
COVID-19 and Thromboinflammation: Is There a Role
for Statins?
Filipe Ferrari0000-0000-0000-0000 ,I Vı́tor M. Martins0000-0000-0000-0000 ,II Marcelo Teixeira0000-0000-0000-0000 ,I Raul D. Santos0000-0000-0000-0000 ,III,IV Ricardo Stein0000-0000-0000-0000 I,V,*
IPrograma de Pos-Graduacao em Cardiologia e Ciencias Cardiovasculares, Hospital de Clinicas de Porto Alegre, Universidade Federal do Rio Grande do Sul,

Porto Alegre, RS, BR. IIHospital de Clinicas de Porto Alegre, Porto Alegre, RS, BR. IIIHospital Israelita Albert Einstein, Sao Paulo, SP, BR. IVUnidade Clinica de

Lipides, Instituto do Coracao (InCor), Hospital das Clinicas HCFMUSP, Faculdade de Medicina, Universidade de Sao Paulo, Sao Paulo, SP, BR. V Faculdade de

Medicina, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, BR.

Ferrari F, Martins VM, Teixeira M, Santos RD, Stein R. COVID-19 and Thromboinflammation: Is There a Role for Statins? Clinics (Sao Paulo). 2021;76:e2518

*Corresponding author. E-mail: rstein@cardiol.br

The novel coronavirus disease (COVID-19) showed increased morbidity and mortality rates and worse
prognosis in individuals with underlying chronic diseases, especially cardiovascular disease and its risk factors,
such as hypertension, diabetes, and obesity. There is also evidence of possible links among COVID-19, myocardial
infarction, and stroke. Emerging evidence suggests a pro-inflammatory milieu and hypercoagulable state in
patients with this infection. Despite anticoagulation, a large proportion of patients requiring intensive care may
develop life-threatening thrombotic complications. Indeed, the levels of some markers of hemostatic activation,
such as D-dimer, are commonly elevated in COVID-19, indicating potential risk of deep vein thrombosis and
pulmonary thromboembolism. In this review, we critically examine and discuss aspects of hypercoagulability and
inflammation in COVID-19 and the possible benefits of statins in this scenario, with emphasis on their
underlying molecular mechanisms. Moreover, we present recommendations on the use of antiviral drugs in
combination with statins.
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’ INTRODUCTION

Coronaviruses have caused two epidemics in the past:
severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS) (1,2). However, the disease
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), designated as coronavirus disease (COVID-
19), has since caused an ongoing pandemic that significantly
threatens global health (3). Patients infected by SARS-CoV-2
commonly have a series of comorbidities and are susceptible
to a wide range of complications (1); among these, coagula-
tion abnormalities and thromboembolic events have been
frequently reported, especially in the most critically ill
patients (2). In line with this, patients with acute respiratory
distress syndrome (ARDS) secondary to COVID-19 are more
likely to develop thrombotic complications compared to
patients with ARDS of other etiologies (3). These remarkably
high prevalence and incidence rates of thrombotic complica-
tions have also raised questions about an underlying
hypercoagulable state in these individuals. Indeed, increased
levels of D-dimer and some pro-inflammatory cytokines are
frequently observed in patients with COVID-19 and have

shown prognostic significance (4,5). Emerging evidence has
also led to the hypothesis that these patients are at higher
risk of developing disseminated intravascular coagulation
(DIC) (6).
In this review, we will present and discuss clinical and

laboratory findings relevant to coagulation abnormalities in
patients with COVID-19, incidence of thromboembolic
events, and considerations of possible interventions for the
management of these complications.

