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Abstract

Background: Since the start of COVID-19 pandemic, efforts have been made for
finding efficient and effective drugs for the treatment and management of COVID-19
patients. As various comorbidities including cardiovascular diseases increase the risk
of mortality in COVID-19 patients, the use of statin has been suggested to be
associated with decreased risk of mortality due to its pleiotropic and cardioprotective
characteristics.

Objectives: This meta-analysis study aims at evaluating the association of statin use
and mortality in COVID-19 patients in current literature.

Methods and Materials: A systematic literature search was conducted on PubMed,
Scopus, and Web of Science data bases until 31 September, 2021. Studies that
reported adjusted odds (aOR) or hazard ratios (aHR) for statin use and mortality in
COVID-19 patients were included. A meta-analysis of the aOR or aHR were performed
using the inverse variance weighted method with a common fixed effect model.
Results: Of the 25 included studies, 7 had reported adjusted hazard ratios and 18
reported aOR. The pooled aOR revealed that the use of statin significantly reduces the
risk of mortality in COVID-19 patients (pooled odds ratio (OR) = 0.8224, 95% Cl [0.7893;
0.8569], p-value < 0.0001). Although the pooled aHR suggests protective effect of
statin use on mortality of COVID-19 patients, it was not statistically significant (pooled
hazard ratio (HR) = 0.9043, 95% CI [0.8082; 1.0119], p-value = 0.075). No publication
bias was observed.

Conclusion: Use of statin significantly reduces the risk of mortality in COVID-19
patients. This conclusion should not be misinterpreted into a clinical indication for
statin administration in COVID-19 patients during or prior to hospitalization.

Keywords: stain, COVID-19, cardiovascular disease, mortality, hospitalization

Tob Regul Sci.™ 2021;7(6-1): 6764-6779 6764



Sahar Vahdat
Association between the Use of Statins and Mortality in COVID-19 Patients: A Meta-analysis

Tob Regul Sci.™ 2021;7(6-1): 6764-6779
DOI: doi.org/10.18001/TRS.7.6.1.8

1. Introduction

COVID-19 patients who suffer from comorbidities such as hypertension, cardiovascular diseases,
diabetes mellitus, respiratory diseases, immunodeficiency disorders, chronic kidney disease, and
other co-existing infections have a higher risk of mortality (1-5). Older patients with higher
frailty scores, also, have more severe outcomes (6). From the start of COVID-19 pandemic
nearly two years ago, efforts have been made for finding the most efficient and effective
treatment course for this novel infection. It should be noted that these COVID-19 patients with
comorbidities, receive various drugs for the treatment of their chronic condition (7). Hence, the
effect of these drugs on outcomes of this infection is of utmost importance.

Statins are widely prescribed for patients with hypercholesterolemia, hypertriglyceridemia, and
hyperlipoproteinemia (8). As the drugs lowers total cholesterol concentration and increases high-
density lipoproteins (HDL), it primarily acts as a cardioprotective agent which reduces the risk of
myocardial infarction, atherosclerosis, and stroke in these patients (8, 9). However, it has been
found that due to its immunomodulatory and pleiotropic properties, statins have anti-
inflammatory effects (10-12). Hence, studies have investigated the effect of this drug on outcome
of COVID-19 infection (13-18). This meta-analysis aims at elucidating the association between

the use of statins and mortality in hospitalized patients suffering from COVID-19 infection.

2. Methods and Materials

2.1. Search Strategy, Study Selection, and Data Extraction

A systematic search of literature was performed on PubMed, Scopus, and Web of Science data
bases using the keywords ‘(“coronavirus 2019”7 OR “2019-nCoV” OR “SARS-CoV-2” OR
“COVID-19” OR COVID OR COVID19) AND (statin* OR atorvastatin OR rosuvastatin OR
simvastatin OR pitavastatin OR pravastatin OR fluvastatin OR lovastatin) AND (mortality OR
death OR fatal)’.

Two authors have subsequently screened the results based on the title and abstract of the articles.
Afterwards, the eligibility of the remaining articles was assessed according to the inclusion and
exclusion criteria. The inclusion criteria were (1) studies which have investigated the effect of
statin use on mortality outcome of COVID-19 patients; (2) cohort and case-control studies with
adjusted odds or hazard ratios. Exclusion criteria were (1) studies without adjusted odds or
hazard ratios (2) other types of studies such as commentaries or in vitro and in vivo studies.

