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Abstract Background In the INSPIRATION-S trial, atorvastatin versus placebo was associated
with a nonsignificant 16% reduction in 30-day composite of venous/arterial thrombosis
or death in intensive care unit (ICU) patients with COVID-19. Thrombo-inflammatory
response in coronavirus disease 2019 (COVID-19) may last beyond the first 30 days.
Methods This article reports the effects of atorvastatin 20mg daily versus placebo on
90-day clinical and functional outcomes from INSPIRATION-S, a double-blind multicen-
ter randomized trial of adult ICU patients with COVID-19. The main outcome for this
prespecified study was a composite of adjudicated venous/arterial thrombosis,
treatment with extracorporeal membrane oxygenation (ECMO), or all-cause mortality.
Functional status was assessed with the Post-COVID-19 Functional Scale.
Results In the primary analysis, 587 patients were included (age: 57 [Q1–Q3: 45–68]
years; 44% women). By 90-day follow-up, the main outcome occurred in 96 (33.1%)
patients assigned to atorvastatin and 113 (38.0%) assigned to placebo (hazard ratio
[HR]: 0.80, 95% confidence interval [CI]: 0.60–1.05, p¼ 0.11). Atorvastatin in patients
who presented within 7 days of symptom onset was associated with reduced 90-day
hazard for the main outcome (HR: 0.60, 95% CI: 0.42–0.86, pinteraction¼ 0.02).
Atorvastatin use was associated with improved 90-day functional status, although
the upper bound CI crossed 1.0 (ORordinal: 0.64, 95% CI: 0.41–1.01, p¼ 0.05).
Conclusion Atorvastatin 20mg compared with placebo did not significantly reduce
the 90-day composite of death, treatment with ECMO, or venous/arterial thrombosis.
However, the point estimates do not exclude a potential clinically meaningful
treatment effect, especially among patients who presented within 7 days of symptom
onset (NCT04486508).

Thromb Haemost 2023;123:723–733
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Introduction

Coronavirus disease 2019 (COVID-19) disease severity is
determined in large part by the intensity of inflammatory
response and its potential for organ damage.1–3 Targeting
inflammation and thrombosis in patients with COVID-19 is
considered an important strategy for diseasemanagement to
improve clinical outcomes.4–6

Statins have pleiotropic effects which may attenuate the
worsening inflammatory process in patients with COVID-
19.7,8 In addition, statins reduce platelet thrombogenicity9

andmodestly inhibit coagulation. Therefore, it hasbeenhypoth-
esized that statin therapydecreases the incidenceof thrombotic
complications and improves patient outcomes.10,11

The effect of statin therapy on clinical outcomes of patients
with COVID-19 remains uncertain.11 In the INSPIRATION-
statin (INSPIRATION-S) trial, the effects of atorvastatin
20mg daily compared with placebo for 30 days on short-
term (30-day) clinical outcomes in patients with COVID-19
admitted to the intensive care unit (ICU) were previously
reported.12 The studywas terminated prematurelywith lower
event rates than originally anticipated. In this context, al-
though use of atorvastatin was safe and suggested favorable
point estimates for efficacy, it was not shown superior to
placebo in reducing the 30-day rate of the composite of
adjudicated venous or arterial thrombosis, treatment with

extracorporeal membrane oxygenation (ECMO), or all-cause
mortality.12 However, considering the persistent elevation of
inflammatory mediators beyond the first 30 days in patients
with COVID-19,13–17 and the reported durable modulatory
effect of statins on thromboinflammation beyond the early
period of drug use,18 a longer follow-up might clarify the
role of statins in this population. In addition, patients who
survived COVID-19 are frequently forced to cope with worse
quality-of-life andneuropsychiatricchanges.19 It isunknownif
statins canmodify such functional outcomes. Thismanuscript
summarizes the prespecified 90-day clinical and functional
status outcomes of the INSPIRATION-S trial.

