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Abstract

Background: Statins are a commonly used class of drugs, and reports have suggested

that their use may affect COVID‐19 disease severity and mortality risk.

Objective: The purpose of this analysis was to determine the effect of dis-

continuation of previous atorvastatin therapy in patients hospitalized for COVID‐19

on the risk of mortality and ventilation.

Methods: Data from 146,413 hospitalized COVID‐19 patients were classified ac-

cording to statin therapy. Home + in hospital atorvastatin use (continuation of

therapy); home + no in hospital atorvastatin use (discontinuation of therapy); no

home + no in hospital atorvastatin use (no statins). Logistic regression was performed

to assess the association between atorvastatin administration and either mortality or

use of mechanical ventilation during the encounter.

Results: Continuous use of atorvastatin (home and in hospital) was associated

with a 35% reduction in the odds of mortality compared to patients who re-

ceived atorvastatin at home but not in hospital (odds ratio [OR]: 0.65, 95%

confidence interval [CI]: 0.59–0.72, p < .001). Similarly, the odds of ventilation

were lower with continuous atorvastatin therapy (OR: 0.70, 95% CI:

0.64–0.77, p < .001).

Conclusions: Discontinuation of previous atorvastatin therapy is associated with

worse outcomes for COVID‐19 patients. Providers should consider maintaining

existing statin therapy for patients with known or suspected previous use.

INTRODUCTION

As the COVID‐19 pandemic has progressed, various drugs have

been proposed for repurposing as potential treatment candidates.

Candidates drawn from experience with other coronaviruses or

mechanistic hypotheses have been tested for performance against

COVID‐19 primarily in observational studies, with reports

indicating that hundreds of different medications have been

administered to these patients in attempt to identify agents that

can potentially reduce the severity of COVID‐19 disease and

modify patient outcomes.1

Statins are among the most widely use class of drugs, and have

been used since the late 1980s for their cholesterol‐lowering effects

and impact on the risk of coronary heart disease. These drugs are also

known to have anti‐inflammatory and immunomodulatory properties,

and this has led to the repurposing of this drug for certain infectious

diseases, including COVID‐19.The anti‐inflammatory effects of sta-

tins have been linked to possible decreases in influenza‐related
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hospitalizations and deaths.2 Alternatively, or additionally, statin

treatment may improve vascular and endothelial function in patients

with severe COVID‐19 infection through upregulation of the ACE2

receptor.3,4

Observational studies have indicated a possible association be-

tween statin intake and a beneficial effect on COVID‐19 clinical

symptoms in susceptible populations.5,6 Observational studies have

linked statin use to lower mortality among patients with COVID‐19,

however these studies highlighted possible variation in the effect

based on statin dosage, patient characteristics, or COVID‐19 disease

severity.7–9 Yet not all studies have shown these beneficial effects on

mortality or disease severity.10 Current guidelines recommend

continuation of statins in patients who were previously taking these

medications, based primarily on the known effects of statins on

ACE2.11 Questions remain about the specific effects of the dis-

continuation of statin therapy in patients with COVID‐19. In this

analysis, we used data from nearly 150,000 COVID‐19 patients ad-

mitted to facilities affiliated with a large healthcare system in the

United States to compare the effect of receipt of continued or

interrupted atorvastatin therapy on patient outcomes.

METHODS

Data were collected from the electronic health records from patients

admitted to facilities affiliated with HCA Healthcare. Facilities within

this system are located in 21 US states, with a concentration in the

southern portion of the country.12 Facilities are primarily community

hospitals; the system also includes tertiary referral facilities and

medical centers. Bed sizes range from 28 to 996 (mean = 279, med-

ian = 251). Collectively, these facilities provide care for 32 million

patient encounters annually. Electronic health record data collected

during the course of clinical care are collated in a standardized

manner in an enterprise data warehouse for analysis purposes. To

account for variation in data collection, we limited this analysis to

facilities using the same electronic health record vendor (approxi-

mately 90% of facilities within the healthcare system).

