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Abstract

As statins decrease the progression of sepsis and its related mortality, this study

aimed to evaluate the effect of atorvastatin on survival and symptom improvement

in hospitalized patients with COVID‐19. This randomized controlled trial was

performed on 156 hospitalized patients with COVID‐19 in Bojnourd city in 2021.

Patients were randomly divided into comparison (standard therapy: hydroxychlor-

oquine + Kaletra®) and intervention groups (atorvastatin 20mg, SD, plus standard

therapy). The main outcomes were the rate of symptom improvement, duration of

hospitalization, need for intubation, and mortality rate. In this study, seven patients

died, two patients (2.6%) in the comparison group and five (6.6%) in the intervention

group. The mean hospitalization days (p = 0.001), the pulse rate (p = 0.004), and the

frequency of hospitalization in the ICU ward (18.4% vs. 1.3%) were longer and

greater in the intervention group. The remission probability in the comparison group

was greater (p = 0.0001). The median hospitalization days in the intervention group

was longer (p < 0.001) and remission in the comparison group occurred 1.71 times

sooner (hazard ratio = 1.70, 95% confidence interval = 1.22–2.38, p = 0.002). Totally,

adding atorvastatin to the standard regime in this study increased hospitalization

days and imposed negative effects on symptom improvement in hospitalized

patients with COVID‐19.
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1 | INTRODUCTION

The novel coronavirus disease 2019 (COVID‐19) caused by severe

acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) was first

reported inWuhan, China, in December 2019 and has rapidly become

a pandemic.1 It is primarily transmitted by respiratory droplets and

close contact,2 and its incubation period lasts 14–33 days.3

Asymptomatic patients are able to spread this disease.4 Infected

patients who show mild to moderate symptoms may develop severe

pneumonia and acute respiratory distress syndrome, septic shock,

multiple organ failure, and even death. The most common sign and

symptoms of this disease are fever (98%), dry cough (76%), myalgia or

fatigue (44%), and dyspnea (55%), and the less common symptoms

are sputum production (28%), headache (8%), hemoptysis (5%), and

diarrhea (3%); and chest computerized tomography scans show

pneumonia.5,6 Laboratory markers include leukopenia (25%), lym-

phopenia (63%), thrombocytopenia (5%), and high lactate

dehydrogenase (73%).6

Cytokine storm is the manifestation of COVID‐19 severity which

is accompanied by an increase in the plasma level of interleukin (IL)‐2,

‐4, ‐6, ‐7, and ‐10, granulocyte colony‐stimulating factor (GCSF),

inducible protein 10 (IP‐10), monocyte chemoattractant protein 1

(MCP‐1), macrophage inflammatory protein 1 alpha (MIP1α), tumor

necrosis factor α (TNF‐α) and interferon γ (IFN‐γ). Furthermore, a

significant decrease in lymphocyte counts, especially CD8+ T cells,

and an increase in neutrophil counts are seen. Thereafter, dynamic

cytokine storms and neutrophil‐to‐lymphocyte ratio (NLR) are

predictors of developing severe COVID‐19.2

The pathogenesis of COVID‐19 is categorized into two main

courses. The former is a replication cycle that is modulated by viral

proteins and includes identification, fusion, entry, and replication of

this virus. The latter is the infection progression phase with an

inflammatory and immune response to the virus that causes tissue

damage. Thus, both virus and host factors are important for the

pathogenesis of this disease which is considered a promising target

for COVID‐19 therapy. In this regard, probable effective drugs are

classified into “target virus” and “target host” categories.7

At the time of writing this article, just remdesivir has been

approved by the Food and Drug Administration (FDA) for the

treatment of COVID‐19 requiring hospitalization8 and some drugs

including tocilizumab, sotrovimab, propofol‐liuro 1%, bamlanivimab

and etesevimab, casirivimab and imdevimab, baricitinib, COVID‐19

convalescent plasma, fresenius propoven 2%, and REGIOCIT have

issued emergency use authorization declaration in certain

conditions.9

Furthermore, since the outbreak of COVID‐19, some old drugs

are suggested to manage this disease in clinical trials based on the in

vitro and in vivo studies. It seems drug repositioning is able to help in

controlling this urgent outbreak faster and more economically.7

A group of Iranian specialist physicians in treating COVID‐19

recommended antiviral medications to treat hospitalized patients

with COVID‐19. At the time of designing this clinical trial study, the

sixth edition of this recommendation was proposed. The

recommended antiviral monotherapy regime was chloroquine

(500mg q12h on the first day followed by 250mg q12h, orally) or

hydroxychloroquine (HQ; 400mg q12h on the first day followed by

200mg q12h, orally) for 7–14 days based on the clinical progress. In

combination therapy, lopinavir/ritonavir (400/100mg q12h, orally)