Methods

The trial design has been described previously.20 Briefly, the
Intermediate versus Standard-Dose Prophylactic Anticoagu-
lation in Critically-ill PatientsWith COVID-19: AnOpen Label
Randomized Controlled Trial (INSPIRATION) and INSPIRA-
TION-statin (INSPIRATION-S) was a trialwith a 2�2 factorial
design in patients with COVID-19 admitted to the ICU.
Details on study sites is mentioned in the ►Supplementary

Material (available in the online version). Results of the
anticoagulation randomization and short-term (i.e., 30-
day) findings for atorvastatin randomization have been
reported in separate prior publications.12,21–23

Thrombosis and Haemostasis Vol. 123 No. 7/2023 © 2023. Thieme. All rights reserved.
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Study Patients
Adult patients with polymerase chain reaction-confirmed
COVID-19 who were admitted to the ICU within 7 days of
initial hospitalization and had expected survival of more
than 24hourswere considered for inclusion.Major exclusion
criteriawere strong indication or ongoing use of statins prior
to hospitalization, liver enzyme tests>5 times upper normal
limit or active liver disease (liver enzyme tests >3 times
upper normal limit plus histological findings including cir-
rhosis, or inflammation, or necrosis), and creatine kinase
>500 U/L.We planned to assess the effects of treatment with
atorvastatin on acute inflammatory processes due to COVID-
19 in a prospective clinical trial.We chose to exclude patients
who had a solid indication for statin therapy, since it is
unethical to randomize such patients to active treatment
versus placebo. The full list of eligibility criteria20,21 is
available in the ►Supplementary Material (available in the
online version).

Intervention and Control
The study intervention was atorvastatin 20mg once daily
versus placebo. This dose of atorvastatin (instead of 40 or
80mg per day)was used because of possible interactionwith
lopinavir/ritonavir, routinely used for COVID-19 treatment
during the study period. The study drug was intended to be
continued until 30 days from enrollment or reaching the 30-
day primary efficacy outcome. Patients, investigators, and
study physicians remained blinded to treatment assignment.
For those patients discharged before 30 days, a supply of the
study drug was provided. Postdischarge adherence was
monitored via weekly phone and video interviews by site
clinicians or the trial coordinating center. Details regarding
the randomization procedure and timing have been reported
previously.12

Study Outcomes
For this prespecified 90-day follow-up analysis, the main
outcome was a composite of objectively confirmed venous
thromboembolism (VTE), arterial thrombosis, treatment
with ECMO, or all-cause mortality. Additional efficacy out-
comes included the 90-day occurrence of individual compo-
nents of the composite outcome along with the rates of renal
replacement therapy and incident atrial fibrillation.

Ninety-day functional outcomes were assessed by the
Post-COVID-19 Functional Status (PCFS) scale24,25 (translat-
ed by the authors into Farsi [►Supplementary Material,
available in the online version]). PCFS is an ordinal outcome
scale that grades patients from 0 (no functional limitations)
to 4 (severe functional limitations) and 5 (death). Notably,
the decision to include functional outcomes in INSIPRATION-
S was finalized by the steering committee on August 28,
2020, and thus patients recruited before this time point were
not included in this sub-analysis (►Supplementary Fig. S1,
available in the online version).

The Patient Health Questionnaire-2 (PHQ-2)26,27 was
used to screen for the 90-day depressive symptoms. PHQ-2
is scored from 0 to 6, with scores �3 translated to a higher
likelihood of major depressive disorder.28 For completion of

PHQ-2, patient direct participation was required and there-
fore, this analysis was performed in patients who survived
and accepted to participate in 90-day follow-up assessment.

Prespecified safety outcomes included rise in liver
enzymes (defined as>3 times upper normal limit), clinically
diagnosed myopathy, and major bleeding, as assessed
according to the Bleeding Academic Research Consortium
criteria (BARC type 3 or 5), within 90 days of statin initiation.
Efficacy and safety outcomes were adjudicated by a clinical
events committee who remained blinded to treatment as-
signment. Access to the randomization log was restricted
and permitted only on an emergency basis, as requested by
the Data Safety and Monitoring Board.

Statistical Analysis
Frequency counts (percentages) were used to report cate-
gorical variables. Continuous variables were reported as
mean and standard error, or median with interquartile
ranges (for variables that were not normally distributed).

