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Abstract

Statins have been advocated as a potential treatment for coronavirus disease-2019 (COVID-19) due to its pleotropic proper-
ties. The aim of the study was to elucidate the association between antecedent statin exposure and 30-day all-cause mortality,
intensive care unit (ICU) admission and hypoxic respiratory failure requiring mechanical ventilation in patients diagnosed
with COVID-19. Observational cohort study derived from the VA Corporate Data Warehouse of all veterans tested positive
for COVID-19 between January 1st and May 31st, 2020. Antecedent use of statins was defined as a redeemed drug prescrip-
tion in the 6 months prior to COVID-19 diagnosis. Propensity-matched mixed-effects logistic regression was performed,
stratified by statin use. The study population comprised 14,268 patients with COVID-19 (median age 66 years (25th—75th
percentile, 53—-74), 90.7% men), of whom 7,168 were receiving a prescription for statins. Patients with statin exposure had
a greater prevalence of comorbidities and a higher risk of mortality (Odd ratio [OR] 1.52; 95% confidence interval [CI]
1.37-1.68). After adjusting for covariates, statin exposure was not associated with a decreased mortality in the overall cohort
by either Cox proportional hazards stratified model (HR 0.99; 95% CI 0.88—1.12) or propensity matching (HR .86; 95% CI
0.74-1.01). Similarly, there was no demonstrated advantage of statins in reducing the risk of ICU admission (HR 0.92; 95%
CI 0.74-1.31) or hypoxic respiratory failure requiring mechanical ventilation (HR 1.02; 95% CI 0.81-1.29). Antecedent
statin exposure in patients with COVID-19 was not associated with a decreased risk of 30-day all-cause mortality or need
for mechanical ventilation.
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Introduction

The newly emerged Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) has led to a global pandemic
with a devastating toll on human lives. As of June 10th,
2021, the disease has affected more than 175 million and
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claimed the lives of 3,782,900 people with disproportionate
number of deaths among Blacks and Latinos [1]. Accord-
ing to the most recent projections, coronavirus disease-2019
(COVID-19) reduced US life expectancy in 2020 by approx-
imately 1.13 years [2]. Although the risk-adjusted mortality
from the disease has dropped since March 2020, the rise of
new circulating COVID-19 variants is threatening to halt the
gains made by mass vaccination.

SARS-CoV-2 binds to the angiotensin-converting enzyme-2
(ACE- 2) receptors that are avidly expressed in the ciliated air-
way epithelial cells, type II pneumocytes, heart, kidney, and
vascular endothelium [3]. Once the virion propagates into the
host, it precipitates extensive tissue inflammation triggered by
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the secretion of cascade of pro-inflammatory cytokines such
as IL-1p and IL-18 through the activation of well-conserved
intracellular immune pathways such as the Toll-like recep-
tors (TLRs), the NOD- and pyrin-domain containing protein
3 inflammasome, and indirectly by the release of damage-
associated molecular patterns (DAMPS) from injured cells
[4-6]. This cascade of events promotes recruitment of regula-
tory immune cells via the secretion of chemotactic cytokines,
including CCL2, CCL3, and CCL4, and CXCL10 [7]. An exu-
berant inflammatory response ensues which is further compli-
cated by down-regulation of Interferon-I and -III host response
and impaired cytolytic activity of natural Killer cells [7-9].
The severity of the disease is further amplified by widespread
arterial and capillary microthrombosis due to SARS-CoV-
2-induced endotheliopathy [10].

It has been hypothesized that statin treatment may
reduce morbidity and mortality from COVID-19 [11].
Statins’ mechanism of action depends on reversibly inhibit-
ing 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase by binding to the enzyme’s active site [12]. This
inhibition prevents the synthesis of important downstream
isoprenoids, such as farnesyl pyrophosphate and geranylge-
ranyl pyrophosphate, which results ultimately in dampening
the intracellular signaling pathways involved in inflamma-
tion, immunomodulation, and proliferative disorders [13].
The pleotropic effects of these agents can also improve vas-
cular function by up-regulating the expression of nitric oxide
accounting for their anti-thrombotic properties [14].