The data regarding the name of the first author, total number of patients, number of mortality
events among statin users, total number of statin users, number of mortality events among non-
statin users, total number of non-statin users, odds or hazard ration, 95% confidence interval,
study design, and type of statin were extracted by one author and cross-checked by another

author.
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The intervention group was defined as all those patients that received statin while the control
group was defined as those patients who did not receive statin. Mortality was defined as the
measured outcome and the effect estimate is reported as odds or hazard ratios.

2.2 Statistical Analysis

The data analysis was performed using R statistical software (version 4.0.5) and meta package
(19). The pool estimate of adjusted odds and hazard ratios of the studies were calculated with
their 95% confidence interval (CI) using the logarithm of odds and hazard rations and their
standard error according to the inverse variance-weighted meta-analysis method. The Cochran’s
Q test and I* statistics were used for assessment of heterogeneity; values greater than 50% were
considered as statistically significant. Also, p-values lower than 0.05 were considered as statically
significant. Due to low heterogeneity of the studies, the fixed effect model was used (20). The
pooled odds and hazard ratios of the association between the use of statin and mortality outcome
of COVID-19 patients is reported with the 95% CI. The result of the conducted meta-analysis is
presented for each individual studies using a forest plot. Also, visual inspection of the funnel plot

of odds and hazard ratios was used to determine publication bias.

3. Results

Of the 433 retrieved studies, 88 duplicates were primarily removed. 345 records have been then
screened, among which 54 full-texts were assessed for eligibility. 30 studies were excluded and 25
studies (21-45) which fully met the eligibility criteria were included in the meta-analysis. (Figure
1)

The all-cause mortality outcome of statin and non-statin users COVID-19 patients was available
in all the included studies, of which 18 studies (21-38)have reported adjusted odds ratios and 7
studies (39-45) have reported adjusted hazard ratios. 17 studies were multi-centred observational
cohort study (21, 25-27, 30-34, 36-38, 40-42, 44, 45), 7 studies were single-centred
observational cohort study (23, 24, 28, 29, 35, 39, 43), and 1 study was a multi-centred case-
control study (22).

The meta-analysis of the 7 studies that reported hazard ratio, with 24,088 number of patients,
indicates that use of statin did not significantly reduce the hazard of mortality in COVID-19
patients in comparison with those COVID-19 patients who did not receive statin (pooled hazard
ratio (HR) = 0.9043, 95% CI [0.8082; 1.0119], p-value = 0.075). However, the pooled odds
ratio is not consistent with the pooled hazard ratio. The meta-analysis of the 18 studies that
reported odds ratio, with 94,023 number of patients, indicate that the use of statin significantly
reduced the odds of mortality in COVID-19 patients in comparison with the patients who did
not receive statin (pooled odds ratio (OR) = 0.8224, 95% CI [0.7893; 0.8569], p-value <
0.0001). The forest plots of ORs and HRs are available in figure 2 and 3, respectively. Figure 4
and 5 are the funnel plots of OR and HR, respectively. Visual inspection of these figures did not

indicate any asymmetries. Hence, no publication bias has been observed.
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4. Discussion

This meta-analysis of observational multi/single-centred cohort or case-control studies has shown
that statin significantly reduces the odds of mortality in hospitalized patients with COVID-19
infection. Although the pooled hazard ratio also suggests a protective effect of statin on mortality,
however, the result was not statistically significant (p-value > 0.05).

It is widely known now that cardiovascular diseases increase the risk of more severe outcomes
among COVID-19 patients (46). Hence, hospitalized statin users who have been infected with
COVID-19 suffer from more severe forms of cardiovascular diseases and have a higher risk of
mortality. Also, systemic inflammation and ischemic and non-ischemic myocardial injuries are
among the severe complications of COVID-19 infection (47). Thus, these factors should be
noted prior to the assessment of statin use and its effect on in-hospital mortality of COVID-19
patients. Although the pooled OR and HR showed decreased risk of mortality among the statin
users, however, the pooled HR was not statistically significant. Among the studies that reported
OR and HR for statin use and mortality, 6 studies indicated that statin use does not significantly
reduce the risk of mortality among COVID-19 patients (23, 31, 37, 38, 40, 43). However, in 4
of these studies, the prevalence of comorbidities among statin users was higher in comparison
with non-statin users (31, 38, 40, 43). In one observational study in France, conducted by
Cariou et al, tracheal intubation and/or death was more prevalent among the statin users,
however, no data was available regarding other comorbidities or cardiovascular profile (23).