All randomized patients who met the eligibility criteria,
did not withdraw consent, and received at least one dose of
the assigned treatment were included in the primary analy-
sis. Assessment of the 90-day composite efficacy outcome
was prespecified to be performed via mixed-effects models
with hazard ratio (HR) as the effect measure and accounting
for the enrolling sites as a random effect. Since INSPIRATION/
INSPIRATION-S employed a 2�2 factorial design,21,22 a test
of interaction between the two interventions was performed
for the main efficacy and the main safety outcomes. No
significant interaction was found between the assigned
prophylactic anticoagulant regimen and the assigned statin
regimen for the 90-day main efficacy (p¼0.75) or the main
safety outcome (p¼0.27). Therefore, results of the statin
randomization are presented independently.

For comparisons of 90-day functional status between
patients assigned to atorvastatin versus placebo, a mixed-
effects ordinal logistic regression model with random inter-
cepts for enrolling centers was used, resulting in odds ratios
(ORs) and corresponding confidence intervals (CIs). Higher
ORs represent the odds of ending up in a higher PCFS
category (i.e., worse functional status). For comparison of
PHQ-2 at 90-day follow-up between the two assigned treat-
ments, a mixed-effects binary logistic regression model with
random intercept for centers was used.

A p-value <0.05 was considered significant for the main
outcome. No adjustment for multiplicity of comparisons was
prespecified. Therefore, assessment of the findings for other
outcomes and within subgroups should be considered ex-
ploratory. Statistical analyses were performed via Stata 16
(for Mac OS, StataCorp, Texas, United States).

Results

From the predefined 626 target sample size, 605 patients
were enrolled in the INSPIRATION-S study (303 randomized
to atorvastatin and 302 randomized to placebo) between
July 29, 2020 and April 4, 2021. Premature termination was
due to limited study funds and excessive strain on the study

Thrombosis and Haemostasis Vol. 123 No. 7/2023 © 2023. Thieme. All rights reserved.
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personnel. Baseline patient characteristics of the trial par-
ticipants have been described previously.21 Briefly, the me-
dian (Q1, Q3) age in the atorvastatin and placebo groups
were 57 (45, 67) and 57 (45, 68) years, respectively. Women
constituted 43.1% versus 44.1% of study participants in the
atorvastatin and placebo groups. Other baseline character-
istics, comorbidities, and background therapies were com-
parable in both groups, except for history of smoking, which
was more common in patients assigned to atorvastatin than
to placebo (31 [10.7%] vs. 10 [3.4%] patients).

Efficacy Outcomes
By 90-day follow-up, the composite efficacy outcome oc-
curred in 96 (33.1%) patients assigned to atorvastatin 20mg
once daily and 113 (38.0%) patients assigned to placebo (HR:
0.80, 95% CI: [0.60–1.05], p¼0.11) (►Fig. 1,►Table 1). There
were six new adjudicated events from day 31 to 90 of follow-
up, five in those assigned to placebo and one in those
assigned to atorvastatin. Ninety-day all-cause mortality
was adjudicated in 91 (31.3%) patients assigned to atorvas-
tatin and 108 (36.3%) patients assigned to placebo (HR: 0.78,
95% CI: [0.59–1.04], p¼0.09; ►Table 1 and ►Fig. 2).

Adjudicated VTE events occurred in 6 (2.1%) patients
assigned to atorvastatin and 9 (3.0%) patients assigned to
placebo (HR: 0.61, 95% CI: [0.21–1.72]; p¼0.35). There were
no cases of myocardial infarction or acute peripheral arterial
thrombosis. Ischemic stroke occurred in one patient in the
placebo group. New atrial fibrillation was diagnosed in 2
(0.6%)and5(1.6%)patientsassignedtoatorvastatinandplacebo,
respectively (HR: 0.38, 95% CI: [0.07–1.99]; p¼0.25). New renal
replacement therapy at 90-day follow-up occurred in 10 (3.4%)
patients assigned to atorvastatin and 8 (2.6%) patients assigned
to placebo group (HR: 1.20, 95% CI: [0.47–3.06]; p¼0.69).

Functional Status and Depressive Symptoms
For the functional status analysis, of the 605 enrolled
patients, 524 were recruited after August 28, 2020, of

whom 101 patients did not consent to be interviewed for
the functional status assessment. Therefore, 423 patients
(median age: 58 (45,67) years; 43% women) were included
in the functional status analysis (►Supplementary Fig. S1,
available in the online version): 209 patients assigned to
atorvastatin and 214 patients to placebo (►Supplementary

Table S1, available in the online version). In themixed-effects
ordinal regression model with random intercept for
centers, use of atorvastatin versus placebo showed a tendency
for improved 90-day functional status grading, although the
upperboundCI crossed1.0 (ORordinal: 0.64, 95%CI: [0.41–1.01],
p¼0.05; ►Fig. 3A).

