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ABSTRACT

Purpose Statin potentially improved outcome in
patients with COVID-19. Patients who receive statin
generally have a higher proportion of comorbidities
than those who did not, which may introduce bias.
In this meta-analysis, we aimed to investigate the
association between statin use and mortality in
patients with COVID-19 by pooling the adjusted
effect estimates from propensity-score matching
(PSM) matched studies or randomised controlled
trials to reduce bias.

Methods A systematic literature search using

the PubMed, Scopus and Embase databases were
performed up until 1 March 2021. Studies that were
designed the study to assess statin and mortality
using PSM with the addition of Inverse Probability
Treatment Weighting or multivariable regression
analysis on top of PSM-matched cohorts were
included. The effect estimate was reported in term of
relative risk (RR).

Results 14446 patients were included in the eight
PSM-matched studies. Statin was associated with
decreased mortality in patients with COVID-19 (RR
0.72 (0.55, 0.95), p=0.018; 1*: 84.3%, p<0.001).
Subgroup analysis in patients receiving statin in-
hospital showed that it was associated with lower
mortality (RR 0.71 (0.54, 0.94), p=0.030; 12 64.1%,
p<0.025). The association of statin and mortality
was not significantly affected by age (coefficient:
—0.04, p=0.382), male gender (RR 0.96 (0.95,
1.02), p=0.456), diabetes (RR 1.02 (0.99, 1.04),
p=0.271) and hypertension (RR 1.01 (0.97, 1.04),
p=0.732) in this pooled analysis.

Conclusion In this meta-analysis of PSM-matched
cohorts with adjusted analysis, statin was shown

to decrease the risk of mortality in patients with
COovID-19.

PROSPERO registration

number CRD42021240137.

INTRODUCTION

Patients with COVID-19 with comorbidities
such as diabetes, hypertension, cerebrovascular
and cardiovascular diseases usually have a more
severe infection compared with those without.'™
Patients with comorbidities usually receive drugs
for treatment of chronic diseases.®” During the
pandemic, questions on whether we should
discontinue these drugs in COVID-19 patients
arise. On top of that, many drugs that have
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been touted for treating COVID-19 fails. Thus,
more importantly, can we repurpose these drugs
to reduce in-hospital mortality in patients with
COVID-19?

Statin is lipid-lowering drug with pleiotropic
property.'® It has an important immunomodulatory
property that may be useful in attenuating inflam-
mation."" Several studies have shown its potential
benefit in patients with COVID-19."2 > However,
patients who receive statin generally have a higher
proportion of comorbidities than those who did
not.”’ These may cause selection bias in obser-
vational studies and falsely increase the risk of
mortality in these population. Ideally, randomised
controlled trials are required. However, due to
lack of randomised controlled trials, propensity-
score matching (PSM) may be done to match the
baseline characteristics between those receiving
statin and those who did not in the observational
studies, thus reducing bias. Adjusted analysis on top
of a PSM-matched cohort provides more accurate
results. The result of meta-analysis depends greatly
on the included studies. Thus, by pooling results
from these studies, we will be able to provide a
better analysis. In this meta-analysis, we aimed to
investigate the association between statin use and
mortality in patients with COVID-19 by pooling
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Figure 1  PRISMA flowchart. IPTW, Inverse Probability
Treatment Weighting; PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-analyses.
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Statin and Mortality (Unadjusted)

Relative Risk ~ Weight
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Overall = 0.86[0.51, 1.45]
Heterogeneity: ©° = 0.41, I = 94.80%, H* = 19.24
Test of 6, = 6;: Q(6) = 115.43, p = 0.00
Testof 6=0:z=-0.57,p =057
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Figure 2 Forest plot showing the association between statin and mortality (unadjusted).

the adjusted effect estimates from propensity-matched studies or
randomised controlled trials.

MATERIALS AND METHODS

This is a Preferred Reporting Items for Systematic Reviews and
Meta-analyses compliant systematic review and meta-analysis.
This study is registered in PROSPERO.

Search strategy and study selection

A systematic literature search using PubMed, Scopus and Embase
databases was performed using the terms ‘(SARS-CoV-2 OR
COVID-19) AND (statin)” up until 1 March 2021. Two authors
performed screening of title/abstracts independently. The eligi-
bility of the potential articles was then assessed by evaluating the
full-text against the inclusion and exclusion criteria. Discrepan-
cies were resolved by discussion.

