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A B S T R A C T   

Background and aims: Statin therapy is administered to patients with high cardiovascular risk. These patients are 
also at risk for severe course of coronavirus disease 2019 (COVID-19). Statins exhibit not only cardioprotective 
but also immunomodulatory and anti-inflammatory effects. This study performed a systematic review of pub-
lished evidence regarding statin treatment and COVID-19 related mortality. 
Methods: A systematic PubMed/Embase search was performed from February 10, 2020 until March 05, 2021 for 
studies in COVID-19 patients that reported adjusted hazard or odds ratio for death in statin users versus non- 
users. 
Results: 22 studies fulfilled the inclusion criteria and were included in the systematic review. Meta-analysis of 10 
studies (n = 41,807, weighted age 56 ± 8 years, men 51%, hypertension 34%, diabetes 21%, statin users 14%) 
that reported adjusted hazard ratios for mortality in statin users versus non-users showed pooled estimate at 0.65 
(95% confidence intervals [CI] 0.53, 0.81). Meta-analysis of 6 studies that reported continuation of statin therapy 
during hospitalization (58–100% of patients) revealed a pooled hazard ratio of 0.54 (95% CI 0.47, 0.62). Meta- 
analysis of 12 studies (n = 72,881, weighted age 65 ± 2 years, men 54%, hypertension 66%, diabetes 43%, statin 
users 30%) that reported adjusted odds ratios for mortality showed pooled estimate at 0.65 (95% CI 0.55, 0.78). 
Multivariable meta-regression analysis did not reveal any significant association of hazard or odds ratios with 
anthropometric characteristics or comorbidities. 
Conclusions: This meta-analysis of retrospective observational studies showed that statin therapy was associated 
with an about 35% decrease in the adjusted risk of mortality in hospitalized COVID-19 patients.   

1. Introduction 

Statins are the most frequently prescribed hypolipidemic agents [1]. 
Their wide use is strongly supported by their evidence-based car-
dioprotective effect whereas severe adverse events are extremely rare 
[1]. Additional beneficial (pleiotropic) effects attributed to their 
anti-inflammatory and antioxidant properties render these drugs an 
irreplaceable choice when it comes to lipid lowering and car-
dioprotection treatment [2]. 

In the era of coronavirus disease 2019 (COVID-19), the impact and 
safety of established background therapies of COVID-19 patients have 
been questioned. It should be noted that statin-treated individuals are 
more likely to be older and to have cardiovascular risk factors or disease, 

and thereby more likely to have severe COVID-19 [3]. Statins seem to 
up-regulate angiotensin-converting enzyme 2, which could possibly 
enhance COVID-19 transmissibility [4]; on the other hand, these drugs 
present anti-oxidative, anti-inflammatory, anti-arrhythmic, anti-th-
rombotic properties and have beneficial effects on endothelial 
dysfunction, which could be proved protective against fatal respiratory, 
cardiovascular and thromboembolic complications in COVID-19 [5,6]. 

Accumulating evidence as presented in the available relevant meta- 
analyses seems to support a beneficial or at least a neutral effect of 
statins in COVID-19 patients in terms of mortality [7–13]. However, 
there is significant methodological heterogeneity (analysis of unad-
justed and adjusted risks, simultaneous use of odds and hazard ratios, 
inclusion of a limited number of studies or non-peer-reviewed studies) 

* Corresponding author. Third Department of Medicine, National and Kapodistrian University of Athens, School of Medicine, Sotiria Hospital, 152 Mesogion 
Avenue, Athens, 11527, Greece. 

E-mail address: taskollias@gmail.com (A. Kollias).   
1 These authors contributed equally to this work. 

Contents lists available at ScienceDirect 

Atherosclerosis 

journal homepage: www.elsevier.com/locate/atherosclerosis 

https://doi.org/10.1016/j.atherosclerosis.2021.06.911 
Received 12 March 2021; Received in revised form 2 June 2021; Accepted 24 June 2021   

mailto:taskollias@gmail.com
www.sciencedirect.com/science/journal/00219150
https://www.elsevier.com/locate/atherosclerosis
https://doi.org/10.1016/j.atherosclerosis.2021.06.911
https://doi.org/10.1016/j.atherosclerosis.2021.06.911
https://doi.org/10.1016/j.atherosclerosis.2021.06.911
http://crossmark.crossref.org/dialog/?doi=10.1016/j.atherosclerosis.2021.06.911&domain=pdf


Atherosclerosis 330 (2021) 114–121

115

which might have accounted for the heterogeneity in the reported 
outcome [7–13]. 

