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Abstract
Since the onset of the global COVID-19 pandemic, there has been much discussion about the advantages and disadvantages 
of ongoing chronic drug therapies in SARS-CoV-2-positive patients. These discussions include also statins treatment. The 
statins are among the most widely used drugs in the global population. Statins aim to lower cholesterol, which is essential for 
many biological processes but can lead to heart disease if levels are too high; however, also the pleiotropic effects of statins 
are well known. So could the anti-inflammatory or the potential antiviral effects of statins be helpful in avoiding extreme 
inflammation and severity in COVID-19? To date, there are conflicting opinions on the effects of statins in the course of 
COVID-19 infection. The aim of this article is to describe the molecular and pharmacological basis of the pleiotropic effects 
of statins that could be more involved in the fight against COVID-19 infection and to investigate the current epidemiological 
evidence in the literature on the current and important topic.
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Introduction

SARS‑CoV‑2 (COVID‑19)

In November 2019, a new coronavirus was identified as 
the cause of a series of severe pneumonia cases in Wuhan, 
China. The virus designated as Coronavirus-2 is responsi-
ble for the severe acute respiratory syndrome SARS-CoV-2 
(COVID-19). The virus has spread rapidly around the world. 
In March 2020, the World Health Organization proclaimed 
COVID-19 as a "global pandemic;" to date, there are approx-
imately 1.7 MLN deaths and 87 MLN people infected [1]. 
In December 2020, the first COVID-19 vaccinations began. 
However, pharmacological treatments of COVID-19 infec-
tion are mostly experimental, directed at avoiding serious 

complications of the disease [2–4]. Among the various 
pharmacological agents used, some antivirals indicated for 
other viral diseases, such as remdesivir, have shown good 
anti-COVID-19 efficacy [5]. SARS-CoV-2 is an RNA virus 
similar for about 80% of the viral genome to SARS-CoV 
(responsible for the 2003 outbreak) [6]. In vitro studies have 
shown that the virus penetrates human cells by binding to 
ACE-2 protein, the angiotensin-converting enzyme 2, which 
is part of the renin–angiotensin system (RAS) [7–9]. SARS-
CoV-2 infection in most cases has a totally asymptomatic 
or mildly symptomatic course. However, in a percentage of 
cases, the infection has a course characterized by an asymp-
tomatic initial phase and subsequent phases characterized 
by a generalized inflammatory state causing tissue injury 
in multiple organs and a respiratory distress syndrome [10]. 
The generalized inflammatory state responsible for the 
severe lesions is caused by hyperactivation of components 
of the host inflammatory/immune system characterized by 
a massive and high release of cytokines, an event called 
"cytokine storm."

Clinical Manifestations

The SARS-CoV-2 virus is transmitted from human to 
human. The incubation period is 5 to 15 days [11]. Bilat-
eral interstitial pneumonia appears to be the most severe 
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manifestation caused by COVID-19 disease and character-
ized by cough, dyspnea, and respiratory failure [12]. How-
ever, the most frequent symptoms reported by the epidemio-
logical data consist of myalgia and fatigue, elevation of body 
temperature, and olfactory disturbances [13]. Epidemiologic 
data indicate that fever is present in approximately 90% of 
patients hospitalized with COVID-19 [14–16]. Dermato-
logic reactions such as rashes and urticaria have also been 
reported in some cases [17, 18]. In the most severe stages 
of infection, there may be involvement of the cardiovascular 
system and liver tissue. Data report cases of acute cardiac 
injury from COVID-19 [19] and thromboembolic complica-
tions, particularly pulmonary embolism [20]. Some cases 
report acute liver injury caused by COVID-19 [21]. SARS-
CoV-2 enters cells through the ACE-2 entry receptor that 
is expressed in several tissues, the lung, heart, and liver 
[22, 23]. The multisystem inflammation that is generated is 
responsible for organ damage and fibrotic tissue formation 
in the lung, heart, and liver [24, 25].

