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ARTICLE INFO ABSTRACT

Introduction: Statins is a class of lipid-lowering drugs and our previous investigations showed that statins
have antiviral effects and have a wound healing effect in the lung. This systematic review and meta-analysis
aimed to evaluate the effects of statin therapy on mortality and clinical outcomes in COVID-19 patients.
Methods: A comprehensive search was conducted in international databases, including MEDLINE, Scopus,
Web of Science, and Embase from December 1, 2019 until January 26, 2022 without any restriction in
language. The random-effects model was used to estimate the pooled odds ratio (OR).

Results: The statin therapy overally was associated with decrease in odds of ventilation [pooled OR (95%
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Key words:
Cliiical outcome: CI): 0.85 (0.70 to 0.99)] and mortality [pooled OR (95% CI): 0.73 (0.66 to 0.81)] but had no effects on
COVID-19: ’ the ICU admission [pooled OR (95% CI): 0.93 (0.77 to 1.12)], oxygen therapy [pooled OR (95% CI):

Meta-analysis; 0.85 (0.70 to 0.99)], recovery ‘[po.oleq OR (95% CI): 1.85 (0.35 to 9.92)], kidney failure [pooled .OR.(95%
Mortality; CI): 1.01 (0.73 to 1.40)], hospitalization [pooled OR (95% CI): 1.45 (0.88 to 2.36)], asymptomatic disease
[pooled OR (95% CI): 1.33 (0.24 to 7.44)], and ARDS [pooled OR (95% CI): 1.15 (0.88 to 1.49)].
Conclusion: The present meta-analysis showed that statin therapy was associated with a reduced risk of
mortality and ventilation in patients with COVID-19 but had no effects on other clinical outcomes.

Statin therapy;
Systematic review

Introduction in early December 2019. This disease has

caused significant socioeconomic burdens,

Acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the cause of coronavirus
disease 2019 (COVID-19) clinical syndrome,
which began to spread into a global epidemic

=.Corresponding Author: rezapakzad2010@yahoo.com

complications, coinfections'* and mortality
worldwide.>®

People with cardiovascular diseases (CVD)
and high blood pressure are identified as the
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high-risk group for SARS-CoV-2 infection,
acute respiratory distress syndrome (ARDS),
and death.”” Angiotensin converting enzyme
(ACE2) is a membrane-bound aminopeptidase
that is specifically expressed in human cells,
including in the heart and alveolar epithelial
cells.'® ACE2 may be a link between the use
of statins, the angiotensin converting enzyme
inhibitors (ACEIs) or angiotensin receptor
blockers (ARBs), and COVID-19. It also plays
an important role in the activation of the renin-
angiotensin-angiotensinogen system.!! ACE
acts on angiotensin II to form angiotensin (1
to 7), which has antifibrinolytic, vasodilating,
and diuretic functions. Statins regulate ACE2
expression and have pleiotropic function
against oxidative stress and inflammation.'
Statins perform as one of the B-Hydroxy
B-methylglutaryl-CoA (HMG-CoA) inhibitors
and a class of low-density lipoprotein (LDL)
decreasing drugs in cardiovascular patients.
Statins also act as the C-reactive protein
(CRP) and pre-inflammatory cytokines levels
reducer, anti-inflammatory, and immunological
effects.”*! Statins are also known for their
immunological and antiviral potential efficacy
in pneumonia. In addition, statins may induce
SARS-Co-V2 by binding to their primary
protease.”’ In proven studies, in patients with
pneumonia, hospital mortality was significantly
reduced following statin therapy. It has been
suggested that statins might be more effective
in the treatment of patients infected by
Ebola virus."” Although most of these studies
confirmed that statins are beneficial for the
clinical outcomes and prognosis in patients
with pneumonia, some studies have shown
that in-hospital mortality was significantly
higher after statins treatment.! Therefore,
whether statin usage is associated with reduced

mortality in patients with pneumonia remains
disputed. To our knowledge, there is no
experimental or clinical evidence that statins
are health effective for hospital outcomes in
patients with COVID-19 and there are not many
available data about statin therapy in patients
with COVID-19. In this study, the relationship
between statins usage and hospital outcomes in
COVID-19 patients has been investigated.

Methods

All steps in this systematic review and meta-
analysis study were reported based on preferred
reporting items for systematic review and meta-
analysis guidelines according to PRISMA
2021.2  Our study design was registered
in the International Prospective Register of
Systematic Reviews with CRD42022340309
registration number.

Method of literature search

A systematic search of Medline, Scopus, Web
of Science and Embase was conducted for
studies on the statin use and clinical outcomes
in COVID-19 patients. Without any language
restrictions, publications from December 1,
2019 to January 26, 2022 were considered.
To identify preprint papers, servers such as
medRxiv and Social Science Research Network
(SSRN) were also searched. Detailed search
strategy was showed in supplement box 1.
The search strategy included a combination of
medical subject headings (MeSH) terms and text
words such as COVID-19, coronavirus, SARS-
CoV-2, clinical outcomes, mortality, morbidity,
symptoms and sign. The PICOTS (population,
intervention, comparison, outcome, time, study
design) components were COVID-19 patient,
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Statin use, no-statin, clinical outcomes including
mortality and morbidity, December 1st, 2019 to
January 26th, 2022, and observational studies,
respectively. Additionally, Google Scholar
was searched to identify gray literature, and
a virologist was consulted in the selection
of important articles. The reference list of
all articles was scanned manually to identify
additional relevant studies. Identified citations
were uploaded into Endnote X6 (Clarivate
Analytics, United State) and duplicate citations
were excluded. The remaining articles were
initially screened independent reviewers (R.
P and F. H) in three steps: 1-title, 2-abstract
and 3-full text. Inter-rater disagreements were
resolved after consultations with the third author
(I. P). Blinding and a clear division of tasks were
implemented in the article selection process.
The kappa index for inter-rater agreement was
89%.

Inclusion and exclusion criteria

Inclusion criteria were all observational
epidemiological studies (prospective cohort,
retrospective cohort and cross-sectional) on
the effects of stains on clinical outcomes in
COVID-19 patients. The exclusion criteria
were case reports, case series, all studies with
a sample size <5, longitudinal studies without
control groups and studies in the form of
editorials, commentaries, letters to editors, and
narrative reviews.

Quality assessment

The quality of eligible studies was appraised
independently by two of the authors (R. P and
F. H) using the Newcastle-Ottawa Quality
Assessment Form for Cohort”® and cross-

sectional Studies.” The scale consists of
three parts, namely selection (four items),
comparability (one item), and outcome (two
items for cross sectional and three item for
cohort studies). Detail of scoring was available
at their guidelines.

Data extraction

The extracted data from the selected studies
were the name of authors, publication year,
country, study design, sample size, the age and
sex of COVID-19 patients, statin regimen, co-
morbidity, type of clinical outcomes (including
mortality, ICU admission, ventilation, severe
COVID-19, recovery, oxygen therapy,
kidney failure, hospitalization, asymptomatic
COVID-19and ARDS) and effect size (including
odds ratio, risk ratio and hazard ratio).

Statistical Analysis

Data were analyzed using Stata software,
version 14.0 (StataCorp LLC, College Station,
Texas, USA). Since the effect size were different
in including studies, the risk ratio or hazard ratio
converted to odds ratio using below Equation 1
and 2. It is possible to pooling studies:

Bquation 1:  RR= (1-¢ HR*In (1-1))
where HR is the hazard ratio and r is the rate for

the reference group.
Equation 1:  OR=((1-p)*RR)/((1-RR)*p)

where RR is risk ratio, and p is the risk in the
control group.” Then heterogeneity between
the studies was examined using Cochran’s
Q test and the I* index. Based on the Higgins
classification approach, 12>0.7 was considered
with high heterogeneity. The pooled odds
ratio with a 95% confidence interval (CI) was
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calculated using the Stata command “metan”
using the random-effects model. The meta-
regression analysis was used to examine the
effect of age, sample size, study design and
other variables on heterogeneity between the
studies. Adj-R? was used to evaluate the effect
of each variable on outcome variance. The
Stata command “metabias” was used to check
publication bias. In case of any publication
bias, the bias was adjusted with the Stata
command “metatrim” using the trim-and-fill
method. P values less than 5% were considered
statistically significant.