Patients were included if ≥18 years of age, admitted as inpatients

and discharged and final billed as of July 26, 2021. Only patients with

laboratory‐confirmed COVID‐19 before or during the qualifying

encounter were included. Other laboratory test data related to

COVID‐19 disease progression were not available or inconsistently

available and thus not used in this analysis.

Medication administration data were collected for all drugs

within the statins class. Inpatient statin data were collected via

medication administration records for the inpatient encounter.

Statin use in‐hospital was defined as binary with a threshold of one

dose. The majority of patients received atorvastatin (93%). To

simplify the analysis and reduce confounding by specific

cholesterol‐modifying medication, only patients who received

atorvastatin were included in this analysis. Patients with docu-

mented receipt of any other statin class or fenofibrate class

medication in the inpatient environment were excluded from the

data set (Figure 1). To assess the effect of the discontinuation of

existing atorvastatin therapy among admitted patients, we as-

sessed home medication lists of the identified patient population

and identified those patients with previous home use of atorvas-

tatin. Home medication data were collected via medication re-

conciliation on admission and medication prescribed on discharge.

There was a high degree of certainty regarding medications that

were documented in these lists (i.e., medications that appear on

the list reflect administrations), but these data on home medica-

tions can be incomplete for a variety of reasons. Thus, patients

with hospital administration of statins but no documented home

use may represent a mixed population of new users and current

users and therefore this population was excluded in the current

analysis. Duration of outpatient medication use is not captured

at admission and therefore unavailable for this analysis.

Logistic regression was performed to assess the association between

atorvastatin administration and either mortality or use of mechanical

ventilation during the encounter. Separate models were created to

compare the effect of discontinuation of atorvastatin (home+ in hospital

vs. home+not in hospital) and the effect of these use patterns versus no

known statin use. Variables included in the models were as follows: age at

admission, gender, race (Asian/Black/White/other), ethnicity (Hispanic/

not Hispanic/other), use of mechanical ventilation during encounter (for

mortality model only), intensive care unit (ICU) at admission (at or within

8 h of admission time), Elixhauser score, coronary artery disease,

lipidemias, atherosclerosis, body mass index, administration of select

COVID‐19 related treatments (i.e., hydroxychloroquine, remdesivir,

tocilizumab,), and administration of atorvastatin per groups defined

above. The Elixhauser (van Walraven weighted) summary score was

calculated using the comorbidity package for R Studio.13 This method

categorizing comorbidities of patients was based on the International

Classification of Diseases diagnosis codes and includes 31 comorbidities.

Each comorbid condition has an associated weight, and the sum of all

weights results in a single comorbidity score per patient. Analyses were

conducted using R Studio (version 1.4.1717).

COVID-19+ inpa�ents 
(n=174,380)

Home + In hospital 
atorvasta�n use 

(n=26,843)

Home + No in hospital 
atorvasta�n use 

(n=7,631)

No home + No in hospital 
use of atorvasta�n 

(n=111,939)

Documented receipt of 
any sta�n class 

medica�on other than 
atorvasta�n (n=12,020)

Documented receipt of 
any fenofibrate class 
medica�on (n=2,175)

In hospital use with no 
previous home use 

documented (n=13,772)

F IGURE 1 Diagram of analysis population
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RESULTS

A total of 174,380 COVID‐19+ inpatients were identified for possible

inclusion in this analysis. After excluding patients who had in hospital

or home use of statin class medications other than atorvastatin or

fenofibrates, there were 160,185 eligible patients. To isolate the

effect of discontinuation of atorvastatin from de novo use, patients

with no documented atorvastatin use prior to admission (i.e., docu-

mented in list of home medications) but in hospital administration

were excluded. The resulting analytical sample contained 146,413

patients comprised of three groups (Figure 1): Continuation of ther-

apy (home + in hospital atorvastatin use); discontinuation of therapy

(home + no in hospital atorvastatin use); no statins (no home + no in

hospital atorvastatin use).