The precise mechanism of statin’s action and effect on COVID-19 infection is not fully clear,
however, statin has pleiotropic characteristics that help us to explain its mechanism of action to
some extent. Statin reduces the expression of NF-kB pathway which subsequently decreases the
expression level of pro-inflammatory cytokines. It also impedes T-cell and toll like receptors
activation (48, 49). Due to its anticoagulative properties and by upregulating the production of
nitric oxide it enhances the function of vascular and endothelial system (50). The
cardioprotective characteristics of this drug in reducing the risk of cardiac injuries is another
important factor in mortality risk reduction of COVID-19 patients (51). However, there is no
consensus in the literature regarding the effect of statin on cell entry of SARS-COV-2. SAR-
COV-2 binds to the angiotensin converting enzyme 2 (ACE-2) on the membrane surface of
human cells, which higher concentration of cholesterol and sphingomyelin enhances this process
(52). Hence, depletion and reduction of these lipids on the surface of cellular membranes
conversely hinder this process. However, the effect of statin on membranous lipids is the point of
discussion here. Although some studies indicate that statin reduces the intracellular synthesis of
cholesterol and reduce the cholesterol level on cellular membrane surface (53), other studies
suggest that by the increase in the expression of low density lipoprotein receptors (LDL-rs) on
cellular membrane surface, circulating cholesterol uptake increases (54). Another important effect
of statin is on ACAT (acyl-coenzyme A cholesterol acyl-transferase) enzyme. ACAT is an integral
membrane protein in endoplasmic reticulum (ER), which plays a crucial role in cholesterol

metabolism, and depletes cholesterol from cellular membrane surface. It has been recently
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discovered that SARS-COV-2 can activate ACAT through certain mechanism. This decreases the
cholesterol level of cellular membrane and thus impedes binding of SAR-COV-2 spike proteins
with membrane receptors (55, 56). It should be noted that statin can intercept ACAT activation
and increase viral entry (50). Another point of debate, is the effect of statin on ACE-2 expression
and its effect on cell entry of SARS-COV-2. Some studies suggest that, due to the upregulation
ACE-2 expression by this drug, statin may facilitate the process of infection and cell entry of this
virus (57, 58). On the contrary, other studies indicate that by transformation of angiotensin II
into angiotensin I-VII, facilitated by ACE-2, lung injury has been reduced in COVID-19
patients (59). Further studies should elucidate the precise cellular and molecular interaction of
statin use and COVID-19 infection.

Some limitations of our meta-analysis study should be noted prior to interpretation of the results.
While randomized clinical trials are the study design of choice for evaluation of treatment effects,
our study included observational cohort and case-control studies, since the number of
randomized trials is scarce. However, consistency is found among the results of the included
studies. More importantly, the precise drug dosing regimen was not available in the included
studies. Also, the type statin was not mentioned in most of the studies and in some studies statin
was taken along with other ACE inhibitors and blockers. The severity of comorbidities among
COVID-19 patients, radiographic images, and polymerase chain reaction test results were also
not mentioned in most of the studies. It is unclear whether statin was administered at the time of
or prior to hospital admission. Ultimately, it should be noted that this study does not suggest
prescription of statin for COVID-19 patients prior to or during hospital admission. Further

randomized trials should investigate the efficacy of statin use for treatment and management of
severe outcomes of COVID-19.