Risk Factors in COVID‑19 Patients

Epidemiologic evidence has shown that the severity of 
viral infection can vary significantly from person to person. 
Large-scale observational studies suggest that greater sever-
ity of COVID-19 is associated with demographic factors, 
such as older age and male sex [26]. In addition, evidence 
associates an increased risk of severe disease in individu-
als with preexisting disease. Observational studies report 
that hypertension is significantly higher among hospitalized 
COVID-19 patients than among nonhospitalized patients 
[27]. Metabolic disease is considered a serious COVID-
19 risk factor. One meta-analysis shows that COVID-19 
patients with diabetes have a higher risk of severe disease 
than patients without diabetes [28]. Another study shows 
that patients with diabetes have a higher risk of COVID-19 
mortality [29]. A large observational cohort study shows 
that obese patients have a higher risk of COVID-19 hospi-
talization than normal-weight patients [30]. Recent evidence 
shows that COPD may increase the risk of COVID-19 hospi-
talization [31]. Pulmonary diseases such as COPD, asthma, 
and cystic fibrosis can make the airways vulnerable to severe 
COVID-19 injury [32]. Individuals with compromised 
immune systems or on chronic therapy with immunosup-
pressive agents are at increased risk for severe COVID-19 
infection [33].

Smoking individuals have increased expression of ACE2 
in airway epithelial cells, predisposing an individual to 
SARS-CoV-2 infection [34]. A meta-analysis demonstrates 
that individuals who are smokers or former smokers have 
an increased risk of severe COVID-19 [35]. The presence of 
hypercholesterolemia may be a COVID-19 risk factor [36].

Statins

Statins represent a pharmacological class that has been 
used for many years with an undoubted therapeutic effi-
cacy and safety profile in the management of hyperlipi-
demia and prevention of atherosclerotic vascular disease 
[37, 38]. Statins act through inhibition of hydroxymeth-
ylglutaryl-coenzyme A (HMGCoA) reductase involved 
in endogenous cholesterol synthesis. For several years, 
scientific evidence has associated the therapeutic benefits 
of statins with pleiotropic effects. Several experimental 
studies fully support the thesis that the pleiotropic effects 
of statins are independent of HMGCoA reductase inhi-
bition. Among these, pleiotropic effects are stabilization 
of endothelial dysfunction, stabilization of atheroscle-
rotic plaque, regulation of angiogenesis, and antifibrotic, 
antithrombotic, and anti-inflammatory effects [39]. The 
pleiotropic effects of statins represent added value in the 
prevention of cardiovascular disease, but can the pleio-
tropic effects of statins also be of clinical benefit in the 
chronically treated patient and COVID-19 infection? The 
pleiotropic effects of statins suggest potential therapeutic 
benefits in the patient on chronic statin therapy and with 
ongoing COVID-19 infection, particularly to counteract 
the thrombotic risk may occur in the more severe stages 
of SARS-CoV-2 infection.

Statins Treatment’s Clinical Evidence and COVID‑19 
Patients

Several studies have compared the outcomes of COVID-
19 infections in patients chronically treated with statins 
compared with subjects not taking them. The results sug-
gest that statin use potentially may reduce COVID-19 mor-
tality. One retrospective observational study showed that 
statin use in hospitalized subjects with COVID-19 was 
associated with a lower risk of all-cause mortality and a 
favorable recovery profile [40]. These data also provide 
evidence supporting the safety of statins as monother-
apy or in combination with ACEi/ARBs in patients with 
COVID-19. Another retrospective observational study 
demonstrated reduced risk of mortality from COVID-19 
in patients treated with atorvastatin [41]. Much remains to 
be determined about the anti-COVID-19 efficacy of statin 
treatment, although available evidence suggests that mod-
erate to high statin therapy may be effective [42]. Another 
retrospective study showed that statin use in the 30 days 
before hospitalization for COVID-19 was associated with 
a lower risk of developing severe COVID-19 and a faster 
recovery time among patients without severe disease [43]. 
Another retrospective study showed that in patients with 
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hyperlipidemia, statin use was independently associated 
with fewer ICU admissions. This supports the current 
practice of continuing to prescribe statins in patients on 
drug treatment even if COVID-19 infection is present [44].