Inclusion and exclusion criteria

The studies were included if they met all of the following
criteria: (1) randomised trials or observational studies reporting
patients with COVID-19, (2) reporting statin use, (3) mortality

and (4) designed the study to assess statin and mortality using
PSM with addition of Inverse Probability Treatment Weighting
(IPTW) or multivariable regression analysis on top of PSM-
matched cohorts.

The studies were excluded if they meet one of the following
criteria: (1) preprints, (2) abstracts, (3) conference papers, (4)
review articles, (5) nonresearch letters and (6) commentaries.
There was no language restriction applied

Data extraction

Extraction of data were performed by two independent authors
for the first author, study design, sample size, baseline character-
istics of patients, characteristics of analysis, the intervention and
the outcome. Discrepancies were resolved by discussion.

Risk of bias assessment of the included studies was performed
by two independent authors using the Newcastle-Ottawa Scale
(NOS)."* NOS consists of three domains: (1) selection, (2)
comparability and (3) outcome. Discrepancies were resolved
by discussion. The certainty of evidence was assessed based on
Grading of Recommendations, Assessment, Development and
Evaluations (GRADE) framework.

Statin and Mortality (Adjusted)

Relative Risk ~ Weight
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Fan 2020 —_—a— 0.25[0.07, 0.92] 3.49
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Oh 2021 —— 0.74[0.52, 1.05] 14.43
Peymani 2021 0.76[0.16, 3.66] 2.54
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Testof 6 =0:z=-2.36, p =0.02

18 4 12 1 2

Random-effects DerSimonian-Laird model

Figure 3  Forest plot showing the association between statin and mortality (adjusted).

Zein AFMZ, et al. Postgrad Med J 2021;0:1-6. doi:10.1136/postgradmed;j-2021-140409



Original research

Funnel plot
e >
]
[ ]
~ % ®
3
m
T«
£
©
=
8
n
(Q -
(]
@ °
T T T T T
-2 -1 0 1 2
Effect Size

Pseudo 95% Cl
Estimated 6,y

e Studies

Figure 4 Funnel plot for publication bias.

Intervention and outcome

The intervention group was statin, defined as statin used prior
or/and during hospitalisation for COVID-19. The control group
was patients who did not receive statin. The outcome was
mortality, defined as clinically validated death or nonsurvivor.
The effect estimate was reported in term of relative risk (RR),
which is defined as either OR, risk ratio or HR.

Statistical analysis

For pooling of unadjusted effect estimates, dichotomous data
were extracted and calculated unless the study only reported
univariable/unadjusted effect estimate. For the adjusted effect
estimates, Der-Simonian Laird random-effects meta-analysis by
extracting the point estimate and/or CI for reported associa-
tions and converting it into log form and using inverse variance-
weighted meta-analysis was performed. Random effect analysis
was performed regardless of the statistical heterogeneity, based
on the assumption that there is a qualitative heterogeneity among
most of the studies. P value of <0.05 was considered as statisti-
cally significant. Heterogeneity was assessed by using Cochran’s
Q test and I” statistics; in which I* values above 50% and p value
below 0.10 indicate significant heterogeneity. Subgroup anal-
yses were performed for patients receiving in-hospital statin.
To assess publication bias and small-study effects, we perform
funnel-plot analysis and Egger’s test. Restricted maximum like-
lihood random-effects meta-regression analysis was performed
to explore heterogeneity and address factors (age, sex, diabetes
and hypertension) that may potentially affect the association
between statin and mortality. STATA V.16.0 was used to perform
meta-analysis.

RESULTS

Baseline characteristics

Of14 446 patientswereincludedin eightstudies (figure 1).
For the analysis, two studies used IPTW and six studies used
multivariable regression analysis. Risk of bias assessment using
NOS showed that the studies have low risk of bias. However,
missing data are significant or inadequately reported. The char-
acteristics of the included studies are presented in table 1.

121315-20

Statin and mortality

The pooled estimate for unadjusted analysis demonstrates that
statin was not associated with change in mortality (RR 0.86 (0.51,
1.45), p=0.568; % 94.8%, p<0.001) (figure 2). Statin was asso-
ciated with decreased mortality in patients with COVID-19 (RR
0.72 (0.55, 0.95), p=0.018; I*: 84.3%, p<0.001) (figure 3).
Subgroup analysis in patients receiving statin in-hospital showed
that it was associated with lower mortality (RR 0.71 (0.54,
0.94), p=0.030; I*: 64.1%, p<0.025).