Results
Study characteristics

A total of 1346 articles were retrieved from
various databases, of which 459 duplicate studies
were removed. The remaining 887 articles were
screened for eligibility and 836 articles failed to
meet one or more inclusion criteria. Eventually,
59 studies selected in the systematic review?**
and 51 articles were included in the meta-
analysis26-34, 36-41, 43-45, 50-55, 57-70, 72-74, 76-78, 80-83 as
shown in Figure 1. Of the 51 included articles,
5 (9.80%) were cross-sectional, 40 (80.39%)
retrospective cohort, and 5 (9.80%) prospective
cohort studies. The studies included a total of
308,569 COVID-19 patients (Table 1). The
studies were primarily conducted in USA (21
studies, 41.18%), Spain (6 studies, 11.76%),

Additional records identified
through other sources
(n=141)

Records excluded by:
> title (n=480),
abstract (n=285)

Full-text articles excluded

» with reasons
(n=71):

Review (n=8),

No complete data (n=32),
No full-text (n =5),
Conference paper (n=26)

B Records identified through database searching
(n=1205):
=l PubMed (n=251); Scopus (n=541); Web of
S Sciences (n=116) Embase (n=297)
g
=
=
L
=
L]
Duplicates records removed
Y
(n=459)
ep
&
=
; v
@ Records screened
(n=887)
i}
i v
z
53 Full-text articles assessed
) for eligibility
=2 (n=122)
= Studies included in qualitative
'g (systematic review=59) and
ic] quantitative synthesis (meta-
=] .
— analysis=51)
—

Figure 1. Flowchart of systematic review and meta-analysis
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Table 1. Characteristics of studies included in the systematic review and meta-analysis

situation

co-morbidity  Statin

Mean (range) of  Gender

Age

Sample
size

Publication Place de-
year

Author

regimen

sign

UIBISEAIO}NY

BWISY/(Ad0D “AoueuSie
‘@D ‘AHD ‘seqerd ‘NILH

(%€0'v) 16T :o1ewa]
{(%L6°SS)

@ 1 m “2.&2 ”ﬁﬁﬁmuﬂoz
(2%95°9%) 961 :dTewd]
(%bb €S) STT BB uneis

VN ‘Te10L
88°LIFC8'8S -Une)s-uoN
Yo' V1969 -UunelS

166 ‘1e10L
0LS :ure)s-uoN
1Z ‘unes

110700 dAn0adsonoy

uel]

10T

(1) T8 10 weleysy

VN

NLH ‘@HD ‘erwuapr
-disfQ ‘INd ‘Ad0D ‘@D
(%€°0S) PLT RleWwa

(%L 61)

1LT 9B :uneIs-uoN
(%1°LY) 6€1 :o[ewWd]
H(%6°C7S) 9S1 P[BIA ‘uneIS

VN 8101
€6'STF99°S9 ‘UIeIs-UON
80°01FLY €L uneIs

0178 ‘TeI0L
SPS UnBIS-UON
S6C -unes

11070)) 9A10adsonay

uredg

10T

(92) e 30 1suedy

VN

9SBASI(T oUNW
-wromy ‘A1saqO
‘ddOD ‘erwapt
-dipredAH ‘NILH
(%99) ¥1 1B
(%b)
[1:01eWo,] :Tel0,
VN :UneIS-uoN
VN unes

(o8uer)

L8-9¢ ‘eIl
VN :Une)s-uoN
89 -uneis

ST el
L1 ‘unejs-uoN
8 :unels

JI04y0))
aAnodadsonay

vsn

10T

(L7) TR Mg

unejseArid ‘UNeISLANSOY
‘UNRISBAWIS ‘UNRISBAIO)Y

at‘adod

‘a1 “AoueudieiN ‘NLH
IV ‘4H ‘Nd ‘dAD ‘QHI
“(%T ¥) €€TT o1ewo ]
H(%Tby) 99L1 ‘uneIs-uoN
(%6°85) 89T :o1ewd
(%I°19)

SIS BB ‘unels

(uerpan) G “TeroL.
(S9-L€) 06 :uneis-uoN
(6L-€9) €L ‘uneig

Th8HiTeIoL
666 “UNRIS-UON
£v8 unels

11070)) 9A10adsonoy

Nrewua(J

020t

(87) Te 10 NNg

VN

AdH ‘dAD ‘dHI ‘Na

‘@D ‘AdoD ‘eunpsy ‘NILH
(%8°5S) 89T :orewa |
H(%1°¢S)

€0€ :9[BA :UNBIS-UON

(%9 T¥) vL Prews ]
{(%t°8S) 01 eI ‘uneIS

(86-0) T'69 ‘Te10L
(86-0) 6°+9 :uneIS-UON
(96-0%) T'9L ‘uneIg

6L [eI0L
LS :uneis-uoN
8L1 :unels

10y0)) 9Andadsorg

wnidjeg

10T

(627) Te 12 191qNAg

VN

@asd

VSO ‘adodD
‘KoueuIreIn
‘A1 ‘dT1dVvN
‘dHD

(%89°¢L)
97 HOEEOM
{(%T€92)
S9T O[eN
‘TeloL,

0 €IF8°69
‘relor,

VN
une)s-uoN.
VN ‘unes

LT9TeI0L
VN
‘UNR)S-UON

VN ‘unels

[euon
-09G-SS01)

Qouel]

020¢

(z9)
‘Te 19 noLe)

414



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

VN

VN

(%S°6¢€) 9rewd ]
((%5°09)

”2.&2 “ﬁﬁﬁmuﬂoz
(z'Tg) orewdy
((%8°L9) O[eN ‘UneIS

SCIF6'0L -TeI0L
VN UNEIS-UON
VN -unels

VN ULBIS-UON

VN unes

[eUon09S-Ss01)

JoueI]

120T

(1€) Te 12 notre)

VN

dHD ‘N.LH ‘Na ‘a¥sd

(%26'8) 89 :9[EWd]
((%80°1S)

1L UBNE “ﬁﬁﬁmuﬁoz
(%b1°61) LS orewo]
(%98°05) 69BN ‘uneIS

TSIFY'S9 (B0
L' LTF4'79 [unejs-uoN
9'01F69 :uneIS

SYA LM
6€1 UnRIS-UON
gr1-unels

110400 9A10adsonay

vsn

120T

(€€) Te 30 03dRYD

VN
AIH ‘“Aoueu
-S11eN ‘AdOD
‘euysy ‘ado
IH ‘dAD
‘N.LH ‘618990

VN [UNEBIS-UON
VN ‘uneis

61F66S ‘[8I0L
VN UNDEIS-UON
VN ‘unels§

0LT:Te10L
$T1 ‘UneIS-uoN
9y ureres

040D
Andddsonay

vsn

120T

(s¢)

Te 39 s[orueq

VN

(Y ‘9SeasI(] dUNUIIoINY

‘AnseqQ “erwaptdisAQ ‘A
‘KoueuSITelN ‘N ‘NLH ‘AAD

(%1¥) €LYT orewa

(%65) STIT BN UBEIS-UON

(%L¥) €ST¢ orewa
((%€S) 069€ P[BN ‘uneIS

199 {10
0P TFE 09 [UBEIS-UON
TEIFE69 uneIs

T¥SOT “TejoL
865€ ‘UneIS-UoN
€769 ‘uneIs

10y0)) 9anoadsonay

vsSn

120T

(7€) Te 19 sparueQq

UIBISEAUS ‘UNBISEANSOY
‘uneiseArIq ‘UnBISeAN]J

NIH ‘WA

(%L°99) T8 :9rewog
{(%¢€°€9)

Iy OB ‘UlieIs-uUoN
(%L°L9) 1T :o[ewd,]
(%E€'TE) 01 9B :uneIS

P1799 ‘1oL
9°LF6'S8 TUNeIS-UON
L'SF9'S8 uneIs

¥S1 1eoL
€21 ‘une)s-uoN
1€ ‘unes

110700 2An0adsonoy

wnisg

00T

(9¢) 'Te 30 19910301dg

unejseaeid
‘UNBISLANSOY ‘UNBISBAIOLY

Koueu

-SIBIN ‘@D ‘AT ‘Ad0D
‘dAD Nd ‘D ‘N1H
(%T1S) 1L6 PBWA
{(%8°81)

976 Q[BIA -UNBIS-UON
(%¥S) SET orewag
{(%0°9t) ST1 OB ‘uneis

(o8uer) 69-96 :Te10L
(89-8%) 8S uneIS-uoN
(TL-LS) 99 'uneig

Lb1T iTeIoL
L681 ‘uneIs-uoN
0ST uneIS

110700 2An0adsonoy

euIy)

020¢T

(LE) Te 10 g

415



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

VN

Na
‘erwoprdrprod

-fH ‘QdOD
%6°6L
9[RIN (TR0

VN
“UI)e)S-UON.

