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Abstract: COVID-19 disproportionately affects patients with medical comorbidities such as
cardiovascular disease (CVD). Patients with CVD are widely prescribed 3-hydroxy-3-methyl-
glutayl-CoA (HMG-CoA) reductase inhibitors (statins), a class of lipid-lowering medications known
for their pleiotropic anti-inflammatory and immunomodulatory effects. However, the relationship
between statin use and COVID-19 outcomes is not fully understood. In this preliminary study,
we explored the association between statin use and severe COVID-19 outcomes in hospitalized
patients, including intensive care unit (ICU) admission, the need for invasive mechanical ventilation
(IMV), and in-hospital death. We performed a retrospective cohort study of 249 patients hospitalized
with COVID-19 from 3 March 2020 to 10 April 2020 in Rhode Island, USA. Patient demographics,
past medical history, current medications, and hospital course were recorded and analyzed.
A multivariate logistic regression analysis was conducted to examine associations. After adjusting for
age, sex, race, cardiovascular disease, chronic pulmonary disease, diabetes, and obesity, statin use
was significantly associated with decreased risk for IMV (adjusted Odds Ratio (aOR) = 0.45, 95%
Confidence Interval (CI): 0.20-0.99). Our results support the continued use of statins among COVID-19
patients and could have implications for future prospective studies on the management of COVID-19.

Keywords: COVID-19; SARS-CoV2; ICU; hospitalization; HMG-CoA reductase inhibitors; statins;
invasive mechanical ventilation

1. Introduction

Nearly five months after coronavirus disease 2019 (COVID-19), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV2), was declared a pandemic by the World Health Organization,
cases continue to rise across the world. The rapid spread of COVID-19 is especially alarming within
the United States (US), which comprises 24.6% of the world’s cases as of 19 August 2020 [1].

Although COVID-19 manifests as a mild upper respiratory infection in most individuals,
older adults with medical comorbidities are at the greatest risk of serious illness, leading to
hospitalization and, eventually, death [2—6]. In particular, patients with underlying cardiovascular
disease (CVD) may be disproportionately affected [7,8]. Moreover, CVD is the third most frequent
comorbidity in COVID-19 patients, behind hypertension and diabetes [9,10]. These three comorbidities
are closely related in terms of risk factors and underlying pathophysiology, including upregulation of
the renin-angiotensin-aldosterone system, vascular injury, and inflammation [11].
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3-hydroxy-3-methyl-glutayl-CoA (HMG-CoA) reductase inhibitors (statins) are a well-tolerated
class of medications that are widely prescribed for the prevention of cardiovascular events,
including stroke and myocardial infarction, in patients with atherosclerotic cardiovascular disease
and hyperlipidemia [12-14]. While recent publications have investigated the potential for
angiotensin-converting enzyme inhibitors (ACEis) and angiotensin II receptor blockers (ARBs) to
exacerbate the course of COVID-19 infections [15-20], there is a paucity of literature regarding the
influence of statins on COVID-19 infection outcomes.

Considering the relative safety of statins and high prevalence of CVD in COVID-19 patients, statins
may be helpful in preventing subsequent cardiovascular complications associated with COVID-19,
such as myocardial injury and heart failure [21]. Additionally, prior studies have demonstrated
that statin usage is associated with improved outcomes in viral pneumonia and influenza [22-25].
Given that many COVID-19 patients already have primary indications for statins, further investigation
into the relationship between statin use and COVID-19 outcomes may inform COVID-19 management.

In this study, we examined the relationship between commonly used chronic medications,
including statins and ACEis/ARBs, and severe COVID-19 outcomes, including intensive care unit
(ICU) admissions, invasive mechanical ventilation (IMV), and death, among patients hospitalized
with COVID-19.

