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INTRODUCTION

Cytokine storm is a severe immune response that can be triggered by the coronavirus SARS-CoV-2
infection in susceptible patients, and, in the severe form of the COVID-19 disease, it is potentially
lethal because of its systemic immunothrombogenic sequelae (Cron, 2020). The cytokine storm
consists of excessive macrophage activation, haemophagocytic lymphohistiocytosis, and a syndrome
characterized by excessive release of proinflammatory cytokines (Henderson et al., 2020). Clinical
trials are underway to investigate, besides anti-viral agents, the use of appropriate
immunosuppressive and immunomodulatory drugs, and also specific drugs to target individual
pro-inflammatory cytokines (Soy et al., 2020). Since we still lack efficient means for managing the
cytokine storm, there is a need for drugs that can potentially mitigate some of the downstream effects
of the potentially deadly immune response. Toward this end, the widely used statins may be
considered as adjuvant drugs in the treatment of severe COVID-19. The statins may ameliorate, at
least partially, some components of the cytokine storm and its sequelae, which are related to poor
prognosis in COVID-19 patients.

PREDICTORS OF IN-HOSPITAL MORTALITY IN COVID-19
PATIENTS

The strongest predictors of in-hospital mortality in COVID-19 patients include elevated interleukin
-6 (IL-6) and D-dimer levels at hospital admission (Cummings et al., 2020; Nadkarni et al., 2020).
Indeed, a recent systematic review and meta-analysis showed that serum D-dimer concentrations in
patients with severe COVID-19 are significantly higher when compared to those with non-severe
forms (Paliogiannis et al., 2020). Also, increased levels of fibrinogen (Terpos et al., 2020) and IL-1
(Shakoory et al., 2016), and an elevated neutrophil-to-lymphocyte ratio (NLR) have been associated
with poor prognosis in COVID-19 patients (Ciccullo et al., 2020).

The level of IL-6 has previously been used as a biomarker of viral virulence (Velazquez-Salinas
et al., 2019). IL-6 possesses marked proinflammatory properties (Moore and June, 2020) and it is
possible that IL-6 blockade, for example with the immunosuppressive drug tocilizumab (Rose-John
et al., 2017; Quartuccio et al., 2020), may have the potential to reduce viral virulence. In a very recent
study, it was found that in hospitalized patients with COVID-19 tocilizumab treatment was
associated with fewer serious infections; yet, it was not effective for preventing intubation or
death in the moderately ill COVID-19 patients studied (Stone et al., 2020).

High levels of circulating D-dimers have been associated with an elevated risk of thrombosis
(Leonard-Lorant et al., 2020; Mucha et al., 2020). It is important to note that some COVID-19
patients have underlying diseases that may increase the risk for bleeding, and thus caution should be
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exercised during anticoagulation (Wang et al., 2020). In COVID-
19 patients, the pathophysiology of thrombosis is largely driven
by the infectious immunoinflammatory process that occurs
systemically in veins, arteries, and the microvasculature of vital
organs, such as the lungs, kidneys, heart, and brain (Siddiqi et al.,
2020). In the vascular system, the endothelium is the primary
target of the immune-inflammatory attack, and, when attacked,
the endothelial cells tend to lose their antithrombotic properties
(Belen-Apak and Sarıalioğlu, 2020; Libby and Lüscher 2020). The
endothelial cells can also be infected with the coronavirus. Such
infectious endothelial damage, termed endotheliitis, has been
observed both in the myocardial and cerebral vessels, and due
to the ensuing local thrombus formation has led to severe
ischemic syndromes (Crippa et al., 2020; Mosleh et al., 2020;
Varga et al., 2020).

D-DIMERS, FIBRINOGEN, AND THE
ENDOTHELIUM

D-dimers are fibrin degradation fragments that are generated
upon fibrinolysis of a blood clot, i.e., their presence in the
blood reflects coagulation activation with ensuing formation of
blood clots and the accompanying clot degradation by
fibrinolysis. Then, understandably, the magnitude of an
increased D-dimer level discloses the extent of thrombus
formation and also predicts the clinical severity of any
thrombotic complication associated with a disease, such as
deep vein thrombosis (Andreescu et al., 2002). In a study of
patients with suspected pulmonary embolism (156 statin users
and 147 antiplatelet drug users), statin use was associated with
a modest 15% decrease in D-dimer levels (95% confidence
interval [CI] −28 to −0.6%) whereas the use an antiplatelet
drug (mainly acetylsalicylic acid and clopidogrel) had no
significant effect (Schol-Gelok et al., 2018). Similarly, in a
cohort study including 6,814 male and female subjects without
cardiovascular disease (aged 45 to 84 years), the D-dimer levels
were found to be 9% lower in statin users than in non-users
(Adams et al., 2013).