COVID-19 and Hypercoagulability
The pathogenesis of hypercoagulability in COVID-19 may

be related to complement-mediated endothelial injury (7)
and increased levels of circulating prothrombotic factors (8).
Laboratory parameters from a small cohort of Italian patients
with COVID-19 admitted to the intensive care unit (ICU)
were consistent with hypercoagulability in association with
a severe inflammatory state (9). In another 150 patients
referred to ICUs for ARDS, 64 clinically relevant thrombotic
events were diagnosed, mainly pulmonary embolism (16.7%)
(3). In these patients, von Willebrand factor (vWF) activity
and vWF antigen and FVIII levels were increased. More
than 95% of patients had elevated D-dimer and fibrinogen
levels, and 87.7% tested positive for lupus anticoagulant,
a prothrombotic antibody. A reduction in platelet count has
also been reported as a marker of worse prognosis, with
preliminary studies showing that patients with infection
usually develop thrombocytopenia (436%) (10). In fact,
a meta-analysis identified significantly lower platelet counts
in patients with severe disease (weighted mean difference,DOI: 10.6061/clinics/2021/e2518
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-31 � 103/mL; 95% confidence interval [CI], -35 to -29 �

103/mL), and thrombocytopenia was associated with fivefold
odds of having severe disease (odds ratio [OR], 5.1; 95% CI,
1.81 to 14.6) (11). Thrombocytopenia and elevated D-dimer
levels can be explained by excessive activation of the coagu-
lation cascade and platelets (12). D-dimer, specifically, is a
product of fibrin degradation, and its elevation has been
associated with a higher mortality rate, highlighting the
important role played by hypercoagulability in the patho-
physiology of COVID-19 (13,14). Similarly, D-dimers may
stimulate the release of proinflammatory cytokines, such as
interleukin 6 (IL-6) (15). These cytokines act in systemic
inflammation (16), and there is evidence that elevated
interleukin levels can play a role in activating coagulation
and are associated with venous thromboembolism (VTE)
(17). In a retrospective study, severe cases (n=11) presented
higher levels of D-dimer, ferritin, and inflammatory markers,
such as IL-6 and tumor necrosis factor alpha (TNF-a), than
moderate cases (n=10) (18). Wang et al. (19) analyzed labo-
ratory values of 65 patients with COVID-19 and observed
that D-dimer and ferritin levels were higher in those with
severe (n=20) and extremely severe (n=15) disease. In a study
by Zhou et al. (20), D-dimer levels 41 mg/mL at admission
were associated with an increased risk of death (OR, 18.42;
95% CI, 2.64 to 128.55). Moreover, 50% of those who died
had coagulopathy compared with 7% of survivors. D-dimer
levels 41000 mg/L were associated with a fatal outcome.
Likewise, in another study, patients requiring ICU treatment
had median D-dimer levels significantly higher than those
who did not require ICU admission – 0.5 mg/L (interquartile
range [IQR], 0.3–0.8) and 2.4 mg/L (IQR, 0.6–14.4), respec-
tively (21). These findings indicate that D-dimer levels can
serve as a prognostic tool for risk stratification in COVID-19.
Due to the aforementioned coagulation abnormalities,

many patients with severe COVID-19 may develop life-
threatening DIC (6,22). However, the DIC observed in this
viral infection has distinct characteristics from that observed
in sepsis. Although prolonged prothrombin time, thrombo-
cytopenia, and increased D-dimer level are suggestive of
DIC, thrombocytopenia in sepsis is usually more profound;
D-dimer levels in patients with COVID-19 do not reach such
high levels. Moreover, according to the International Society
on Thrombosis and Haemostasis score, most patients with
COVID-19 would not be classified as having DIC (4).
Some risk factors and markers of thrombosis and hemo-

stasis in patients with COVID-19 in different studies (10,18-
21,23-35) are summarized in Table 1.