Publication bias

The funnel plot was asymmetrical (figure 4), and Egger’s test
did not show evidence of small-study effects (p=0.306). Based
on GRADE framework, this pooled effect estimate has a low
certainty of evidence (table 2).

The association of statin and mortality was not significantly
affected by age (coefficient: —0.04, p=0.382), male gender (RR
0.96 (0.95, 1.02), p=0.456), diabetes (RR 1.02 (0.99, 1.04),
p=0.271) and hypertension (RR 1.01 (0.97, 1.04), p=0.732) in
this pooled analysis.

DISCUSSION

In this meta-analysis of PSM-matched cohorts with adjusted
analysis, statin was shown to decrease the risk of mortality in
patients with COVID-19. Subgroup analysis in patients receiving
in-hospital statin also showed lower rate of mortality.

We observe significant heterogeneity in both main analysis
and subgroup analysis, this is also accompanied by asymmet-
rical funnel plot, which indicates publication bias. Thus, despite
the well-designed studies using PSM and IPTW/multivariable
regression analysis for statin and the outcome, the certainty of
evidence remains low. Possibly there were confounding factors
that were not adequately reported or analysed by the included
studies that may contribute to the unexplained heterogeneity.
Differences in statin types and dosage, as well as compliance,
may affect the outcome. Randomised controlled trials are
required for definite conclusion and there are several studies
registered in clinicaltrials.gov. Nevertheless, this study is able
to show that statin was associated with decreased mortality in
adjusted, but not unadjusted analysis, which provides answer to

Table 2 GRADE assessment

Certainty assessment

Number

of Risk of Effect estimate

studies  Study design  bias Inconsistency Indirectness Imprecision  Other considerations (95%Cl) Certainty

Mortality

8 Observational Not serious Not serious Not serious Not serious Publication bias strongly suspected™ all RR 0.72 Low
studies plausible residual confounding would (0.55 to 0.95)

reduce the demonstrated effect

Meta-regression analysis.
*Asymmetrical funnel plot.
RR, relative risk.
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the aim of our study. This also provides distinction to previous
meta-analysis that showed limited effect of statin in patients
with COVID-19.'

The use of statin as an adjunct treatment for patients with
COVID-19 has been considered because of their known immu-
nomodulatory properties.'’ Statins have been traditionally
used as lipid-lowering drugs in patients with cardiovascular
and cerebrovascular diseases, diabetes mellitus as well as other
systemic conditions. The presence of such comorbidities is asso-
ciated with increased severity and mortality of COVID-19, and
patients with these chronic conditions are frequently prescribed
statins before contracting and during COVID-19 infection.*’ **
Cholesterol plays a crucial part in dysfunction of immunity,
dysregulation of pro-inflammatory and anti-inflammatory cyto-
kine secretion and in the onset and pathogenesis of acute respi-
ratory distress syndrome (ARDS).> High levels of cholesterol
contribute to the growth of atherosclerosis and also accumu-
late in immune cells, including macrophages, which provokes
systemic inflammatory reactions, such as toll-like receptor and
nuclear factor kappa-light-chain-enhancer of activated B cell
(NF-kB) signalling.>*2°

Statin exerts its pharmacologic effect by inhibiting the forma-
tion of isoprenoids, which are essential components of small
GTPases (such as Rac, Rho and Ras) and in the consequential
downregulation of redox-sensitive proinflammatory transcrip-
tional factors (such as NF-xB). Through these actions, statin
modulates immune response at various stages, including antigen
presentation, immune cell adhesion and migration and cytokine
generation.!! The anti-inflammatory effects are clinically evident
through a decrease in inflammatory biomarkers, including IL
and C reactive protein.”” The exaggerated immune response that
results in cytokine storm is thought to be the mechanism under-
lying the development of COVID-19-induced complications,
including ARDS, sepsis, disseminated intravascular coagulation
and multiorgan failure.”” >

In addition, statin counteracts inflammation, neutralises
oxidative stress by enhancing antioxidants and reducing reac-
tive oxygen species and rectifies nitric oxide availability, endo-
thelial function and integrity. These positive impacts contribute
to the cardiovascular and lung protection from statin.'' Given
the beneficial effects of statin, any use can lead to less severe
infection, better outcome and reduced risk of mortality during
clinical course of COVID-19 infection.”’