Statin use does not seem to affect fibrinogen levels
(Dujovne, et al., 2000; Sbarouni et al., 2000). However,
treatment with statins can lead to a significant
downregulation of the blood coagulation cascade as a result
of decreased tissue factor expression, which, again, leads to
reduced thrombin generation and attenuation of procoagulant
reactions catalyzed by thrombin, such as fibrinogen cleavage
(Undas et al., 2005; Undas et al., 2014). Since in the patients
with COVID-19, the endothelial cells are the target of the
cytokine storm and may also become infected by the virus, the
dysfunctional endothelial cells lose their antithrombotic
surface properties (Libby and Lüscher 2020). Indeed, the
endothelial dysfunction with ensuing organ hypoxia may be
the hardest challenge regarding the cardiovascular
consequences in COVID-19 patients. On the other hand,
the ability of statins to improve endothelial function
(Masoura et al., 2011) could at least partially ameliorate the
prothrombotic state of the endothelium.

INTERLEUKIN-6 AND INTERLEUKIN-1

The anti-inflammatory effects of statins have been studied using a
cytokine-mediated interaction model of human vascular smooth
muscle cells and mononuclear cells in culture (Loppnow et al.,
2011). In this cell culture study, simvastatin, atorvastatin,
fluvastatin, and pravastatin reduced IL-6 production by 53, 50,
64, and 60%, respectively. This finding suggests that, if
translatable for in vivo applications, statins may be able to
reduce the pro-inflammatory effects of IL-6 in tissues.
However, no clinically significant reduction in the
concentration of circulating IL-6 has been observed among
statin users (Wiklund et al., 2002; Lyngdoh et al., 2011).
Concerning IL-1, simvastatin use is associated with a
decreased concentration of IL-1β in gingival crevicular fluid in
patients with inflammatory periodontal disease (Cicek et al.,
2016). The promising role of statins as inhibitors of IL-1β
synthesis and release warrants further investigation (Liberale
et al., 2019). Among the strategies to inhibit the effects of
cytokines, blocking the IL-1 receptor has been particularly
beneficial, as shown in a controlled study in sepsis patients
with the macrophage activation syndrome (Shakoory et al., 2016).

NEUTROPHIL—LYMPHOCYTE RATIO

In the Danish General Suburban Population Study, inflammatory
markers were analyzed in 2,922 statin users and 16,873 non-users
(Sørensen et al., 2019). In this study, the neutrophil-lymphocyte
ratio was reduced by 3% among statin users (95% CI 1 to 5%, p �
0.003). In an earlier study, initiation of statin treatment did not
affect the neutrophil-lymphocyte ratio in hypercholesterolemic
patients (Gungoren et al., 2016). Accordingly, we can state that,
based on the available data, statins appear to have no or only a
modest effect on the neutrophil-lymphocyte ratio.

OTHER VIRAL INFECTIONS

In a study of 3,043 hospitalized laboratory-confirmed influenza
patients of whom one-third received statin treatment, the authors
assessed the effect of statin administration before or during
hospitalization using a multivariable logistic regression model
(Vandermeer et al., 2012). In the cited study, an adjustment was
made for age and race, as well as for cardiovascular, pulmonary,
and renal disease, and influenza vaccination, and the authors
found that statin consumption before or during hospitalization
decreased the risk of death (adjusted odds ratio 0.59; 95% CI 0.38
to 0.92). A beneficial effect of statins has also been suggested for
patients with Middle Eastern respiratory syndrome (MERS), a
viral illness also caused by a coronavirus (Yuan, 2015).

COVID-19 AND STATINS

Analysis of in-hospital deaths among 8910 COVID-19 patients
from Asia, Europe, and North America revealed that statin use
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was associated with a favorable prognosis (Mehra et al., 2020). In
a recent retrospective study among 154 COVID-19 patients in
nursing homes in Belgium, De Spiegeleer et al. found a significant
positive association between statin use and the absence of
symptoms (OR 2.91; CI 1.27 to 6.71, p � 0.011), and the result
remained significant after adjustment for age, sex, functional
status, diabetes mellitus, and hypertension (De Spiegeleer
et al., 2020). However, in this study, the effects of statin use
on serious clinical outcomes did not reach statistical significance.
The authors concluded that statins may be associated with a
beneficial effect on COVID-19-related symptoms in old and frail
persons and suggested that a potentially favorable interaction
between statins and the drugs regulating the renin-angiotensin
system should be further investigated. Such interaction may
emerge, as in COVID-19 patients the use of either an
angiotensin-converting enzyme inhibitor or a statin was
associated with a lower risk of in-hospital death when
compared with COVID-19 patients who did not use either
class of drugs (Fedson et al., 2020; Mehra et al., 2020). To
note, statin therapy has been demonstrated to associate with
significant improvement in both peripheral and coronary
endothelial function (Reriani et al., 2011). This seminal clinical
observation helps us to understand the benefit of statin use
under conditions of endothelial stress, such as occurs during
infection.