Statins’ Role in COVID‑19 Infection

Several pleiotropic effects of statins could potentially be of 
clinical benefit in COVID-19 patients (Fig. 1). In particu-
lar, statins are known for their pleiotropic anti-inflammatory 
effects, including increased expression of ACE-2 and inhibi-
tion of Toll-like receptor (TLR)–MYD88–NF-кB in vitro 
[45]. Evidence shows that SARS-CoV-2 interacts with Toll-
like receptors on the host cell membrane, increasing MYD88 
gene expression, activating NF-κB, and triggering inflamma-
tory pathways. Experimental models have shown that statins 
stabilize MYD88 levels after a proinflammatory trigger, 
and in a mouse model, atorvastatin significantly attenuated 
NF-κB activation. Elevated D-dimer levels and high inci-
dence of thrombotic complications are reported in severe 
COVID-19 patients [46]. The role of statins in the manage-
ment of venous thromboembolism has been investigated in 
several studies. The JUPITER study, which studied relatively 
healthy patients with high CRP levels, reported a signifi-
cantly reduced rate of deep vein thrombosis in those who 
received rosuvastatin compared with placebo [47]. Several 
mechanisms have been proposed to explain the antithrom-
botic effects of statin treatment, including decreased tis-
sue factor expression, decreased platelet aggregation, and 
increased thrombomodulin expression on endothelial cells 
[48]. It has been proposed that COVID-19 may induce a 
prothrombotic state, as supported by high levels of factor 
VIII, fibrinogen, and d-dimer [49, 50].

In severe COVID-19 patients, the generalized inflamma-
tory state may cause fibrotic tissue formation. In addition, 
statins may have a reducing effect on cardiac and pulmonary 
fibrosis, hypertrophy, and pathological remodeling in 
response to angiotensin II (Ang II) in a Rho/ROCK-depend-
ent manner [51–53]. Increased ROCK activity is observed 
in patients with hypertension, pulmonary hypertension, 
metabolic syndrome, dyslipidemia, acute coronary syn-
drome (CAD), coronary vasospasm, left ventricular hyper-
trophy (LVH), and in heart failure with reduced systolic 
function [54–56]. Inhibition of ROCK is a candidate for 
mediating the pleiotropy of statins. The effect of statins on 
the myocardium mediated by RhoA and ROCK is of para-
mount importance because both lead to increased apoptosis 
and increased fibrosis, which could lead to the development 
of heart failure. In addition, growing data suggest that the 
respiratory failure that develops in COVID-19 infection dif-
fers from that in other types of patients in several respects 
[57]. Statin treatment could improve endothelial and vascu-
lar function in these patients. Features such as relatively 
good pulmonary compliance despite poor oxygenation, lack 
of pulmonary vasoconstriction, and thrombotic microangi-
opathy [58] suggest that vascular endothelial dysfunction 
plays a vital role in the pathogenesis of COVID-19 infec-
tions [59]. Endothelial dysfunction may be caused by 
reduced bioavailability of endothelial nitric oxide (NO). 
Endothelial NO is important for vasodilation, vascular 
smooth muscle proliferation, and endothelial leukocyte 
interactions. Statins increase endothelial NO production by 
increasing endothelial NO synthase (eNOS) [60, 61]. In the 
recent period, numerous in vitro and in vivo trials have asso-
ciated direct anti-inflammatory effects that are not mediated 
by their hypocholesterolemic activity. This evidence is fur-
ther supported by observations that statin therapy lowers 
C-reactive protein (CRP), a marker of inflammation, inde-
pendently of the lipid-lowering effect [62, 63]. However, 
there are still many aspects to be clarified on the anti-inflam-
matory effect of statins. Some studies show that statins 
inhibit leukocyte recruitment. The activity on leukocyte 
migration is probably related to the reduction of chemokine, 
interleukin 6 (IL-6), and cytokine [64]. In addition, statin 
treatment can improve NO release from the endothelium and 
downregulate endothelial P-selectin [65]. In addition, it 
seems that the inhibition of the activation of the integrins is 
related to the reduced Geranylgeranylation of Rho [66]. By 
blocking the activity of Rho GTPase, the statins prevent 
ICAM-1 expression in endothelial cells [67]. Other evidence 
shows that by inhibiting the geranylgeranylation of Rho 
GTPase, the statins induce the expression of endothelial NO 
synthase (eNOS) [68, 69]. Finally, statins are associated with 
cytokine- and chemokine-release inhibition effects by regu-
lating nuclear receptors, proliferator of the activated peroxi-
some receptor α (PPAR-α), and PPAR-γ [70]. Other studies 