The aim of the present study was to perform an updated systematic 
review of the current literature in order to investigate the impact of 
statin treatment on the mortality of COVID-19 patients by using strict 
methodological criteria. 

2. Materials and methods 

2.1. Search strategy 

A systematic review and meta-analysis was performed according to 
Meta-analysis of Observational Studies in Epidemiology (MOOSE) 
Guidelines [14]. A systematic search of PubMed and EMBASE databases 
was performed to identify eligible articles from February 10, 2020 until 
March 05, 2021 using the following term strategy: (“coronavirus 2019” 
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). Articles were also identified from refer-
ence lists of relevant papers and hand search. The study selection was 
performed independently by 2 investigators (K.G.K and I.G.K). Dis-
agreements were resolved by consensus with a senior author (A.K.). 

2.2. Selection criteria 

The primary study outcome included the adjusted risk of death in 
statin users versus non-users with a COVID-19 diagnosis. Eligible studies 
were full-text peer-reviewed articles in English that: (1) had prospective 
or retrospective design, (2) included only COVID-19 patients, (3) re-
ported the use of statins among patients at least at baseline, (4) pre-
sented the hazard ratio or odds ratio for death in statin users versus non- 
users which should be adjusted for anthropometric characteristics/ 
comorbidities or calculated in matched groups for such variables. In the 
case of more than one study from the same dataset, only the most 
relevant (reporting on the outcome of interest) or the largest one was 
included. 

2.3. Data extraction and risk of bias assessment 

Authors of the included studies were contacted by email to obtain 
additional details not reported in the published paper regarding the 
continuation of statin use during hospitalization. Three investigators (A. 
K, K.G.K and I.G.K) extracted independently data concerning study 
design, main characteristics of included populations and data regarding 
primary endpoint from included studies where available. The risk of bias 
was assessed using a combined checklist from Joanna Briggs Institute 
Critical Appraisal Checklists for Analytical Cross Sectional Studies and 
for Cohort Studies [15]. 

2.4. Statistical analysis 

Meta-analysis regression was performed using the Stata/SE 11 
(Texas) software. Natural logarithms of adjusted hazard ratios or odds 
ratios and corresponding standard errors were used for the analysis 
(random-effects meta-analysis). Sensitivity and stratified analyses were 
performed in order to compensate for the observed methodological 
heterogeneity among the included studies: (i) analysis of studies 
reporting in-hospital use of statins, (ii) analysis by excluding one study 
each time (influence analysis), and (iii) analyses by selecting studies on 
the criteria of mean age and percentage of males, as well as excluding 
those performed exclusively in diabetic or intensive care unit patients. 
Multivariable meta-regression analysis was performed for assessing as-
sociations between the natural logarithms of adjusted hazard or odds 
ratios for death with gender, age, prevalence of diabetes, hypertension, 
coronary heart disease, and chronic obstructive pulmonary disease or 

lung disease in general across studies. Mean values of variables for 
subgroups were combined where feasible in order to get the mean value 
for the total sample [16]. Median values were converted to mean values 
[17]. Heterogeneity was tested using I2 statistics. Publication bias was 
assessed by inspecting funnel plots for primary outcomes in which the ln 
(hazard ratio) and ln(odds ratio) were plotted against SE, as well as 
Egger’s test (linear regression method) and Begg’s test (rank correlation 
method) [18,19]. Two-sided p values of <0.05 were considered 
significant. 

3. Results 

3.1. Included studies 

The MOOSE Statement - Reporting Checklist for the present meta- 
analysis of observational studies is presented in Supplementary Ap-
pendix A. Among 237 initially identified articles, 22 studies fulfilled the 
inclusion criteria and were included in the systematic review (flowchart 
in Fig. 1) [20–41]. The main characteristics of these studies are shown in 
Table 1. All the studies were of retrospective observational design and 
all reported the risk of death associated with statin use adjusted for 
several confounding factors. Regarding the latter, the most commonly 
reported included: (i) Demographics: age, gender, body mass index; (ii) 
Comorbidities: hypertension, diabetes, coronary heart disease; (iii) 
Medications: angiotensin converting enzyme inhibitors or angiotensin II 
receptor blockers, antiplatelets, anticoagulants; (iv) Biochemical 
indices: lipids, creatinine levels. Some of the studies reported the 
duration of the follow-up, which ranged from a few days to several 
weeks [20,21,23–26,28,32,33,41]. In addition, 2 studies reported that 
the median length of hospitalization of the non-survivors was about 10 
days [27,31], and 1 study reported that the majority of deaths occurred 
within the first 2 weeks of follow-up [20]. 