This drug is widely available at low cost, generally safe and well
tolerated.'" However, statin may induce several side effects such
as myotoxicity and hepatotoxicity. Myalgia (more common),
elevated creatine phosphokinase, rhabdomyolysis (rare) and
consequently acute kidney injury, is a possible adverse event.?® In
some patients, statin may cause elevated liver enzyme and, rarely,
liver injury in severe cases of COVID-19.%° It remains contro-
versial whether statin upregulates expression and signalling of
ACE 2, an enzyme that serves as a port of entry for the novel
coronavirus, and consequently predisposes to severe form and
poor outcomes during COVID-19 infection.'! 3

Clinical implications

Statin should not be discontinued in patients with COVID-
19. Moreover, discontinuing statin may cause increase adverse
cardiovascular outcomes postpandemic.’’ In-hospital statin
use has been shown to be associated with reduced mortality,
however, the percentage of statin naive patients was unknown.
Thus, further randomised controlled trials are required for
strong conclusion.

CONCLUSION

In this meta-analysis of PSM-matched cohorts with adjusted anal-
ysis, statin was shown to decrease the risk of mortality in patients
with COVID-19. Statin was associated with lower mortality in
in-hospital statin subgroup.

Main message

» Statin was independently associated with decreased mortality
in patients with COVID-19.

» Subgroup analysis in patients receiving statin in-hospital
showed similar benefit.

» The association was not significantly affected by age, male
gender, diabetes and hypertension.

Current research question

» Further randomised controlled trials are required for strong
conclusion.

» The intensity of statin for this purpose remains to be
determined.

What is already known on the subject

» Statin is lipid-lowering drug with pleiotropic property. It has
an important immunomodulatory property that may be useful
in attenuating inflammation.

» Several studies have shown statin’s potential benefit in
patients with COVID-19.

» However, patients who receive statin generally have a higher
proportion of comorbidities than those who did not. These
may cause selection bias in observational studies and falsely
increase the risk of mortality in these populations.

Twitter Raymond Pranata @RaymondPranata

Contributors AFMZZ, CSS and RP were involved in the conceptualisation and
design of the manuscript. AFMZZ, CSS, UK, AW, MAL and RP participated in data
curation and investigation. RP performed data analysis, formal analysis, and
statistical analysis. AFMZZ, CSS and UK drafted the manuscript. MAL, AW and RP
review and edited the manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
are available upon reasonable request.

This article is made freely available for use in accordance with BMJ's website

terms and conditions for the duration of the covid-19 pandemic or until otherwise
determined by BMJ. You may use, download and print the article for any lawful,
non-commercial purpose (including text and data mining) provided that all copyright
notices and trade marks are retained.

ORCID iDs

Ahmad Fariz Malvi Zamzam Zein http://orcid.org/0000-0001-7821-3813
Michael Anthonius Lim http://orcid.org/0000-0001-7631-6835
Raymond Pranata http://orcid.org/0000-0003-3998-6551

REFERENCES
1 Yonas E, Alwi |, Pranata R, et al. Effect of heart failure on the outcome of COVID-19
- A meta analysis and systematic review. Am J Emerg Med 2020. doi:10.1016/j.
ajem.2020.07.009. [Epub ahead of print: 09 Jul 2020].
2 Pranata R, Lim MA, Yonas E, et al. Body mass index and outcome in patients with
COVID-19: a dose-response meta-analysis. Diabetes Metab 2021;47:101178.

Zein AFMZ, et al. Postgrad Med J 2021;0:1-6. doi:10.1136/postgradmed;j-2021-140409


https://twitter.com/RaymondPranata
http://orcid.org/0000-0001-7821-3813
http://orcid.org/0000-0001-7631-6835
http://orcid.org/0000-0003-3998-6551
http://dx.doi.org/10.1016/j.ajem.2020.07.009
http://dx.doi.org/10.1016/j.diabet.2020.07.005

Original research

3 Pranata R, Supriyadi R, Huang |, et al. The association between chronic kidney disease 18 Peymani P, Dehesh T, Aligolighasemabadi F, et a/. Statins in patients with COVID-19:
and new onset renal replacement therapy on the outcome of COVID-19 patients: a a retrospective cohort study in Iranian COVID-19 patients. Trans/ Med Commun
meta-analysis. Clin Med Insights Circ Respir Pulm Med 2020;14:117954842095916. 2021:6:3.