Thromboinflammation
Besides coagulation abnormalities, severe COVID-19 infec-

tion is associated with inflammatory responses, leading to
acute lung injury and hypoxemic respiratory failure. This
interaction between coagulation and inflammation has been
termed thromboinflammation (36). Evidence suggests that
patients with ARDS secondary to COVID-19 exhibit exten-
sive systemic inflammation, presenting with an exacerbated
release of pro-inflammatory cytokines and chemokines (10).
Moreover, SARS-CoV-2 infection seems to increase

C-reactive protein (CRP) levels. A meta-analysis of 38 studies
enrolling 43,000 patients found elevated CRP levels in 74%
of patients (37). In addition, a multivariate logistic analysis
indicated that high CRP levels might be an important risk

factor for progression of infection (OR, 10.5; 95% CI, 1.2–
34.7) (37). A study conducted in China on 27 patients with
COVID-19 showed that CRP levels positively correlated with
the diameter of the lung lesion and might reflect the severity
of the disease (38). Similar results were observed by Tan et al.
(39), who found that CRP levels predicted a more severe form
of this disease. Finally, Ruan et al. (40) observed that median
CRP levels in COVID-19 survivors were approximately
40 mg/L compared to 125 mg/L in nonsurvivors, suggesting
a strong correlation with disease severity and prognosis.

Thrombotic Complications in Patients with COVID-19

COVID-19 and Venous Thromboembolism. Abnormal
coagulopathy tends to occur in most nonsurvivors of COVID-
19 (31). It is known that the risk of VTE is increased in
critically ill patients requiring transfer to the ICU (41). Thus, it
is postulated that this risk would also be high in patients with
the most severe forms of COVID-19. Complete autopsy of 12
consecutive SARS-CoV-2-positive individuals showed a high
incidence of thromboembolic events (42). Specifically, post-
mortem examination revealed deep venous thrombosis in 7 of
12 patients (58%), while pulmonary embolism was the direct
cause of death in 4 patients. A series of 107 consecutive
patients with confirmed COVID-19 who were admitted for
pneumonia reported a high incidence of pulmonary embolism
during their ICU stay (20.6%), twice as high as the frequency
found in the previous year (43). A Chinese study reported that
40% of hospitalized patients with COVID-19 had a high risk
of VTE (Padua prediction score X4) (44). It is recommended
that, in the absence of contraindications, all critically ill
patients with COVID-19 receive preventive strategies for VTE
(45). Despite this, in a study by Tang et al. (46), of approxi-
mately 450 patients with severe COVID-19, only slightly more
than 20% received anticoagulant therapy (heparin). As some
of these patients developed pulmonary embolism, this may
have contributed to a higher mortality rate. In contrast, a
French study examined 150 patients with COVID-19 in need
of intensive treatment and compared them to patients with
non-COVID ARDS. The authors observed that patients with
COVID-19 developed significantly more thrombotic compli-
cations despite prophylactic or therapeutic anticoagulation (3).

A study on 143 patients hospitalized with COVID-19
showed that 66 (46%) developed deep vein thrombosis (DVT)
in the lower limbs. These individuals were older and had
lower oxygenation index and higher cardiac injury index.
Moreover, those who developed DVT had a higher mortality
rate (34.8% versus 11.7%, p=0.001). This study showed that
DVT is highly prevalent and associated with adverse out-
comes in hospitalized patients with COVID-19 (34).

Because of the importance of thrombotic events in patients
with COVID-19, the risk of thrombosis must be carefully
assessed. Monitoring platelet count, prothrombin time,
activated partial thromboplastin time, and fibrinogen and
D-dimer levels every 48h can be an important preventive
measure. Age 470 years, prolonged bed rest, postpartum
status, use of combined oral contraceptives, and obesity are
factors that can contribute to increased thrombotic risk (47).