was administrated with chloroquine (500mg SD, orally) or HQ

(400mg SD, orally) for the first day that was followed just with

lopinavir/ritonavir (400/100mg q12h, orally) for 7–14 days. In

combination therapy with atazanavir/ritonavir, atazanavir/ritonavir

(300/100mg SD, orally) plus chloroquine (250mg q12h, orally) or HQ

(200mg q12h, orally) were administrated from the first day for 7–14

days.10

In addition to cholesterol‐lowering ability, 3‐hydroxy‐3‐methyl‐

glutaryl‐CoA (HMG‐CoA) reductase inhibitors (statins) are able to

diminish inflammation and induce immunomodulatory, antioxidative,

and anti‐atherosclerotic effects.11,12 They inhibit liver production of

C‐reactive protein by reducing interleukin‐6‐induced C‐reactive

protein production in human hepatocytes.13 Atorvastatin reduces

C‐reactive protein‐induced chemokine secretion, ICAM‐1 upregula-

tion and chemotaxis in adherent human monocytes.14 Rosuvastatin

reduces plasma concentrations of pro‐inflammatory cytokines TNF‐

alpha and IFN‐gamma and decreases TNF‐alpha and IFN‐gamma

production in stimulated T‐lymphocytes. It inhibits the Th‐1‐immune

response.15 Besides these pleiotropic effects, these drugs showed

promising therapeutic effects against various infectious diseases. In a

preclinical study, adding simvastatin, fluvastatin, or pravastatin

increased antitubercular activity of rifampicin, isoniazid, and pyrazi-

namide.16 In preclinical models, they showed favorable antiviral

effects. For instance, atorvastatin restricts human immunodeficiency

virus (HIV) replication in CD4+ T cells,17 lovastatin inhibits respiratory

syncytial virus (RSV) replication, and virus‐induced cell‐to‐cell

fusion,18 and simvastatin shows anti CMV effects.19

Not only preclinical studies but also do clinical and retrospective

studies prove honorable anti‐infective and antiviral effects of statins.

They reduced the mortality rate in elderly patients with community‐

acquired pneumonia and sepsis,20 bacteriemia,21 and viral

pneumonia.22

Due to the above‐mentioned subjects, questions have arisen

whether statins are associated with the survival of patients with

COVID‐19. In this regard, this study was designed to evaluate the

therapeutic efficacy of atorvastatin in combination with national

protocols on the survival of patients with COVID‐19.

2 | PATIENTS AND METHODS

2.1 | Study design

This single‐blind, randomized clinical trial was designed to evaluate

the efficacy of atorvastatin in the treatment of patients with COVID‐

19. Patients with severe COVID‐19 who were hospitalized from April

20 to May 20, 2021, in Imam Hasan Hospital Center, a referral

hospital in Bojnurd, Iran were included. Ethical approval for this study
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was obtained from Research Ethics Committee in North Khorasan

University of Medical Sciences (IR.NKUMS.REC.1399.035). Further-

more, the protocol of the study was registered at the Iranian Registry

of clinical trials (IRCT20190831044653N5). Written informed con-

sent was obtained from all patients or their first‐degree family

members after receiving an explanation of the study. The sample size

was determined through clinical significance. Based on the expert

opinions, a 1‐day decrease in the length of stay in the hospital was

considered significant. Therefore, the sample size was determined to

consist of 50 patients for each group using the G‐power software

with a confidence interval (CI) of 95% and a power of 80%. However,

given the probability of a 25% drop in samples, at least 75 patients

were assigned to each group.

2.2 | Participants

COVID‐19 patients were diagnosed based on the WHO criteria and

clinical symptoms/signs by an infectious diseases specialist.10

Those who need hospitalization and did not meet the following

exclusion criteria were included in this study. Exclusion criteria were

including age <16 years old, need for hospitalization in an intensive

care unit (ICU) at admission, a history of type 1 diabetes,

ketoacidosis, uncompensated heart failure, severe renal failure

(GFR < 30ml/min), metabolic acidosis, severe respiratory failure need

to intubation, and sensitivity to atorvastatin. Furthermore, pregnant

and lactating women were not included.