5. Conclusion

Opverall, the findings of this meta-analysis study support the association between the use of statin
and decrease risk of mortality among COVID-19 patients. Although the cardioprotective, anti-
inflammatory, anti-thrombotic, and pleiotropic characteristics of statin are potential explanations
for its mechanism of action, however, further studies should investigate the precise
pathophysiological interactions of statin, human cell, and SARS-COV-2. Finally, it should be
taken into account that the findings of this study do not indicate initiation of statin

administration for COVID-19 patients.
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Figure 1: Flow diagram of the selected studies
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Figure 2: The forest plot of pooled OR of mortality outcome between statin users and non-users

Study TE seTE Odds Ratio OR 95%-Cl Weight
Ahlsrirom 002 0.1483 —i—" 098 [073;131] 20%
Bytebier 025 01952 — T 078 [053;1.14] 12%
Cariou 0.04 01052 i—*— 096 [078;119] 40%
Ckacko 085 03251 ———— 043 [0.23;081] 04%
Greco 0.20 0.3346 — T 082 [042;158] 04%
Lohia 019 0.1526 —i—— 082 [061;1.11] 19%
Mitacchione 0.05 02847 — 096 [055;167] 05%
Nicholson 0.33 0.1616 — 0.72 [0.52;099] 1.7%
Rosenthal 0.22 0.0278 : 0.80 [0.76;0.85] 56.9%
Terlecki 027 02056 T 077 [051;1.15] 1.0%
Torres-Pena 017 01153 —:'— 084 [067;105 33%
Yetmar 006 02718 —— 106 [062;180] 06%
Daniels 0.23 0.0500 —°|- 0.80 [0.72;0.88] 176%
lkari 008 02364 — 092 [058;147] 08%
Lohia1 021 01799 T 081 [057;115] 14%
Meintrup 0.27 01905 —H:—— 077 [053;1.11] 12%
Ramos 0.04 0.3169 —r— 096 [052;179] 04%
Wargny 0.10 0.0972 i—-'— 111 [092;134] 47%
Common effect model & 0.82 [0.79; 0.86] 100.0%
Heterogeneity: 1* = 20%, t° = 0.0056, p = 0.21
0.5 1 2

TE = trearment effect values; seTE = standard error of trearment effect values; OR = odds ratio

Figure 3: The forest plot of pooled HR of mortality outcome between statin users and non-users

Study TE seTE Hazard Ratio HR 95%-Cl Weight
Zhang 024 01642 —'-;-|- 079 [057,1.09] 122%
Butt -0.02 01059 L J 098 [080;121] 294%
Fan -0.60 0.6661 ; 0.55 [015,202] 07%
Aghajani -0.17 0.1565 —& 0.85 [062;1.15] 134%
Lee 020 02072 — 082 [055123) 77%
Rey 0.00 0.1110 .3 1.00 [0.81;1.25] 26.7%
Villalba 026 01824 —'-i-- 077 [054,1100 99%
Common effect model | | : | | 0.90 [0.81; 1.01] 100.0%

Heterogeneity: P= 0%, = 0,p=069
0.2 05 1 2 5

TE = treatment effect values; seTE = standard error of treatment effect values; HR = hazard ratio
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Figure 4: The funnel plot of studies reporting OR
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Table 1: Summary of the findings of the included studies

non- | non- 95% CI type of
Author TNP Age Se St aOR/aHR study design P _
Se St lower | upper statin
multi-centre retrospective
Ahlsrtrom 1544 61 (52-69) 110 375 236 923 0.95 0.81 | 1.12
cohort study
) multi-centre retrospective
Bytebier 959 69.2 47 297 | 103 | 662 0.56 0.39 | 0.93
case-control study
Statin users: 71.7 ) )
_ single-centre retrospective
Cariou 2266 (10.8) / Non- 229 | 1192 | 248 | 1257 0.92 0.63 | 1.35
_ cohort study
statin users: 70.2
(13.9
Statin users: 69.0 ] )
' single-centre retrospective
Ckacko 255 (10.6)/ Non-statin | 21 116 32 139 0.14 0.03 | 0.61
cohort study
users: 62.4 (17.7)
Statin users: 76
) multi-centre retrospective
Greco 501 (10), Non-statin 15 61 140 | 450 0.63 0.29 | 1.35
cohort study
users: 71 (17)
Atorvastatin,
Statin users: 67 .
rosuvastatin,
) (60-74)/ single-centre retrospective | )
Lohia 1014 . 138 | 454 | 159 | 560 0.64 0.47 | 0.87 simvastatin,
Non-statin users: cohort study )
pravastatin,
61 (47-72) .
lovastatin
) ) Statin users: 71 multi-centre retrospective | Atorvastatin,
Mitacchione | 290 38 145 41 145 0.9 0.54 | 1.51 }
(64-79)/ cohort study rosuvastatin,
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Non-statin users: simvastatin