With the paucity of effective interventions during the
initial phase of the pandemic and the “cytokine storm” that
accompanies the most severe form of the disease [15], sev-
eral studies have reported on the potential benefits of statins
on mortality and reduced need for intensive care without
incurring higher rate of adverse events [11, 16, 17]. How-
ever, these findings were not universal. A meta-analysis of
nine studies has failed to replicate the survival advantage of
statins in hospitalized patients with COVID-19 [18]. More
worrisome was the increased mortality rate observed among
COVID-19 patients with Type-2 diabetes taking statins
[19]. In view of these conflicting results, we conducted a
multicenter retrospective cohort study to analyze the effect
of statins in patients with COVID-19 on 30-day all-cause
mortality, need for intensive care, and hypoxic respiratory
failure requiring invasive mechanical ventilation in attempts
to provide clinical guidance to management of COVID-19.

Methods

The study was conducted in accordance with the accepted
standard for reporting of epidemiologic studies (STROBE)
using routinely collected health data (RECORD) guidelines
[20].
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Data source

We performed a retrospective longitudinal cohort review
study using the Veterans Health Administration (VHA) Cor-
porate Data Warehouse (CDW) through the VA Informat-
ics and Computing Infrastructure (VINCI). Itemized entries
were linked to VA electronic healthcare records and VA's
death registry. Available data include demographics, comor-
bidity index, outpatient and inpatient encounters, diagnoses,
procedures, laboratory data, treatment modalities, discharge
dates, and death information. The Institutional Review
Board deemed the study exempt from the Common Rule.
The VA Research and Development Committee approved
the study.

Study population

All patients’ records above the age of 18 years who tested
positive between January 1st, 2020 and May 31st, 2020 for
SARS-CoV-2 reverse transcriptase-polymerase chain reac-
tion from samples of nasopharyngeal or oropharyngeal
specimens were extracted from the VA's Corporate Data
Warehouse (CDW). The date at which the test was recorded
as positive was referred to as the index date [21]. To be
included in the analysis, veteran had to meet the definition
of VHA user which requires receiving care from VHA for
at least 2 years prior to entry into the cohort. We excluded
cases who had less than two encounters whether inpatients
or outpatients in the previous two years, had COVID test
performed outside of the VA due to lack of complete infor-
mation, were receiving hospice/palliative care, or were hos-
pitalized prior to acquiring COVID-19.

Exposure

The statins prescribed were identified according to either
their generic or trade name. Statin use was recorded as a
binary measure and was defined as at least one prescription
filled in the last 6 months. To have an accurate view of sta-
tin use, VHA data were linked to CMS drug information to
identify both VA prescribed and non-VA prescribed statin
users. Previous statin users were included in the non-users’
cohort only if the time from the last prescription was longer
than 6 months.

Covariates

Clinical and demographic covariates consisted of patients'
age at diagnosis, race (white, black, other, unknown), eth-
nicity, body mass index (BMI) [(underweight (< 18.5 kg/
m?), normal weight (18.5-24.9 kg/m?), overweight
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(25.0-29.9 kg/m?), obese (>30 kg/m?)], and smoking his-
tory. Diagnoses codes as defined by the International Clas-
sification of Diseases and Related Health Problems, Tenth
Revision (ICD-10) [22] were utilized to identify comorbidi-
ties in both cohorts and comprised hypertension, diabetes
mellitus, chronic heart disease, chronic kidney disease, can-
cer, and human immunodeficiency virus infection. The bur-
den of comorbidities was assessed according to the Charl-
son comorbidity index [23]. Patients were further classified
based on whether their comorbidity index was 0, 1-2, 2-3,
or greater than or equal to 4. Smoking status was derived
from an algorithm developed and validated in VHA elec-
tronic records [24].