The prevalence of thromboembolic complications (e.g.,
DVT, VTE, and pulmonary embolism) in patients with
COVID-19 across different studies (29,34,42,43,48-52) is
shown in Table 2.
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Preexisting Cardiovascular Disease
Patients with preexisting cardiovascular disease have a

worse prognosis if infected with SARS-CoV-2. A much
higher mortality rate in patients with underlying cardiovas-
cular disease than in the general population was reported (1),
reaching almost 20% in hospitalized patients with COVID-19
(53). These patients have a higher risk of developing cardiac
injury (24), being critically ill (9), and requiring intensive care
(53). A retrospective series of 187 COVID-19 cases reported a
7.6% mortality rate for patients without underlying cardio-
vascular disease and normal troponin levels compared to
almost 70% for those with cardiovascular disease and high
troponin levels (24). However, it is important to note that, even
with normal troponin levels, the presence of underlying cardio-
vascular disease is associated with a non-negligible increase in
the risk of death. As an example, the study by Guo et al. (25)
involving 187 patients reported a mortality rate of 13%.
Postmortem studies in Switzerland found a high preva-

lence of pulmonary embolism with microthrombi in the
alveolar capillaries (45% of those with available histology).
More than 70% of these patients had underlying chronic
diseases, such as cardiovascular disease (48). Similar data
were reported by Wichmann et al. (42) in autopsies of
patients with COVID-19, where deep vein thrombosis and
preexisting chronic diseases were both highly prevalent (58%
and 50%, respectively). Although these autopsy findings
should be interpreted with caution, due to the small sample
size, the high incidence of thromboembolic events in indi-
viduals with preexisting cardiovascular diseases suggests a
possible relationship between COVID-19-induced coagulo-
pathy and thrombosis with these diseases.

COVID-19 and Myocardial Infarction (MI)
The COVID-19 pandemic has caused a significant reduc-

tion in the number of cardiac interventional procedures. In
Spain, for example, cardiac catheterizations fell by almost
50% (54); similar data were reported in the United States (55).
The association between acute infections and increased risk
of type 2 MI suggests a causal relationship. The risk of MI
associated with pneumonia seems to peak at the onset of
this infection and is proportional to disease severity (56).
Interestingly, Kwong et al. (57) studied patients infected with
influenza virus and its association with hospitalizations for
MI that occurred within 1 year before or after its diagnosis.
Within 7 days after detection of influenza B, influenza A,
respiratory syncytial virus, and other viruses, the incidence
rate of MI was 410 times (95% CI, 4.37–23.38), 5 times

(95% CI, 3.02–8.84), 3.5 times (95% CI, 1.11–11.12), and 2.77
times (95% CI, 1.23–6.24) higher, respectively, than that at
baseline, suggesting an association between respiratory
infections and MI. A US case series has shown that the risk
of MI increases exponentially during the first 15 days after
hospitalization for acute bacterial pneumonia, with risk
being almost 50-fold greater than in any 15-day period
during the year before or after the onset of infection (58).

ST segment elevation on electrocardiogram has been reported
in a series of patients with COVID-19 from New York. Impor-
tantly, although 18 patients presented with high D-dimer levels,
8 patients with clinical diagnosis of MI presented with median
levels higher than those of 10 patients with non-coronary
myocardial injury – 1,909 ng/mL (IQR, 682–19,653) versus 858
ng/mL (IQR, 541–3,580), respectively (59). In a study of
patients undergoing primary percutaneous coronary interven-
tion for ST-Elevation Myocardial Infarction (STEMI), high D-
dimer levels at admission were associated with larger MI size,
greater extent of area at risk, and lower myocardial salvage
index, suggesting that D-dimer levels may be a marker of
advanced myocardial injury (60).

What are the possible hypotheses that may explain an
increased risk of MI in patients with COVID-19? With the
release of pro-inflammatory cytokines and catecholamines,
compounded by increases in both oxygen demand and heart
rate caused by the infection, a marked reduction in coronary
perfusion is observed (56). These and other factors may con-
tribute to a mismatch between oxygen demand and oxygen
supply, resulting in ischemia, injury, and fibrosis.