Two meta-analyses on the association between statin use and
COVID-19 have been published recently. In the smaller meta-
analysis, association between statin use and in-hospital outcomes
of COVID-19 was analyzed until August 1, 2020 by systematically
searching the Google Scholar database (Hariyanto and
Karniawan 2020). A total of nine studies with a total of 3,449
patients were included in the analysis. This meta-analysis showed
that statin use did not improve the severity outcome (OR � 1.64;
95% CI 0.51–5.23) or the mortality rate from COVID-19 (OR �
0.78; 95% CI 0.50–1.21). Thus, no statin-dependent benefit could
be demonstrated. Also, the larger meta-analysis has been carried
out among hospitalized COVID-19 patients (Kow &Hasan, 2020).
In this comprehensive meta-analysis, the risk of severe illness and/
or mortality in COVID-19 among statin users was compared to
non-statin users (total number of patients 8,990). The authors
searched PubMed, Google Scholar, and medRxiv (preprint
repository) databases up to July 27, 2020, and the pooled
analysis revealed that among the COVID-19 patients with statin
treatment, not only the severity of the illness but also the mortality
was significantly reduced (HR � 0.70; 95% CI 0.53–0.94).

DISCUSSION

Increasing evidence supports the use of statins in patients with
COVID-19 (Bifulco and Gazzerro, 2020; Castiglione et al., 2020;
Dashti-Khavidaki and Kahlili, 2020). Accordingly, the National
Institutes of Health COVID-19 Treatment Guidelines
recommend that patients with COVID-19 who are prescribed
statins for the treatment or prevention of cardiovascular disease
should continue statin therapy (National Institutes of Health,
2020). Statins are generally safe and are cost-effective; yet, this

class of drugs is underused (Chen et al., 2019). Importantly, a
recent retrospective analysis of SARS-CoV-2 infection related
mortality in hospitalized patients with COVID-19 not only
confirmed the beneficial background of statin therapy but also
revealed that maintenance of statin therapy during
hospitalization correlated with an even better prognosis
(Masana et al., 2020). Based on the currently available data,
we consider that a patient with diagnosed COVID-19 should
continue statin use as prescribed; in addition, the short- and long-
term adherence to and persistence with statin therapy should be
improved in patients with a low level of adherence. Moreover, if a
statin-naïve adult patient with cardiovascular disease risk factors
fulfills the criteria for statin therapy, the diagnosis of COVID-19
should act as an additional trigger for immediate initiation of
statin therapy. Even, if the statin-naïve COVID-19 patient who
may not fulfill all the criteria for statin treatment according to
present guidelines (Cholesterol Treatment Trialists’ (CTT)
Collaborators, 2012), initiation of therapy should nevertheless
be considered, as the endothelial-damaging action of the viral
infection increases the risk of thrombotic complications, while
statins tend to improve the function of the endothelium under
stress (Reriani et al., 2011). Suitable candidates for statin therapy
are middle-aged COVID-19 patients in particular, since many of
them may have subclinical coronary atherosclerosis at LDL-
cholesterol levels currently considered normal and even in the
absence of other cardiovascular disease risk factors (Fernández-
Friera et al., 2017; López-Melgar et al., 2020).

Another important reason for initiating permanent statin
treatment is that the development of atherosclerotic lesions is
accelerated during infection and inflammation (Mehta et al.,
1998), and it is likely that COVID-19 triggers a sustained
increase in the risk of cardiovascular disease, at least in patients
with genetically elevated plasma cholesterol levels (Vuorio et al.,
2020). It was recently estimated that approximately 5% of COVID-
19 patients will experience an acute ischaemic stroke, and those with
multiple-organ dysfunctions are at even higher risk of an acute
stroke (Qureshi et al., 2020). It is noteworthy that the safety of statins
has been shown in children with familial hypercholesterolemia aged
8 years and above (Vuorio et al., 2019). In children aged 3 to 17 years
with H1N1 influenza virus infection and severe clinical
manifestations of the infection, IL-1β and IL-6 plasma levels were
significantly upregulated when compared to children with H1N1
and mild symptoms (Chiaretti et al., 2013).