Endpoints of the study

The primary endpoint of our study was 30-day all-cause
mortality. Secondary endpoints were ICU admission and
hypoxic respiratory failure requiring invasive mechanical
ventilation within 30 days of COVID-19 infection.

Statistical analysis

Patient characteristics and comorbidities were summarized
as mean and standard deviation (SD) for normally distrib-
uted continuous variables or median and interquartile range
(IQR) otherwise. Categorical variables were reported as fre-
quency. The differences between the groups were determined
using the two-sample Student’s ¢ test or the Mann—Whitney
Wilcoxon rank-sum test for continuous variables and Pear-
son’s chi-squared test for categorical variables. The effects
of statins on 30-day all-cause mortality were explored by
a multivariate logistic regression model. The model was
adjusted on a priori-decided baseline variables of clinical
interest and on those with a p value of less than 0.05 in the
univariate analysis. Unadjusted and adjusted Cox regression
models were used to estimate the association between statin
use and study endpoints as a time to event. Multicollinearity
in all multivariate models was assessed with the variation
inflation factor.

A propensity score-matched (PSM) analysis calculated by
logistic regression model was applied to reduce the selec-
tion bias. The incorporated variables in the logistic model
included basic demographic characteristics (age and gender),
BMLI, smoking status, comorbidities, and prescription medi-
cations prior to index date (glucocorticoids, anticoagulants).
Variables that were associated with exposure but not out-
come were excluded. The balance of covariates was assessed
by estimating standardized differences before and after
matching with a caliper of 0.1. Kaplan—Meier curves were
generated to visualize the cumulative incidence of the out-
come over time among the propensity-matched cohorts and
log-rank tests were used to compare the survival distribution

between statin and non-statin users. Secondary outcomes
were also computed using the propensity score adjustment.
A Cox proportional hazards regression analysis for 30-day
all-cause mortality in the propensity score-matched cohort
was performed. A sensitivity analysis was conducted to
adjust for potential clustering of patients within VA health-
care system facilities using a robust sandwich covariate
matrix estimate. We also performed a subgroup analysis
to assess the association of sex and race on overall 30-day
mortality from COVID-19. Because of the higher expected
mortality, a survival analysis was made on the propensity-
matched cohort of hospitalized patients with respect to statin
use. To reduce selection bias due to the missing data, miss-
ing values were imputed using the method of Multivariate
Imputation Using Chained Equations. A two-side a less than
0.05 was considered statistically different. Statistical analy-
ses were performed using Stata, version 15 (STATA Corp).

Results
Baseline characteristics

Among the 14,268 patients with confirmed SARS-COV-2, a
total of 7,168 were receiving treatment with statins from Jan-
uary 1st, 2020, to May 1st, 2020. Missing values accounted
for <2% of all variables. The flow chart of the study cohort
is presented in Fig. 1. No patients were lost to follow-up for
the primary outcome. At the time of analysis, all patients
in both groups had met the end point of death, discharge
alive, or transferred to a long-term care facility. The median
age was 66 years (IQR 53-74). The characteristics of the
study population are shown in Table 1. Atorvastatin, rosu-
vastatin, and simvastatin were the most prescribed agents.
Before PSM, the statin group is older in age, more likely
to be male, and of white race compared to the non-statin
group. The prevalence of obesity, hyperlipidemia, hyperten-
sion, chronic diseases was also higher in patients who were
on statins than those who were not. The Charlson Index was
also significantly worse in the statin group than its counter-
part indicating a higher burden of comorbidities.

The results of the comparison of baseline characteristics
between the COVID-19 group and the control group after
PSM are presented in Table 1. Figure 2 shows the distribu-
tion of the propensity scores after PSM to be comparable.
All ASDs between the two groups were < 0.1, reflecting
adequate balance between the 2 groups.

Clinical outcomes
The 30-day crude mortality for the total cohort was 12%.