COVID-19 and Obesity
Patients with COVID-19 who are overweight or obese may

also be more susceptible to complications. A study enrolling
775 infected individuals showed that 72% were overweight
or obese. Among those with a body mass index (BMI) 430
kg/m2 who were admitted to the ICU, 61% died (61). In a
French retrospective study (n=124), 48% of patients were
obese, and 28% were severely obese (BMI 435 kg/m2). As
the BMI category increased, patients required more invasive
mechanical ventilation (62). Similar data were observed in a
study by Hu et al. (63) in China (n=58). The proportion of
prolonged hospital stay was significantly higher in over-
weight or obese patients than in those with normal weight
(62.1% versus 26.1%, p=0.01). In addition, discharge from the
hospital was inversely and independently associated with
BMI (hazard ratio [HR], 0.75; 95% CI, 0.63–0.90).

Some factors have been speculated to increase morbidity
in obese patients with COVID-19. Increased levels of

Table 2 - Prevalence of thromboembolic complications in patients with COVID-19.

Studies N Deep Vein Thrombosis - N (%) Venous Thromboembolism - N (%) Pulmonary Embolism - N (%)

Cui et al. (48) 81 NA Critically ill: 20 (16%) NA

Menter et al. (49) 21 NA NA Died: 4 (19%)

Middeldorp et al. (50) 198 NA All: 19 (20%)

Critically ill: 35 (47%)

Non-critically ill: 4 (3%)

All: 13 (7%)

Critically ill: 11 (15%)

Non-critically ill: 4 (2%)

Nahum et al. (51) 34 Critically ill at admission: 22 (65%)

Critically ill 48h after admission: 5 (15%)

NA NA

Poissy et al. (43) 107 NA NA Critically ill: 22 (21%)

Ren et al. (30) 48 Critically ill: 41 (85%) NA NA

Voicu et al. (52) 56 Invasive mechanical ventilation: 20 (36%) NA NA

Wichmann et al. (42) 12 Died: 7 (58%) NA NA

Zhang et al. (35) 143 All: 66 (46%) NA NA

NA: Not available.
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pro-inflammatory cytokines, such as TNF-a and IL-6, may be
more common in overweight and obese individuals (64).
This pro-inflammatory environment, in association with
compromised fibrinolysis, may contribute to increased
thrombotic risk, which may be associated with worsening
lung damage (65). Moreover, as obese patients commonly
have other comorbidities at baseline, these may represent an
additional risk factor for COVID-19 complications. Finally,
adipose tissue itself has been demonstrated to serve as a
reservoir for several types of viruses, such as human
adenovirus Ad-36, influenza A virus, and cytomegalovirus
(66). By analogy, COVID-19 may also affect the adipose
tissue and subsequently compromise other organs.

Prevention of Venous Thromboembolism in
Patients with COVID-19
It is known that patients with COVID-19 have an

increased risk of thrombotic events (42-44). These individuals
may also have increased presence of extramedullary mega-
karyocytes in organs such as the lungs and heart. This is a
phenomenon that seems to play an important role in
increasing thrombosis in these patients (67).
Klok et al. (68) studied 184 patients with COVID-19 who

required ICU admission and found a 31% incidence of
thrombotic complications. In turn, Tang et al. found lower
28-day mortality in heparin users – unfractionated heparin or
low molecular weight heparin (LMWH) – compared to that
in non-users in the subgroup with sepsis-induced coagulo-
pathy (SIC) score X4 (40.0% versus 64.2%; p=0.029) or
D-dimer level of more than sixfold of the upper limit of
normal (32.8% versus 52.4%; p=0.017), suggesting a better
prognosis in patients who met the SIC criteria or with
markedly high D-dimer levels (46).
Given the clinical importance associated with a high risk of

VTE in patients with severe COVID-19, antithrombotic
preventive therapy is strongly recommended in the absence
of contraindications (69-73). Patients with contraindications
to anticoagulants should be treated with limb compres-
sion (69). Several recommendations for prophylaxis for the
prevention of VTE in patients with COVID-19 were pub-
lished (69-73). Many of these patients may have high Padua
scores and reduced mortality rates with the use of LMWH or
unfractionated heparin (72).
European authors recommend that in patients with