Numerous mechanisms have been proposed to underlie the
favorable effects of statins in COVID-19. One such mechanism is
their mild anticoagulant effect with a potential to decrease the risk
of thrombus formation in the veins, arteries, and microvessels
(Undas et al., 2014), which individually or jointly are considered
the primary causes of the frequently fatal respiratory and
cardiovascular failures in COVID-19 patients. COVID-19 may
trigger a sustained accelerated progression of atherosclerosis
during the recovery phase and beyond, emphasizing the
importance of the continual use of statins (Vuorio et al.,
2020). There is an urgent need to collect data related to the
cardiometabolic and the immunothrombotic status of
hospitalized patients with COVID-19 who have received or
have not received statin therapy. Analysis of such information
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will enable us to test the hypothesis that the statin drugs alleviate
the macrovascular cardiovascular disease and its
atherothrombotic complications (acute myocardial infarction
and ischemic stroke) in COVID-19 patients. Such data are
necessary also for the critical evaluation of the suggested
beneficial effects of statins on the immunothrombotic
component of COVID-19 caused by the systemic endothelial
dysfunction in the entire circulatory system in patients with the
illness (Vuorio and Kovanen, 2020). Such a study of the potential
beneficial effects of statin treatment before, during, and after the
development of the cytokine storm should include COVID-19
patients with and without traditional cardiovascular disease risk
factors, notable hypercholesterolemia. Only then will it be

possible for us to learn whether the beneficial effects of statins
on multiple molecular targets on their pleiotropic and/or their
plasma cholesterol-lowering properties. Most importantly,
however, such therapeutic strategies should disclose the real
value of statins as adjuvant therapy in the prevention and
treatment of the stormy immunothrombosis in COVID-19
patients.
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Belen-Apak, F. B., and Sarıalioğlu, F. (2020). Pulmonary intravascular coagulation
in COVID-19: possible pathogenesis and recommendations on anticoagulant/
thrombolytic therapy. J. Thromb. Thrombolysis. 50 (2), 278–280. doi:10.1007/
s11239-020-02129-0

Bifulco, M., and Gazzerro, P. (2020). Statin therapy in COVID-19 infection: much
more than a single pathway. Eur. Heart J. Cardiovasc. Pharmacother. 6 (6),
410–411. doi:10.1093/ehjcvp/pvaa055

Castiglione, V., Chiriacò, M., Emdin, M., Taddei, S., and Vergaro, G. (2020). Statin
therapy in COVID-19 infection. Eur. Heart J. Cardiovasc. Pharmacother. 6 (4),
258–259. doi:10.1093/ehjcvp/pvaa042

Chen, G., Farris, M. S., Cowling, T., Colgan, S. M., Xiang, P., Pericleous, L., et al.
(2019). Treatment and low-density lipoprotein cholesterol management in
patients diagnosed with clinical atherosclerotic cardiovascular disease in
Alberta. Can. J. Cardiol. 35, 884–891. doi:10.1016/j.cjca.2019.04.008

Chiaretti, A., Pulitanò, S., Barone, G., Ferrara, P., Romano, V., Capozzi, D., et al.
(2013). IL-1 β and IL-6 upregulation in children with H1N1 influenza virus
infection. Mediat. Inflamm. 2013, 495848. doi:10.1155/2013/495848

Cholesterol Treatment Trialists’ (CTT) Collaborators (2012). The effects of
lowering LDL cholesterol with statin therapy in people at low risk of
vascular disease: meta-analysis of individual data from 27 randomised trials.
Lancet. 380, 581–590. doi:10.1016/S0140-6736(12)60367-5

Ciccullo, A., Borghetti, A., Zileri Dal Verme, L., Tosoni, A., Lombardi, F.,
Cargovich, M., et al. (2020). Neutrophil-to-lymphocyte ratio and clinical
outcome in COVID-19: a report from the Italian front line. Int.
J. Antimicrob. Agents. 56 (2), 106017. doi:10.1016/j.ijantimicag.2020.106017

Cicek, A. V., Ilarslan, Y. D., Erman, B., Sarkarati, B., Texcan, I., Karabulut, E., et al.
(2016). Statins and IL-1β, IL-10, and MPO levels in gingival crevicular fluid:
preliminary results. Inflammation. 39, 1547–1557. doi:10.1007/s10753-016-
0390-7

Crippa, S., Kägi, G., Graf, L., Meyer Sauteur, P. M., and Kohler, P. (2020). Stroke in
a young adult with mild COVID-19 suggesting endotheliitis.NewMicrobes New
Infect. 38, 100781. doi:10.1016/j.nmni.2020.100781

Cron, R. Q. (2020). Coronavirus is the trigger, but the immune response is deadly.
Lancet Rheumatol. 2 (7), e370–e371. doi:10.1016/S2665-9913(20)30165-X

Cummings, M. J., Baldwin, M. R., Abrams, D., Jacobson, S. D., Meyer, B. J.,
Balough, E. M., et al. (2020). Epidemiology, clinical course, and outcomes of
critically ill adults with COVID-19 in New York City: a prospective cohort
study. Lancet. 395 (10239):1763–1770. doi:10.1016/S0140-6736(20)31189-2

Dashti-Khavidaki, S., and Khalili, H. (2020). Considerations for statin therapy in
patients with COVID-19. Pharmacotherapy. 40, 484–486. doi:10.1002/phar.
2397