There were 3093 (21.6%) out of 14,268 who were hospital-
ized for worsening symptoms. The median time from testing
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Fig. 1 Flow chart of the study
cohort
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positive for COVID-19 and hospital admission was 5 days
(IQR 1-8). 1660 out of 14,268 patients required intensive
care unit admission. At 30 days, there were 1035 of 7168
(14.4%) deaths in the statin group and 710 of 7100 (10.0%)
in non-statin group (Odds ratio [OR] 1.52, 95% confidence
interval [CI] 1.37-1.68, P<0.001). A total of 525 out of
6,643 (7.9%) statin-treated patients died during hospitaliza-
tion, compared with 288 of 6,812 (4.7%) controls (OR 1.87;
95% CI1.61-2.17, P<0.001).

On univariate analysis, patients receiving statins showed
a higher mortality than those who did not (OR 1.52; 95% CI
1.37-1.68; p <0.001). However, statins were more likely to
be prescribed in those with comorbid diseases (OR 7.49;
95% CI 6.88-8.14; p <0.001). Multivariate logistic regres-
sion analysis identified age (OR 1.08; 95% CI 1.07-1.09;
p<0.001), BMI (OR 1.01; 95% CI 1.0-1.02; p=0.007),
smoking (OR 1.14; 95% CI 1.07-1.21; p<0.001), and
Charlson comorbidity index (OR 1.17; 95% CI 1.13-1.21;
p<0.001) as independent predictors of 30-day all-cause
mortality but not antecedent statin (OR 0.94; 95% CI
0.84-1.07; p=0.4), anticoagulant (OR 1.02; 95% CI
0.91-1.17; p=0.72), angiotensin-converting enzyme (ACE)
inhibitor (OR 0.99, 95% 0.88-1.13; p=0.95), or steroid use
(OR 1.04;95% C1 0.76-1.43; p=0.76). The unadjusted haz-
ard ratio for 30-day mortality in statin users was 1.54 (95%
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CI 1.39-1.71; p<0.001). In the multivariable Cox regres-
sion model for the entire cohort, the statin group showed a
comparable 30-day all-cause mortality with the non-statin
group (HR, 0.99; 95% CI, 0.88-1.12; p=0.92) (Table 2).

The risk-adjusted rates for intensive care unit admis-
sion and mechanical ventilation in patients receiving statin
therapy compared to those who did not were HR 1.02 (95%
CI 0.84-1.18; p=0.71) and HR 1.06 (95% CI 0.9-1.25;
p=0.47), respectively.