2.3 | Randomization, interventions, and follow‐up

Eligible patients were randomly divided into the intervention and

comparison groups according to the permuted blocks of 4 in a

randomization sequence (1:1 ratio). Patients in the intervention group

received atorvastatin along with the national protocol medications,

while in the comparison group, patients received only the national

protocol medications. Allocation assignment was concealed from

patients and statistical analyzers, but the clinicians and the nurse who

were involved in managing and attending the patients in the ward

were aware of the allocations and therapies. Atorvastatin (Sobhan,

Iran) was administrated as 20mg every day, orally. The national

protocol10 consisted of lopinavir/ritonavir (400/100mg q12h, orally)

with HQ (400mg SD, orally) for the first day that was followed just

with lopinavir/ritonavir (400/100mg q12h, orally) for 7–14 days.

Patients received drugs till they discharged from the hospital.

Other supportive care such as fluid therapy, treatment of

electrolyte disorders, and antibiotic therapy was considered accord-

ing to the hospital protocols. The duration of the study was from the

hospitalization of studied patients until the time of discharge from

the hospital or death.

Patient demographic data, baseline diseases, symptoms at the

time of disease presentation, vital signs, and laboratory data at the

time of hospital admission were recorded. Patients were daily

monitored in terms of changes in the vital signs, hemodynamic

parameters, oxygenation status, laboratory data, and treatment

strategies. The need for supplemental oxygen therapy and also

invasive or noninvasive respiratory supports were evaluated

regularly.

Based on the European Society of Cardiology (ESC) and

European Atherosclerosis Society (EAS) guidelines for the manage-

ment of dyslipidemias,23 emergency termination conditions during

the study included an increase in liver enzyme levels (defined as more

than three times the upper limit of normal) and new clinically

diagnosed myopathy, as identified by treating clinicians.

2.4 | Outcome measures

The primary outcome was the length of stay in the hospital from

admission to discharge through survival analysis. Therefore, all

eligible patients had been followed till they get better and were

discharged from the hospital. Those with uncompleted data were

considered as the right‐censored. Also, the secondary outcomes in

this trial were the need for hospitalization in the ICU during the study

and paraclinical findings.

2.5 | Statistical analysis

After discharge of all patients from the hospital, the time until

complete remission of symptoms and recovery was assessed.

Patients who had incomplete information or who died at the time

of discharge from the hospital were considered right‐censored. Cox

proportional‐hazards regression models were used to estimate the

relationship between the administration of atorvastatin and remis-

sion. In cox regression, the proportional hazard (PH) assumption is

very important. This assumption means that the relative hazard is

constant over time for the study groups. Before modeling, PH

assumption for all predictor variables was checked through the

Schoenfeld residuals analysis test. Then, each of the predictors was

examined separately using cox regression. Variables that were

significantly associated with remission in the univariate cox regres-

sion model were entered into the multivariate cox regression model.

The results were reported as hazard ratio (HR) with a 95% CI.

Kaplan–Meier analysis was applied to plot and estimate remission

probabilities. Comparison of demographic and clinical characteristics

of the studied groups was performed using appropriate analytical

tests. All analyzes were done by SPSS version 24 software.

3 | RESULTS

The flow diagram of participants in this clinical trial is shown in

Figure 1. Initially, 191 patients with severe COVID‐19 were included

in the study using the inclusion criteria. However, 26 patients who

were later found not eligible and 9 patients who were not willing to
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participate were excluded. Finally, the sample consisted of 156

patients with severe COVID‐19 who were randomly assigned to two

equal groups (intervention and comparison groups). The mean length

of hospital stay was 6.40 ± 6.25 days for 154 patients with COVID‐

19 who met the inclusion criteria. The mean age of the patients was

51.80 ± 17.40 years and 50.6% of the patients were male. The

demographic and clinical characteristics of the study groups at

baseline are shown in Table 1. Furthermore, the available baseline

values of some laboratory tests of some patients are included in

Table 1. The results showed that there was no significant difference

between the two groups in terms of age, sex, respiratory rate, blood

pressure, body temperature, cough, dyspnea, and diarrhea (p > 0.05).