3.2. Studies reporting hazard ratios 

Ten studies (n = 41,807, weighted age 56 ± 8 years, men 51%, hy-
pertension 34%, diabetes 21%, coronary heart disease 11%, statin users 
14%) reported the adjusted hazard ratio for death in statin users versus 
non-users [20–29]. The pooled estimate of hazard ratio was 0.65 (95% 
confidence intervals [CI] 0.53, 0.81) (Fig. 2). By removing one study 
which included both outpatients and hospitalized patients [23], the 
pooled estimate of hazard ratio from studies that included only hospi-
talized patients was 0.62 (95% CI 0.50, 0.76). Six studies (n = 19,793) 
reported the continuation of statin use during hospitalization (5 of them 
in 100% of patients under such treatment [21,22,25,27,28] and 1 in 
58% [24]), whereas this information was not available for the rest 
studies. Meta-analysis of these 6 studies revealed a pooled hazard ratio 
of 0.54 (95% CI 0.47, 0.62). The results were the same when the analysis 
included the 5 studies reporting continuation of statin use in 100% of 
patients (pooled hazard ratio 0.54 [95% CI 0.46, 0.62]) [21,22,25,27, 
28]. Sensitivity analysis by excluding one study each time confirmed 
that the pooled estimate was consistent among studies with balanced 
weight (Fig. 1A, Supplementary Appendix B). Additional sensitivity and 
stratified analyses are presented in Table 1, Supplementary Appendix B. 
No publication bias was identified (p = 0.93 and 0.62 for Begg’s and 
Egger’s test respectively; Begg’s funnel plot is presented in Fig. 2A, 
Supplementary Appendix B). 

Multivariable meta-regression analysis did not reveal any significant 
association of hazard ratios for death with gender, age, prevalence of 
diabetes, hypertension, coronary heart disease and chronic obstructive 
pulmonary disease or lung disease across the included studies (all p =
NS). All but one studies were assigned high quality scores (Table 2, 
Supplementary Appendix B). 
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3.3. Studies reporting odds ratios 

Twelve studies (n = 72,881, weighted age 65 ± 2 years, men 54%, 
hypertension 66%, diabetes 43%, statin users 30%) reported the 
adjusted odds ratio for death in statin users versus non-users [30–41]. 
The pooled estimate of odds ratio was 0.65 (95% CI 0.55, 0.78) (Fig. 3). 
Sensitivity analysis by excluding one study each time confirmed that the 
pooled estimate was consistent and not driven by specific studies 
(Fig. 1B, Supplementary Appendix B). Additional sensitivity and strati-
fied analyses are presented in Table 1, Supplementary Appendix B. No 
publication bias was identified (p = 0.95 and 0.67 for Begg’s and Egger’s 
test respectively; Begg’s funnel plot is presented in Fig. 2B, Supple-
mentary Appendix B). Multivariable meta-regression analysis did not 
reveal any significant associations of the odds ratios for death with 
gender, age, prevalence of diabetes, hypertension and chronic obstruc-
tive pulmonary disease or lung disease across the included studies (all p 
= NS). Prevalence of coronary heart disease was not included in the 
previous analysis due to insufficient observations. Half of the studies 
were assigned high quality scores (Table 2, Supplementary Appendix B). 

4. Discussion 

This meta-analysis of retrospective observational studies showed 
that statin therapy was associated with an about 35% decrease in the 
adjusted risk of COVID-19 related mortality. Statin users compared to 
non-users showed a pooled estimate of hazard or odds ratio for death at 
about 0.65 after adjustment for confounders. 

Cardiovascular risk factors and established cardiovascular disease 
constitute risk factors for severe COVID-19 [3]. Statin users are in gen-
eral patients with adverse cardiovascular profile and thereby at higher 
risk for an adverse course of COVID-19. Moreover, acute cardiac injury, 
including myocardial ischemia, has been reported among the compli-
cations of COVID-19 [42]. Therefore, the effect of statins on mortality 
should be examined by taking into account the adverse cardiovascular 
background of these patients. Despite the heterogeneity in the pop-
ulations’ characteristics across the included studies, the pooled estimate 
of the adjusted mortality risk was similar either when using hazard ra-
tios or odds ratios, all of which suggest a beneficial effect of statins in 
COVID-19. This was also supported by the meta-regression analysis, 
which failed to show any significant associations between the risk 
reduction with statins and anthropometric characteristics or 

Fig. 1. Flowchart for study selection.  
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Table 1 
Main characteristics and findings of included studies.  