De Spiegeleer, A., Bronselaer, A., Teo, J. T., Byttebier, G., De Tré, G., Belmans, L.,
et al. (2020). The effects of ARBs, ACEIs and statins on clinical outcomes of
COVID-19 infection among nursing home residents. J. Am. Med. Dir. Assoc. 21
(7), 909–914. doi:10.1016/j.jamda.2020.06.018

Dujovne, C. A., Harris, W. S., Altman, R., Overhiser, R. W., and Black, D. M.
(2000). Effect of atorvastatin on hemorheologic-hemostatic parameters and
serum fibrinogen levels in hyperlipidemic patients. Am. J. Cardiol. 85, 350–353.
doi:10.1016/s0002-9149(99)00745-6

Fedson, D. S., Opal, S. M., and Rordam, O. M. (2020). Hiding in plain sight: an
approach to treating patients with severe COVID-19 infection. mBio. 11,
e00398–20. doi:10.1128/mBio.00398-20

Fernández-Friera, L., Fuster, V., López-Melgar, B., Oliva, B., García-Luiz, J. R.,
Mendicuren, J., et al. (2017). Normal LDL-cholesterol levels are associated with
subclinical atherosclerosis in the absence of risk factors. J. Am. Coll. Cardiol. 70,
2979–2991. doi:10.1016/j.jacc.2017.10.024

Gungoren, F., Besli, F., Caliskan, S., Polat, U., Basar, C., and Serdar, O. A. (2016).
Statin therapy may not effect NLR and MPV levels in patients with
hypercholesterolemia: a retrospective study. Angiology. 67, 536–540. doi:10.
1177/0003319715604098

Hariyanto, T. I., and Kurniawan, A. (2020). Statin therapy did not improve the in-
hospital outcome of coronavirus disease 2019 (COVID-19) infection. Diabetes
Metab. Syndr. 14, 1613–1615. doi:10.1016/j.dsx.2020.08.023

Henderson, L. A., Canna, S. W., Schulert, G. S., Volpi, S., Lee, P. Y., Kernan, K. F.,
et al. (2020). On the alert for cytokine storm: immunopathology in COVID-19.
Arthritis Rheum. 72 (7), 1059–1063. doi:10.1002/art.41285

Kow, C. S., andHasan, S. S. (2020). Meta-analysis of effect of statins in patients with
COVID-19. Am. J. Cardiol. 134, 153–155. doi:10.1016/j.amjcard.2020.08.004

Leonard-Lorant, I., Delabranche, X., Severac, F., Helms, J., Pauzet, C., Collange, O.,
et al. (2020). Acute pulmonary embolism in COVID-19 patients on CT
angiography and relationship to D-dimer levels. Radiology. 296 (3),
E189–E191. doi:10.1148/radiol.2020201561

Libby, P., and Lüscher, T. (2020). COVID-19 is, in the end, an endothelial disease.
Eur. Heart J. 41, 3038–3044. doi:10.1093/eurheartj/ehaa623

Liberale, L., Carbone, F., Camici, G. G., andMontecucco, F. (2019). IL-1β and statin
treatment in patients with myocardial infarction and diabetic cardiomyopathy.
J. Clin. Med. 8, 1764. doi:10.3390/jcm8111764

López-Melgar, B., Fernández-Friera, L., Oliva, B., García-Luiz, J. M., Sánchez-
Cabo, F., Bueno, H., et al. (2020). Short-term progression of multiterritorial
subclinical atherosclerosis. J. Am. Coll. Cardiol. 75, 1617–1627. doi:10.1016/j.
jacc.2020.02.026

Loppnow, H., Zhang, L., Buerke, M., Lautenschläger, M., Chen, L., Frister, A., et al.
(2011). Statins potently reduce the cytokine-mediated IL-6 release in SMC/MNC
cocultures. J. Cell Mol. Med. 15, 994–1004. doi:10.1111/j.1582-4934.2010.01036.x

Lyngdoh, T., Vollenweider, P., Waeber, G., and Marques-Vidal, P. (2011).
Association of statins with inflammatory cytokines: a population-based
Colaus study. Atherosclerosis. 219, 2538. doi:10.1016/j.atherosclerosis.2011.
07.117

Masana, L., Correig, E., Rodríguez-Borjabad, C., Anoro, E., Arroyo, J. A., and
Jericó, C. (2020). Effect of statin therapy on SARS-CoV-2 infection-related. Eur.
Heart J. Cardiovasc. Pharmacother. [Epub ahead of print]. doi:10.1093/ehjcvp/
pvaa128