COVID-19 and D-dimer levels o0.5 mg/mL, prophylactic-
dose anticoagulation is recommended (enoxaparin 40 mg
every 24h); if D-dimer level is between 0.5 and 3.0. mg/mL,
enoxaparin 40 mg every 12h; if D-dimer level is 43.0 mg/mL,
enoxaparin 1 mg/kg every 12h (73). Some authors suggest a
more aggressive prophylactic therapy (e.g., enoxaparin 30 mg
subcutaneously every 12h for those with body weight
p120 kg and 40 mg subcutaneously every 12h for patients
with body weight 4120 kg) (74).
The American College of Chest Physicians recommends

that hospitalized patients with COVID-19 receive antic-
oagulant thromboprophylaxis with LMWH or fondaparinux
over unfractionated heparin; direct-acting oral anticoagu-
lants are not indicated. In patients with severe COVID-19,
standard-dose thromboprophylaxis is suggested over the
intermediate one (LMWH every 12h or increased weight-
based dose) (70).
The International Society on Thrombosis and Haemostasis

suggests that a half-therapeutic-dose of LMWH (1 mg/kg

every 24h) can be considered for high-risk patients with
COVID-19 and a 50% higher dose should be considered for
obese individuals (75). In addition, also recommends
thromboprophylaxis with LMWH or a direct-acting oral
anticoagulant (duration of 14 to 30 days) after discharge from
those patients considered at high risk (e.g., age 465 years,
cancer, previous VTE, elevated D-dimer level (42 times the
upper limit of normal, etc.), and low risk of bleeding (76). In
contrast, thromboprophylaxis for patients who do not
require hospitalization is not currently recommended (76).
In an editorial published by Lopes and Fanaroff, the authors

emphasize the importance of conducting randomized clinical
trials in the COVID-19 anticoagulation scenario. They pointed
out that the correct dose and best type of anticoagulant for
these patients must be better investigated (77).

Possible Benefits of Statins in COVID-19

Anti-inflammatory and Antithrombotic Effects. Sev-
eral mechanisms have been proposed to support the hypo-
thesis of a protective effect of statins, as observed in studies
of patients with influenza or COVID-19 (Figure 1). Reduction
in inflammation via inhibition of nuclear factor kappa B (NF-
kB) may be one of these components. In an experimental
study (78), NF-kB inhibition led to a reduction in inflamma-
tion and lung injury and significantly increased survival after
SARS-CoV-2 infection. Moreover, Bahrami et al. (79) sug-
gested that statins could also have a positive impact on
inflammatory diseases by reducing toll-like receptor 4 (TLR4)
expression. Statins can also regulate the TLR4/myeloid
differentiation primary response 88 (MyD88)/NF-kB signal-
ing pathway. MyD88 is an essential adaptive molecule for
signaling through TLRs, resulting in signal transduction and
production of pro-inflammatory cytokines. As it has been
observed that SARS-CoV infection can induce expression of
the MyD88 gene, the ability of statins to maintain MyD88 at
normal levels may be protective for patients with COVID-19.
This balance is important because both overexpression of
MyD88 and its deficiency led to increased mortality rates
after MERS-CoV infection (80). However, a statin-induced
increase in IL-18 levels might create an unfavorable envi-
ronment in SARS-CoV-2 infection and even increase the
disease severity (81).