4 Pranata R, Huang |, Lim MA, et a/. Impact of cerebrovascular and cardiovascular 19 Saeed 0, Castagna F, Agalliu |, et a/. Statin use and in-hospital mortality in patients
diseases on mortality and severity of COVID—19—systemati'c review, meta-analysis, and with diabetes mellitus and COVID-19. J Am Heart Assoc 2020;9:e018475.
meta-regression. Journal of Stroke and Cerebrovascular Diseases 2020;29:104949. 20 Cariou B, Goronflot T, Rimbert A, et a/. Routine use of statins and increased COVID-19

5> Huang |, lj'm MA} Prana"(a R. Diabetes mellltuslls associated W'th |rl1creased mortallty related mortality in inpatients with type 2 diabetes: results from the CORONADQ
anj severity of dlgease |‘anOVID-19EneuZ10n|a A systematlc review, meta-analysis, study. Diabetes Metab 2021:47:101202.
and meta-regression. Q/a etes Mle.ta SW,' r 2020'14'395_40,3', 21 Permana H, Huang I, Purwiga A, et al. In-Hospital use of statins is associated with

6 Pranata R, Henrina J, Lim MA. Clinical frailty scale and mortality in COVID-19: a duced risk of litv i 152019 (COVID-19): ) ) q
systematic review and dose-response meta-analysis: clinical frailty scale in COVID-19 a reduced rsk mortaltty in coronavirus- ( -19): systematic review an
Arch Gerontol Geriatr 2021-93-104324 ' ' meta-analysis. Pharmacol Rep 2021. doi:10.1007/543440-021-00233-3. [Epub ahead

7 July J, Pranata R. Prevalence of dementia and its impact on mortality in patients with of print: 20 ',:Eb 2021]. / L iated with i d
coronavirus disease 2019: a systematic review and meta-analysis. Geriatr Gerontol Int 22 Pranatg R, Lim MA’, "'“ang, h etal. Hypertension is assocllate wit Increase
2021:21:172-7. mortality and severity of disease in COVID-19 pneumonia: a systematic review,

8 Lukito AA, Pranata R, Henrina J, et al. The effect of metformin consumption on meta-analysis and meta-regression. / Renin Angiotensin Aldosterone Syst
mortality in hospitalized COVID-19 patients: a systematic review and meta-analysis. 2020;21:147032032092689.

Diabetes Metab Syndr 2020;14:2177-83. 23 Bifulco M, Gazzerro P. Statin therapy in COVID-19 infection: much more than a single

9 Pranata R, Permana H, Huang |, et a/. The use of renin angiotensin system inhibitor on pathway. Eur Heart J Cardiovasc Pharmacother 2020;6:410~1.
mortality in patients with coronavirus disease 2019 (COVID-19): a systematic review 24 stancel N, Chen C-C, Ke L-Y, et al. Interplay between CRP, atherogenic LDL, and
and meta-analysis. Diabetes Metab Syndr 2020;14:983-90. LOX-1 and its potential role in the pathogenesis of atherosclerosis. Clin Chem