For depressive symptoms screening, only patients who
survived and agreed to the 90-day follow-up were included
(119 and 115 patients in atorvastatin and placebo groups,
respectively). The proportion of patients with 90-day PHQ-2
score �3 was higher yet not significantly different in those
assigned to statin versus placebo (20/119 [16.8%] vs. 11/115
[9.6%]) (►Fig. 3B). In the mixed-effects binary logistic re-
gression model with random intercept for centers, there was
no significant association between atorvastatin versus pla-
cebo on reduced odds of PHQ-2 �3 at 90-day follow-up
(ORbinary: 1.86, 95% CI: [0.77–4.55]; p¼0.16).

Safety Outcomes
By 90-day follow-up, rise in liver enzymes >3 times upper
normal limit was identified in 5 (1.7%) patients who were
assigned to atorvastatin compared with 7 (2.3%) on placebo.
There were no cases of clinically diagnosed hepatotoxicity or
myopathy in either study group.

Fatal bleeding occurred in 2 (0.6%) of patients assigned to
atorvastatin compared with 2 (0.6%) patients in the placebo
group (HR: 1.02, 95% CI: [0.14–7.27]; p¼0.98). Eleven
patients randomized to receive atorvastatin (3.7%) and five
randomized to placebo (1.6%) were diagnosed with major
bleeding (HR: 2.14, 95% CI: [0.74–6.19]; p¼0.15). Clinically
relevant nonmajor bleeding occurred in 7 (2.4%) patients
randomized to atorvastatin versus 9 (3.0%) patients in the
placebo group (HR: 0.84, 95% CI: [0.3–2.32]; p¼0.74). Severe
thrombocytopenia, defined as platelet counts less than
20,000/fL occurred in 4 (1.3%) in the atorvastatin group
versus 3 (1.0%) of those in the placebo group.

Sensitivity Analysis
In the sensitivity analyses of all nonduplicative eligible
randomized patients (N¼605), or all patients who met the
eligibility criteria (N¼591), and per-protocol cohort
(N¼444), the results were similar to the primary analyses
(►Supplementary Tables S2–S4, available in the online ver-
sion). An exploratory landmark analysis showed that the
composite efficacy outcomewas not significantly different in
those assigned to atorvastatin versus placebo from day 31 to
day 90 of follow-up (HR: 0.18, 95% CI: [0.02–1.62])
(►Supplementary Fig. S2, available in the online version).

Subgroup Analysis
In the assessment of the prespecified subgroups, the out-
comes were similar for most subgroups including in women

Fig. 1 Composite efficacy outcome in the prespecified primary
cohort. Composite of adjudicated acute arterial thrombosis, venous
thromboembolism, extracorporeal membrane oxygenation, or all-
cause mortality during 90 days from enrollment. The prespecified
primary cohort consisted of patients who received at least one dose of
the study drug, were not excluded, and did not withdraw consent.
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and men, those with or without obesity, those with or
without diabetes, and those with and without obstructive
airway disease (►Fig. 4). However, there was an association
between atorvastatin use and improvement in the main
composite outcome in those assigned to atorvastatin within
the first 7 days of symptoms (N¼342), but not in those

randomized after 7 days of symptoms onset (N¼245) (HR:
0.60, 95% CI: [0.42–0.86] vs. HR: 1.20, 95% CI: [0.78–1.86],
pinteraction¼0.02). In the mixed-effects ordinal regression
model with random intercept for centers, use of atorvas-
tatin versus placebo was associated with improved 90-day
PCFS in those assigned to atorvastatin within the first

Table 1 Ninety-day outcomes in the prespecified primary analysis population

Outcome Atorvastatin
(n¼ 290),
n (%)

Placebo
(n¼ 297),
n (%)

Risk difference
(95% CI)�

Hazard ratio
(95% CI)��

p-Value

Composite efficacy outcome

Composite of adjudicated acute
venous thrombosisa, arterial
thrombosisb, treatment with
extracorporeal membrane
oxygenationc, or all-cause
mortality