2. Results

We identified 249 adult patients who were admitted with COVID-19 to “Lifespan” healthcare
system hospitals from 17 March 2020 to 10 April 2020. The baseline characteristics of these patients are
described in Table 1. The median age of patients was 62 (IQR 51-75) years, 57% were men, 43.8% were
non-Hispanic White, 36.5% were Hispanic, 14.9% were Black, and 0.4% were non-Hispanic Asian.
The most common comorbidity was hypertension (49.0%), followed by obesity (40.2%), diabetes (33.3%),
and heart disease (28.1%). The weighted Elixhauser score for this patient population was 4.12 (+/-7.78).
For this patient population, 93 patients required ICU admission (37.3%), 45 patients required IMV
(18.1%), and 42 patients died within the hospital (16.9%).

Statins were the most common medication class taken by patients on admission, with 49.4% of
patients taking a statin. Other common medications included ACEis/ARBs (44.2%), beta blockers
(30.1%), and oral antidiabetics (29.7%). The majority of statin users were White or Caucasian patients
(52.0%) and greater than 65 years of age (64.2%). Statin users had a higher prevalence of hypertension
(63.4%), diabetes (46.3%), and heart disease (37.4%) compared to non-statin users. The weighted
Elixhauser score for statins users was higher at 5.18 (+/-8.60), compared to 3.09 (+/—6.75) for non-statin
users. Statin users were also more likely to concomitantly take the following classes of medications:
ACEis, ARBs, beta blockers, calcium channel blockers, diuretics, insulin, and oral antidiabetics (Table 1).

In the age-adjusted, age-, sex-, and race-adjusted and “fully adjusted” (adjusted for age, sex,
race, cardiovascular disease, chronic pulmonary disease, diabetes, obesity) models, there were
no significant associations between statin use and in hospital death or ICU admission (Table 2).
In the age-adjusted and age-, sex-, and race-adjusted models, there were no significant associations
between statin use and risk for IMV (aOR = 0.61, 95% CI: 0.29-1.24 and aOR = 0.57, 95% CI:
0.27-1.19, respectively). However, in the fully adjusted model, there was a statistically significant
association between statin use and decreased risk for IMV (aOR = 0.45, 95% CI: 0.20-0.99, p = 0.048).
A Mann-Whitney—Wilcoxon test showed no statistically significant associations between statin use and
length of ICU stay or days on IMV (Supplementary Table S1). Additionally, a multivariable logistic
regression analysis showed that ACEi or ARB use was not significantly associated with in-hospital
death, ICU admission, or IMV in the age-adjusted, age-, sex-, and race-adjusted, or fully adjusted
models (Table 3). A Mann-Whitney-Wilcoxon test showed no statistically significant associations
between ACEi/ARB use and length of ICU stay or days on IMV (Supplementary Table S2).
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Table 1. Patient characteristics by statin use. *

30f9

Total No Statin Use Statin Use p-Value
n =249 n=126 n=123
Aget 62.0 54.5 (42.0-67.0) 71.0 (60.0-79.0) <0.001
(51.0-75.0) ’ ’ ’ ’ ’ ’ ’
Age group <0.001
18-49 (n = 58) 40.50 49 (38.9%) 9 (7.3%)
- (31.00-44.00) e e
50-64 (n = 77) °8.00 42 (33.3%) 35 (28.5%)
- (54.00-61.00) e e
77.00 o o
265 (n =114) (71.00-83.00) 35 (27.8%) 79 (64.2%)
Race 0.10
Asian 1(0.4%) 1 (0.8%) 0 (0.0%)
Black or African American 37 (14.9%) 22 (17.5%) 15 (12.2%)
Hispanic or Latino 91 (36.5%) 51 (40.5%) 40 (32.5%)
Other/Unknown 11 (4.4%) 7 (5.6%) 4 (3.3%)
. . 109 o 5
White or Caucasian (43.8%) 45 (35.7%) 64 (52.0%)
Hypertension 122 44 (34.9%) 78 (63.4%) <0.001
yperte: (49.00/0) /o 4/0 .
Cardiovascular disease ¥ 70 (28.1%) 24 (19.0%) 46 (37.4%) 0.001
Chronic pulmonary disease 40 (16.1%) 14 (11.1%) 26 (21.1%) 0.031
Diabetes 83 (33.3%) 26 (20.6%) 57 (46.3%) <0.001
Renal failure 25 (10.0%) 8 (6.3%) 17 (13.8%) 0.050
Liver disease 12 (4.8%) 6 (4.8%) 6 (4.9%) 0.97
. 100 o o
Obesity (40.2%) 48 (38.1%) 52 (42.3%) 0.50
Weighted Elixhauser score
(van Walraven) 4.12(7.78) 3.09 (6.75) 5.18 (8.60) 0.034
Chronic Medications
ACEis 69 (27.7%) 26 (20.6%) 43 (35.0%) 0.012
ARBs 41 (16.5%) 12 (9.5%) 29 (23.6%) 0.003
Beta Blockers 75 (30.1%) 20 (15.9%) 55 (44.7%) <0.001
Calcium Channel Blockers 63 (25.3%) 19 (15.1%) 44 (35.8%) <0.001
Diuretics 55 (22.1%) 17 (13.5%) 38 (30.9%) <0.001
Insulin 41 (16.5%) 12 (9.5%) 29 (23.6%) 0.003
Oral antidiabetics 74 (29.7%) 25 (19.8%) 49 (39.8%) <0.001

