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1  |  INTRODUC TION

The COVID-19 pandemic has caused worldwide social, economic, 
and political disruption. Its pathogenesis is largely due to extensive 
disruption of innate and adaptive immunity, altered interferon re-
sponses, and coagulation abnormalities that lead to microvascular 
immunothrombosis. Many of these changes are caused by endothe-
lial dysfunction.1

Antiviral treatments for COVID-19 have been only marginally ef-
fective. Antibody treatments (convalescent plasma and monoclonal 
antibody preparations) for the severe disease have also been dis-
appointing. Some investigators have suggested repurposing drugs 
that are already licensed for use against other diseases.2 Some of 
these drugs target the host response to infection, not the virus itself. 
One of these drugs is dexamethasone, which improves survival in 
COVID-19 patients who require oxygen treatment but not in those 
who do not require oxygen.3

Repurposing cardiovascular drugs has attracted interest be-
cause many of these drugs (including statins) affect inflammation 

and endothelial dysfunction.4 Experts recommend continuing sta-
tin treatment in COVID-19 patients who are already being treated.5 
This recommendation is based largely on numerous observational 
studies that suggest continuing treatment is safe. Nonetheless, most 
of these studies are based on outpatient-documented treatment. 
Because investigators seldom (if ever) consider the effects of statin 
withdrawal after hospital admission, their estimates of statin effec-
tiveness are likely to be imprecise. It is unclear whether they recog-
nize that statin withdrawal could be a problem.

2  |  MATERIAL S AND METHODS

The study is based on a PubMed search conducted on July 24, 
2021 using the search terms “statin withdrawal” (510 references) 
and “COVID-19, statins” (255 references). It is not a meta-analysis 
or systematic review. Instead, each article that reported data on 
statin treatment of COVID-19 patients was carefully read to de-
termine whether the text, tables, figures, and citations contained 
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Abstract
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effects, a finding which cardiovascular investigators have known for 15–20  years. 
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cardiovascular outcomes. Similarly, inpatient statin treatment of COVID-19 improves 
survival. For this reason, observational studies of the effectiveness of outpatient-
documented statin treatment of COVID-19 patients must consider the negative con-
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evidence that the authors were aware of the clinical conse-
quences of statin withdrawal. Citations for these COVID-19 ar-
ticles and for statin withdrawal are available as supplementary 
material.

3  |  RESULTS

At least 42 individual observational studies and 14 meta-analyses 
evaluated the effectiveness of outpatient statin treatment on the 
outcomes of COVID-19 patients admitted to the hospital (sup-
plementary material). These studies used a variety of methods 
to reach different conclusions about the effectiveness of treat-
ment. Twenty-three reports concluded that statins reduced the 
occurrence of severe disease (e.g., ICU admission, mortality).S1−S23 
Thirteen reports concluded that statins might not be effective, but 
at least they were not harmful.S24−S36 Six others concluded that sta-
tin treatment was actually associated with harm.S37−S42 Fourteen 
meta-analyses of these studies (based largely on outpatient infor-
mation) provided varying estimates of statin effectiveness.S43−S56 
In contrast, 11 observational studies uniformly showed that in-
hospital statin treatment was effective in reducing COVID-19 mor-
tality (Table 1).S57−S67

None of the 42 individual studies based on outpatient-
documented treatmentS1−S42 mentioned the consequences of sta-
tin withdrawal after hospital admission. Moreover, none of the 14 
meta-analysesS43−S55 mentioned the problem of statin withdrawal, 

although several included information on better outcomes with 
inpatient compared with outpatient treatment.S50,S53,S55,S56 Only 
one of the 11 studies of in-hospital statin treatment6,also S65 
cited any references on the negative consequences of statin 
withdrawal.

4  |  DISCUSSION

The difference between the conflicting findings of outpatient-
documented statin treatment and uniform findings that inpatient 
treatment reduces COVID-19 severity and mortality is critically 
important. Documentation of statin treatment based only on out-
patient information does not take into account the effects of sta-
tin withdrawal after hospital admission. Moreover, if inpatients 
are treated with statins, treatment might be withdrawn if they are 
transferred to ICUs, although intravenously administered statins are 
licensed if not widely available.7 Whenever statins are withdrawn, 
their beneficial effects on the host response can be rapidly lost.8 For 
example, cardiovascular investigators who studied patients hospital-
ized with acute myocardial infarction 15–20  years ago found that 
those who had been treated with statins as outpatients and whose 
statins were continued after hospital admission had lower mortality 
rates than those who had never received statins.9 The same benefit 
was seen in those who were started on statin treatment after hos-
pital admission. However, those who had been treated with statins 
as outpatients but whose treatment was withdrawn after hospital 

TA B L E  1 The effects of in-hospital statin treatment and statin withdrawal on 28–30-day COVID-19 mortality

