statins have also been suggested to decrease plasma membrane cholesterol content in the host cells, which
can interfere with the replication of virus particles. (Lower figure) Proposed mechanisms for the anti-thrombotic
effects of statins in SARS-CoV-2 infection SARS-CoV-2 induces activation of endothelial cells and the release of
pro-inflammatory cytokines, which can lead to:1) over-expression of adhesion molecules (e.g. P-selectins, intercel-
lular adhesion molecule 1 (ICAM-1), von Willebrand factor, avB3) and further release of proinflammatory cytokines;
2) increased recruitment of leukocytes and platelets; 3) activated endothelial cells also express tissue factor, which
activates factor VII, factor Xa, and thrombin formation; 4) fibrinogen is cleaved into fibrin by thrombin; 5) throm-
bin is essential for thrombus formation; 6)pro-inflammatory factors can also promote coagulation and accelerate
platelet activation and thrombus formation; and 7)statins downregulate proinflammatory cytokine release from
endothelial cells and mitigate coagulation cascade. Moreover, statins interfere with SARS-CoV-2 entry intoACE2-
expressing endothelial cells and ensuing endothelial activation (reproduced with permission from [18])
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all-cause mortality or severe infection [51]. It
could be that the potential benefit of statin-use
was offset by the presence of co-morbidities.
Although the researchers attempted to adjust for
the potential effects of medication differences,
they could not exclude a possible impact on the
association between statin use and outcomes, or
the presence of pre-existing co-morbidities. Here,
we have attempted to address this in our subgroup
analysis which compared the effects of pre- and
in-hospital use of statins on COVID-19 outcomes.
However, future studies should also include
an assessment of whether or not pre-existing
diseases are present.

The findings of this study should be interpreted
by considering a number of limitations. First, the
study did not allow any assessment of a cause-
and-effect relationship and, therefore, only asso-
ciations are reported. Second, confounding factors
cannot be excluded such as the pre-existing or
post-diagnosis development of co-morbidities,
including insulin resistance, ARDS, and coagulop-
athies, which may have affected some outcomes.
Third, the findings have not been adjusted for con-
comitant medications. It should also to be empha-
sised, that based on the data from the included
studies, we were not able to include the sub-anal-
yses on the statin preparations and the investigat-
ed outcomes. Finally, our finding that in-hospital
statin use was associated with decreased death
compared to pre-hospital use did not reach signif-
icance. However, this is also likely to be due to the
fact that there were only 3 studies [52-54] in the
in-hospital use group and this was therefore likely
to be statistically underpowered.

In conclusion, we showed that statin therapy
might be useful in the context of a lower risk of
the severe course of the COVID-19 with a reduction
of ICU admission and mortality. Further studies are
urgently needed to establish the role of statins in
patients with COVID-19. Such studies should assess
the importance of pre-existing medical conditions
as well as medications on clinical outcomes. These
findings also highlight the need for systematic clin-
ical studies to assess both pre- and in-hospital use
of statins as the best means of reducing COVID-19
disease severity and mortality. Successful ran-
domised clinical studies proving that statins offer
a viable therapeutic option for COVID-19 disease
might pave the way for their rapid deployment
in the field as needed, due to their low cost, high
availability, and well-established safety and tolera-
bility profiles. Furthermore, the knowledge that we
have gained over the past several months regard-
ing COVID-19 and repurposing existing therapeutics
such as statins will provide important insights and
strategic measures to successfully control future
epidemics and pandemics.
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