TABLE 1 Demographics

No statins (no home + no in
hospital use of atorvastatin)
(n = 111,939)

Continuous therapy
(home + in hospital
atorvastatin use) (n = 26,843)

Discontinued therapy
(home + no in hospital
atorvastatin use) (n = 7631)

Age, median years (SD) 60.0 (19.0) 71.0 (12.56) 70.0 (13.37)

Gender (%)

Female 50.4% 44.7% 43.9%

Male 49.6% 55.3% 56.1%

Race (%)

White 57.7% 63.9% 61.7%

Black 17.6% 18.3% 17.3%

Asian 2.6% 2.9% 4.1%

Other 18.4% 12.3% 14.0%

Unknown 3.7% 2.6% 2.8%

Ethnicity (%)

Hispanic/Latinx 29.0% 20.9% 24.0%

Not Hispanic/Latinx 63.9% 73.6% 69.8%

Unknown 7.1% 5.5% 6.1%

Elixhauser score, median (SD) 5(8.6) 10 (9.2) 9 (9.4)

Diabetes (%) 33.3% 64.4% 61.5%

Coronary artery disease (%) 8.8% 39.9% 28.1%

Lipidemias (%) 21.6% 78.2% 70.6%

Atherosclerosis (%) 0.5% 1.6% 1.0%

BMI, median (SD) 30.9 (8.8) 30.4 (8.0) 30.2 (8.1)

ICU at admission 17.6% 13.4% 21.0%

Length of stay, median days (SD) 4.8 (9.6) 6.2 (9.5) 5.2 (10.0)

Discharge disposition expired (%) 11.8% 9.2% 15.0%

Highest level of service (%)

On vent 11.0% 10.7% 15.5%

In ICU 28.5% 27.5% 34.3%

Treatment receipt (%)

Remdesivir 35.8% 35.3% 34.2%

Hydroxychloroquine 3.4% 3.2% 3.4%

Tocilizumab 2.5% 1.8% 2.4%

Steroids 67.9% 71.6% 73.9%

Abbreviations: BMI, body mass index; ICU, intensive care unit.
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Patients with no statin use tended to be younger than those who

received atorvastatin, with a difference in median age of 11 years

(Table 1). In addition, patients with no statin use had a shorter median

length of stay (7.8 vs. 9.6 days). There were fewer patients in the no

statins group with cardiovascular comorbidities (coronary artery disease,

lipidemias, atherosclerosis) or diabetes present on admission, as expected.

In the primary analysis, we investigated the odds of mortality for

(1) continuous therapy (patients with in home and hospital atorvas-

tatin) versus discontinued therapy (patients with in home use only),

and (2) continuous or discontinuous statin therapy versus patients

with no documented statin use. After adjusting for covariates, con-

tinuous use of atorvastatin was associated with a decrease in the

odds of mortality in COVID‐19 patients in comparison to the dis-

continuation of atorvastatin therapy group (Table 2). Patients who

were received continuous atorvastatin therapy had a 38% reduction

in the odds of mortality compared to patients had discontinued

therapy (odds ratio [OR]: 0.65, 95% confidence interval [CI]:

0.59–0.72, p < .001). In comparison to patients with no known statin

use (Table 3), patients with continuous (home and in hospital) ator-

vastatin administration had 28% reduction in the odds of mortality

(OR: 0.72, 95% CI: 0.68–0.77, p < .001) and patients with home use

only had no change in the odds of mortality (OR: 1.01, 95% CI:

0.92–1.10).

In the secondary analysis, we investigated the odds of ventilation

for the same comparisons as above. After adjusting for covariates,

continuous use of atorvastatin was associated with a decrease in the

odds of ventilation in COVID‐19 patients in comparison to the dis-

continuation of atorvastatin therapy (Table 4). Patients who were

received atorvastatin both in the hospital and at home had a 30%

reduction in the odds of ventilation compared to patients who re-

ceived atorvastatin at home but not in hospital (OR: 0.70, 95% CI:

0.64–0.77, p < .001). In comparison to patients with no known statin

use (Table 5), patients with continuous (home and in hospital)