Statins may also exert favorable effects in COVID-19
through their anti-thrombotic effects (Figure 2). More than 20
years ago, Colli et al. (82) demonstrated that statins can
have protective effects against thrombotic events. In another
study, after vascular injury, early statin therapy was found to
act on platelet cytosolic phospholipase A2 activity through
its effects on mitogen-activated protein kinases and calcium,
reducing thromboxane A2 synthesis by approximately 30%
(83). An ex vivo study with 10 patients with hypercholester-
olemia showed that, at 2h after administration of 20 mg
rosuvastatin, recruitment of platelets, platelet CD40L, and
soluble NOX2-derived peptide decreased, while platelet
nitric oxide increased. In the group that received only die-
tary intervention, no change was observed. These findings
suggest that rosuvastatin promotes a reduction in oxidative
stress and platelet activity (84).

Bruni et al. (85) demonstrated that the administration of
atorvastatin and simvastatin significantly reduced P-selectin,
CD36, and LOX-1. Undas et al. (86) reported antithrombotic
effects at sites of microvascular injury with a 3-month course
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of simvastatin in patients with coronary artery disease.
Attenuation of the activity of factor V, factor XIII, fibrinogen,
and prothrombin is another potential mechanism of antith-
rombotic action of statins, regardless of cholesterol level
reduction. Statins can also increase the expression of throm-
bomodulin and activated protein C, inhibiting the coagulation
cascade (87). Increases in mRNA levels of thrombomodulin
inhibit geranylgeranylation of proteins in the Rho subfamily
(e.g., Rac1/Cdc42) and, consequently, activation of NF-kB (88),
promoting a less inflammatory environment. In addition to
the possible pleiotropic anti-inflammatory and immunomo-
dulatory effects of statins, which may be beneficial in COVID-
19, Reiner et al. (89) suggested, based on an in silico molecular
docking experiment, that statins may inhibit the main SARS-
CoV-2 protease. This raises the hypothesis that statins may be
directly beneficial against SARS-CoV-2 infection through a
novel mechanism.

In 2012, Vandermeer et al. (90) included data from 43,000
patients hospitalized for influenza, one-third of whom recei-
ved statin therapy. Using a multivariable logistic regression

model, the authors found that statin therapy before or during
hospitalization was associated with a lower risk of mortality
(OR, 0.59; 95% CI, 0.38–0.92). In another study, patients with
viral pneumonia (n=539) on continuous use of statins pre-
sented lower rates of death and intubation during hospitaliza-
tion (OR, 0.26; 95% CI, 0.08–0.81). Therefore, patients admitted
with viral respiratory diseases, including COVID-19, may
benefit from therapy with these drugs. However, these
findings should be interpreted with caution due to the
limitations inherent to observational studies.

A meta-analysis of nine randomized clinical trials
(n=1,165) showed that statins can significantly reduce plasma
D-dimer levels (SMD -0.988 mg/mL; 95% CI, -1.590 to -0.385).
A subgroup analysis of patients on atorvastatin and simvas-
tatin indicated that this effect was significant only with at least
12 weeks of treatment (91). These findings suggest a potential
role of statins in reducing coagulation and preventing VTE.

Zhang et al. (92) suggested a potential reduction in all-
cause mortality in patients with COVID-19 who received
statin therapy. In this retrospective study performed in China,

Figure 1 - Possible protective mechanisms of statins in COVID-19. IL-6, interleukin 6; TNF-a, tumor necrosis factor alpha; NF-kB, nuclear
factor kappa B.
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approximately 14,000 patients were included, of whom 1,219
received statin therapy. Atorvastatin was the most commonly
used statin (83%), followed by rosuvastatin (15%). These
individuals had lower crude mortality at 28 days compared to
those without statin use (incidence rate ratios, 0.78; 95%
CI, 0.61–0.996). When adjustments for baseline differences
were analyzed, statin therapy was also associated with lower
mortality (adjusted HR, 0.63; 95% CI, 0.48–0.84; p=0.001).
Another study observed a slower progression to death
in ICU patients with COVID-19 using atorvastatin (93).
Although Kow and Hasan’s meta-analysis has shown a
reduction in the risk of fatal or severe disease with the use
of statins (HR, 0.70; 95% CI, 0.53–0.94) compared to that
with the non-use of statins in patients with COVID-19 (94),
another meta-analysis did not observe improvement in
disease severity (OR, 1.64; 95% CI, 0.51–5.23; p=0.41),
nor in the mortality rate by COVID-19 (OR, 0.78; 95% CI,
0.50–1.21; p=0.26) (95).