Propensity score matching

After matching by propensity score, the risk of 30-day all-
cause mortality was lower among statin users, but short of
statistical significance (HR 0.86 (0.74—1.0); p=0.06). There
were no differences in the use of remdesivir or tocilizumab
between the two groups (p =0.68 and p=0.83, respectively).
A Kaplan—Meier curve of survival by statin use in the pro-
pensity-matched cohort is shown in Fig. 3. PSM second-
ary outcomes with on time to event analysis were similar in
the two cohorts regarding intensive care unit admission and
hypoxic respiratory failure (Table 3). The time to respira-
tory failure requiring invasive mechanical ventilation was
no different between statin and non-statin users [3 days (IQR
1-6) and 3 days (IQR 0-8), respectively; p=0.97], nor was
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Table 1 Comparison of baseline characteristics of statin and non-statin users in patients with COVID-19
No statin (n=7100) Statin (n=7168) p value No statin (n=2692) Statin (n=2692) p value
Age (years) 58.9+18.6 68.2+11.9 <0.001 67.0+13.9 67.1+14.2 0.75
Age, n (%)
<50 2328 (33) 425 (6) <0.001 400 (15) 389 (14) 0.67
50-59 1275 (18) 1096 (15) <0.001 490 (18) 517 (19) 0.34
60-69 1246 (17) 2005 (28) <0.001 599 (22) 641 (24) 0.17
70-79 1183 (16) 2462 (34) <0.001 698 (26) 697 (26) 0.98
>80 1068 (15) 1180 (16) 0.02 505 (19) 448 (17) 0.04
Sex, n (%) <0.001 0.87
Male 6136 (86) 6808 (95) 2507 (93) 2504 (93)
Female 963 (14) 360 (5) 185 (7) 188 (7)
Race, n (%)
Caucasians 3608 (51) 3577 (50) 0.27 1394 (52) 1343 (50) 0.16
Black 2634 (37) 3096 (43) <0.001 1050 (39) 1097 (41) 0.19
Latinos 657 (9) 359 (5) <0.001 194 (7) 195 (7) 0.96
Other 201 (3) 136 (2) <0.001 54 (2) 57 (2) 0.77
BMI, (kg/m?) 29.9+6.5 30.2+6.7 0.02 30.2+6.6 30.1+6.8 0.87
BMI categories, n (%)
Underweight 139 (2) 150 (2) 0.56 62 (2) 75 (3) 0.26
Normal 1193 (17) 1196 (17) 0.85 451 (17) 475 (18) 0.39
Overweight 2543 (36) 2301 (32) <0.001 838 (31) 774 (29) 0.06
Obese 2783 (39) 3033 (42) <0.001 1157 (43) 1159 (43) 0.96
Very obese 442 (6) 488 (7) 184 (7) 209 (8) 0.19
Tobacco use, n (%)
Never smoker 2675 (38) 2507 (35) <0.001 1004 (37) 975 (36) 0.27
Former smoker 2289 (32) 3450 (48) <0.001 1149 (43) 1213 (45) 0.08
Current smoker 788 (11) 851 (12) 0.14 288 (11) 254 (9) 0.12
Unknown 1348 (19) 360 (5) <0.001 251 (9) 250 (9) 0.96
Comorbidities, 7 (%)
Hyperlipidemia 1984 (28) 5995 (83) <0.001 1735 (64) 1728 (64) 0.85
COPD 825 (12) 1843 (26) <0.001 477 (18) 527 (20) 0.08
Diabetes mellitus 1221 (17) 4144 (58) <0.001 1026 (38) 1034 (38) 0.82
Hypertension 2964 (42) 5967 (83) <0.001 1902 (71) 1868 (69) 0.31
CHD 945 (13) 2512 (35) <0.001 758 (28) 803 (29) 0.17
CKD 648 (9) 1913 (27) <0.001 467 (17) 508 (19) 0.03
Malignancy 1105 (16) 2016 (28) <0.001 615 (23) 654 (24) 0.21
HIV infection 86 (1) 122 (2) 0.01 39 (1) 49 (2) 0.28
CCI 0(0-2) 3(1-5) <0.001 1 (0-3) 2 (0-3) 0.01
CCI classification, n (%)
0 3685 (52) 903 (13) <0.001 691 (26) 677 (25) 0.66
1-2 2189 (31) 2552 (36) <0.001 1141 (42) 1130 (42) 0.76
34 711 (10) 1750 (24) <0.001 487 (18) 473 (18) 0.62
>5 515(7) 1936 (27) <0.001 373 (14) 412 (15) 0.13
Medications, n (%)
Anticoagulants 957 (13) 3087 (43) <0.001 661 (25) 688 (26) 0.39
Steroids 178 (3) 250 (3) 0.001 85(3) 74 (3) 0.38
ACE inhibitors 859 (12) 3027 (42) <0.001 834 (31) 884 (33) 0.14

BMI Body Mass Index, CHD Chronic Heart disease, CKD Chronic Kidney Disease, CCI Charlson Comorbidity Index, ACE angiotensin-con-

verting enzyme
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Fig. 2 Distribution of the propensity scores in the matched cohort

Table 2 Adjusted hazard ratios for 30-day all-cause mortality among
the entire cohort

Hazard ratio (95% CI) p value
Age 1.07 (1.06-1.08) <0.001
BMI 1.01 (1.0-1.02) 0.013
CCI 1.13 (1.09-1.17) <0.001
smoking 1.14 (1.08-1.21) <0.001
Statin use 0.99 (0.88-1.12) 0.92
Anticoagulant use 1.06 (0.94-1.19) 0.32
Steroid use 1.05 (0.78-1.39) 0.75
ACE inhibitor use 1.0 (0.89-1.12) 0.99

BMI Body Mass Index, CCI Charlson Comorbidity Index, ACE angi-
otensin-converting enzyme

the risk of respiratory failure (HR 1.02, 95%CI 0.81-1.29;
p=0.71).