TABLE 2 Effect of discontinuation of atorvastatin on odds of
mortality

Category Variable OR (95% CI) p Value

Age 1.04 (1.04, 1.04) <.001

Gender (ref = male)

Female 0.74 (0.68, 0.81) <.001

Race (ref =White)

Asian 1.46 (1.15, 1.86) <0.01

Black 1.31 (1.15, 1.48) <.001

Other 0.95 (0.82, 1.1) ns

Unknown 1.01 (0.6, 1.71) ns

Ethnicity (ref = not Hispanic/Latinx)

Hispanic/Latinx 1.65 (1.46, 1.86) <.001

Elixhauser score 1.03 (1.03, 1.04) <.001

Coronary artery disease 1.12 (1.02, 1.22) <.05

Lipidemias 0.99 (0.89, 1.11) ns

Atherosclerosis 0.66 (0.47, 0.92) <.05

BMI 1.01 (1.01, 1.02) <.001

Mechanical ventilation 14.7 (13.34, 16.21) <.001

ICU at admission

COVID‐19 therapies

Hydroxy-
chloroquine

1.46 (1.2, 1.79) <.001

Remdesivir 1.7 (1.55, 1.87) <.001

Tocilizumab 1.51 (1.22, 1.87) <.001

Statin treatment (ref = home only)

Home and hospital 0.65 (0.59, 0.72) <.001

Abbreviations: BMI, body mass index; CI, confidence interval; ICU,
intensive care unit; OR, odds ratio.

TABLE 3 Effect of atorvastatin therapy on odds of mortality

Category Variable OR (95% CI) p Value

Age 1.05 (1.05, 1.06) <.001

Gender (ref = male)

Female 0.74 (0.71, 0.78) <.001

Race (ref =White)

Asian 1.25 (1.09, 1.43) <.001

Black 1.12 (1.05, 1.2) <.001

Other 1.06 (0.99, 1.13) ns

Unknown 0.81 (0.62, 1.07) ns

Ethnicity (ref = not Hispanic/Latinx)

Hispanic/Latinx 1.4 (1.32, 1.49) <.001

Elixhauser score 1.01 (1.01, 1.02) <.001

Coronary artery disease 1.01 (0.96, 1.08) ns

Lipidemias 0.82 (0.78, 0.87) <.001

Atherosclerosis 0.67 (0.53, 0.84) <.001

BMI 1.02 (1.02, 1.03) <.001

Mechanical ventilation 15.4 (14.63, 16.22) <.001

ICU at admission 1.47 (1.4, 1.55) <.001

COVID‐19 therapies

Hydroxy-
chloroquine

0.93 (0.84, 1.03) ns

Remdesivir 1.14 (1.09, 1.19) <.001

Tocilizumab 1.32 (1.2, 1.46) <.001

Statin treatment (ref = no known use)

Home and
hospital

0.72 (0.68, 0.77) <.001

Home only 1.01 (0.92, 1.1) ns

Abbreviations: BMI, body mass index; CI, confidence interval; ICU,
intensive care unit; OR, odds ratio.
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atorvastatin administration had 24% reduction in the odds of venti-

lation (OR: 0.76, 95% CI: 0.72–0.8, p < .001) and patients with home

use only had no change in the odds of ventilation (OR: 1.06, 95% CI:

0.97–1.15, ns).

DISCUSSION

In this retrospective analysis of nearly 150,000 COVID‐19 patients,

we found that continuous receipt of atorvastatin was associated with

a decrease in the risk of mortality and a decrease in the risk of

ventilation as compared to patients who had discontinuation of

previous atorvastatin therapy during the hospital encounter. This

decrease in the risk of mortality or ventilation persisted for patients

with continuous atorvastatin therapy when compared to patients

with no known statin use.