VN unes

(o3uer)
69-9S ‘[eI0L
VN
:UNeIS-UON

VN unes

886¢€ ‘Te10L
VN
“UIe)S-UON

VN -uBels
11070
Andddsonay

)|

020t

(89)

‘e 30 I[[9sseID

une)seArlq

UNBISEAWIS ‘UNJBISBAIO}NY

RIIUWd(
‘KoueuSIe ‘AdOD
‘@D ‘dH ‘A ‘NLH
(%L 6%) ¥TT Prews]
((%¢€°05)

17T “9[BA -UneIs-uoN
(%1°LY) ¥ orewd]

(%6°CS) LT PIEN ‘unelg

LT¥TL ‘TeIoL
LIFIL ‘uneIs-uoN
01F9L un®Is

106 :[E30L
0St ‘uneIs-uoN
[s:unels

11070 2Andadsonay

)|

10T

(6€) 'Te 10 00010

VN

a1 ‘dAd ‘@I ‘a1
“IH ‘dHD ‘Nd ‘NLH
(%S €) 78T arewa
((%5°96)

99¢ JBIA -UNRIS-UON
(%S €) 78T drewd

(%S95) 99€ 9B\ ‘uneIS

VN :[eloL
(18-09) 1L :uneis-uoN
(LL-19) 69:un®IS

9671 :[eI0L
849 [UNEIS-UON
8y9:unels

11070)) 9A10adsonoy

vsn

0coc

(o) 'Te 10 vrdnn

VN

Koueu3ieN

‘@O ‘erwopidrrad
-AH ‘NQ ‘euypsy
‘dd0D ‘avD ‘NLH

%1796 dlel [[eJ0],
VN UDeIS-uoN
VN ‘uBjes

(uerpspy) 6 :Te10L
VN :unejs-uoN
VN ‘unes

LS w0l
GP uneIS-uON
z1 :uneis

11070)) 9A10adsonoy

ueder

10T

(zP) T8 30 TYONSIH

VN

VN

VN :UNeS-UON
VN ‘unes

VN ‘1e10L
VN :UNeIS-UON
VN ‘unes

VN UNRIS-UON

VN [unels

[eUOI103S-SS01)

yrewusq

020¢

(¢P) 'Te 19 10H

VN

WA
‘NLH ‘d1‘ad

VN UneIS-uoN
VN ‘uneis

0'8IF9'vY -18I0L

VN UDEIS-UON
VN unes

€OITT -TeI0L

€1$01 ‘uneis-uoN

069 ‘uneIS

[onuod-ase)

BIIOY

020¢

(P¥) Te 30 ynpg

VN
Koueu3ieN

9seasI(] sunwuony
‘AT @O “usaqo
‘Ad0D WSy ‘aH)d

‘ay ‘ewepd ‘Nd ‘NLH

(%S¢€) T1¢€ orewa
(%S9)

891 S[BJA :UNeIS-UON.
(%S¢€) SL -orewd]

(%S9) 6€1 O[eN ‘uneIS

6'Y1F€'89 TeI0L
9'ST¥5'89 ‘UeIS-UoN
6'TIF8'L9 UNEIS

£69 :[e10L
6L1 UnRIS-UON
1T unels

11070)) 9A130adsonoy

ueder

10T

(SP) Te 30 1By

416



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

une)seAnoy

aHI
‘KoueuIeN ‘Ad0D
“IHD ‘a¥D ‘WA ‘NLH

VN :NILLVLS-NON
VN unes

VN [eI0L
VN :UBes-uoN
6'81F8°9S ‘NILVLS

T6LT ‘1oL
9GS T ‘uneIS-uoN
S€T uneIs

[eU0n09S-SS0IL)

[o®RIS]

120¢

(9%) "Te 30 [9eIS]

VN

A ‘aseasip
[eo13oj01naN ‘Aoueuli]

e ‘A ‘NA ‘dHD
(%€°0p) 898 :9[BWd]
(%L°65)

L8T1 DB [BI0L
VN :unejs-uoN

VN ‘uners

(o8uer) 68-99 :[EI0L
VN :unejs-uoN
VN unes

SS1T 8oL
VN UDEIS-UON
VN ‘unes

070D

Aueuron

120¢

(Lp) 'Te 3 qoder

VN

VN UDeIS-UON
VN ‘uBels

VN UDeIS-uoN
VN -uBels

VN UDRIS-UON
VN unes

vsn

120T

(8%) Te R eIf

VN

Na

‘AdOD ‘N1H ‘dHD
(%1vp) TI1 orewog

1(%6°SS)

TP1 PIBN ([eI0L
VN :unejs-uoN
VN ‘unels

VN ‘1101
VN :UNE)S-UON
VN -unes

¥ST T8I0l
8] UNBIS-UON
99 uneis

10y0)) 9andadsonay

uelf

120T

(6¥) Te 19 1IeY]

*

dAV/1HOV
‘une)seAeId ‘UNRISBAWIS

‘UTJB)SBANSOY ‘UIBISBAIONY

@I ‘A1°‘dAD

‘dHD ‘WA ‘N.LH ‘dd0D

(%2 15) ¥£S9 o[ewd
((%8'8t)

{CT9 UOEE “ﬁﬁﬁmuﬁoz
(%9°05) 09121 oW

(%t 61) 209 O[eN ‘uneIs

(o8uer) ¢8-8] :[eI0L

(0°L9-0°St) 0°LS :uneis-uoN

(0°2L-0°6S) 0°99 ‘uneIs

bTSST (eIoL
T9LT1 ‘UpeIS-uoN
T9LT1 UneIS

110700 2An0adsonoy

BuIyD

00T

(€8) '1e 10 Sueyy

*

unejseAei

‘A uneseAr)id ‘uneiseAny
‘UIBISBANSOY ‘UNBISBAIO)Y

dHD ‘dHD ‘WA

(%81)S8¢€ orewd |
{(%zS)

0ly “2&2 ”Qﬁﬁmuﬁoz
(%6€) €61 :orewa
((%19) LOE OB ‘uneis

VN :[el0L
(9-¢¥) §¢ ‘uneIs-uoN
(€L-LS) §9 ‘un®g

S6CI ‘T8I0l
G6L UNEIS-UON
00§ ‘unelg

10y0)) 9Andadsonay

vsn

020¢

(z8) Te 19 TeUmOX

417



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

VN

Koueu3IeN
‘dAD ‘NILH ‘Nd ‘a1

(%€ 6%) 8T :9reWd]

{(%L°0S) €6T O8N :TeIOL

VN ULeIS-UON
VN ‘uneis

81°6Y ‘TeI0L
VN :Uneis uoN
VN ‘uneis

8LG -[B10L,
€96 (UNBIS-UON
S1 -unes

11070

euryD

610C

(18) Te 3o uex

VN

@y “a¥d ‘Wda
A31S9q0 “BrwuOpI
-drpradAy ‘NLH

VN UDEIS-UON
VN ‘unelis

L9 ‘[eI0L,
VN (UDEIS-UON
VN ‘uneis

86 ‘[BI0L
1€ ‘unejs-uoN
LT unels

070D
Andadsonay

vsn

020T

(¥8) Te 30 Suemy

VN

@O 4H ‘dAD

VN :UNe)S-UON
VN ‘unelis

VN ‘1e10L
VN UNEIS-UON
VN ‘unes

6L85¢ ‘TeI0L,
VN UDEIS-UON
I8LTI -unelS

110Y0))

SN

10T

(08) 'Te 10 Jopuepy

VN

adoD ‘erwaprdisiqg
‘@D ‘Nd ‘NLH
(%S 6¥) STH Prewd ]
(%S°1S)

YEY PN (TeI0L

VN :Uunes-uoN

VN unes

1°89 ‘Te10L
VN :UneIs uoN
VN ‘unels

668 ‘[B1I0L
$96 UNRIS-UON
S6T ‘unels

110700 9An0adsonay

uredg

10T

(0€) T8 10 BQIBIIIA

uneiseAn| ‘unel
-SBANSOY ‘UIIL)SBAIOTY

BIUD
-prdisAQ ‘Avd ‘AAD
‘dHD ‘Nd ‘NLH
(%L'6€) P1ewd ]
((%€°09)