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 5795484

Vuorio and Kovanen Statins and COVID-19

https://doi.org/10.1111/jth.12223
https://doi.org/10.1007/s11239-020-02129-0
https://doi.org/10.1007/s11239-020-02129-0
https://doi.org/10.1093/ehjcvp/pvaa055
https://doi.org/10.1093/ehjcvp/pvaa042
https://doi.org/10.1016/j.cjca.2019.04.008
https://doi.org/10.1155/2013/495848
https://doi.org/10.1016/S0140-6736(12)60367-5
https://doi.org/10.1016/j.ijantimicag.2020.106017
https://doi.org/10.1007/s10753-016-0390-7
https://doi.org/10.1007/s10753-016-0390-7
https://doi.org/10.1016/j.nmni.2020.100781
https://doi.org/10.1016/S2665-9913(20)30165-X
https://doi.org/10.1016/S0140-6736(20)31189-2
https://doi.org/10.1002/phar.2397
https://doi.org/10.1002/phar.2397
https://doi.org/10.1016/j.jamda.2020.06.018
https://doi.org/10.1016/s0002-9149(99)00745-6
https://doi.org/10.1128/mBio.00398-20
https://doi.org/10.1016/j.jacc.2017.10.024
https://doi.org/10.1177/0003319715604098
https://doi.org/10.1177/0003319715604098
https://doi.org/10.1016/j.dsx.2020.08.023
https://doi.org/10.1002/art.41285
https://doi.org/10.1016/j.amjcard.2020.08.004
https://doi.org/10.1148/radiol.2020201561
https://doi.org/10.1093/eurheartj/ehaa623
https://doi.org/10.3390/jcm8111764
https://doi.org/10.1016/j.jacc.2020.02.026
https://doi.org/10.1016/j.jacc.2020.02.026
https://doi.org/10.1111/j.1582-4934.2010.01036.x
https://doi.org/10.1016/j.atherosclerosis.2011.07.117
https://doi.org/10.1016/j.atherosclerosis.2011.07.117
https://doi.org/10.1093/ehjcvp/pvaa128
https://doi.org/10.1093/ehjcvp/pvaa128
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Masoura, C., Pitsavos, C., Aznaouridis, K., Skoumas, I., Vlachopoulos, C., and
Stefanadis, C. (2020). Arterial endothelial function and wall thickness in
familial hypercholesterolemia and familial combined hyperlipidemia and the
effect of statins. A systematic review and meta-analysis. Atherosclerosis. 214,
129–138. doi:10.1016/j.atherosclerosis.2010.10.008

Mehra, M. R., Desai, S. S., Kuy, S. R., Henry, T. D., and Patel, A. N. (2020).
Cardiovascular disease, drug therapy, and mortality in COVID-19. N. Engl.
J. Med. 382 (25), e102. doi:10.1056/NEJMoa2007621

Mehta, J. L., Saldeen, T. G. P., and Rand, K. (1998). Interactive role of infection,
inflammation and traditional risk factors in atherosclerosis and coronary artery
disease. J. Am. Coll. Cardiol. 31, 1217–1225. doi:10.1016/s0735-1097(98)00093-x

Moore, J. B., and June, C. H. (2020). Cytokine release syndrome in severe COVID-
19. Science. 368, 473–474. doi:10.1126/science.abb8925

Mosleh, W., Chen, K., Pfau, S. E., and Vashist, A. (2020). Endotheliitis and
endothelial dysfunction in patients with COVID-19: its role in thrombosis
and adverse outcomes. J. Clin. Med. 15, 1862. doi:10.3390/jcm9061862

Mucha, S. R., Dugar, S., McCrae, K., Joseph, D., Bartholomew, J., Sacha, G. L., et al.
(2020). Coagulopathy in COVID-19: manifestations and management. Cleve.
Clin. J. Med. Off. 87 (8), 461–468. doi:10.3949/ccjm.87a.ccc024

Nadkarni, G. N., Lala, A., Bagiella, E., Chang, H. L., Moreno, P. R., Pujadas, E., et al.
(2020). Anticoagulation, bleeding, mortality, and pathology in hospitalized patients
with COVID-19. J. Am. Coll. Cardiol. 76, 1815–1826. doi:10.1016/j.jacc.2020.08.041

National Institutes of Health (2020). COVID-19 treatment guidelines 2020.
Available at: https://www.covid19treatmentguidelines.nih.gov/concomitant-
medications/ (Accessed June 28, 2020).