96 (33.1) 113 (38.0) �4.9 (�12.6 to 2.7)% 0.80 (0.60–1.05) 0.11

Secondary outcomes

All-cause mortality 91 (31.3) 108 (36.3) �4.9 (�12.6 to 2.6)% 0.78 (0.59–1.04) 0.09

Venous thromboembolism 6 (2.0) 9 (3.0) �0.9 (�3.5 to 1.5)% 0.61 (0.21–1.72) 0.35

Exploratory outcomes

Type I acute myocardial infarctiond 0f 0

Stroke 0 1 (0.3) �0.3 (�0.9 to 0.3)% 0.32

Peripheral arterial thrombosis 0 0

Incident atrial fibrillation 2 (0.6) 5 (1.6) �0.9 (�2.7 to 0.7)% 0.38 (0.07–1.99) 0.25

New in-hospital renal
replacement therapy

10 (3.4) 8 (2.6) 0.7 (�2.0 to 3.5)% 1.20 (0.47–3.06) 0.69

Safety outcomes

Fatal bleeding (BARC 5) 2 (0.6) 2 (0.6) 0 (�1.3 to 1.3)% 1.02 (0.14–7.27) 0.98

Major bleeding (BARC 3 or 5)e 11 (3.7) 5 (1.6) 2.1 (�0.5 to 4.7)% 2.14 (0.74–6.19) 0.15

Clinically relevant nonmajor
bleedingg (BARC 2)

7 (2.4) 9 (3.0) �0.6 (�3.2 to 2.0)% 0.84 (0.30–2.32) 0.74

Severe thrombocytopeniah 4 (1.3) 3 (1.0) 0.3 (�1.3 to 2.1)% 1.16 (0.25–5.29) 0.84

Myopathyi 0 0

Rise in liver enzymesj 5 (1.7) 7 (2.3) �0.6 (�2.9 to 1.6)% 0.69 (0.21–2.17) 0.52

Abbreviations: BARC, Bleeding Academic Research Consortium; CI, confidence interval; ICU, intensive care unit.
Note:

�
,��Risk differences are crude measurement and HRs are from mixed-effects models; p-values are for HRs.

aAll the venous thromboembolism events were adjudicated by the online clinical event committee. Each event was only confirmed by presenting a
guideline-recommended imaging test (see Appendix).

bAcute arterial thrombosis defined as type I acute myocardial infarction, ischemic stroke, and acute peripheral arterial thrombosis.
cNo patients received extracorporeal membrane oxygenation.
dType I myocardial infarction was defined as rise and/or fall in cardiac troponin values with at least one value above the 99th percentile upper
reference limits with at least one of the followings: symptoms of ischemia, or new or presumed new ischemic electrocardiographic (ECG) change, or
development of pathologic Qwaves on the ECG, or imaging evidence of new loss of viablemyocardium or new regional wall motion abnormality in a
pattern consistent ischemic etiology; confirmed by coronary angiography, intravascular imaging or autopsy. Myocardial injury was noted in six
patients with a combination of cardiac biomarker rise and electrocardiographic changes, coronary angiography was only pursued in one patient
(with normal coronary vasculature) and thus type I myocardial infarction was not adjudicated in any participants.

eMajor bleeding consisted of Bleeding Academic Research Consortium (BARC) type 3 and 5, which defines as type 3a for overt bleeding plus
hemoglobin drop of 3 to 5 g/dL, or any transfusion with overt bleeding; type 3b for overt bleeding plus hemoglobin drop 5 g/dL, cardiac tamponade
or bleeding requiring surgical intervention for control, type 3c for intracranial hemorrhage, and type 5 for fatal bleeding.36

fFor events with zero incidence in one group, only absolute risk difference was reported.
gClinically significant bleeding that warranted attention from the medical personnel, but not fulfilling criteria for major bleeding.
hPlatelet count <20,000/fL.
iNew myopathy diagnosed by the treating clinicians based on clinical and laboratory results.
jAcute rise in liver enzymes >3 times the upper reference limit.
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7 days of symptoms (ORordinal: 0.69, 95% CI: [0.49–0.97],
p¼0.03).