Despite indirect evidence pointing to the potential
benefit of statins in patients with COVID-19, there is a lack
of robust clinical evidence on their role in reducing clinical
outcomes.

Prevention of Venous Thromboembolism with
Statins
VTE has a significant impact on the patient’s health costs,

morbidity, and mortality. In the absence of adequate medical
treatment, VTE can reduce blood flow and oxygen demand,
damaging organs and tissues (96).
In a prespecified analysis of the JUPITER trial, the authors

evaluated the impact of rosuvastatin on the first occurrence
of VTE. During a median follow-up of 1.9 years (maximum
5.0), there were 34 occurrences of symptomatic VTE in the
rosuvastatin group and 60 in the placebo group, correspond-
ing to a 43% reduction in the VTE rates in favor of the statin
group (HR, 0.57; 95% CI, 0.37–0.86; p=0.007) (97). Stewart et
al. (98) evaluated the impact of statin treatment on VTE
recurrence in a cohort of 192,908 patients (mean age, 67
years) recruited between 2004 and 2017. After propensity
matching, the group of patients who did not use statins
presented higher rates of VTE recurrence compared to statin
users (20% versus 16%; po0.0001). After adjustments for a
series of variables, a 25% reduction in VTE recurrence
was observed in patients receiving statin (OR, 0.75; 95% CI,
0.72–0.79).

Figure 2 - Possible pleiotropic effects of statins to reduce thrombotic complications in patients with COVID-19. eNOS, endothelial nitric
oxide synthase; NF-kB, nuclear factor kappa B; KLF2, Krüppel-like factor 2; NO, nitric oxide; MAPK, mitogen-activated protein kinase;
ROS, reactive oxygen species.
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These data were analyzed by meta-analyses. In one of
them, in the risk analysis of VTE development (one rando-
mized clinical trial and eight observational studies;
n=845.445), it was reported that the use of statins reduced
the odds of developing VTE by 32% (adjusted OR, 0.68; 95%
CI, 0.54–0.86) (99). In a subsequent meta-analysis, Kunutsor
et al. (100) compiled 13 cohort studies (n=3,148,259) and 23
randomized clinical trials (n=118,464) and analyzed them
separately. The authors found a reduction in the risk of VTE
when the statin group was compared to the control group
(relative risk [RR], 0.75; 95% CI, 0.65–0.87; po0.0001; 0.85;
95% CI, 0.73–0.99; p=0.038, respectively). In addition, rosu-
vastatin showed greater benefit over the risk of VTE compared
to other statins (RR, 0.57; 95% CI, 0.22–0.75; p=0.015).
These data should be viewed with caution given their

potential biases (101), and randomized clinical trials are
needed to assess the real effectiveness of statins in VTE
prevention.

Drug-Drug Interactions with Antiviral Therapy
It is important to mention that caution should be taken

when administering statins (102) concomitantly with anti-
viral therapy in patients with COVID-19 (Table 3).

’ CONCLUSIONS

COVID-19 is associated with a hyperinflammatory and
hypercoagulable state, especially in patients with severe
disease, which results in an increased risk of thrombotic
complications. Patients with preexisting cardiovascular dis-
ease and those with cardiovascular risk factors seem to be at
high risk for severe complications of SARS-CoV-2 infection.
Although statins have established anti-inflammatory and
antithrombotic effects, there is no clear evidence that these
drugs reduce morbidity and mortality in patients with
COVID-19. Therefore, their use needs to be further explored
through the conduction of high-quality randomized clinical
trials.
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