Fig. 1   In the most severe stages of COVID-19 infection, a general-
ized inflammatory state caused by cytokine storm can result in 
multi-organ damage. The pleiotropic effects associated with statin 
treatment, particularly the antithrombotic, anti-inflammatory, and 
endothelial-stabilizing effects, could be of therapeutic benefit in 
reducing severe COVID-19 complications



784	 Cardiovascular Toxicology (2021) 21:781–789

1 3

indicate that statins could modulate the adhesion of leuko-
cytes by interfering with the path of nuclear factor κB (NF-
κB) [71–73]. Some studies have attributed direct cholesterol-
dependent or non-cholesterol-dependent antiviral effects to 
statin treatment. In fact, in this direction, many studies sug-
gest that statins, due to their pleiotropic properties, may be 
beneficial for the treatment of viral infections and their com-
plications. Some evidence has shown that statins can exert 
direct antiviral effects, blocking the intracellular production 
of cholesterol and intervening directly on the infectious 
cycle of viruses. Moreover, as described above, statins 
reduce geranylgeranyl pyrophosphate (GGP) and farnesyl 
pyrophosphate isoprenoids, which are necessary for the pre-
nylation of proteins such as Rho and Ras GTPase; in particu-
lar, the latter proteins are associated to the regulation of the 
life cycle of viruses. This evidence has been supported by 
some studies that have shown that statins may have some 
antiviral potential against HCV. In fact, statins have been 
shown to have antireplicative viral activity against HCV 
when used in association with interferon [74–76]. By reduc-
ing the availability of cholesterol, statins may represent pos-
sible candidates to interfere with virus fusion and entry into 
host cells [77]. How much this evidence can also be associ-
ated with an anti-SARS-CoV-2 activity is to be demon-
strated. A suggested mechanism could be that membrane 
cholesterol reduction prevents normal ACE2-spike interac-
tions. Some evidence attributed to statins’ antifibrotic effects 
of liver tissue and lung tissue and decreased portal hyperten-
sion. One of the antifibrotic mechanisms of statins is the 
reduction of proinflammatory mediators, as described above, 
which can induce tissue fibrosis. However, it seems that 
other pathways are involved. In particular, the reduction and 
decrease in activity of profibrotic factors such as TGFβ1 and 
PDGFβ are associated with statins. Moreover, by decreasing 
the RhoA pathway and its downstream Rho-kinase effector, 
collagen synthesis and liver fibrosis are reduced. Finally, a 
greater availability of statin-mediated NO causes a decrease 
in intrahepatic resistance and portal pressure [78, 79]. The 
hyperactive inflammatory state caused by COVID-19 infec-
tion may also be responsible for fibrotic tissue formation, 
particularly pulmonary fibrosis that could cause severe com-
plications. The hallmarks of the pathogenesis of pulmonary 
fibrosis are cell proliferation, collagen deposition, and dif-
ferentiation of fibroblasts into the profibrogenic phenotype 
of myofibroblasts; these processes are mainly mediated by 
connective tissue growth factor (CTGF), an autocrine growth 
factor induced by TGF-b1. Some evidence suggests that 
statins could modify critical determinants of the profibro-
genic mechanism and potentially prevent lung parenchymal 
remodeling associated with myofibroblast formation by 
inhibiting CTGF gene expression after TGF-b1 induction. 
Treatment with statins has been associated with antiplatelet 
and anticoagulant effects. A decrease in platelet activity 