* ACEis refers to angiotensin converting enzyme inhibitors. ARBs refers to angiotensin II receptor blockers; *
reported as median (IQR); } cardiovascular disease: valvular disease, cardiac arrythmias, congestive heart failure,
peripheral vascular disorders, hypertension with or without complications, pulmonary circulation disorders.

Table 2. Association of statin use with severe COVID-19 outcomes.

Statin use vs. No Statin Use
Odds Ratio (95% Confidence Interval); p-Value

Outcome

Adjusted for Age

Adjusted for Age, Sex, Race

Fully adjusted *

In hospital death

1.07 (0.49-2.32); 0.856

1.03 (0.46-2.29); 0.933

0.88 (0.37-2.08); 0.781

ICU admission

1.14 (0.64-2.01); 0.641

1.12 (0.62-1.99); 0.700

0.90 (0.49-1.67); 0.756

Intubation

0.61 (0.29-1.24); 0.175

0.57 (0.27-1.19); 0.137

0.45 (0.20-0.99); 0.048

* age, sex, race, cardiovascular disease, chronic pulmonary disease, diabetes, obesity.



Pathogens 2020, 9, 759 40f9

Table 3. Association of angiotensin converting enzyme inhibitor (ACEi)/angiotensin II receptor blocker
(ARB) use with severe COVID-19 outcomes *.

ACEi/ARB use vs. No ACEi/ARB Use
Odds Ratio (95% Confidence Interval); p-Value

Outcome Adjusted for Age Adjusted for Age, Sex, Race Fully adjusted *
In hospital death 1.65 (0.79-3.42); 0.175 1.69 (0.79-3.57); 0.170 1.85 (0.80-4.29); 0.149
ICU admission 1.31 (0.77-2.23); 0.317 1.26 (0.73-2.19); 0.393 0.95 (0.52-1.75); 0.891
Intubation 1.40 (0.72-2.73); 0.317 1.26 (0.63-2.50); 0.502 1.00 (0.47-2.12); 0.996

* ACEi refers to angiotensin converting enzyme inhibitor. ARB refers to angiotensin II receptor blocker; ¥ Adjusted
for age, sex, race, cardiovascular disease, chronic pulmonary disease, diabetes, obesity.

3. Discussion

We report the results of a preliminary retrospective cohort study investigating associations
between commonly used chronic medications, including statins and ACEis/ARBs, and severe COVID-19
outcomes among patients hospitalized with COVID-19, including ICU admission, invasive mechanical
ventilation, and in-hospital mortality. We found that, in our fully adjusted model, statin use was
significantly associated with decreased risk for IMV among patients hospitalized with COVID-19.

In the US, 12.1% of adults have a diagnosis of cardiovascular disease [26] and more than 26% of
adults over age 40 take a statin [27]. Given the rapidly increasing rates of COVID-19 infections in the
US, in the setting of a high national prevalence of CVD, our results have important implications for the
management of COVID-19 in the US.