Discussion

In this study of acutely ill patients, atorvastatin 20mg daily
was not associatedwith the significantly lower rate of the 90-
day composite of all-cause death, treatment with ECMO, or
venous or arterial thrombosis. However, there was an asso-
ciation between starting atorvastatin within the first 7 days
of symptomonset and lower rates of adverse events aswell as
better functional outcomes. No changes were observed in
depressive symptoms. It is therefore possible that the use of
atorvastatin, compared with placebo, has positive impact on
the outcomes of patients with COVID-19, especially when
they present early in the course of disease. Notably, in
INSPIRATION-S, only 605 out of the target of predefined

626 patients were enrolled. In addition, the pooled actual
event rate in INSPIRATION-S was lower than expected event
rate at the time of trial design. While a clinically meaningful
treatment effect is possible, the results of this trial were not
definitive and should be verified by findings from other
ongoing randomized controlled trials (RCTs).29

Despite an association between antecedent statin use and
reduced in-hospital mortality among patients admittedwith
COVID-19 in a prior retrospective analysis (OR¼0.47, 95% CI
[0.36–0.62], p<0.001),30 in this trial atorvastatin use was
not associatedwith significantly improved survival at 90-day
follow-up (HR: 0.78, 95% CI [0.59–1.04], p¼0.09). The po-
tential reasons for this discrepancy may include lack of
sufficient statistical power in the current study (type II
error), lower dose of statin therapy in INSPIRATION-S (cho-
sen because of drug–drug interactions) compared with ob-
servational studies which applied high-intensity statins,31

Fig. 3 Three-month PCFS grading and proportion of patients PHQ-2�3 in the two study groups. Comparison of PCFS grading (A) and proportion
of patients PHQ-2 �3 (B) analyzed via the mixed-effects regression model with random intercept for centers were depicted. Patients’
percentages in each class of PCFS were compared between atorvastatin (purple) versus placebo (green). Darker colors designated worse
outcomes. PCFS, Post-COVID-19 Functional Scale; PHQ-2, Patient Health Questionnaire-2.

Fig. 2 Kaplan–Meier curve for all-cause mortality (A) and VTE (B). The prespecified primary cohort consisted of patients who received at least
one dose of the study drug, were not excluded, and did not withdraw consent. For panel (B), competing risk of mortality was addressed. VTE,
venous thromboembolism.
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differential impact based on the timing of administration of
statins (antecedent vs. during acute illness), patient popula-
tion (patients in ICUmay be too sick to benefit from statins),
or a true lack of treatment effect for statins.

There was no significant reduction in the incidence of
venous/arterial thrombosis with atorvastatin 20mg daily
versus placebo at 90-day follow-up. Notably, the pooled actual
event rates were lower than expected at the time of trail
design, possibly because patients were not routinely screened
for VTE. Imaging tests were implemented only in cases of
clinical suspicion. Thrombotic event rates may have also been
reduced in more recent periods of the pandemic as a result of
other effective therapies targeting thrombo-inflammation.

Early use of atorvastatin 20mg daily, within thefirst 7 days
of symptoms onset, was associated with an improvement in
the composite studyoutcome, consistentwith thehypothesis-
generating findings reported previously.12 Lipid rafts have a
crucial role in virus entry during the early phases of severe
acute respiratory syndrome. Their disruption by statins may
help reducing angiotensin-converting enzyme 2-mediated
virus infection. Consequently, early initiation of statins could

impact the modulation of virus entry.32 Furthermore, most
inflammatory markers are increased within the first 7 days of
infection,33 which supports the idea of improved outcomes
associated with early statin treatment. In addition, early
administration of statins may protect the vascular endotheli-
umbyenhancingendothelial nitric oxidesynthase activityand
diminishing the release of systemic endothelial-derived
microparticles. This effect is also associated with reducing
inflammatory cytokines.34 Similarly, in the HARP-2 trial, the
administration of simvastatin within 48hours in the hyper-
inflammatory phase of acute respiratory distress syndrome
was associated with improving 28- and 90-day survival.35

In the current trial, there was a hypothesis-generating
improvement of functional limitation with statin therapy,
whereas atorvastatin use was not associated with significant
difference in depressive symptoms compared with placebo.
The results of studies that have examined the effect of statins
on functional status in different settings are heterogenous.
However, a systematic review and meta-analysis of RCTs of
non-COVID-19 patients suggested a positive effect of statins
(in particular the lipophilic ones due to better penetration to