Q[BIN ‘UNeIS-UON
(%L6€) PTewd ]
{(%€°09) O[EN ‘uneIS

VN ‘[e1oL
[TFEL “UnRIS-UON
0T¥CL ‘uneis

126 [eI0L
T6L1 ‘UNRIS-UON
0€T1 ‘uneis

11070)) 9A10adsonoy

uredg

10T

(81) T8 10 BUS{ SALIO],

VN

HSVN ‘dTdVN
‘A1s9q0 WA

VN ULBIS-UON
VN ‘uneis

VN :[eloL
VN ULBIS-UON
VN ‘uneis

9689 ‘€101
$€6 TUnRIS-UON
96ST -unelS

11070
Andddsonay

vsn

1coc

(LL)
‘Te 39 1[oueusdIy,

VN

adoo ‘ewysy

‘dAD ‘dH ‘aHD ‘Na
‘erwoprdipzedAH ‘NLH
(%8°81) €8 d[ewa
{(%Z0°1S)

988 d[eIN :[eI0L

VN :unejs-uoN

VN ‘unes

(SL-08) €9 TeroL,
VN UDeIS-uoN
VN ‘uielg

6TL1 B0l
091 :uneIs-uoN
69T ‘unwIs

11070)) 9A10adsonoy

pueod

10T

(9L) "Te 30 DPIAIRL,

418



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

VN

adoo
‘AH ‘NLH ‘Wd

VN UNeIS-uoN
VN ‘uneis

VN ‘[e10L
VN UNEIS-UON
VN -unels

VN 18101
VN ULBIS-UON
VN ‘unes

Apmys opeuo1o))

pueur

120T

(sL)

‘[e 32 e319qpURnS

VN

Aoueu
-SIRN ‘YD
‘a1‘dad
‘aHD ‘A

VN UNEIS-UON
VN ‘uBels

6'CIF7'99
‘[eoL

VN Unes uoN
VN ‘uneig

vST -[BI0L

88 :UNE)S-UON
99 -unels
h(i(Vg)
aAnadsonay

uelp

Il

(€L)
‘Te 19 TuBWId[0S

VN

A1s2q0
‘a1 Nd ‘adod
‘AAD ‘NLH

VN :unejs-uoN
VN ‘unels

(osL

-0'1S) 0°Z9 ‘Te0L
(0°L9-0'2h)

G'S [uneIs-uoN.
(0'6L

-0'09) 0'1L ‘unes

6¥C ‘TeI0L
971 :Une)sS-uoN
€C1 ‘unels

1104y0))
aAndadsonay

vSn

020¢

(#L) ‘e 10 Suog

#

UI1B)SBAWIS
‘une)seAnsoy ‘unel
-SBAOT ‘UIR)SBAIOTY

NQ ‘enuawap ‘NILH

(%€L) €56 :d1ewo]
{(%L2)

€G¢ O[BIN ([BI0L,
VN :unejs-uoN
VN ‘uneis

L98 ‘18101,
VN :UNE)IS-UON
VN -unes

90€T [eI0L
801 :upeIs-uoN
bTT UneIS

[eUO1109S-SS01)

uredg

120T

(L) T8 12 BIASPIOS

VN

‘eruroprI

-drjredAH “A1s2q0 ‘N.LH
‘Nd ‘a7 AV ‘dHD ‘ad
‘adi “KoueusieN ‘axO
“9SBaSIp [BO130[0INAN

(%¥'TS) LSY 1P orewog
(%9°LY)

979°LE OB ‘TBIOL
VN :unes-uoN

VN ‘uners

0S< ‘1810,
VN UNEIS-UON
VN ‘uiels

€806L {[BIOL
61679 UneIS-UoN
PET9T UneIS

070D

uredg

120¢

(1L) 1B 30 9MES "IN

UIJBISBAWIS ‘UIBISBANSOY
‘urjeiseArIq ‘UreISLAIO)Y

¥ ‘dHD ‘NLH ‘Na
(%LY) 6LET oewo]
((%€9)

SIS 9B :UnBIS-UON
(%SS)LEL PTeIN

((%SP) 819 :9[RWD ‘unelS

91FS9 :[eI0L
LTFEY “UNe)S-UON
TIF69 uners

TSTH eIoL
L68T ‘uneIs-uoN
$SET uneIs

10y0)) 9Anoadsonay

vsn

020¢

(69) ‘Te 12 pases

VN

AV ‘erwapt

-disA(q ‘eseosiq sunw
-womy ‘aH) ‘Wda
‘@D ‘AKourulieN
“A115290 ‘Ad0D ‘NLH

VN UneIS-uoN
VN ‘uneis

6L ‘18101,
VN UDeIS-UON
VN -uBels

¥ST 1eI0L
6€1 TUnRIS-UON
901 ‘uneIs

110700 9A130ads0I ]

[eSmaog

120T

(0L) Te 12 0pEATES

419



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

VN

adoo ‘@O ‘eons ‘QHD
‘Jv ‘erwoptdis£q ‘WA ‘NLH
(%€°0%) 121 :erewd,]
(%L°65)

6L1 9B :uneIs-uoN
(%1°T¢) TS Prewd

((%6°89) SI1 9N ‘unels

SSYIF88°99 ‘810
¥ S1FC8 79 ‘Une)s-uoN
€0'CIF8S 0L un®IS

L9V ‘Te10L
00€ :UIeIS-UON
L91 ‘unerg

110700 dAn0adsonoy

A1e1y

120t

(89) T 10 Ossmy

une)SeAIO)y

dHD ‘NLH

(%9°6€) 1€ Prewag
(%t'v9)

96 9B ‘[BIOL
VN :unejs-uoN

VN ‘unes

(SL-86) 89 &0,
VN UDEIS-UON
VN unes

L8 [BI0L
VN [UIeIS-uoN
VN [unels

oyo)
aAnoadsonay

vsn

020¢

(L9) e
19 BABN-ZONSLIpoy

VN UNE)S-UON

11070)) 9A10adson oy

“T& 30 UQOUTY-Sowey]

UIjeISBAWIS ‘Urje}
VN -SeANnsoy ‘UneiseAlory

@D “Aoueudifen

‘A1s290 ‘Ad0D

‘dAd ‘dAD ‘dHD
‘JV ‘enuawd(q ‘erus D
-pdisAd ‘NILH ‘WA ‘A¥ “AHD ‘INd ‘N.LH

(%L'Th) T€ erewa
(%g€°LS)

€H-9[RIA -UNeIS-UON
(%0%) 0¢ :dTewd ]
VN ‘UneIS {(%09) Sy:oleN ‘unels

VN Te10L
08< ‘Te10L €8'SIFCL'TY
VN UNEIS-UON 1UNe)S-UON

VN ‘uielg 81°€1F6S°€9 ‘unelIg
VN ‘[e30L 0ST ‘TeloL
VN UNEIS-UON G/ ‘UNeIS-UON
VN ‘unelg SL runes

11070)) 9A10adsonoy

uredg uelIp
1202 1202
(99)

(59) e 10 ruewAdg

VN

VN

VN UDeIS-uoN
VN unes

(08-s$
40D L9 ‘T80l
VN :Uunes-uoN

VN ‘uneis

VN (UIeIs-uoN
VN unels

uoyo)
aAnoadsoig

vsn

10T

(¥9) "Te 10 yeareq

VN

AIH/SA1V ‘Aoueu

-SIEN T 'dHD ‘dAD ‘Ad0D ‘a1
‘ergordeed 1o e13ordioy ‘oseasip
100[n ondod ‘enjudwd ‘oseasIp

snewnayy ‘a) ‘dAd ‘WA ‘NLH

(%6°6S) 81119 :9[EWA]

{(%6°6€) 6LS0 P[BIN [UneIS-uON
(%%9) 98P 1 :o[ewa

H(%0°9€) LY18 R[EN ‘unels

0T < ‘&0l
VN ULBIS-UON
VN ‘uneis

0¥0CCI-TeI0L
L6910 -uneis-uoN
€€9TT ‘unes

110700 dAndadsonoy

BIIOY]

1ot

(€9) T8 4O

420



Vol 8 No 4 (2022)

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

UI)R)SBAWIS ‘UI}B)SBAIONY

KoueuSieN “Aousroyoq
 urweyA ‘sisorododsQ
LUUAWR( ‘QAD ‘ewWIsy
‘ad0D ‘dAd ‘erwapidjzad
-Ay ‘@HD ‘NLH ‘aD ‘Wad