Observational evidence has been growing to support in‐hospital

use of statins in patients with COVID‐19 patients. Among over

13,000 COVID‐19 patients in China, approximately 1200 had

in‐hospital statin use which was associated with a lower risk of all‐

cause mortality; the mortality rate was 5.5% in the statin group and

6.8% in the nonstatin group.9 Similar to our study group, the majority

of the patients receiving statins in that study had received atorvas-

tatin, however any in‐hospital use of statins was included in that

analysis. A meta‐analysis of 13 observational studies found a 27%

reduction in negative clinical outcomes, when adjusting for con-

founding variables, namely in‐hospital mortality or severe disease.14

Another meta‐analysis confirmed the association of statin use with

lower risk of all‐cause mortality and severe illness, but noted the

limitations of sample size and heterogeneity between studies.15 This

suggests that further analysis and controlled trials are needed to

better understand the potential of statins as a COVID‐19 treatment

TABLE 4 Effect of discontinuation of atorvastatin on odds of
ventilation

Category Variable OR (95% CI) p Value

Age 0.99 (0.99, 0.99) <.001

Gender (ref = male)

Female 0.79 (0.73, 0.86) <.001

Race (ref =White)

Asian 1.56 (1.27, 1.91) <.001

Black 1.14 (1.03, 1.27) <.05

Other 1.17 (1.04, 1.33) <.05

Unknown 0.66 (0.42, 1.03) <.01

Ethnicity (ref = not Hispanic of Latino)

Hispanic or
Latino

1.56 (1.4, 1.73) <.001

Elixhauser score 1.07 (1.07, 1.08) <.001

Coronary artery disease 1.03 (0.95, 1.11) ns

Lipidemias 1.03 (0.93, 1.13) ns

Atherosclerosis 1.44 (1.11, 1.87) <.01

BMI 1.02 (1.02, 1.03) <.001

ICU at admission 2.94 (2.71, 3.19) <.001

COVID‐19 therapies

Hydroxy-
chloroquine

3.26 (2.77, 3.84) <.001

Remdesivir 2.61 (2.41, 2.82) <.001

Tocilizumab 4.54 (3.79, 5.44) <.001

Statin treatment (ref = home only)

Home and
hospital

0.70 (0.64, 0.77) <.001

Abbreviations: BMI, body mass index; CI, confidence interval; ICU,
intensive care unit; OR, odds ratio.

TABLE 5 Effect of atorvastatin therapy on odds of ventilation

Category Variable OR (95% CI) p Value

Age 0.99 (0.99, 0.99) <.05

Gender (ref = male)

Female 0.76 (0.73, 0.79) <.001

Race (ref =White)

Asian 1.44 (1.28, 1.61) <.001

Black 1.08 (1.02, 1.14) <.05

Other 1.19 (1.12, 1.26) <.001

Unknown 0.69 (0.55, 0.86) <.001

Ethnicity (ref = not Hispanic/Latinx)

Hispanic/Latinx 1.47 (1.4, 1.55) <.001

Elixhauser score 1.08 (1.08, 1.09) <.001

Coronary artery disease 0.91 (0.86, 0.96) <.001

Lipidemias 1.25 (1.19, 1.3) <.001

Atherosclerosis 1.33 (1.11, 1.6) <.01

BMI 1.03 (1.03, 1.03) <.001

ICU at admission 3.98 (3.82, 4.15) <.001

COVID‐19 therapies

Hydroxy-
chloroquine

2.99 (2.76, 3.25) <.001

Remdesivir 2.38 (2.28, 2.48) <.001

Tocilizumab 3.62 (3.33, 3.94) <.001

Statin treatment (ref = no known use)

Home and
hospital

0.76 (0.72, 0.8) <.001

Home only 1.06 (0.97, 1.15) ns

Abbreviations: BMI, body mass index; CI, confidence interval; ICU,
intensive care unit; OR, odds ratio.
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The recently completed CORONADO study found that routine