Study N Country, Setting Age 
(mean ±

SD) 

Males 
(%) 

HTN 
(%) 

DM 
(%) 

CHD 
(%) 

COPD or 
lung disease 

(%) 

Statin 
use (%) 

Type of 
statin used 

(%) 

Continuation of 
statins during 
COVID-19 (%) 

HR/OR 
adjustment 

factors 

Total sample 
mortality (%) 

LDL-c (mean ±
SD, mg/dl) in 

statin users/non- 
users 

Adjusted HR/OR 
for mortality 

(95% CI) 
(statin users vs 

non-users) 

Studies reporting adjusted HR 
Lee et al. [20] 10,448 S. Korea, Hospitalized 45 ± 20 40 21 18 6 14 5 A, R, S, P, 

other 
NR Demographics 

Comorbidities 
2 NR 0.64 (0.43, 0.95) 

Peymani et al. 
[21] 

150 Iran, Hospitalized 62 ± 15 58 29 21 NR 13 50 A (94), R (3) 
S (3) 

100 NR 13 NR 0.92 (0.21, 4.16) 

Fan et al. [22] 2,147 China, Hospitalized 59 ± 15 48 33 14 8 2 12 A (65), R 
(30), other 

(5) 

100 Demographics 
Comorbidities 
Medications 
Biochemical 

indices 

4 101 ± 37/98 ± 27 0.43 (0.17, 0.91) 

Butt et al. [23] 4,842 Denmark, 
Emergency 

department/ 
Hospitalized/ 
Outpatients 

55 ± 24 47 20 9 9 5 17 A (50), R 
(7), S (42), P 

(1) 

NR (generally 
continued) 

Demographics 
Comorbidities 
Medications 

10 NR 0.96 (0.78, 1.18) 

Masana et al. 
[24] 

1,162 Spain, Hospitalized 73 ± 13 60 78 44 25 21 50 A, R, other 58 Matched 
population 

23 98 ± 26/120 ± 31 0.60 (0.39, 0.92) 

Saeed et al. [25] 2,266 (2,039 
in the final 
analysis) 

USA, Hospitalized, 
DM type 2 

68 ± 13 52 87 100 36 34 43 A (76), R 
(1), S (18), P 

(5) 

100 Demographics 
Comorbidities 
Medications 
Biochemical 

indices 

32 NR 0.51 (0.43, 0.61) 

Grasselli et al. 
[26] 

3,988 Italy, ICU 63 ± 10 80 41 13 13 2 12 NR NR Demographics 
Comorbidities 
Medications 

48 NR 0.98 (0.81, 1.20) 

Rodriguez-Nava 
et al. [27] 

87 USA, ICU 67 ± 13 64 NR NR NR NR 54 A (100) 100 Demographics 
Comorbidities 
Medications 

55 NR 0.38 (0.18, 0.77) 

Zhang et al. 
[28] 

13,981 China, Hospitalized 57 ± 16 49 35 16 8 1 9 A (83), R 
(15), other 

(2) 

100 Demographics 
Comorbidities 
Medications 
Biochemical 

indices 

7 90 ± 37/94 ± 32 0.63 (0.48, 0.84) 

Lala et al. [29] 2,736 USA, Hospitalized 66 ± 16 60 39 26 17 6 36 NR NR Demographics 
Comorbidities 
Medications 

18 NR 0.57 (0.47, 0.69) 

Studies reporting adjusted OR 
Chacko et al. 

[30] 
255 USA, Hospitalized 65 ± 15 51 73 48 18 13 45 NR NR Demographics 

Comorbidities 
Medications 
Biochemical 

indices 

20 NR 0.14 (0.03, 0.61) 

Nicholson et al. 
[31] 

1,042 USA, Hospitalized 64 ± 16 57 56 43 17 12 49 NR NR NR 20 NR 0.47 (0.24, 0.92) 

Gupta et al. [32] 2,626 USA, Hospitalized 65 ± 18 57 54 37 13 18 36 NR 77 Demographics 
Comorbidities 
Medications 

NR 82 ± 35/91 ± 37 0.49 (0.38, 0.63) 

Wargny et al. 
[33] 

2,796 France, Hospitalized, 
DM type 2 

70 ± 13 64 76 100 NR 10 46 NR NR Demographics 
Comorbidities 
Medications 

21 NR 1.42 (1.00, 2.02) 

(continued on next page) 
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Table 1 (continued ) 

Study N Country, Setting Age 
(mean ±

SD) 

Males 
(%) 

HTN 
(%) 

DM 
(%) 

CHD 
(%) 

COPD or 
lung disease 

(%) 

Statin 
use (%) 

Type of 
statin used 

(%) 

Continuation of 
statins during 
COVID-19 (%) 

HR/OR 
adjustment 

factors 

Total sample 
mortality (%) 