VN UDeIS-UON
VN ‘uBels

VN ‘[el0L
VN UDeIS-uoN
VN -uBels

VN UDeIS-UON

VN [unes

110400 9A109dsonay

wopSury] pajuf

00T

(29) '1e 3 AppO

VN

Aoueu
-8IBN ‘AdOD ‘@D
‘NIH ‘dHD ‘Wa

VN UneIS-UON
VN ‘uneis

(uerpaA)) $9 :[e10L,
VN Unes-uoN
VN :unels

r01 TeI0L
1€S:UneIS-uoN
[1s:unels

110700 2An0adsonoy

vsn

120T

(19) ' 32 uos[oYOIN

VN
AV ‘dH
‘dHD ‘NLH ‘euypsy

‘ddOD ‘D ‘dAD
‘NLH ‘Nd “A1seqQ

VN UNEBIS-UON
VN ‘uneis

(89-0t) SS ‘@101,
VN :Uunes-uoN
VN unes

689 ‘TeI0L
PG ‘UnE)S-UON
S11 ‘unels

110700 2An0adsonoy

vsn

020¢T

(09) 'Te 310 USAN3N

VN

¥ ‘avo ‘INd ‘NIH

VN UNEIS-UON
VN ‘uneis

€9 ;1oL
VN ”ﬁﬁw«méno_u

VN ‘uness

65 :Te10L
9[ :UNBIS-UON
£ ‘unels

1070

vsn

020¢T

(6L) T8 19 1I9[RA

Ur1eIseAnsoy
‘UNBISLAWIS ‘UTR)SBAIONY

Koueu3IeIN ‘QAD

‘dd0D ‘@D 4H ‘aHD
‘NA ‘TN ‘dHD 41seqQ
(%L°0F) LT :Orewd]
H(%¢€°65)

€6€ 9[BJA ‘UNBIS-UON
(%9°67) €6 orewa
{(%b"0L) 9T1 OB unelS

VN ‘[e10L
VN UDeIS-uoN
VN ‘une§

P8 ‘Te0L
€99 :UNE}S-UON
6L1 ‘unelg

10400 9A10adsonay

A1e1

020¢

(6S) 'Te 10 o1y

UI)B)SBANSOY ‘UI}B)SBAIONY

VSO ewysy

‘Ado) ‘KoueulieN ‘ATH
‘snnedoH [eXA ‘T TIVN
‘A1 ‘@O erwapidisiq
‘INd ‘NLH dHD ‘dHD

(%P th) 8T :orewa ]
((%9°6S) €L1 OB ‘TBIOL
VN :unejs-uoN

VN ‘uners

VN ‘[e10L
VN :Uunejs-uoN
(99-¢t) S¢S ‘uneIs

1.9 ‘TeloL
09¢ ‘UIRIS-UON
I1¢ ‘unes

11040)) 9A103dsonay

vsn

120T

(89) "Te 30 [PWAN

421



Vol 8 No 4 (2022)

UI1BIJSBAO] ‘UNRJSBAWIS UNJR)SBA

VN VN VN VN VN -NS0Y ‘uneiseAeld ‘UneiseAIONy

KoueuSIEN ‘a3D ‘AT

422

Moharerzadeh Kurd D et al.

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

VN

VN UDeIS-UON
VN ‘unels

VN UDEIS-UON
VN ‘uneis

VN [UneIs-uoN
VN ‘uneis
070D
JAnodadsonay

Auewiron

120T

(Ls)
‘Te 30 dnpuropy

BWYSY ‘AdOD dH ‘Avd
‘AAD ‘dHD “A1s2q0 ‘A

‘erwoptdipodAH ‘NLH

(%67 ¥1) 869 :olewa ]

(%IL°SS)
8.8 9B\ -UNe)S-UON
(%6€) STT orewa]

(%19) 9S€ 9T ‘uneIS

(8L-¥S) L9 ‘TeroL
VN :Unes-uoN
(08-59) €L ‘uneIs

LS1T Tes0]
9LST ‘unES-UON
185 uneIs

11070)) 9A10adsonoy

uredg

0c0¢

(99) "Te 10 BUBSEBIN

dAD ‘eruo
-prdipzadAy “AiseqO
‘Ado) ‘INd ‘NLH
VN :Unes-uoN
(%8°9t)

SLOT :o[ewd{
(%T€S)

TTTI OB unels

§9-81 ‘[eI0L
VN UNeIS-UON
VN ‘unes

99¥81 [eI0L
69191 ‘UneIS-UON
L6TT UneIS

11070)) 9A10adson oy

vsn

10T

(SS) "Te 10 oL

wSIpIol
-ApodAH ‘NILH ‘A1
‘@D NA “AseqO
‘aHD ‘ewpsy ‘ad

VN :UNe)S-UON
VN ‘unels

VN :[e10L
VN UDEIS-UON
VN ‘uhelg

9L91T ‘Te10L
€0€9] ‘uneIS-uoN
€1€6 uneis

11070)) 9A10adsonoy

vsn

0c0¢

(¥7S) Te 12 mo[[e

@Isd ‘a@Id ‘a1

“190uB) ‘AAD ‘AHD ‘erwoprdi]
-1dAH ‘A ‘NLH ‘@HD ‘ad
(%8°8%) 1€ Prewa ]
(%TTs)

1S€ 9[BN ‘UneIs-uoN

(%P PP)ITT :orewo

1(%9°6S) 6€1 OB urel§

(ST°€L-99) 99 ‘&30l
(€L-¥S) 9 ‘unes-uoN
(SL-65) 99 :uneIs

26 w0l
7L9 :UneIS-UON
05T :uners

110700 2Aan0adsonoy

vsn

10T

(28) Te 10 BIYOT

QISd ‘@D ‘a1 “Aoueu
-SIBIN ‘QAD AHD ‘erwopidy]
-10dAH ‘Nd ‘NLH ‘dHD ‘ad

(%T 6%) 0LT :PTewd

{(%8°15) 06T :9[eIN UneIS-UON
(%1°8%) ¥1T :P[ewd]

{(%6°CS) 0FC 9[BN ‘uneis

S9 ‘el0L
VN UDeIS-UON
69-81 ‘unels

7107 ‘T8I0l
096 :UnES-UoN
ySy runelg

11070)) 9A10adsonoy

vsn

020T

(€5) Te 10 BIYOT



Moharerzadeh Kurd D et al.

Vol 8 No 4 (2022)

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

|5
S
70
U — <
~ ) (=)
; > S o mz
= o, v os = Nl
- < @ = 7 .. = @
© — S o g 7= g 9
[ ~ = E=] 2 g2 8 S g
Q o o |5 S o B S ©
= Q % ~ n Z = n Z
b=
]
S
N
2 2 = z
= kS S ES g
= 8 %5 Q2 < 5
= 2 ORR=Re Z g
© o g P = = 7
= S < = 2 ¢S £g
< =) 28] Q S 2 ©° 3 °
— Q =) [ wn Z = n Z

Total: 45 (Median)

Total: 66.4

b=y
= €< 4=
i a4 55
.42 2B
.E.@'Eﬁ AO
£%9 g £ =)
s55s EzE s,
2
. &
Z =
< £ S
Z 3 A
£ L g
(%% @] <ZC %

* Included to meta-analysis
# Not included to meta-analysis

PAD, Peripheral artery disease; HF, Heart failure; RD, Respiratory disease including Chronic/acute lung disease; CKD,
Chronic kidney disease; RF, Renal failure; IBD, Inflammatory bowel disease; AF, Atrial fibrillation; CHF, Congestive
heart failure; MI, Myocardial infarction; IHD, Ischemic heart disease; CHD, Coronary Heart disease including coronary
artery disease and arteriosclerotic heart disease; HTN, Hypertension; CVD, Cerebrovascular disease including stroke,
Transient ischemic attack and cerebrovascular accident; LD, Liver disease including chronic/acute liver disease, Chronic
hepatic dysfunction, cirrhosis and non-viral hepatitis; OSA, Obstructive Sleep Apnea; DM, Diabetic mellites; NASH,

Non-alcoholic steatohepatitis

and Italy (4 studies, 7.84%).