It seems two groups were not statistically different in platelets count,

hemoglobin, plasma creatinine, aspartate transaminase, alanine

transaminase, alkaline phosphatase, total bilirubin, direct bilirubin,

and lactate dehydrogenase level (p > 0.05). Unfortunately, the data

about CPK at the baseline was missed.

Follow‐up of the studied patients started from the time of

admission and the beginning of the study and continued until the

time of discharge from the hospital or death. During this period, a

total of 7 patients with COVID‐19 died, 2 patients (2.6%) in the

standard treatment group and 5 patients (6.6%) in the standard

treatment group + atorvastatin) while other 147 patients recovered

and were discharged from the hospital. The patients receiving

atorvastatin had a higher mean length of hospital stay (7.72 days

vs. 5.06 days, p = 0.001) and pulse rate (94.26 per minute vs. 87.87

per minute, p = 0.004) compared to the patients who did not receive

atorvastatin. Also, the frequency of ICU hospitalization was higher in

the patients receiving atorvastatin (18.4%) compared to the patients

who did not receive atorvastatin (1.3%; Table 2).

Figure 2 shows the Kaplan–Meier plot for the atorvastatin and

atorvastatin‐free groups. The patients receiving standard treatment

(97.4%) were more likely to recover than those receiving atorvastatin

(93.4%), which is a statistically significant difference (p= 0.0001). Table 3

shows the mean and median length of hospital stay of the patients. The

median length of hospital stay in the intervention and control groups

was 7 and 4 days, respectively. In other words, 50% of the patients in

the intervention group after 7 days and in the control group after 4 days

from the start of the study have been discharged from the hospital.

Before performing the cox models (PH cox models), the PH

assumption was checked and confirmed for all the studied variables.

The crude and adjusted HRs for the relationship between the studied

variables and survival time is shown in Table 4. Variables that were

significant in the univariate/crude model were entered into the

multivariate cox regression model to adjust or control them. In

univariate analysis, it was observed that only there was a statistically

significant relationship between age and groups with improvement, in

such a way that with increasing age of the patients, the improvement

decreases by 1% and also the improvement in the control group

(standard treatment) occurred 1.71 times faster than intervention

group (standard treatment + atorvastatin) (HR = 1.71, 95%

CI = 1.23–2.38, p = 0.002). According to the results of the study, male

F IGURE 1 Flow diagram of the present
study

GHAFOORI ET AL. | 3163



patients recovered 1.14 times faster than female patients, but it was

not statistically significant (HR = 1.14, 95% CI = 0.82–1.57, p = 0.430).

Also, no statistically significant relationship was observed between

other studied variables with improvement (p > 0.05). Variables that had

a statistically significant relationship with improvement in the crude

Cox regression model were used for multivariate modeling. As can be

seen in the adjusted Cox regression model for age, there was still a

significant relationship between the two groups with improvement, in

which the HR of recovery in the control group (standard treatment)

was higher than the intervention group (standard treatment +

atorvastatin) by 1.70 times. In other words, the time of recovery in

the control group was shorter than the time of recovery in the

intervention group (HR = 1.70, 95% CI = 1.22–2.38, p = 0.002).

4 | DISCUSSION

For patients with COVID‐19 admitted to the hospital, giving

atorvastatin 20mg/day accompanied with the standard therapy

resulted in a significant increase in the length of stay at the hospital,

pulse rate, and the frequency of ICU admission compared with the

standard group. The median days of stay at the hospital in the

intervention group were longer than the standard group.

TABLE 1 Participant characteristics at baseline

Variables Standard Intervention p

Age,a median (IQR), year 56 (36–64) 46 (37–65) 0.90

Sex (male),b No (%) 40 (51.9) 38 (50) 0.81

Respiratory rate (the number of breaths per minute),a median (IQR) 18 (17–19) 18 (17–19) 0.60