Fig. 4 Subgroup analysis for the main composite outcome.
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blood–brain barrier) on mitigating the severity of
depression.19

This study has several limitations. First, the study was
stopped prematurely before meeting its target sample and
the event rateswere lower than expected. Consequently, this
study was not sufficiently powered to assess the effect of
atorvastatin on the composite efficacy outcome given the
observed event rates. Also, functional outcomes could not be
assessed in all patients because they were only included in
the study protocol during the course of the study and a
considerable number of patients refused the necessary in-
terview. There are at least 15 other RCTs on the use of statins
(atorvastatin [20 and 40mg], simvastatin [40 and 80mg],
rosuvastatin [5 and 40mg]) in different settings of ICU (three
studies), non-ICU (11 studies), and postdischarge (1 study)
patients with COVID-19.11 These studies will help elucidate
the effect of statins on patient outcomes. Second, it is
possible that a higher dose of statin therapy would have
been associated with improved outcomes. Furthermore,
atorvastatin was only used for 30 days. A longer duration
of treatment in future studies may be associated with
sustained improvement. While the duration of treatment
is a limitation of this study for the assessment of long-term
effects of atorvastatin, we believe that targeting the inflam-
mation in the early phase of COVID-19 is the most determin-
ing factor in patients’ outcomes. Additionally, most patients
were co-treated with steroids with stronger anti-inflamma-
tory properties, which may have affected the treatment
effect of statins. We also did not assess the patients’ medi-
cations from 31 to 90 day of follow-up. However, at the time
of the conduct of the trial, no other medications were known
to improve durable outcomes in patients with COVID-19. In
addition, since the study groups were randomized and
received blinded therapies, it is probable that no imbalance
occurred between the groups. In addition, we did not check
inflammatory biomarkers (such as high sensitivity C-reactive
protein) or cholesterol levels to elucidate the potential
mechanism of atorvastatin action in the study population.
Finally, although the results among subgroups are interest-
ing and prespecified, they were not adjusted for multiplicity
of comparisons, and should be considered hypothesis-
generating.

Conclusion

Use of atorvastatin versus placebo for 30 days in patients
with COVID-19 admitted to the ICU was not superior to
placebo in preventing the composite of venous or arterial
thrombosis, treatment with ECMO, or all-cause mortality at
90-day follow-up. However, treatment with atorvastatinwas
associated with improvement in 90-day functional status,
especially when applied within the first 7 days of symptom
onset; in this patient subgroup, atorvastatin use was also
associated with a reduction in the incidence of the efficacy
outcomes. These findings support that a clinically important
treatment effect associated with atorvastatin use was not
shown beyond doubt in our trial, but cannot yet be excluded.
Results from ongoing statin trials in COVID-19 are highly

awaited with respect to the overall population, including
thosewho present early in the disease course, especiallywith
regard to functional outcomes.

What is known about this topic?

• Statins reduce platelet thrombogenicity and modestly
inhibit coagulation which may decrease the incidence
of thrombotic complications.

• Statins have pleiotropic effects which may attenuate
the worsening inflammatory process in patients with
COVID-19.

• In the INSPIRATION-S trial, atorvastatin versus placebo
was associated with a nonsignificant 16% reduction in
30-day composite of venous/arterial thrombosis or
death in ICU patients with COVID-19.

• Thromboinflammatory response in COVID-19may last
beyond the first 30 days.

What does this paper add?

• Atorvastatin 20mg compared with placebo did not
significantly reduce the 90-day composite of death,
treatment with ECMO, or venous/arterial thrombosis.
However, statin therapy may have potential effects on
the outcomesof critically ill patients admitted to the ICU
with COVID-19 who presented early after infection.

• Atorvastatin usewas associatedwith improved 90-day
functional status assessed by Post-COVID-19 Function-
al Scale (PCFS) in critically ill patients admitted to the
ICU. These findings should be verified in upcoming
studies.

Note
Tweet: #atorvastatin did NOT ↓composite of venous/
arterial thrombosis/ECMO/mortality in 90-days F/U of
#INSPIRATION-S in patients w #COVID19 admitted to
ICU. Potential improvement in PCFS & hypothesis-gener-
ating improvement in pts presenting within 7 days need
further validation.
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