Summary measure of clinical outcomes for
statin use

Table 2 showed the calculated odds ratio with
95% confidence interval (CI) for different
clinical outcomes in included studies to meta-
analysis. Also Figure 2 shows the forest plot for
mortality odds ratio with 95% CI for included
studies. As showed in Figure 2, the pooled
estimate of mortality odds ratio (95% CI) for
statins therapy was 0.73 (0.66 to 0.81) [Number
of included studies=49; 1’=76.8%, P<0.001]. It
means, in overall, the use of statin decreases the
COVID-19 risk of mortality about 27%. Table 3
shows the summary measure of mortality odds
ratio for statins therapy in different subgroups.
The pooled estimate of odds ratio (95% CI)
for statins therapy were 0.79 (0.55 to 1.13)

[Number of included studies=6; 1’=84.9%,
P<0.001] for mortality <28 days and 0.72
(0.64 to 0.80) [Number of included studies=42;
1"2=74.4%, P<0.001]; for mortality >28 days.
It means, in overall, the use of statin decreases
the COVID-19 risk of mortality >28 days about
28% but have no effects on the mortality <28
days. The pooled estimate of mortality odds
ratio (95% CI) for statins therapy was 1.05
(0.70 to 1.56), 0.69 (0.62 to 0.77), 0.88 (0.45
to 1.71) in cross-sectional studies, retrospective
studies and prospective studies; respectively.
Additionally, the forest plot for the other clinical
outcomes including ICU admission, ventilation,
severe COVID-19, recovery, oxygen therapy,
kidney failure, hospitalization, asymptomatic
COVID-19 and ARDS is presented in
supplementary Figures 1 to 8 and summary
measures reported in Table 3. As shown in Table
3, the use of statins overally lead to decrease
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Table 2. calculated odds ratio and 95% confidence interval for different clinical outcomes in included studies to meta-analysis

Author Outcomes OR (95% CI) Author Outcomes OR (95% CI)

Aghajani et al.*! > 28-Day Mortality 0.68 (0.52-0.89) Villalba et al.* > 28-Day Mortality 0.55(0.33-0.92)
Mechanical Ventilation 0.60 (0.39-0.92) Torres Pefia et al.” > 28-Day Mortality 0.67 (0.54-0.83)
Recovery 0.91 (0.68-1.21) Kidney Failure 0.76 (0.60-0.97)

Aparisi et al.? > 28-Day Mortality 0.48 (0.30-0.77) Tignanelli et al.”’ > 28-Day Mortality 0.81 (0.66-0.98)
Mechanical Ventilation ~ 0.84 (0.50-1.42) Terlecki et al.” > 28-Day Mortality 0.50 (0.30-0.80)
ARDS 1.18 (0.88-1.58) Oxygen therapy 0.84 (0.58-1.21)

Bui et al.”’
Butt et al.?®

Byttebier et al.””
Cariou et al.
Cariou et al.’!
Chacko et al.*®

Daniels et al.*
Daniels et al.**

Spiegeleer et al.*®

Fan et al.’’

Grasselli et al.*®
Greco et al.®
Gupta et al.®°

Holt et al.¥
Ikari et al. %

Israel et al.*
Zhang et al. %

Yetmar et al.*?
Yan et al.¥!
Wang et al.%

Wander et al.%

> 28-Day Mortality
< 28-Day Mortality
Severe-COVID-19
< 28-day Mortality
< 28-day Mortality
< 28-day Mortality
> 28-Day Mortality
Mechanical Ventilation
Asymptomatic COVID-19
> 28-Day Mortality
ICU Admission
Mechanical Ventilation
Severe disease
Asymptomatic COVID-19
Severe-COVID-19
> 28-Day Mortality
> 28-Day Mortality
ARDS
> 28-Day Mortality
> 28-Day Mortality
> 28-Day Mortality
Mechanical Ventilation
> 28-Day Mortality
Oxygen saturation
ICU Admission
ARDS
Mechanical Ventilation
> 28-Day Mortality
Hospitalization
< 28-Day Mortality
Mechanical Ventilation
ICU Admission
ARDS
Kidney Failure
> 28-Day Mortality
Severe-COVID-19
> 28-Day Mortality
Hospitalization
Hospitalization
ICU Admission
> 28-Day Mortality

0.08 (0.01-0.63)
0.98 (0.79-1.21)
1.22 (0.99-1.53)
0.56 (0.39-0.93)
1.19 (0.84-1.68)
1.64 (1.08-1.95)
0.14 (0.03-0.61)
1.10 (0.60-2.00)
0.60 (0.28-1.24)
0.59 (0.50-0.69)
1.30 (1.18-1.42)
1.12 (1.01-1.24)
1.32 (1.22-1.44)
3.52 (1.11-16.2)
0.86 (0.25-2.50)
0.51 (0.14-1.35)
0.25 (0.07-0.94)
0.22 (0.05-0.90)
1.00 (0.81-1.25)
0.63 (0.29-1.35)
0.49 (0.38-0.63)
0.78 (0.60-1.01)
0.85 (0.54-1.33)
0.29 (0.09-0.99)
0.86 (0.60-1.24)
1.06 (0.66-1.68)
0.93 (0.63-1.37)
0.84 (0.53-1.32)
0.67 (0.60-0.76)
0.60 (0.45-0.83)
0.51 (0.34-0.78)
0.80 (0.62-1.05)
0.81 (0.5-1.16)

0.78 (0.41-1.76)
1.14 (0.64-2.03)
1.78 (0.54-5.13)
6.21(1.37-39.77)
12,06 (2.78-76.13)
1.00 (0.91-1.10)
0.91 (0.79-1.04)
0.76 (0.66-0.88)

Soleimani et al.”

Song et al.™*

Soldevila et al.”
Saeed et al.®
Salvador et al.”

Russo et al.
Rodriguez-Nava etal”’
Ramos-Rincon et al. %
Peymani et al.®

Pareek et al.*

Oh et al.®

Oddy et al.?
Nicholson et al.®!
Nguyen et al.®
Mitacchione et al.”
Meintrup et al.”’

Memel et al.*®
Masana et al.>

Maric et al.>
Mallow et al.>
Lohia et al.’

Lohia et al.>

Lee et al.”!
Lala et al.®®

Severe-COVID-19

> 28-Day Mortality
< 28-Day Mortality
ICU Admission
Mechanical Ventilation
> 28-Day Mortality
> 28-Day Mortality
> 28-Day Mortality
Mechanical Ventilation
ARDS

> 28-Day Mortality
> 28-Day Mortality
> 28-Day Mortality

Mechanical Ventilation

> 28-Day Mortality
> 28-Day Mortality
> 28-Day Mortality
ICU Admission
Kidney Failure

Mechanical Ventilation

> 28-Day Mortality
Hospitalization

> 28-Day Mortality
ICU Admission
Severe-COVID-19
> 28-Day Mortality
> 28-Day Mortality
ICU Admission