LDL-c (mean ±
SD, mg/dl) in 

statin users/non- 
users 

Adjusted HR/OR 
for mortality 

(95% CI) 
(statin users vs 

non-users) 

Biochemical 
indices 

Oh et al. [34] 7,780 S. Korea, Hospitalized NR NR NR NR NR NR 17 NR NR NR 3 NR 0.74 (0.52, 1.05) 
Mitacchione 

et al. [35] 
290 Italy, Hospitalized 71 ± 13 68 71 33 27 9 50 A (49), R 

(16), S (30), 
other (5) 

NR (generally 
continued) 

Matched 
population 

27 NR 0.90 (0.54, 1.51) 

Rosenthal et al. 
[36] 

35,302 USA, Hospitalized 64 ± 18 53 66 40.5 9.4 21 40 NR NR NR (known 
confounders) 

20 NR 0.60 (0.56, 0.65) 

Bifulco et al. 
[37] 

541 Italy, Hospitalized 65 ± 14 63 51 24 NR 13 22 NR NR Demographics 
Comorbidities 
Biochemical 

indices 

23 84 ± 40/105 ± 38 0.75 (0.26, 2.17) 

Mallow et al. 
[38] 

21,676 USA, Hospitalized 65 ± 17 53 68 42 8 21 25 NR 100 Demographics 
Comorbidities 
Medications 
Biochemical 

indices 

23 NR 0.54 (0.49, 0.60) 

Song et al. [39] 249 USA, Hospitalized 63 ± 17 57 49 33 NR 16 49 NR NR (generally 
continued) 

Demographics 
Comorbidities 

17 NR 0.88 (0.37, 2.08) 

Daniels et al. 
[40] 

170 USA, Hospitalized 59 ± 20 58 44 20 NR 4 27 NR NR Demographics 
Comorbidities 

13 NR 0.45 (0.11, 1.87) 

De Spiegeleer 
et al. [41] 

154 Belgium, 
Nursing home 

residents 

86 ± 7 33 25 18 NR NR 20 A, R, S, P, 
other 

NR (generally 
continued) 

Demographics 
Comorbidities 

NR NR 0.51 (0.14, 1.35) 

A, atorvastatin; CI, confidence intervals; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; LDL-c, low-density lipoprotein cholesterol; DM, diabetes mellitus; HR, hazard ratio; HTN, arterial 
hypertension; ICU, intensive care unit; NR, not reported; OR, odds ratio; P, pitavastatin; R, rosuvastatin; S, simvastatin. 
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comorbidities. Indeed, all studies showed reduced or trend for reduced 
risk of mortality with statin use [20–32,34–41], apart from a single 
study which included only diabetic patients and showed increased 
mortality in statin users [33]. In a large nationwide whole-population 
analysis in England, patients with diabetes were at higher risk for 
COVID-19 related mortality than non-diabetes patients [43]. Increased 
COVID-19 related mortality in these patients was associated with car-
diovascular and renal complications of diabetes, as well as with gly-
caemic control and obesity [44]. However, statin use again was 
independently associated with decreased COVID-19 related mortality 
(adjusted hazard ratio 0.72) in type 2 diabetics [44]. 

Continuation of statin use in hospitalized patients with severe 
COVID-19 raises several concerns, mainly due to drug interactions (i.e. 
with macrolides) and transaminase elevations which are common in 
COVID-19 and are attributed either to the virus itself or to specific 
therapies i.e. remdesivir [45]. In addition, it seems that statins 
up-regulate angiotensin-converting enzyme 2 receptor, which might 
facilitate SARS-CoV-2 cell entry [4]. However, liver injury from statins is 
very rare, including COVID-19 patients [20–41]. Moreover, statins exert 
several beneficial pathophysiological effects. Increased levels of 

angiotensin-converting enzyme 2 receptor lead to increased degradation 
of angiotensin II to angiotensin 1-7 which exerts vasodilatory, 
anti-proliferative, anti-inflammatory, anti-thrombotic and 
anti-hypertrophic effects, and which in turn alleviate major patho-
physiological disorders of SARS-CoV-2 infection, including acute lung 
injury, endotheliitis and thromboinflammation [46]. In addition, statins 
exert immunomodulatory effects by stabilization of the myeloid differ-
entiation primary response 88 (MyD88) during hypoxia and stress, 
leading to mitigation of the NF-κB induced hyper-inflammatory activa-
tion during severe SARS-CoV-2 infection [47,48]. Other effects of sta-
tins, including membrane composition changes, antiviral activity, 
anti-oxidant and anti-thrombotic effects, might also have a protective 
role in severe COVID-19 [6,49,50]. Indeed, based on data from a few 
studies, the difference in LDL-cholesterol levels between statin users and 
non-users was only moderate, suggesting that the protective effect of 
statins might be over and beyond that of cholesterol lowering. 