72 (61-80)

] multi-centre retrospective
Nicholson 1042 64 (53-75) 122 511 88 531 0.47 0.24 | 0.92
cohort study

single—centre retrospective
Rosenthal | 64781 56.1 (19.9) 2426 | 12233 | 4929 | 52548 0.6 0.56 | 0.65
cohort study

. single-centre retrospective
Terlecki 1729 63 (50-75) 32 269 191 | 1460 0.54 0.33 | 0.84
cohort study

Statin users: 72

(10) single-centre retrospective
Torres-Pena | 1868 192 | 934 | 258 | 934 0.67 0.54 | 0.83
Non-statin users: cohort study
73 (11)
Statin users: 65
57-73)/ ingle- i
Yetmar | 1295 57-73) 35 | 500 | 24 | 795 1.14 | 0.64 | 2.03 | SmEeCente retrospective
Non-statin users: cohort study
55 (43-65)

. multi-centre retrospective
Daniels 10541 1027 | 4449 | 1185 | 6092 0.59 0.5 | 0.69
cohort study

Statin users:

. 67.8+12.9/ multi-centre retrospective
Ikari 693 30 214 77 | 479 0.83 0.531 | 1.322
Non-statin users: cohort study
68.5+15.6
Statin users: 66

single-centre retrospective

Lohia 922 (59-75)/ 69 | 250 | 224 | 672 0.61 0.42 | 0.9

‘ cohort study
Non-statin users:
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65 (54-73)
) multi-centre retrospective
Meintrup 739 72 345 75 394 0.54 0.33 | 0.87
cohort study
survivors: 85.8
(82.7-88.9)/ multi-centre retrospective
Ramos 790 188 | 385 227 | 405 0.917 0.723 | 1.978
Non survivors: 86 cohort study
(82.7-88.9)
survivors: 67.9 +
13.0/ multi-centre retrospective
Wargny 2794 . 299 | 1282 | 278 | 1512 1.27 1.05 | 1.54
Nonsurvivors:76.8 cohort study
+11.3
Atorvastatin,
rosuvastatin,
multi-centre retrospective | simvastatin,
Zhang 4305 66.0 (59.0-72.0) 45 816 325 | 3119 0.58 0.43 0.8 ]
cohort study pravastatin,
fluvastatin,
pitavastatin
Statin users: 73 Atorvastatin,
63-79), Non- lti-cent t ti tatin,
Butt sgqp | O Nonbo L sees | 177 | 666 | 096 | 078 | 1.1g | multi-centre retrospective | rosuvastatin
statin users: 50 cohort study simvastatin,
(37-65) pravastatin
Statin users: 64 . .
Retrospective, multicenter,
Fan 412 (57-72), Non- 3 203 10 196 0.25 0.07 | 0.92
cohort study
statin users: 66
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(57-73)

Statin users: 65.46

+ 14.94
ive cohort study,
Aghajani | 991 113 | 308 | 143 | 427 | 0.679 | 0517 | 0.89 | ‘COSPEHVE SRS vastatin

. single center
Non-statin users:

58.82 + 17.88

Statin users: 65.53
(12.17)
Lee 10488 28 505 200 | 9715 0.637 0.425 | 0.953

Non-statin users:

43.75 (19.53)

multicenter retrospective

cohort study

single center retrospective
Rey 2191 68,0 + 17,8 294 | 533 | 303 | 1001 1.01 0.78 1.3
cohort study

) multicenter retrospective
Villalba 859 68.1 66 229 110 454 0.551 0.329 | 0.921
cohort study

TNP: total number of patients; Se: number of mortality in statin users; St: total number of statin users; non-Se: number of mortality in non-statin

users; non-St: total number of statin users; aOR: adjusted odds ratio; aHR; adjusted hazard ratios; CI: confidence interval;
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