Mechanical Ventilation

Kidney Failure
ARDS

> 28-Day Mortality
> 28-Day Mortality
> 28-Day Mortality

Mechanical Ventilation

ICU Admission
> 28-Day Mortality

Mechanical Ventilation

ICU Admission
> 28-Day Mortality
> 28-Day Mortality

1.80 (0.92-3.50)
0.93 (0.49-1.76)
0.88 (0.37-2.08)
0.90 (0.49-1.67)
0.45 (0.20-0.99)
0.69 (0.50-1.00)
0.49 (0.41-0.59)
0.73 (0.43-1.25)
1.00 (0.51-1.92)
1.10 (0.56-2.44)
036 (0.16-0.76)
0.92 (0.72-1.98)
0.85 (0.01-5.65)
0.96 (0.61-2.99)
1.67 (1.05-2.67)
0.74 (0.52-1.05)
0.72 (0.4 - 1.19)
033 (0.15-0.72)
1.09 (0.83 - 1.46)
0.84 (0.65 - 1.09)
1.63 (1.20 - 2.22)
3.56(2.20 - 5.78)
0.83 (0.33 - 1.75)
0.54(0.22 - 1.29)
1.70 (1.07 - 0.71)
0.54 (0.35 - 0.86)
0.54 (0.33 - 0.87)
1.20 (0.96 - 1.60)
1.23(0.93 - 1.62)
1.40 (1.10 - 1.80)
136 (1.11 - 1.67)
0.92 (0.81 - 1.05)
0.54 (0.49 - 0.60)
0.61 (0.42 - 0.90)
0.61 (0.43 - 0.87)
0.54 (0.36 - 0.80)
0.66 (0.46 - 0.95)
0.80 (0.55 - 1.15)
0.92 (0.66 - 1.29)
0.64 (0.43 - 0.97)
0.55 (0.45 - 0.68)
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Author (Year) Country OR (95% CI) Weight %
Aghajani et al.(2021); Iran == 0.68 (0.52,0.89)  2.89
Aparisi et al.(2021); Spain —— 0.48 (0.30,0.77)  2.11
Bui et al.(2021); USA € - 0.08 (0.01,0.63)  0.25
Butt et al.(2020); Denmark - 0.98 (0.79,1.21)  3.11
Byttebier et al.(2021); Belgium —— 0.56 (0.39,0.93)  2.24
Cariou et al.(2020); France —— 1.19(0.84,1.68)  2.59
Cariou et al.(2021); France — 1.64 (1.08,1.95)  2.80
Chacko et al.(2021); USA + 0.14 (0.03,0.61)  0.44
Daniels et al.(2021); USA -+ 0.59(0.50,0.69)  3.28
Spiegeleer et al.(2020); Belgium —_—— 0.51(0.14,1.35)  0.72
Fan et al.(2020); China —_—— 0.25(0.07,0.94)  0.56
Grasselli et al.(2020); Italy - 1.00 (0.81,1.25)  3.10
Greco et al.(2021); Italy —_—— 0.45(0.19,1.04)  1.10
Gupta et al.(2020); USA - 0.49 (0.38,0.63)  2.96
Holt et al.(2020); Denmark —— 0.85(0.54,1.33)  2.18
Ikari et al.(2021); Japan — 0.84 (0.53,1.32)  2.16
Zhang et al.(2020); China —— 0.60 (0.45,0.83)  2.75
Yetmar et al.(2020); USA —_—— 1.14(0.64,2.03) 175
Wang et al.(2020); USA + 6.21(1.37,39.77)  0.36
Wander et al.(2021); USA + 0.76 (0.66,0.83)  3.33
Villalba et al.(2021); Spain — 0.55(0.33,0.92) 195
Torres Pe?a et al.(2021); Spain - 0.67 (0.54,0.83)  3.11
Tignanelli et al.(2021); USA - 0.81 (0.66,0.98)  3.17
Terlecki et al.(2021); Poland —_—— 0.50 (0.30,0.80)  2.04
Soleimani et al.(2011); Iran ——— 0.93(0.49,1.76)  1.57
Song et al.(2020); USA —_—— 0.88 (0.37,2.08)  1.08
Soldevila et al.(2021); Spain —— 0.69 (0.50,1.00)  2.59
Saeed et al.(2020); USA -+ 049 (0.41,0.59)  3.22
Salvador et al.(2021); Portugal —_— 0.73 (0.43,1.25)  1.89
Russo et al.(2021); Italy —— 0.95(0.50,1.74)  1.61
Rodriguez—Nava et al.(2020); USA ——— 0.36(0.16,0.76)  1.24
Ramos—Rincn et al.(2021); Spain - 0.92(0.72,1.98)  1.99
Peymani et al.(2021); Iran € n 0.85(0.01,5.65)  0.11
Pareek et al.(2021); USA — 1.67 (1.04,2.67)  2.11
Oh et al.(2021); korea —— 0.74(0.52,1.05)  2.57
Oddy et al.(2020); United Kingdom —— 0.72(0.44,1.19)  2.01
Nicholson et al.(2021); USA - 1.63(1.20,2.22) 275
Nguyen et al.(2020); USA —_—— 0.83(0.33,1.75)  1.13
Mitacchione et al.(2020); Italy —_— 0.90 (0.54,1.51)  1.95
Memel et al.(2021); USA —— 0.54 (0.35,0.86)  2.19
Meintrup et al.(2021); Germany —_— 0.54 (0.33,0.87)  2.06
Maric et al.(2021); USA * 0.92(0.81,1.05)  3.37
Mallow et al.(2020); USA - 0.54 (0.40,0.60)  3.15
Lohia et al.(2021); USA —— 0.61(0.42,0.90) 245
Lohia et al.(2020); USA —— 0.66 (0.46,0.95)  2.52
Lee et al.(2021); Korea —— 0.64(0.43,0.97)  2.35
Lala et al.(2020); USA -~ 0.55(0.45,0.68)  3.14
Overall (I-squared = 76.8%, p = 0.000) 0 0.73 (0.66,0.81)  100.00
NOTE: Weights are from random effects analysis :
I | |
.01 1 100

Figure 2. Forest plot for the association between statin therapy with odds of mortality in COVID-19 patients based on a random-
effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio
estimate, length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.

odds of ventilation [pooled OR (95% CI):
0.85 (0.70 to 0.99)] but have no effects on the
odds of ICU admission [pooled OR (95% CI):
0.93 (0.77 to 1.12)], oxygen therapy [pooled

OR (95% CI): 0.85 (0.70 to 0.99)], recovery
[pooled OR (95% CI): 1.85 (0.35 to 9.92)],
kidney failure [pooled OR (95% CI): 1.01 (0.73
to 1.40)], hospitalization [pooled OR (95%
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Table 3. Pooled odds ratio and corresponding 95% confidence interval of statins therapy for mortality and other clinical

outcomes in COVID-19 patients

Clinical outcomes

Number of studies [Heterogeneity indices]

Pooled OR (CI 95%)

Mortality

<28 day
>28 day

Cross-sectional

Retrospective

Prospective
Total
ICU admission
Ventilation
Severe COVID-19

Recovery

Oxygen therapy

Kidney failure
Hospitalization
Asymptomatic COVID-19

ARDS

N=6; [’=84.9%, P<0.001, Tau’=0.166]
N=42; [P=74.4%, P<0.001, Tau’=0.074]
N=5; [>=80.6%, P=0.001, Tau’=0.134]
N=41; [P=73.3%, P<0.001, Tau’=0.066]
N=5; [>=83.0%, P=0.003, Taw>=0.290]
N=51; [P=76.8%, P<0.001, Tau’=0.084]
N=12; [P=81.5%, P<0.001, Tau’=0.073]
N=16; [P=75.4%, P<0.001, Tau’=0.080]
N=4; [I>=0.0%, P=0.661, Taw>= 0.010]
N=2; [P=79.8%, P=0.026, Tau’=1.215]
N=2; [2=62.9%, P=0.101, Taw’=0.355]
N=4; [P=76.6%, P=0.005, Tauw’=0.077]
N=4; [1 P=95.6%, P<0.001, Taw>=0.182]
N=2; [>=80.5%, P=0.024, Tau’=1.259]
N=7; [1 P=63.3%, P=0.012, Taw>=0.067]

0.79 (0.55 to 1.13)
0.72 (0.64 to 0.80)"
1.05 (0.70 to 1.56)
0.69 (0.62 t0 0.77)
0.88 (0.45 to 1.71)
0.73 (0.66 to 0.81)"
0.93 (0.77 to 1.12)
0.85 (0.70 to 0.99)"
1.32(1.23 to 1.42)°
1.85 (0.35 t0 9.92)
0.58 (0.22 to 1.57)
1.01 (0.73 to 1.40)
1.45 (0.88 t0 2.36)
1.33 (0.24 to 7.44)
1.15 (0.88 to 1.49)

*Significance at 0.05

OR, Odds ratio; CI, Confidence interval; ARDS, Acute respiratory distress syndrome

CI): 1.45 (0.88 to 2.36)], asymptomatic disease
[pooled OR (95% CI): 1.33 (0.24 to 7.44)],
and ARDS [pooled OR (95% CI): 1.15 (0.88
to 1.49)]. Moreover, the results of the current
meta-analysis showed that the use of statins
overally was associated to severe COVID-19
[pooled OR (95% CI): 1.32 (1.23 to 1.42)].
In other word, in a COVID-19 patient under
statins therapy, the odds of severe COVID-19 is
32% more than a COVID-19 patient who does
not use statins during the disease.

Heterogeneity and Meta-regression

The results of Cochran’s Q test showed
significant heterogeneity among the studies
for all outcomes except for severe COVID-19
(Table 3). The heterogeneity source of
mortality, the main outcome of the present

studies, was evaluated by meta-regression. As
shown in Table 3, the I? index for mortality was
79.8%. The results of the simple and multiple
meta-regression showed in Table 4. The
results of the simple meta-regression analysis
showed that study design (coefficient: 0.231,
95% CI, p: 0.011) has a significant effect on
the heterogeneity and this variable explains
22.96% in log odds ratio of mortality variation.
It means the log odds ratio from cross-sectional
to retrospective cohort or from retrospective
cohort to prospective cohort increased about
0.23 units. Other variables including sample
size (coefficient: -0.001, p: 0.994), mean of
age (coefficient: -0.002, p: 0.880), and death
time (coefficient: -0.131, p: 0.417) had no
significant effects on the heterogeneity of
mortality (Figure 3a and 3b).