Blood pressure (mmHg),c mean + SD 124.56 (27.92) 126.76 (17.61) 0.56

Pulse rate (beats per minute),a median (IQR) 85 (80–89) 90 (83–109) 0.004

Body temperature (°C),a median (IQR) 37 (37–37.15) 37.05 (37–38) 0.10

Cough,b No (%) 49 (64.5) 59 (77.6) 0.07

Myalgia,b No (%) 44 (57.9) 15 (19.7) 0.001

Dyspnea,b No (%) 66 (85.7) 62 (81.6) 0.49

Diarrhea,b No (%) 4 (5.3) 6 (7.9) 0.51

White blood cell (×103/µl),a median (IQR) 5.7 (4.3–7.4) 6.4 (5–9.8) 0.04

Hemoglobin (g/dl),a median (IQR) 13.7 (12.5–14.7) 13.5 (12.3–14.6) 0.86

Platelet (×103/µl),a median (IQR) 172 (132–234) 174 (142–219) 0.80

Plasma creatinine (mg/dl),a median (IQR) 1.10 (0.90–1.30) 1.10 (1–1.30) 0.22

Aspartate transaminase (U/L),a median (IQR) 36.5 (21.25–50.75) 28 (20–40.50) 0.30

Alanine transaminase (U/L),a median (IQR) 22 (17.25–54.50) 25 (18.5–40) 0.83

Alkaline phosphatase (IU/L),a median (IQR) 188.5 (152.75–246) 186 (130.50–206.50) 0.58

Total bilirubin (mg/dl),a median (IQR) 0.86 (0.77–1.12) 0.90 (0.70–1.15) 0.73

Direct bilirubin (mg/dl),a median (IQR) 0.20 (0.115–0.325) 0.20 (0.20–0.30) 0.87

Lactate dehydrogenase (U/L),a median (IQR) 497 (384.5–603) 491 (376.75–574.25) 0.60

Note: The significant level is p < 0.05.

Abbreviation: IQR, interquartile range.
aMann–Whitney U‐test.
bChi‐squared tests.
cStudent's t‐test.

TABLE 2 Clinical characteristics of the study groups

Variables Standard Intervention p

Length of stay in the
hospital,a median (IQR), day

4 (3–6) 6.5 (4–9) 0.001

Discharged alive,b No (%) 76 (97.4) 71 (93.4) 0.27

ICU admission,b No (%) 1 (1.3) 14 (18.4) 0.001

Note: The significant level is p < 0.05.

Abbreviations: ICU, intensive care unit; IQR, interquartile range.
aMann–Whitney U‐test.
bFisher's exact test.
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F IGURE 2 Kaplan–Meier plot comparing the survival time (in day) between the atorvastatin and non‐atorvastatin groups

TABLE 3 Mean and median of hospital stay (day) in the study groups

Group Mean
Standard
error

95% confidence interval

Median
Standard
error

95% confidence interval
Lower
limit

Upper
limit

Lower
limit

Upper
limit

Standard 5.1 0.35 4.41 5.8 4 0.34 3.32 4.67

Intervention 8.31 1.12 6.1 10.52 7 0.38 6.24 7.75

total 6.62 0.58 5.51 7.79 5 0.4 4.26 5.79

TABLE 4 Data analysis using the crude and adjusted Cox regression model

Crude Adjusted
Variables HR 95% CI for HR p HR 95% CI for HR p

Age, year 0.99 0.98–1 0.048 0.99 0.981–1.00 0.039

Sex, male 1.14 0.82–1.57 0.43

Respiratory rate in the first day, the number of
breaths per minute

0.919 0.83–1.01 0.087

BP in the first day, mmHg 0.996 0.99–1.003 0.27

Pulse rate in the first day, beats per minute 0.995 0.98–1.006 0.39

Body temperature in the first day, °C 1.014 0.94–1.092 0.71

No cough 1.06 0.73–1.53 0.74

Myalgia 1.17 0.84–1.64 0.35

No dyspnea 1.1 0.7–1.7 0.67

Diarrhea 1.07 0.56–2.04 0.83

Standard therapy 1.71 1.23–2.38 0.002 1.7 1.22–2.38 0.002

Abbreviations: BP, blood pressure; CI, confidence interval; HR, hazard ratio.

Furthermore, remission in the intervention group occurred later than

the standard group.