Subgroup analysis

In the subgroup analysis, statin use had no significant asso-
ciation with 30-day mortality stratified either by sex [HR
0.86; 95% CI (0.75-1.0) (p=0.07)] or race [HR 0.89; 95%
CI (0.77-1.04) (p=0.144)]. Of those hospitalized, 30-day
mortality was observed in 148 (25%) out of 586 statin users
and 138 (25%) out of 549 non-statin users (p =0.96). Ante-
cedent statin use did not improve in-hospital survival from
COVID-19 infection (HR 1.0, 95% CI 0.79-1.26; p =0.99).

Discussion
The results of this large multicenter retrospective study

suggest that the use of statins prior to COVID-19 infection
did not reduce the risk of 30-day all-cause mortality, [CU
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Fig.3 Kaplan—-Meier survival curve for 30-day all-cause mortal-
ity of patients with COVID-19 according to statin therapy (log rank
p=0.067)

admission or mechanical ventilation due to hypoxic respira-
tory failure.

Since the early months of the pandemic, most of the
reports have highlighted the alarming fatality rate in patients
with underlying comorbidities [25-27]. Older age, hyper-
tension, cardiovascular diseases, chronic lung disease, renal
failure, and obesity have all been identified as markers of
worse prognosis from COVID-19 infection [19]. Given that
statins are often prescribed in these conditions to mitigate
the outcomes of cholesterol buildup, the crude mortality rate
in our cohort was expected to be higher in statin users com-
pared to non-statin users. A similar trend of higher mortality
in statin users was observed in other studies [19, 28, 29].
Initial hypotheses have implicated the higher density of angi-
otensin-converting enzyme (ACE)-2 receptors—the reported
mode of cell entry of COVID-19 virus—in hypertension,
diabetes, and chronic obstructive pulmonary disease [30-33]
promoted by statins intake [34]. However, following its
insertion, SARS-CoV-2 down-regulates ACE-2 expression
leaving angiotensin II to accumulate which ultimately results
in end organ damage [35]. By counteracting the impact of
COVID-19 on ACE-2 expression, statins could abrogate the
deleterious chain reaction of homeostatic imbalance pre-
cipitated by the intense inflammatory reaction. More recent
meta-analyses have suggested that statin therapy is associ-
ated with better outcomes among patients with COVID-19,
but these studies had substantial between-study heteroge-
neity [36, 37]. Further, retrospective studies are prone to
residual bias such as the healthy user effect whereby patients
taking statins are more likely to adhere to healthier lifestyles.
In the current study, we have found that after adjusting for
confounding elements including a propensity-matched anal-
ysis, the difference in 30-day all-cause mortality between the
two groups favored the statin group although this difference
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Tab!e 3 Association betwecn Mortality ICU admission Mechanical ventilation
statins and outcomes in
unadjusted and adjusted HR (95% CI) pvalue  HR (95% CI) pvalue HR (95% CI) p value
analyses
Total cohort
Unadjusted ~ 1.54 (1.39-1.71)  <0.001 1.07 (0.91-1.24) 0.41 1.13 (0.94-1.36) 0.18
Adjusted 0.99 (0.88-1.12) 092  1.02(0.84-1.18) 0.71 1.06 (0.9-1.25) 0.47
Propensity-matched cohort
PSM 0.86 (0.74-1.01) 0.06  0.92(0.74-1.31) 0.28 1.02 (0.81-1.29) 0.71

Data are expressed as hazard ratio (95% confidence interval)