Paliogiannis, P., Mangoni, A. A., Dettori, P., Nasrallah, G. K., Pintus, G., and Zinellu,
A. (2020). D-dimer concentrations and COVID-19 severity: a systematic review
and meta-analysis. Front. Public. Health. 8, 432. doi:10.3389/fpubh.2020.00432

Quartuccio, L., Sonaglia, A., Pecori, D., Peghin, M., Fabris, M., Tascini, C., et al.
(2020). Higher levels of IL-6 early after tocilizumab distinguish survivors from
non-survivors in COVID-19 pneumonia: a possible indication for deeper
targeting IL-6. J. Med. Virol. 92 (11), 2852–2856. doi:10.1002/jmv.26149

Qureshi, A. I., Abd-Allah, F., Al-Senani, F., Aytac, E., Borhani-Haghighi, A.,
Ciccone, A., et al. (2020). Management of acute ischemic stroke in patients
with COVID-19 infection: insights from an international panel. Am. J. Emerg.
Med. 38 (7), 1548.e5–1548.e7. doi:10.1016/j.ajem.2020.05.018

Reriani, M. K., Dunlay, S. M., Gupta, B., West, C. P., Rihal, C. S., Lerman, L. O., et al.
(2011). Effects of statins on coronary and peripheral endothelial function in humans:
a systematic review and meta-analysis of randomized controlled trials. Eur.
J. Cardiovasc. Prev. Rehabil. 18, 704–716. doi:10.1177/1741826711398430

Rose-John, S., Winthrop, K., and Calabrese, L. (2017). The role of IL-6 in host
defence against infections: immunobiology and clinical implications. Nat. Rev.
Rheumatol. 13, 399–409. doi:10.1038/nrrheum.2017.83

Sbarouni, E., Melissari, E., Kyriakides, Z. S., and Kremastinos, D. T. (2000). Effects of
simvastatin or hormone replacement therapy, or both, on fibrinogen, factor VII, and
plasminogen activator inhibitor levels in postmenopausal womenwith proven coronary
artery disease. Am. J. Cardiol. 86, 80–83. doi:10.1016/s0002-9149(00)00831-6

Schol-Gelok, S., Hulle, T., Biedermann, J. S., Gelder, T., Klok, F., Pol, L., et al.
(2018). Clinical effects of antiplatelet drugs and statins on D-dimer levels. Eur.
J. Clin. Invest. 48, e12944. doi:10.1111/eci.12944

Shakoory, B., Carcillo, J. A., Chatham,W.W., Amdur, R. L., Zhao, H., Dinarello, C.
A., et al. (2016). Interleukin-1 receptor blockade is associated with reduced
mortality in sepsis patients with features of macrophage activation syndrome:
reanalysis of a prior phase iii trial. Crit. Care Med. 44, 275–281. doi:10.1097/
CCM.0000000000001402

Siddiqi, H. K., Libby, P., and Ridker, P. M. (2020). COVID-19—a vascular disease. Trends
Cardiovasc. Med. S1050-1738 (20), 30128-30136. doi:10.1016/j.tcm.2020.10.005

Sørensen, A. L., Hasselbalch, H. C., Nielsen, C. H., Poulsen, H. E., and Ellervik, C.
(2019). Statin treatment, oxidative stress and inflammation in a Danish
population. Redox. Biol. 21, 101088. doi:10.1016/j.redox.2018.101088

Soy, M., Keser, G., Atagündüz, P., Tabak, F., Atagündüz, I., and Kayhan, S. (2020).
Cytokine storm in COVID-19: pathogenesis and overview of anti-inflammatory
agents used in treatment. Clin. Rheumatol. 39, 2085–2094. doi:10.1007/s10067-
020-05190-5

Stone, J. H., Frigault, M. J., Serling-Boyd, N. J., Fernandes, A., Harvey, L., Foulkes,
A., et al. (2020). Efficacy of tocilizumab in patients hospitalized with COVID-
19. N. Engl. J. Med. 383 (24), 2333–2344. doi:10.1056/NEJMoa2028836

Terpos, E., Ntanasis-Stathopoulos, I., Elalamy, I., Kastritis, E., Sergentanis, T. N.,
Politou, M., et al. (2020). Hematological findings and complications of COVID-
19. Am. J. Hematol. 95, 834–847. doi:10.1002/ajh.25829

Undas, A., Brummel-Ziedins, K. E., and Mann, K. G. (2014). Anticoagulant effects
of statins and their clinical implications. Thromb. Haemostasis. 111, 392–400.
doi:10.1160/TH13-08-0720

Undas, A., Brummel-Ziedins, K. E., and Mann, K. G. (2005). Statins and blood
coagulation. Arterioscler. Thromb. Vasc. Biol. 25, 287–294. doi:10.1161/01.
ATV.0000151647.14923.ec

Vandermeer, M. L., Thomas, A. R., Kamimoto, L., Reingold, A., Gershman, K.,
Meek, J., et al. (2012). Association between use of statins and mortality
among patients hospitalized with laboratory-confirmed influenza virus
infections: a multistate study. J. Infect. Dis. 205, 13–19. doi:10.1093/
infdis/jir695

Varga, Z., Flammer, A. J., Steiger, P., Haberecker, M., Andermatt, R., Zinkernagel,
A. S., et al. (2020). Endothelial cell infection and endotheliitis in COVID-19.
Lancet. 395, 1417–1418. doi:10.1016/S0140-6736(20)30937-5