occurs through an increase in NO. Nitric oxide (NO) is a 
potent inhibitor of platelet aggregation. In addition, admin-
istration of statins has been shown to decrease tissue factor 
(TF) expression and activity in monocytes and macrophages 
[80]. Thrombomodulin acts as a cofactor of thrombin in the 
process of protein C (APC) activation, which, by proteolyti-
cally inactivating activated factors V and VIII, plays an anti-
coagulant role [81]. The intracellular entry receptor used by 
SARS-CoV-2 is angiotensin-converting enzyme 2 (ACE-2), 
which is expressed in lung, liver, and cardiac tissue. ACE-2 
is an important regulatory enzyme in the renin–angiotensin 
system (RAS), catalyzing the conversion of angiotensin II 
(AT-II) to angiotensin 1–7 (AT 1–7). AT 1–7 opposes the 
effects induced by AT-II, with antioxidant, anti-inflamma-
tory, antifibrous, and vasodilator actions. It is also known 
that SARS-CoV-2 infection in the most severe stages causes 
a reduction in ACE-2. This effect may increase the likeli-
hood of lung injury, which in some cases can be fatal. Ulti-
mately, ACE-2 plays a dual role in COVID-19 infection, first 
as a protector against the damaging effects of the hyperin-
flammatory response and second as an entry receptor for 
SARS-CoV. Statins have, for years, been the therapy of first 
choice in the treatment of hypercholesterolemia. Studies 
have shown increased expression of ACE-2 after treatment 
with statins. Important questions arise: If statins increase 
ACE-2, could they be a risk factor for SARS-CoV-2 infec-
tion? Or, in the severe stages of infection, could the increase 
in ACE-2 be an additional protective value? To date, it is 
unclear how clinical outcomes in patients with COVID-19 
are affected by the use of statins, alone or in combination 
with ACE inhibitors and ARBs. Well-structured clinical 
studies are needed [82, 83].

Statins’ Safety Profile in COVID‑19 Patients

Any drug treatment is not without possible adverse reac-
tions [84]. Therapeutic treatments in the COVID-19 positive 
patient should be carefully monitored [85]. Statins are well-
tolerated drugs at the common doses used in the treatment 
of hypercholesterolemia. The patient with severe COVID-19 
is a complex patient who may have organ damage, particu-
larly to the liver and kidney with altered organ clearance and 
with altered statin metabolization and excretion, increased 
circulating concentrations, and an increased risk of inducing 
adverse reactions such as myotoxicity and rhabdomyolysis. 
Rhabdomyolysis may create additional kidney damage [86]. 
In addition, the elderly COVID-19 patient may have reduced 
hepatic and renal clearance, making the scenario even more 
complicated. As described, some evidence associates that a 
potential increase in ACE-2 concentration induced by statin 
treatment could represent a COVID-19 risk factor, as the 
virus would find a greater amount of transmembrane recep-
tor cell entry. In this direction, however, there is no firm 
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epidemiological evidence, and to date, discontinuation of 
statin treatment is not recommended. In addition, most avail-
able statins are substrates for the cytochrome P450 (CYP) 
system, particularly the 3A and P-glycoprotein (P-gp) iso-
enzymes. Some antivirals used in the COVID-19-positive 
patient are potent inhibitors of CYP3A and P-gp, and their 
concomitant administration may cause a marked increase in 
statin concentrations with potential toxic effects [87]. Close 
monitoring of creatine kinase levels and liver function is 
recommended in these cases (Table 1).