The importance of the in-hospital continuation of statin therapy has 
been addressed in non-COVID-19 patients with acute myocardial 
infarction [51]. Specifically, it has been shown that new or continued 
treatment with a statin in the first 24 h of admission for acute 

Fig. 2. Forest plot of adjusted hazard ratios for death in statin users versus non-users among COVID-19 patients.  

Fig. 3. Forest plot of adjusted odds ratios for death in statin users versus non-users among COVID-19 patients.  
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myocardial infarction was associated with a decreased risk of mortality 
compared with no statin use, whereas discontinuation of statin treat-
ment was associated with a slightly increased risk of mortality [51]. The 
findings of this meta-analysis support the in-hospital continuation of 
statin use in COVID-19 patients since in sensitivity analysis including the 
studies in which statin therapy was continued in the majority of patients, 
the decrease in the mortality risk was highly significant. Not surpris-
ingly, clinical guidelines now recommend that outpatient statin treat-
ment should be continued in hospitalized COVID-19 patients [52]. 

The findings of this study should be interpreted in light of some 
limitations. The current evidence is exclusively derived from observa-
tional retrospective studies. Prospective randomized studies are lacking 
and difficult to obtain. Despite the source of evidence, there seems to be 
consistency in the key findings across the included studies either 
examining hazard or odds ratios in terms of lower mortality in statin 
users. Moreover, the inclusion of studies that reported adjusted risks 
allowed reasonable methodological quality. However, important details 
such as the duration of the follow-up or of the hospitalization, the time 
point of the death event during the hospitalization, and the occurrence 
of other complications not directly related to COVID-19, were not ho-
mogeneously reported or not even available among the included studies. 
Moreover, stratified analyses based on patients’ characteristics i.e., in 
hypertensive or diabetic patients would be desirable but this was not 
feasible. Nevertheless, meta-regression analyses on the association be-
tween the risk reduction with statin use and gender distribution, mean 
age, prevalence of diabetes, hypertension, coronary heart disease, and 
lung disease across the included studies did not reveal any significant 
effect. Another issue is that despite the fact that most studies were 
assigned a low risk of bias, a significant proportion was characterized by 
an unclear grading regarding the inclusion criteria and the exposure 
measurement. However, the respective grading criteria were rather 
strict. First, exclusively polymerase chain reaction-based diagnosis of 
COVID-19, which was used as inclusion criterion, was unclear in many 
studies but this reflects real clinical practice. Other criteria for diagnosis 
such as imaging or other laboratory tests might have been used but these 
probably regarded only a minority of patients and not the whole study 
sample. Second, the exposure was examined in terms of statin use both 
at baseline and during the follow-up. The studies included patients 
already on statins who either continued or discontinued the statin 
treatment after admission. Several studies did not report the continua-
tion rate of statin use during the hospitalization and were thus charac-
terized as unclear. In addition, exact details regarding the duration of 
statin administration prior to hospitalization were not available. 

The added value of the present meta-analysis lies on the (i) inclusion 
of updated evidence which is rapidly accumulating, and (ii) use of strict 
methodological criteria and sensitivity analyses. Previous relevant meta- 
analyses have provided heterogeneous results regarding the beneficial 
effect of statins on outcome in COVID-19 patients [7–13]. However, 
major methodological issues (inclusion of not peer reviewed studies, use 
of unadjusted and adjusted ratios, mixed use of odds and hazard ratios, 
definition of mixed outcome) should be taken into account [7–13]. The 
current meta-analysis examined only the adjusted risk with statin use 
and this was performed separately for odds and hazard ratios and solely 
for the outcome of death. In addition, a separate analysis was performed 
for studies that reported in-hospital use of statins. It should be high-
lighted that in all the present analyses, the outcome was consistent and 
in favour of statin use. 

In conclusion, this meta-analysis suggests that statin use is associated 
with lower risk of COVID-19 mortality after adjustment for anthropo-
metric variables and comorbidities. The exact pathophysiological 
mechanisms through which statins might impact the natural history of 
SARS-CoV-2 infection are unclear, but possibly include immunomodu-
latory and anti-inflammatory effects apart from their established car-
dioprotective action. Additional data from prospective studies are 
needed to confirm these findings. 