PSM propensity score matching

was not statistically significant. These findings are in agree-
ment with an observation cohort study that comprised 4842
patients diagnosed with COVID-19 over the same time
period of our study population [29]. The use of statins in the
6 months prior to infection with COVID-19 was not associ-
ated with an increased or decreased risk of all-cause mortal-
ity. A more recent meta-analysis identified a survival benefit
from statins use in hospital but not for pre-admission use
of statins [38]. Our analysis found no advantage of statins
for either scenario. Interestingly, the INSPIRATION-S trial
where 605 patients with COVID-19 were randomly assigned
to receive atorvastatin 20 mg daily or placebo showed that
atorvastatin was not associated with a significant reduction
in the primary outcome—a composite of adjudicated venous
or arterial thrombosis, need for extracorporeal membrane
oxygenation, or mortality within 30 days [39]. Previously,
the trial of simvastatin in acute respiratory distress syndrome
also showed no reduction in mortality in comparison with
placebo [40].

Earlier studies have attributed the reduction in mortal-
ity from statins to the suppression of cytokine expression
observed both in vivo and in vitro [41]. Levels of MCP-1,
TNF-a, IL-1, IL-6, IL-12, and metalloproteinases have been
attenuated with use of atorvastatin, simvastatin, or pravasta-
tin both in experimental and clinical investigations [42—45].
These observations have not been replicated in longitudi-
nal studies involving patients with COVID-19. Chacko and
colleagues [46] did not find any difference in the levels of
inflammatory markers among statin and non-statin users
at the time of hospitalization. Similarly, we were not able
to discern a significant difference in the levels of IL-6 and
C-reactive protein between the two groups on admission
(data not shown). Based on the published studies [47], we
cannot exclude the possibility of a protective role for statins
in alleviating the burden of COVID-19 complications, but
the mortality benefit—if established in future randomized
clinical trials—may not be directly mediated by circulating
inflammatory markers.

The major strength of this study is the systematic analy-
sis of a large, multicenter electronic records of patients
receiving statin therapy prior to COVID-19 infection, a

consolidated methodology, and a validated statistical
analysis. Our study has also limitations. First, retrospec-
tive analyses are subject to biases and incomplete data.
Although our records documented filled prescriptions with
the last 6 months antecedent to the COVID-19 diagnosis,
data on adherence were lacking. Second, despite the rel-
evant number of factors included in the propensity score,
some factors that could impact mortality, ICU admission,
and mechanical ventilation may have been missed. Third,
the design of the study was based on investigating ante-
cedent use of statin on COVD-19 outcome. These results
may not be applicable to de novo statin therapy, however
based on the current body of the literature, there is no
evidence from randomized controlled trials that have dem-
onstrated survival benefit from de novo initiation of statins
in SARS-CoV-2 infection [39]. Fourth, prior reports have
alluded that, whilst males and females are at equivalent
risk of infection with COVID-19, male sex is associated
with higher rate of progression to severe disease and death
[48-50]. Differences in immune responses to COVID-19
between the sexes alongside varying inflammatory sta-
tuses associated with cardiovascular comorbidities, such
as obesity, hypertension, and hypercholesterolemia, offer
potential explanations for the worse outcomes in men with
COVID-19 [51, 52]. Although statin use had no significant
association with 30-day mortality when stratified by sex,
a potential survival benefit from statins cannot be ruled
out given that the study cohort comprised predominantly
of males. Fifth, we have not assessed the risks of out-
comes according to intensity of statin therapy. However,
a recent meta-analysis found that high-intensity therapy
was not associated with significantly different risk of all-
cause mortality compared with moderate- to low-intensity
statin therapy [29].

In conclusion, our study showed that statin therapy did
not increase or decrease the risk of 30-day all-cause mortal-
ity, ICU admission, or respiratory failure requiring mechani-
cal ventilation. Nonetheless, further well-designed, rand-
omized controlled studies should evaluate the role of statins
as an adjunctive therapy in combination with antiviral or
anti-inflammatory agents.
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