The effects of variables, including study design,
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Table 4. Simple and multiple meta-regression results for the identification of mortality heterogeneity determinants in the

included studies
Simple multiple meta-regression Multiple meta-regression
Variables - - - -
Coefficient (95%CI)  P-value  Adj-R? Coefficient (95%CI) P-value Adj-R?
Study design 0.231 (0.051t0 0.402) 0.011"  22.96% 0.383(0.090 t0 0.676)  0.013°  45.93%
Sample size (number) -0.001(-0.001 to0 0.001)  0.994 0% -0.001(-0.001 t0 0.001)  0.174
Mean of age (yrs. old) -0.002 (-0.26 t0 0.241)  0.880 0% -0.026 (-0.053 t0 0.001)  0.056
Death (<28 vs >28 day)  -0.131 (-0.480 t0 0.201) 0.417 1.29% -0.201 (-0.707 t0 0.304)  0.418
"Significance at 0.05
CI, Confidence interval,
Coding for study design: 1=Cross-sectional, 2=Retrospective cohort, 3=Prospective cohort
) O O @ )
g By &
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: 3.
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Figure 3. Association among age (A) and sample size (B) with the odds ratio of mortality for statin therapy (log scale) by means
of meta-regression. The size of circles indicates the precision of each study.

sample size, mean of age and death time, on
heterogeneity of mortality in multiple meta-
regressions were also evaluated. As shown in
Table 4, the study design remains significant
effect on the heterogeneity of mortality (b:
0.383, p: 0.013) when adjusted for sample
size, mean of age and death time. Although,
the study design has a significant effect on the
heterogeneity in the multiple model, but these
four variables, in overall, explain about half of
the mortality variance (Adj-R? =45.93%).

Publication Bias

The results of Egger’s test showed no
significant publication bias in the meta-analysis
(coefficient: -0.051, p: 0.936). Figure 4 shows
the funnel plot of mortality for statins therapy
in the included studies.
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Figure 4. The funnel plot for publication bias assessment.
The horizontal and vertical axes represent the odds ratio of
mortality for statin therapy (in log scale) and the standard
error of the odds ratio, respectively.

Discussion

The present meta-analysis showed that statin
therapy was associated with a reduced risk
of mortality and ventilation in patients with
COVID-19 but have had no effects on other
clinical outcomes as compared to non-statin
users. Statins have been traditionally used as
lipid-lowering medications in patients with
cardiovascular and cerebrovascular diseases,
diabetes mellitus as well as other systemic
disorders. Most studies have shown a reduced
or a trend for decreased risk of death with statin
use’Z‘), 30, 32-34, 36, 37, 39-41, 43, 45, 50-55, 57-60, 62, 63, 65-70, 72-74,
7678, 80,83 however, a few studies showed statins
therapy were significantly associated with
mortality.?® 3! 38 61. 64.81. 82 Thyg - conducting a
meta-analysis in this regard is inevitable. In the
current study, the results of the simple meta-
regression analysis showed that study design
have a significant effect on heterogeneity and
random-effects model of meta-analysis was
applied. These heterogeneities in the reported
results may originate from the chronic and in-
hospital use of statins and it is an important

point of view to highlight. This suggests that
prolonged exposure to statins would be required
to manifest their beneficial consequences
in patients with COVID-19. The presence
of comorbidities in COVID-19 patients is
associated with higher rates of severity and
mortality, and patients with these chronic
disorders are frequently prescribed statins
before contracting and during COVID-19
infection.® Statins exert pleiotropic effects.
High levels of cholesterol lead in the formation
of atherosclerosis and accumulation of immune
cells, including macrophages known as foam
cells, which induce systemic inflammatory
reactions, such as toll-like receptor and nuclear
factor kappa-light- chain- enhancer of activated
B cell (NF-«B) signaling®® and in the main
mechanism of action statins inhibit the HMG-
CoA reductase in the cholesterol biosynthesis
pathway. On the other hand, many pathways
are required in the pathogenesis of COVID-19.
SARS-CoV-2 enters into cells using ACE2,
which is expressed with predominance in the
lungs, heart, kidneys, and vascular system
(89). ACE acts on angiotensin II to form
angiotensin-(1 to 7), which has antifibrinolytic,
anti-proliferative, anti-hypertrophic effects,
vasodilating,  and functions.
Interestingly, statins can regulate ACE2 and
have pleiotropic function against oxidative
stress and inflammation.'>*° Moreover, it seems
that statins up-regulate angiotensin-converting
enzyme 2 receptor, which can facilitate SARS-
CoV-2 cell entry.®’ In contrast, there is a
potential mechanistic negative event of statins
on COVID-19 infection from increasing ACE2
expression.”” On contrary, statins alleviate
major pathophysiological disorders of SARS-
CoV-2 infection, including acute lung injury,
endotheliitis and thrombo-inflammation.”

diuretic

428



Moharerzadeh Kurd D et al.

Vol 8 No 4 (2022)

Association of Statin Therapy on Clinical Outcomes in Covid-19 ...

Besides, statins, especially pitavastatin, could
cause a direct antiviral effect by interacting with
the main protease enzyme of SARS-CoV-2.%
The exaggerated immune response that lead to
cytokine storm is thought to be the mechanism
underlying the development of COVID-19-
provoked complications, including ARDS,
sepsis, dispersed intravascular coagulation
and multiorgan failure.® ** Some authors
found that patients on statins therapy during
hospitalization had lower®”* but others showed
higher rate of ARDS** % whereas, there is a
potential mechanistic negative event of statins
on COVID-19 infection from higher rates of
ACE2 expression.”? A recent study showed
statins such as rosuvastatin significantly
reduced  SARS-CoV-2  hospitalization.*
There were confounding factors that were
not adequately reported or analyzed by the
included studies that may contribute to the
unexplained heterogeneity. Differences in
statins types and dosage, as well as compliance,
may affect the clinical outcomes. Some other
studies indicated that the statins intake were
significantly associated with hospitalization.®
Randomized controlled trials are required for
definite conclusion and there are several studies
registered in clinical trials. Moreover, statin
usage was significantly decreased the risk for
intensive mechanical ventilation (IMV),*: 7
whereas another study indicated that patients
on statins during hospitalization had more rates
of being on IMV than patients never on statin
at 28 days.® A few authors showed patients
on statin therapy had less kidney injuries.”
In contrast, some other studies demonstrated
higherrates of kidney injuries.*® Statin therapy
was not significantly related to other secondary
outcomes such as acute kidney injury.?®
Therefore, statin may provoke many side

effects such as myotoxicity and hepatotoxicity.
Maybe myalgia (more common), increased
creatine phosphokinase, rhabdomyolysis (rare)
and consequently acute kidney injury, are the
possible adverse events (94). However, liver
injuries from statins are very rare, including
COVID-19 patients.*® In some patients, statins
could cause elevated liver enzymes and rarely,
liver injury in severe cases of COVID-19.
Several authors have shown lower rates of ICU
admission in participants taking statins®>>* %% ¢2
but others found that patients on statins during
hospitalization had higher rates of ongoing
ICU admission.’* %% 38 However, the present
meta-analysis showed that statin therapy was
associated with a reduced risk of mortality
and ventilation in patients with COVID-19 but
have had no effects on other clinical outcomes.
On other hand, there were some limitations
to conduct the current study. First, due to the
evaluation of observational studies, there is
still a residual risk of confounding that can
alter the results. Second, the heterogeneity of
all estimates was high. Possible reasons for
the heterogeneity include sample size, type,
and timing of a heterogeneous population
taking statins. Third, due to the lack of detailed
information, there is a risk of misclassifying
the timing of statin use (chronic versus
hospitalized). Finally, some studies included
outpatients and others only considered patients
in the ICU. These differences in disease severity
are possible sources of selection bias and may
affect the estimate of the pooled effects.

Conclusion
The present meta-analysis showed that statin

therapy was associated with a reduced risk
of mortality and ventilation in patients with
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COVID-19 but have had no effects on other
clinical outcomes.
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Figure 1. Forest plot for the association between statin therapy with odds of ARDS in COVID-19 patients based on a random-effects
model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio estimate, length
of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 2. Forest plot for the association between statin therapy with odds of hospitalization in COVID-19 patients based on a
random-effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio
estimate, length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 3. Forest plot for the association between statin therapy with odds of ventilation in COVID-19 patients based on a random-
effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio estimate,
length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 4. Forest plot for the association between statin therapy with odds of oxygen therapy in COVID-19 patients based on a random-
effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio estimate,
length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 5. Forest plot for the association between statin therapy with odds of kidney failure in COVID-19 patients based on a random-
effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio estimate,

length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 6. Forest plot for the association between statin therapy with odds of ICU admission in COVID-19 patients based on a
random-effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio
estimate, length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 7. Forest plot for the association between statin therapy with odds of severe COVID-19 in COVID-19 patients based on a
random-effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds ratio
estimate, length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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Figure 8. Forest plot for the association between statin therapy with odds of asymptomatic COVID-19 in COVID-19 patients based
on a random-effects model. Each study identifies by the first author (year) and country. Each line segment's midpoint shows the odds
ratio estimate, length of line segment indicates 95% CI in each study, and diamond mark illustrates the pooled estimate of odds ratio.
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