Velazquez-Salinas, L., Verdugo-Rodriguez, A., Rodriguez, L. L., and Borca, M. V.
(2019). The role of interleukin 6 during viral infections. Front. Microbiol. 10,
1057. doi:10.3389/fmicb.2019.01057

Vuorio, A., and Kovanen, P. T. (2020). Prevention of endothelial dysfunction and
thrombotic events in COVID-19 patients with familial hypercholesterolemia.
J. Clin. Lipidol. 14 (5), 617–618. doi:10.1016/j.jacl.2020.06.006

Vuorio, A., Kuoppala, J., Kovanen, P. T., Humphries, S. E., Strandberg, T., Tonstad,
S., et al. (2019). Statins for children with familial hypercholesterolemia.
Cochrane Database Syst. Rev. 11, CD006401. doi:10.1002/14651858.
CD006401.pub5

Vuorio, A., Watts, G. F., and Kovanen, P. T. (2020). Familial
hypercholesterolaemia and COVID-19: triggering of increased sustained
cardiovascular risk. J. Intern. Med. 287, 746–747. doi:10.1111/joim.13070

Wang, T., Chen, R., Liu, C., Liang, W., Guan, W., Tang, R., et al. (2020). Attention
should be paid to venous thromboembolism prophylaxis in the management of
COVID-19. Lancet Haematol. 7, e362–e363. doi:10.1016/S2352-3026(20)
30109-5

Wiklund, O., Mattsson-Hultén, L., Hurt-Camejo, E., and Oscarsson, J. (2002).
Effects of simvastatin and atorvastatin on inflammation markers in plasma.
J. Intern. Med. 251, 338–347. doi:10.1046/j.1365-2796.2002.00966.x

Yuan, S. (2015). Statins may decrease the fatality rate of Middle East respiratory
syndrome infection. mBio. 6, e01120. doi:10.1128/mBio.01120-15

Conflict of Interest: PK has received consultancy fees, lecture honoraria and/or
travel fees from Amgen, Novartis, Raisio Group, and Sanofi.

The remaining author declares that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Vuorio and Kovanen. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 5795485

Vuorio and Kovanen Statins and COVID-19

https://doi.org/10.1016/j.atherosclerosis.2010.10.008
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1016/s0735-1097(98)00093-x
https://doi.org/10.1126/science.abb8925
https://doi.org/10.3390/jcm9061862
https://doi.org/10.3949/ccjm.87a.ccc024
https://doi.org/10.1016/j.jacc.2020.08.041
https://www.covid19treatmentguidelines.nih.gov/concomitant-medications/
https://www.covid19treatmentguidelines.nih.gov/concomitant-medications/
https://doi.org/10.3389/fpubh.2020.00432
https://doi.org/10.1002/jmv.26149
https://doi.org/10.1016/j.ajem.2020.05.018
https://doi.org/10.1177/1741826711398430
https://doi.org/10.1038/nrrheum.2017.83
https://doi.org/10.1016/s0002-9149(00)00831-6
https://doi.org/10.1111/eci.12944
https://doi.org/10.1097/CCM.0000000000001402
https://doi.org/10.1097/CCM.0000000000001402
https://doi.org/10.1016/j.tcm.2020.10.005
https://doi.org/10.1016/j.redox.2018.101088
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1007/s10067-020-05190-5
https://doi.org/10.1056/NEJMoa2028836
https://doi.org/10.1002/ajh.25829
https://doi.org/10.1160/TH13-08-0720
https://doi.org/10.1161/01.ATV.0000151647.14923.ec
https://doi.org/10.1161/01.ATV.0000151647.14923.ec
https://doi.org/10.1093/infdis/jir695
https://doi.org/10.1093/infdis/jir695
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.3389/fmicb.2019.01057
https://doi.org/10.1016/j.jacl.2020.06.006
https://doi.org/10.1002/14651858.CD006401.pub5
https://doi.org/10.1002/14651858.CD006401.pub5
https://doi.org/10.1111/joim.13070
https://doi.org/10.1016/S2352-3026(20)30109-5
https://doi.org/10.1016/S2352-3026(20)30109-5
https://doi.org/10.1046/j.1365-2796.2002.00966.x
https://doi.org/10.1128/mBio.01120-15
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Statins as Adjuvant Therapy for COVID-19 to Calm the Stormy Immunothrombosis and Beyond
	Introduction
	Predictors of In-Hospital Mortality in COVID-19 Patients
	D-Dimers, Fibrinogen, and the Endothelium
	Interleukin-6 and Interleukin-1
	Neutrophil—Lymphocyte Ratio
	Other VIRAL Infections
	COVID-19 and Statins
	Discussion
	Author Contributions
	References