Financial support 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

CRediT authorship contribution statement 

Anastasios Kollias: Conceptualization, Data curation, Formal 
analysis, Investigation, Methodology, Project administration, Resources, 
Software, Supervision, Visualization, Writing – original draft. Kon-
stantinos G. Kyriakoulis: Data curation, Investigation, Methodology, 
Project administration, Resources, Software, Visualization, Writing – 
original draft. Ioannis G. Kyriakoulis: Data curation, Resources, Soft-
ware, Visualization. Thomas Nitsotolis: Investigation, Resources, 
Writing – original draft. Garyphallia Poulakou: Supervision, Writing – 
review & editing. George S. Stergiou: Supervision, Writing – review & 
editing. Konstantinos Syrigos: Supervision, Writing – review & editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

The authors are grateful to the corresponding authors of the studies 
who provided additional useful information. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.atherosclerosis.2021.06.911. 

References 

[1] F. Mach, C. Baigent, A.L. Catapano, K.C. Koskinas, M. Casula, L. Badimon, et al., 
ESC Scientific Document Group, ESC/EAS Guidelines for the management of 
dyslipidaemias: lipid modification to reduce cardiovascular risk, Eur Heart J 2020 
41 (2019) 111–188, https://doi.org/10.1093/eurheartj/ehz455. 

[2] J. Davignon, Beneficial cardiovascular pleiotropic effects of statins, Circulation 109 
(23 Suppl 1) (2004) III39–43, https://doi.org/10.1161/01. 
CIR.0000131517.20177.5a. 

[3] A. Izcovich, M.A. Ragusa, F. Tortosa, M.A. Lavena Marzio, C. Agnoletti, et al., 
Prognostic factors for severity and mortality in patients infected with COVID-19: a 
systematic review, PloS One 15 (2020), e0241955, https://doi.org/10.1371/ 
journal.pone.0241955. 

[4] Y.H. Li, Q.X. Wang, J.W. Zhou, X.M. Chu, Y.L. Man, P. Liu, et al., Effects of 
rosuvastatin on expression of angiotensin-converting enzyme 2 after vascular 
balloon injury in rats, J Geriatr Cardiol 10 (2013) 151–158, https://doi.org/ 
10.3969/j.issn.1671-5411.2013.02.009. 

[5] F. Barkas, H. Milionis, G. Anastasiou, E. Liberopoulos, Statins and PCSK9 
inhibitors: what is their role in coronavirus disease 2019? Med. Hypotheses 146 
(2020), 110452 https://doi.org/10.1016/j.mehy.2020.110452. 

[6] S. Ganjali, V. Bianconi, P.E. Penson, M. Pirro, M. Banach, G.F. Watts, et al., 
Commentary: statins, COVID-19, and coronary artery disease: killing two birds 
with one stone, Metabolism 113 (2020) 154375, https://doi.org/10.1016/j. 
metabol.2020.154375. 

[7] C.S. Kow, S.S. Hasan, Meta-analysis of effect of statins in patients with COVID-19, 
Am. J. Cardiol. 134 (2020) 153–155, https://doi.org/10.1016/j. 
amjcard.2020.08.004. 

[8] T.I. Hariyanto, A. Kurniawan, Statin therapy did not improve the in-hospital 
outcome of coronavirus disease 2019 (COVID-19) infection, Diabet Metab Syndr 14 
(2020) 1613–1615, https://doi.org/10.1016/j.dsx.2020.08.023. 

[9] T.I. Hariyanto, A. Kurniawan, Statin and outcomes of coronavirus disease 2019 
(COVID-19): a systematic review, meta-analysis, and meta-regression, Nutr. 
Metabol. Cardiovasc. Dis. (2021), https://doi.org/10.1016/j.numecd.2021.02.020. 

[10] A.J. Scheen, Statins and clinical outcomes with COVID-19: meta-analyses of 
observational studies, Diabetes Metab. (2020), 101220, https://doi.org/10.1016/j. 
diabet.2020.101220. 

[11] A. Vahedian-Azimi, S.M. Mohammadi, F.H. Beni, M. Banach, P.C. Guest, 
T. Jamialahmadi, et al., Improved COVID-19 ICU admission and mortality 
outcomes following treatment with statins: a systematic review and meta-analysis, 
Arch. Med. Sci. (2021) 17, https://doi.org/10.5114/aoms/132950. 