Our findings are consistent with this study that emphasized the

deleterious effects of statins on COVID‐19 clinical outcomes

including prolonged hospital stay (≥7 days) and/or need for invasive

mechanical ventilation although this study didn't show any association

between statin use and mortality.24 Furthermore, the results from the

CORONADO study verify our data that reported routine use of
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statins increased COVID‐19 related mortality in inpatients with type

2 diabetes.25 Peymani et al.26 in a retrospective cohort study in

Iranian COVID‐19 patients (75 subjects) reported statin use did not

decrease the risk of morbidity and death. But not significantly, statin

use reduced the chance of being subjected to mechanical ventilation

and normalizing computed tomography (CT) scan results. Three

different types of used statins were atorvastatin (94.7%), rosuvastatin

(2.7%), and simvastatin (2.7%). In these subjects, 14% of patients had

been using statins for over 5 years, 22% for 1–5 years, and the rest

(64%) for less than 1 year before hospital admission. Furthermore,

the meantime of statin use during the stay at the hospital was

7.37 ± 4.84 (SD) days.26 A randomized clinical trial showed adminis-

tration of atorvastatin 20mg once daily to adults with COVID‐19

who were hospitalized in the ICU for 30 days irrespective of hospital

discharge status had no significant reduction in the composite of

venous or arterial thrombosis, treatment with extracorporeal

membrane oxygenation, or all‐cause mortality. The authors relate

this ineffectiveness to the time of study and explicate that the effect

of atorvastatin on thrombosis or mortality may be apparent beyond

the 30 days follow‐up; therefore, they are assessing this hypothesis

in an ongoing 90 days study. Furthermore, designing a study with a

more potent statin regimen or evaluation in a larger population of

COVID‐19 patients was suggested. They mentioned that statin

beneficial effects may be seen before the inflammatory response

phase in early COVID‐19 and maybe for these very sick patients who

are admitted to the ICU, it is just too late.27

Our results were in contrast with Davoodi et al.'s study28 that

conducted a similar study on COVID‐19 inpatients and evaluated the

impact of adding atorvastatin to standard therapy, lopinavir/ritonavir,

on the duration of hospitalization. However, the dose of atorvastatin

(40mg daily) and the number of enrolled patients (n = 20 in each

group) were different in our study. They prescribed atorvastatin

concomitantly with Kaletra® just for 5 days and the duration of

follow‐up and the other therapies were not mentioned, while in our

study patients received standard regimes for 7–14 days and

atorvastatin till they were discharged from the hospital that was

not more than 14 days based onTables 2 and 3, so intervention group

received atorvastatin exactly with Kaletra® in the whole of the study.

Furthermore, in the standard regime, none of Davoodi et al. study's28

patients received HQ that was included in our study. HQ is the

substrate of CYP2D6 and CYP3A4, and ritonavir, a component of

Kaletra®, is a potent CYP3A inhibitor, so can elevate the plasma

concentration of HQ and potentiates HQ's side effects including

cardiovascular, gastrointestinal, nervous system and dermatological

problems, neuromuscular, skeletal, ophthalmic, and otic disorders.7

A cohort study showed statin use in residents diagnosed with

COVID‐19 was accompanied by less severe symptoms and improve-

ment of clinical outcomes.29 Based on another retrospective study by

Daniels et al.,30 the use of statins one month before hospitalization

for COVID‐19 was associated with a lower risk of severe COVID‐19,

and a faster time to disease recovery. Gupta et al.31 reported that

antecedent statin use in patients hospitalized with COVID‐19 is

associated with lower inpatient mortality. These studies did not

mention the types of used statins. Another study showed pretreat-

ment with simvastatin reduces LPS‐induced human lung injury.

Simvastatin induces anti‐inflammatory in the pulmonary and systemic

compartment, reduces neutrophilia, myeloperoxidase, tumor necrosis

factor‐alpha, matrix metalloproteinase 7, 8, and 9 in the bronchoal-

veolar lavage fluid and C‐reactive protein in plasma.32

Furthermore, these controversial differences and conflicting

results about statins in COVID‐19 clinical outcomes may be results

of their effects on angiotensin‐converting enzyme (ACE) 2 expres-

sion, and paying attention to drug–disease interactions may explain

the negative impacts of statins in COVID therapy as described in the

following.