Study Adjusted

(ref) Methods HR/OR 95% CI p value

Zhang (S57) PSM (4:1)—CCS 0.58 0.43–0.80 0.001

Rodriguez-Nava (S58) Cohort, ICU 0.38 0.18–0.77 0.008

Mallow (S59) Cohort 0.54 0.49–0.60 <0.001

Saeed (S60) Diabetes mellitus multivariate adjusted 0.51 0.43–0.61 0.001

PM, IPTWa  0.88 0.84–0.91 <0.001

Masana (S61) GM (1:1) 0.60 0.39–0.92 0.020

Fan (S62) PSM, cohort 0.25 0.07–0.92 0.037

Torres-Pena (9, S63) PSM, statins continued versus withdrawalb  0.67 0.54–0.84 <0.001

Memel (10, S64) Marginal structural Cox model, IPTW 0.57 0.37–0.86 0.008

Statins continued versus withdrawalc  0.27 0.11–0.64 0.003

Byttebier (15, S65) PSM (1:1) CCS 0.56 0.39–0.93 0.020

Terlecki (S66) Logistic regression 0.54 0.33–0.84 0.008

Lohia (S67) PSM (1:1), cohort 0.47 0.32–0.70 <0.001

Abbreviations: CCS, case-control study; CI, confidence interval; GM, genetics-matched; HR, hazard ratio; ICU, intensive care unit; IPTW, inverse 
probability treatment weighted; OR, odds ratio; PSM, propensity score-matched.
aThe PS matched IPTW cohort analysis included demographic and comorbidity factors, clinical and laboratory test values, and the use of ACE 
inhibitors and angiotensin receptor blockers.
bStatin treatment continued after hospital admission versus statin withdrawal; conditional logistic regression.
cStatin treatment continued after hospital admission versus statin withdrawal; marginal structural Cox model.
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admission had greater mortality than what was seen in never-treated 
patients.

These studies by cardiovascular investigators suggest that the 
effectiveness of statin treatment on the severity and mortality of 
COVID-19 can be accurately determined only by evaluating in-
hospital treatment. This has been confirmed in two studies that 
compared continuing versus not continuing statin treatment after 
hospital admission (Table 1).10,11

Remarkably, all of the 42 individual studies based on outpatient-
documented statin treatment failed to mention the possible effects of 
statin withdrawal after hospital admission. For example, in one study, 
outpatient statin treatment was associated with decreased mortality, 
but only 77% of outpatient-treated patients continued statin treat-
ment after hospital admission.12 The investigators concluded that statin 
treatment was protective, but this was likely an underestimate because 
statins were withdrawn in 23% of hospitalized patients. In another study 
of 247 statin-treated patients, 46% of treatments were initiated after 
hospital admission and yet 29% of all statin treatments were later dis-
continued because of elevated liver function or creatine kinase tests.13

The 14 meta-analyses of statin treatment of COVID-19 were 
based largely on individual studies of out-patient-documented treat-
ment. The individual studies must regarded as imprecise because 
they failed to consider the effects of statin withdrawal. For this rea-
son, the point estimates reported in the meta-analyses must likewise 
be considered imprecise.

This is not to say that outpatient statin treatment is unimport-
ant. In most studies reporting the effectiveness of outpatient-
documented statin treatment, unknown numbers of patients 
continued to be treated after hospital admission. Outpatient 
statins might also reduce the likelihood of developing symptom-
atic COVID-1914 and might even prevent the development of “long 
COVID.” Although clinical findings clearly indicate that statin treat-
ment should be continued in COVID-19 patients with cardiovascu-
lar diseases after hospital admission,5 no study has yet shown that 
statins should be used to treat all hospitalized COVID-19 patients.

Cardiologists have known for 15–20  years that combination 
treatment with a statin and an ACE inhibitor (ACEI) or an angiotensin 
receptor blocker (ARB) is more effective than treatment with any of 
these agents alone.4,15 In COVID-19 patients, a propensity score-
matched case–control study has recently shown that combination 
treatment with a statin and an ACEI or an ARB was more effective 
than single-agent treatment; combination treatment was associated 
with a 3-fold reduction in the odds of 28-day hospital mortality 
(OR = 0.33, 95% C.I. 0.17–0.69, p = .002).6

There is a solid scientific and clinical rationale for repurposing 
statins and other widely available, inexpensive generic drugs to treat 
the host response to COVID-19 and other pandemic diseases.2,4 
Unfortunately, a study published in late 2020 indicated that only 
7% of the prospective clinical trials of COVID-19 treatments listed 
on ClinicalTrials.gov were focused on these drugs.16 Most of them 
were single-center studies and only a few were evaluating statins, 
ACE inhibitors, or ARBs. To the best of my knowledge, no random-
ized controlled trial of combination treatment has been planned or 

is underway. In the absence of clinical trials, physicians may have to 
rely on the findings of observational studies alone.17

5  |  CONCLUSION

Any study that seeks to determine the effectiveness of statin treat-
ment for COVID-19 patients (either by itself or in combination with 
other drugs) must consider the potentially negative consequences of 
statin withdrawal after hospital admission.
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