A. Kollias et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.atherosclerosis.2021.06.911
https://doi.org/10.1016/j.atherosclerosis.2021.06.911
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1161/01.CIR.0000131517.20177.5a
https://doi.org/10.1161/01.CIR.0000131517.20177.5a
https://doi.org/10.1371/journal.pone.0241955
https://doi.org/10.1371/journal.pone.0241955
https://doi.org/10.3969/j.issn.1671-5411.2013.02.009
https://doi.org/10.3969/j.issn.1671-5411.2013.02.009
https://doi.org/10.1016/j.mehy.2020.110452
https://doi.org/10.1016/j.metabol.2020.154375
https://doi.org/10.1016/j.metabol.2020.154375
https://doi.org/10.1016/j.amjcard.2020.08.004
https://doi.org/10.1016/j.amjcard.2020.08.004
https://doi.org/10.1016/j.dsx.2020.08.023
https://doi.org/10.1016/j.numecd.2021.02.020
https://doi.org/10.1016/j.diabet.2020.101220
https://doi.org/10.1016/j.diabet.2020.101220
https://doi.org/10.5114/aoms/132950


Atherosclerosis 330 (2021) 114–121

121

[12] R. Pal, M. Banerjee, U. Yadav, S. Bhattacharjee, Statin use and clinical outcomes in 
patients with COVID-19: an updated systematic review and meta-analysis, 
Postgrad. Med. (2021), https://doi.org/10.1136/postgradmedj-2020-139172 
postgradmedj-2020-139172. 

[13] H. Permana, I. Huang, A. Purwiga, N.Y. Kusumawardhani, T.A. Sihite, E. Martanto, 
et al., In-hospital use of statins is associated with a reduced risk of mortality in 
coronavirus-2019 (COVID-19): systematic review and meta-analysis, Pharmacol. 
Rep. (2021) 1–12, https://doi.org/10.1007/s43440-021-00233-3. 

[14] D.F. Stroup, J.A. Berlin, S.C. Morton, I. Olkin, G.D. Williamson, D. Rennie, et al., 
Meta-analysis of observational studies in epidemiology: a proposal for reporting. 
Meta-analysis of Observational Studies in Epidemiology (MOOSE) group, J. Am. 
Med. Assoc. 283 (2000) 2008–2012, https://doi.org/10.1001/jama.283.15.2008. 

[15] The Joanna Briggs Institute critical appraisal tools for use in JBI systematic reviews 
checklist for analytical Cross sectional studies and for cohort studies. https://jbi.gl 
obal/critical-appraisal-tools, 2021. (Accessed 18 April 2021). 

[16] StatsToDo: combine means and SDs into one group program. https://www.statstod 
o.com/CombineMeansSDs_Pgm.php, 2020. (Accessed 10 January 2021). 

[17] X. Wan, W. Wang, J. Liu, T. Tong, Estimating the sample mean and standard 
deviation from the sample size, median, range and/or interquartile range, BMC 
Med. Res. Methodol. 14 (2014) 135, https://doi.org/10.1186/1471-2288-14-135. 

[18] C.B. Begg, M. Mazumdar, Operating characteristics of a rank correlation test for 
publication bias, Biometrics 50 (1994) 1088–1101. 

[19] M. Egger, G. Davey Smith, M. Schneider, C. Minder, Bias in meta-analysis detected 
by a simple, graphical test, BMJ 315 (1997) 629–634, https://doi.org/10.1136/ 
bmj.315.7109.629. 

[20] H.Y. Lee, J. Ahn, J. Park, C. Kyung Kang, S.H. Won, et al., Korean society of 
hypertension, national committee for clinical management of emerging infectious 
diseases. Beneficial effect of statins in COVID-19-related outcomes-brief report: a 
national population-based cohort study, Arterioscler. Thromb. Vasc. Biol. 41 
(2021) e175–e182, https://doi.org/10.1161/ATVBAHA.120.315551. 

[21] P. Peymani, T. Dehesh, F. Aligolighasemabadi, M. Sadeghdoust, K. Kotfis, 
M. Ahmadi, et al., Statins in patients with COVID-19: a retrospective cohort study 
in Iranian COVID-19 patients, Transl Med Commun 6 (1) (2021) 3, https://doi.org/ 
10.1186/s41231-021-00082-5. 

[22] Y. Fan, T. Guo, F. Yan, M. Gong, X.A. Zhang, C. Li, et al., Association of statin use 
with the in-hospital outcomes of 2019-coronavirus disease patients: a retrospective 
study, Front. Med. 7 (2020) 584870, https://doi.org/10.3389/fmed.2020.584870. 

[23] J.H. Butt, T.A. Gerds, M. Schou, K. Kragholm, M. Phelps, E. Havers-Borgersen, et 
al., Association between statin use and outcomes in patients with coronavirus 
disease 2019 (COVID-19): a nationwide cohort study, BMJ Open 10 (2020), 
e044421, https://doi.org/10.1136/bmjopen-2020-044421. 

[24] L. Masana, E. Correig, C. Rodríguez-Borjabad, E. Anoro, J.A. Arroyo, C. Jericó, 
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