Discussion

COVID-19 infection can result in severe pulmonary injury 
and a variety of extrapulmonary manifestations. The molec-
ular pathophysiological mechanisms explaining multi-organ 
dysfunction are caused by the direct effects of SARS-CoV-2 
infection and the indirect effects of a dysregulated immune 
response. The current manuscript suggests the potential ben-
efit of pleiotropic effects of statins in COVID-19 patients. 
Clinical trials are ongoing to verify the possible clinical 
benefit of statin treatment in COVID-19 patients. The statin 
family is characterized by several pharmacologic agents. 
To date, there are no data showing differences between dif-
ferent statins in terms of clinical outcomes in COVID-19 
disease. Presumably, the difference in pleiotropic effects 
among different statins could potentially diversify the clini-
cal outcomes of COVID-19 patients depending on the statin 
taken. Any statin treatment may represent a powerful means 
of reducing COVID-19 mortality risk. However, some stud-
ies for example show that both atorvastatin and rosuvastatin 
cause comparable significant reductions in thromboxane-
dependent platelet activation and lipid peroxidation primar-
ily related to decreased LDL-C, [88]. Other evidence indi-
cates that rosuvastatin is superior to atorvastatin in lowering 
LDL-C levels [89]. These differences in biological effects 
among the various statins might differ clinical outcomes 
in COVID-19 patients. But to date, evidence in this direc-
tion is scarce. In addition, some evidence shows inconsist-
ent data on the efficacy of statins in certain categories of 

patients. In particular, individuals with type 2 diabetes mel-
litus and COVID-19 positive. In this category of patients, 
routine treatment with statins is significantly associated 
with increased mortality in patients with T2DM hospital-
ized for COVID-19 [90]. In addition, the use of statins may 
have some contraindications; in particular, a proportion of 
COVID-19 patients may have liver injury and elevation of 
transaminases. Probably in this category of patients, routine 
use of statins may be additive in increasing hepatic injury. 
In addition, the COVID-19 patient taking antivirals may be 
subject to drug interactions; remdesivir and statins are both 
substrates of cytochrome P450 3A4 (CYP3A4), which could 
promote adverse effects with concomitant administration 
[91]. In addition, some other important questions need to 
be clarified: is there a dose–response relationship underlying 
the beneficial effect of statins in Covid-19? Is the beneficial 
effect different depending on the population category con-
sidered? And again, can statins be used as adjunctive therapy 
even in patients with Covid-19 who do not take statins on 
a daily basis?

Conclusion and Perspectives

Statins are drugs of undoubted therapeutic efficacy and with 
a good tolerability profile. Current guidelines recommend 
not to stop treatment in case of COVID-19 positivity. The 
pleiotropic effects of statins can represent an added value in 
patients on statin therapy for the treatment of hypercholester-
olemia and COVID-19 positive. Some evidence shows addi-
tional benefits in patients treated with statins and COVID-19 
positive compared to those not taking them. Further clinical 
trials are in progress; when we have their results, we will 
be able to say how useful statins may be in the treatment 
of COVID-19. In conclusion, we believe that statins may 
mitigate the effects of COVID-19 infection on the basis of 
pharmacological, molecular, and biochemical knowledge 
of pleiotropic effects, in selected patients, and in particular 
for the benefits associated with coagulopathy, endothelial 
dysfunction, and dysregulated inflammation. However, in 

Table 1   Plausible positive 
effects of statins in COVID-19 
patient

Antiviral Antireplicative viral activity
Inhibition of entry virus into host cells

Anti-inflammatory Increasing the expression of ACE-2
Inhibiting Toll-like receptor (TLR)–MYD88–NF-кB
Reduction of C-reactive protein (CRP)

Anti-thrombotic Decreased tissue factor expression
Decreased platelet aggregation
Increased thrombomodulin expression on endothelial cells

Anti-fibrosis Inhibition of ROCK activity
Reduction of TGFβ1 and PDGFβ

Reduction of vascular endothelial dysfunction Increasing endothelial NO synthase (eNOS)
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the absence of reliable evidence, the role of statins remains 
uncertain and yet to be defined.
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