The prior literature discussing the effect of statins on respiratory illness has been
inconclusive [22-25,28-36]. Statin use has been shown to protect against hospitalization for pneumonia
and all-cause mortality in patients with seasonal influenza [22-24]. Furthermore, statin use may reduce
the risk of complications of sepsis, acute lung injury, and acute respiratory distress syndrome (ARDS)
in seasonal influenza [25,32]. Outpatient statin use has been associated with reductions in lung injury
scores for patients infected with HIN1 influenza A virus [28,34]. The role of inpatient use of statins
for pneumonia treatment is controversial, with several large-scale studies finding no effect of statins
on mortality [33,36], while other studies claim lower risk of ICU admission, mechanical ventilation,
and mortality for patients who continue statin use throughout hospitalization [30,31]. The potential
benefit of statin use in patients with other forms of respiratory illness supports a possible role for
statins in the treatment of COVID-19.

Several recent articles have proposed mechanisms for the role of statins in the treatment of
COVID-19 and subsequent health outcomes in COVID-19 patients [35,37—41]. Statins have been
shown to have anti-inflammatory effects through a reduction in C-reactive protein [42], tumor necrosis
factor-alpha (TNF-alpha), and interferon-gamma [43,44] levels. However, other studies have suggested
statins may block toll-like receptor and NF-«B signaling, thus increasing compensatory immune
response and leading to adverse host outcomes [38]. Additionally, statins may upregulate the
inflammatory cytokine IL-18, leading to tissue destruction through cytokine storm [35,40].

On the other hand, some investigators have advocated for the use of statins as a treatment for
COVID-19, citing their cardio-protective effects, potential to improve endothelial function [45,46],
and upregulation of the ACE2 receptor to reduce lung injury from dysregulated ACE2 levels [37,39,47].
Indeed, it has been demonstrated that higher levels of ACE2 lower severity of ARDS by countering
endothelial dysfunction [48,49]. Furthermore, an in silico study found that statins bind to and inhibit
the SARS-Cov2 main protease, disrupting viral maturation [41].

Our finding that statin use is associated with lower risk of IMV in COVID-19 patients is consistent
with recent studies suggesting that statin use may improve COVID-19 outcomes. A retrospective
study of patients across 21 hospitals in Hubei Province, China found that statin use was associated
with decreased 28-day all-cause mortality [50]. Another retrospective study found that inpatient
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atorvastatin treatment was associated with a decreased risk of ICU death [51]. Moreover, statin use is
associated with an absence of COVID-19 symptoms and trends toward improved clinical outcomes in
nursing home residents [52].

There is great need for prospective studies investigating the effect of statins on COVID-19 outcomes.
More data are needed to assess whether statin use is associated with improved outcomes other than
IMYV, as well as among outpatient COVID-19 patients or those without other indications for statin
use. Several randomized control studies investigating these questions have been registered and are
currently in progress. These include a phase 2 clinical trial exploring atorvastatin as an adjunctive
treatment for COVID-19 [53], a phase 3 clinical trial investigating the effects of simvastatin, aspirin,
and losartan combinations on COVID-19 mortality [54], and a phase 3 clinical trial examining the effects
of atorvastatin treatment on venous thromboembolism (VTE), the need for extracorporeal membrane
oxygenation (ECMO), and all-cause mortality in COVID-19 patients [55].

A strength of this study is that our fully adjusted model adjusted for multiple factors frequently
associated with the severity of COVID-19 infections, including age, sex, race, and the common
medical comorbidities of diabetes, cardiovascular disease, chronic pulmonary disease, and obesity.
These have all been reported among the top five comorbidities most commonly associated with
COVID-19 [2-6,56,57]. Another strength is that we reviewed consecutive patients admitted to our
hospitals rather than selecting patients for inclusion, providing a realistic demographic and clinical
picture of patient history and outcome. Although our retrospective study design is limited to
estimating associations, our study does indicate certainty regarding the temporal sequence of exposure
and outcomes.