10 Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins on the cardiovascular system. 2016;62:320-7.
Circ Res 2017:120:229-43. 25 Sorokin AV, Karathanasis SK, Yang Z-H, et al. COVID-19-Associated dyslipidemia:
11 Castiglione V, Chiriaco M, Emdin M, et al. Statin therapy in COVID-19 infection. £ur implications for mechanism of impaired resolution and novel therapeutic approaches.
Hear J - Cardiovasc Pharmacother 2020;6:258—9.' ‘ ' Faseb J 2020;34:9843-53.
12 Gupta A, Madhavan MV, Poterucha T, et al. Association between antecedent statin 26 Dashti-Khavidaki S, Khalili H. Considerations for statin therapy in patients with
use and decreased mortality in hospitalized patients with COVID-19. Nat Commun COVID-19. Pharmacotherapy 2020;40:484-6.
2021;12:132_5' ) o ) ) 27 Huang |, Pranata R, Lim MA, et al. C-Reactive protein, procalcitonin, D-dimer, and
13 Zhang X, Qm 5, Cheng X, etal. I.n—l-llqspnal use of statins s associated with ferritin in severe coronavirus disease-2019: a meta-analysis. Ther Adv Respir Dis
a reduced risk of mortality among individuals with COVID-19. Cell Metab g
2020;14:175346662093717.
2020;32:176-87. 28 Lim MA, Pranata R, Huang |, et al. Multiorgan failure with emphasis on acute kidney
14 Wells G, Shea B, O'Connell D. The Newcastle-Ottawa scale (NOS) for assessing the o ' Y e ; ) ) )
; ; S injury and severity of COVID-19: systematic review and meta-analysis. Can J Kidney
quality of nonrandomised studies in meta-analyses. Ottawa, Ottawa Hosp Res Inst Health Dis 2020:7-2054358120938573
2000 http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp ealth Lis - o ) i
15 FanY,GuoT, Yan F, et al. Association of statin use with the in-hospital outcomes of 29 BUt,t JH, Ggrds A, Schlou Mf et al. Association between stgtm use and outcomes in
2019-Coronavirus disease patients: a retrospective study. front Med 2020;7:1-8. patients with coronavirus disease 2019 (COVID-19): a nationwide cohort study. BMJ
16 Lee H-Y, Ahn J, Park J, et al. Beneficial effect of statins in COVID-19-Related Open 2020;10:e044421. . .
Outcomes-Brief report: a national population-based cohort study. Arterioscler Thromb 30 Vitiello A, La Porta R, Ferrara F. Correlation between the use of statins and COVID-19:
Vasc Biol 2021:41:e175-82. what do we know? BM/ Evid Based Med 2020:bmjebm-2020-111589.
17 OhTK, Song I-A, Jeon Y-T. Statin therapy and the risk of covid-19: a cohort study of 31 Lim MA, Huang |, Yonas E, et al. A wave of non-communicable diseases following the
the National health insurance service in South Korea. J Pers Med 2021;11:1-11. COVID-19 pandemic. Diabetes Metab Syndr 2020;14:979-80.
6 Zein AFMZ, et al. Postgrad Med J 2021;0:1-6. doi:10.1136/postgradmed;j-2021-140409


http://dx.doi.org/10.1177/1179548420959165
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.104949
http://dx.doi.org/10.1016/j.dsx.2020.04.018
http://dx.doi.org/10.1111/ggi.14107
http://dx.doi.org/10.1016/j.dsx.2020.11.006
http://dx.doi.org/10.1016/j.dsx.2020.06.047
http://dx.doi.org/10.1161/CIRCRESAHA.116.308537
http://dx.doi.org/10.1093/ehjcvp/pvaa042
http://dx.doi.org/10.1093/ehjcvp/pvaa042
http://dx.doi.org/10.1038/s41467-021-21553-1
http://dx.doi.org/10.1016/j.cmet.2020.06.015
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.3389/fmed.2020.584870
http://dx.doi.org/10.1161/ATVBAHA.120.315551
http://dx.doi.org/10.1161/ATVBAHA.120.315551
http://dx.doi.org/10.3390/jpm11020116
http://dx.doi.org/10.1186/s41231-021-00082-5
http://dx.doi.org/10.1161/JAHA.120.018475
http://dx.doi.org/10.1016/j.diabet.2020.10.001
http://dx.doi.org/10.1007/s43440-021-00233-3
http://dx.doi.org/10.1177/1470320320926899
http://dx.doi.org/10.1093/ehjcvp/pvaa055
http://dx.doi.org/10.1373/clinchem.2015.243923
http://dx.doi.org/10.1096/fj.202001451
http://dx.doi.org/10.1002/phar.2397
http://dx.doi.org/10.1177/1753466620937175
http://dx.doi.org/10.1177/2054358120938573
http://dx.doi.org/10.1177/2054358120938573
http://dx.doi.org/10.1136/bmjopen-2020-044421
http://dx.doi.org/10.1136/bmjopen-2020-044421
http://dx.doi.org/10.1136/bmjebm-2020-111589
http://dx.doi.org/10.1016/j.dsx.2020.06.050

	Statin and mortality in COVID-19: a systematic review and meta-­analysis of pooled adjusted effect estimates from propensity-­matched cohorts
	ABSTRACT
	Introduction
	Materials and methods
	Search strategy and study selection
	Inclusion and exclusion criteria
	Data extraction
	Intervention and outcome
	Statistical analysis

	Results
	Baseline characteristics
	Statin and mortality

	Discussion
	Clinical implications

	Conclusion
	References