The renin‐angiotensin (Ang) system cascade is divided into ACE/

Ang II type 1 receptor (AT1)/AngII and ACE2/Ang(1–7) receptor Mas

(Mas)/Ang(1‐7) axes. The vasoconstrictor and proliferative actions of

the renin Ang system are mediated by ACE and AngII, while ACE2

opposes the ACE action. It converts AngI to Ang(1–9) and AngII to

Ang(1–7) causing vasodilator and anti‐inflammatory properties.33

Recently, ACE2 which is expressed in the respiratory airways,

intestine, kidney, heart, and pancreas has been proposed as SARS‐

CoV‐2 virus entering receptor.34 On the other side, ACE2 over-

expression is associated with reduced severity of acute respiratory

distress syndrome.35 Therefore, ACE2 overexpression on one hand

increases the chance of SARS‐CoV‐2 virus‐cell entrance and on the

other hand can diminish the severity of COVID‐19, two opposite

outcomes!

Statins by fitting into the active site of the 3‐hydroxy‐3‐methyl‐

glutaryl‐coenzyme A (HMG‐CoA) reductase enzyme inhibit its action

competitively and block the L‐mevalonate pathway.36 By blocking

this pathway, they inhibit cholesterol synthesis and induce immune‐

modulatory effects.37 Furthermore, statins promote tissue‐specific

upregulation of ACE2,38 the used receptor by the SARS‐CoV‐2 virus

for cell entrance.34

Guiding statin effects in the way of immunomodulatory and the

way that the overexpression of ACE2 results in reduced severity of

acute respiratory distress syndrome instead of promoting SARS‐CoV‐

2 virus‐cell entrance is important and finding it could answer why

there are controversial differences about statins effects in COVID‐19

clinical outcomes.

Based on this aforementioned information, the Bikdeli et al.27

conclusion, and some related studies,29–31 it seems the start of statin

therapy at the early phase of COVID‐19, before need to hospitaliza-

tion or start of the inflammatory process, could be effective and need

to be evaluated in future clinical trials.

Beyond many clinical benefits, the adverse effects of statins are

not rare. Muscle adverse effects are the most recognized contrary

effects of statins including myositis, myalgia, and rhabdomyolysis

secondary to severe muscle damages; many other organ failures have

been reported in the context of statins rhabdomyolysis. CYP3A has a

fundamental role in statins metabolism, so any competition in this

pathway affects statins serum concentration and leads to drug

interactions.39 Both lopinavir and ritonavir are potent CYP3A

inhibitors and their concurrent administration with statins raises
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statin concentrations and the risk of toxicity.40 It is a predictable drug

interaction and based on references atorvastatin 20mg/day41 was

selected herein, however, it was better we evaluated enrolled

patients for rhabdomyolysis, an outcome that was missed in this

study, and its measuring was just limited to symptomatic patients

during the study, while Davoodi et al.28 excluded patients with

myositis and liver injury form their study.

Disease–drug interactions are the other important item in

pharmacotherapy. Myalgia is one of the earliest clinical character-

istics of COVID‐19, and an increase in liver enzymes may occur in this

disease.42 Both myalgia, the main symptom of myositis, and liver

function tests elevation are not rare side effects of statins.39

Thereafter, statin therapy in patients with COVID‐19 may increase

the risk of these aforementioned side effects40 and may explain the

deteriorative effects of statins in COVID‐19.

A hospital‐based study in Iranian patients determined the

prevalence of atorvastatin‐induced myalgia is 44.3% and dis-

cussed gender, age, atorvastatin dose, duration of atorvastatin

usage, and presence of myotoxic disease are the main predictors

of myalgia in the Iranian population.41 In our study, there are no

significant differences in age and gender of both control and

intervention groups, but we do not have any information about

the medical history of our patients and duration of atorvastatin

usage before admission to this study. This is another limitation of

our study, while patients with the use of statins, chloroquine, HQ,

and lopinavir/ritonavir were not eligible in the Davoodi et al.

study.28

5 | CONCLUSION

Among inpatients with CoVID‐19, atorvastatin along with the

national protocol medications, compared with only the national

protocol medications, significantly increased the length of stay at the

hospital and the frequency of ICU admission. The findings do not

support the use of atorvastatin for the treatment of inpatients with

COVID‐19.

The effects of more potent doses of statins with tight control on

the inclusion criteria and side effects, and evaluation in a more

targeted population of patients with COVID‐19 may clarify, support,

or reject this data in the future. It is recommended that critical care

scores, such as SOFA or qSOFA scores, be added to the data to more

accurately understand and assess the true situation between the two

groups of patients. Furthermore, it might be beneficial to test and

verify the effect of statins in outpatients who are in the earlier phase

of the COVID‐19, to prevent the start of the inflammatory process,

rather than trying to stop it.
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