Our study has several limitations that must be considered. First, the retrospective cohort design
means that other potential sources of confounding cannot be excluded, and we cannot infer causality
between statin use and decreased rates of IMV. Furthermore, we analyzed statin usage as a single
medication class, leaving the possibility of different therapeutic effects based on statin type, strength,
and dosage. Additionally, patient medication data were drawn from the electronic health record;
as such, patients’ medical history may be incomplete, and researchers were unable to confirm that
admitting providers fully reviewed admission medications with patients and patient pharmacies due
to the high volume of patients seen daily. Finally, our cohort of patients with COVID-19 from a single
state in the US may not reflect the health outcomes of COVID-19 patients nationwide.

In summary, our data support the continued use of statins among patients hospitalized with
COVID-19, as continued statin usage is associated with decreased risk for IMV. Further studies are
necessary to investigate whether de novo prescriptions of statins affects COVID-19 outcomes, regardless
of other indications patients may have for statin administration. Given the wide availability and
low cost of statins, there will be vast public health implications for COVID-19 management if further
studies demonstrate similar evidence of improved outcomes among statin users.

4. Materials and Methods

4.1. Study Design and Patient Selection

Our study population included consecutive adult (>18 years old) patients who were admitted
with laboratory confirmed SARS-CoV-2 infection (using a reverse transcriptase polymerase chain
reaction assay) to the “Lifespan” healthcare system (i.e., Rhode Island Hospital, The Miriam Hospital,
and Newport Hospital, all in located Rhode Island, USA) from 17 March 2020 to 10 April 2020.
This study was a retrospective electronic chart review, approved by the Institutional Review Board of
the Rhode Island Hospital.

4.2. Data Collection

Six researchers (MK, FS, EKM, CEP, SBH, SLS) independently extracted demographic,
epidemiological, clinical, and laboratory data of interest via manual review of patient electronic
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health records. Specifically, the following variables were extracted: age, race, sex, body mass
index (BMI), past medical history, patient comorbidity (using van Walraven’s modification of the
Elixhauser comorbidity index [58]), hospital course, and chronic medications (statins, angiotensin
converting enzyme inhibitors, angiotensin II receptor blockers, beta blockers, calcium channel blockers,
diuretics, insulin, and oral antidiabetics). Data were entered into the database organization software
REDCap (Vanderbilt University, Nashville, TN, USA) and de-identified by assigning an ID number to
each patient.

4.3. Study Outcomes

The outcome measures of our study were ICU admission, the need for IMV, and in-hospital death
among patients hospitalized with COVID-19.

4.4. Statistical Analysis

Continuous and categorical variables were represented as medians (IQRs) and frequencies (%)
and compared using the Mann-Whitney—-Wilcoxon test and the Pearson’s chi-squared test, respectively.
We conducted multivariate logistic regression analyses to examine associations between statin use
and the outcomes of ICU admission, the need for IMV, and in-hospital death. Our analyses included
adjustments for (1) age alone, (2) age, sex, and race, and (3) age, sex, race, and four common comorbidities
(“fully adjusted model). The four comorbidities included cardiovascular disease (valvular disease,
cardiac arrythmias, congestive heart failure, peripheral vascular disorders, hypertension with or without
complications, pulmonary circulation disorders), chronic pulmonary disease, diabetes, and obesity.
We adjusted for these comorbidities because hypertension, obesity, diabetes, and cardiovascular
disease were the most common medical comorbidities within our patient population. Additionally,
these comorbidities have been reported as among the most common comorbidities associated with
COVID-19 [2,6,56,57]. For our analyses, 95% confidence intervals (CI), the standard deviation (SD),
and p-values are shown. The statistical significance threshold was set at 0.05. All analyses were
performed using Stata v15.1 (Stata Corporation, College Station, TX, USA).

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-0817/9/9/759/
s1, Table S1: Statin use and in-hospital outcomes, Table S2: Angiotensin converting enzyme inhibitor
(ACEi)/angiotensin II receptor blocker (ARB) use and in-hospital outcomes.
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