statin use was associated with increased morality in hospitalized

COVID‐19 patients with type 2 diabetes mellitus.16 In contrast, an-

other retrospective cohort study found that while inpatient statin use

was associated reduced mortality, especially among those with a

history of diabetes mellitus.17 In our analysis, we accounted for all

comorbidities, including diabetes mellitus, through the Elixhauser

score. When assessed separately, the presence of diabetes mellitus

itself was associated with an increased odds of mortality in com-

parison with patients with no known statin use and no diabetes

present on admission (OR: 1.24, 95% CI: 1.19–1.29). As we have

previously shown that the management of hyperglycemia can affect

mortality risk in COVID‐19 patients both with and without diabetes,

the interaction of this with statins use is an area for future

research.18

Our analysis confirmed the observational evidence in support of

the continued use of statins in COVID‐19 patients. In comparison to

no statin use, patients with any atorvastatin use tended to be older

with more severe comorbidities, which are known risk factors for

more severe COVID‐19 disease and mortality. Rates of the major

medications used for treatment of COVID‐19 at the time of this

analysis were similar between the groups, suggesting that the use of

statins was likely not a major factor in treatment decision‐making.

Additional controlled studies will be needed to further understand

the risk of discontinuation of statin therapy in hospitalized COVID‐19

patients and the potential benefit to beginning therapy in those who

are statin‐naïve.

The association of the discontinuation of statins with the risk of

worse outcomes is not unprecedented. Perioperative exposure to

atorvastatin has been associated with a reduction in the risk of

mortality and certain complications.19–21 Furthermore, patients who

stopped statin therapy after a myocardial infarction had a higher risk

of mortality than patients who never used statins.22 Recommenda-

tions from the American College of Cardiology/American Heart As-

sociation favor the continuation of statin therapy for patients

undergoing surgery to reduce the risk of cardiac complications.23

As there is an increased occurrence of cardiovascular events in

COVID‐19 patients, continuous stain therapy may be providing

protective effects through pleiotropic benefits on inflammation,

oxidative stress, coagulation, and endothelial function.24

In our data set, we attempted to identify those patients whose

in‐hospital administration of atorvastatin was a continuation of their

ongoing use of this medication for other conditions. Due to the

nature of our data, we were limited to medication lists reported by

the patient or their representative at admission. Such lists are known

to often be incomplete or not supplied for a variety of reasons, such

as communication challenges or patient condition at admission, and

thus these results should be interpreted with caution. We excluded

patients with in hospital atorvastatin administration but no previous

in‐home use as we could not distinguish between de novo atorvas-

tatin administration or a lack of documentation of home medication

in these patients. In contrast, those who had indicated home use of

atorvastatin but had no in‐hospital use are highly likely to represent a

discontinuation of previous therapy, as medication administration

data in our system have been independently verified for both re-

search and billing purposes.

Our data set reflects the overall population in that those patients

who had statin administration were older on average than those

patients with no known statin exposure. Although this variable was

taken into account as part of the regression, the younger age of the

no‐statin group would favor reduced mortality, as age has been

consistently identified as a risk factor for COVID‐19 mortality. The

observation that statin use was associated with reduced mortality

compared to no‐statin use could argue that our finding might have

been even greater if the ages of these two groups was comparable.

Other limitations of this analysis are those common to studies

using retrospective data, namely a lack of control of confounding

variables and the inability to interpret a relationship beyond corre-

lation. We simplified our analysis to atorvastatin‐only in order to

control for any potential differences between individual medications;

additional work is underway to confirm these findings for other

commonly used statins. We also did not investigate how atorvastatin

dose, timing, or days of therapy could affect mortality risk as these

were beyond the scope of the current analysis; additional work on

these questions is also underway.

Additional limitations are related to the nature of the data

source itself. While the HCA enterprise data warehouse is pow-

erful, it is limited in the fact that it receives data streams from

>185 facilities, nearly all of which developed their EHR systems

independently. A decade of effort to standardize/normalize data

has allowed for much to be gained from this data source. However,

local variation in data‐related processes is a known issue and there

are still a few areas that are not yet at the quality needed for

research, such as laboratory results, and thus unavailable for

analysis in this way.

In total, our analysis supports the continuation of statin therapy

for COVID‐19 patients. Providers should consider maintaining ex-

isting statin therapy for patients with known or suspected previous

use. Additional study will be needed to elucidate the potential benefit

of statin treatment among COVID‐19 patients with no history of

previous use.
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