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a  b  s  t  r  a  c  t

Aims  and objectives:  Statins  have  been  proposed  as potentially  useful  agents  for  modulating  the  host
response  in  COVID-19.  However,  solid  evidence-based  recommendations  are  still  lacking.  Our  aim  was
to study  the  association  between  statin  use and  clinical  outcomes  in  a large cohort  of hospitalized  patients
with SARS-CoV-2  infection,  as  well  as  the  specific  consequences  of chronic  treatment  withdrawal  during
hospital  admission.
Material and  methods:  Retrospective  observational  study  including  2191  hospitalized  patients  with  con-
firmed  SARS-CoV-2  infection.
Results:  Mean  age  was 68.0±17.8  years  and  597  (27.3%)  patients  died  during  follow-up.  A total  of
827  patients  (37.7%  of  the  whole  sample),  received  chronic  treatment  with statins.  Even  though  they
underwent  more  frequent  admissions  in  critical  care  units,  chronic  treatment  with  statins  was  not  inde-
pendently  associated  with  all-cause  mortality  [HR  0.95  (0.72-1.25)].  During  the  whole  hospital  admission,
371  patients  (16.9%)  received  at least  one  dose  of  statin.  Although  these  patients  had  a  significantly
worse  clinical  profile,  both  treatment  with  statins  during  admission  [HR  1.03  (0.78-1.35)]  and  with-
drawal  of chronic  statin  treatment  [HR  1.01  (0.78-1.30)]  showed  a neutral  effect  in  mortality.  However,
patients  treated  with  statins  presented  more  frequently  hepatic  cytolysis,  rhabdomyolysis  and  throm-

botic/hemorrhagic  events.
Conclusions:  In this  large cohort  of hospitalized  COVID-19  patients,  statins  were  not  independently  asso-
ciated  with  all-cause  mortality  during  follow-up.  Clinically  relevant  statin-associated  adverse  effects
should  be  carefully  monitored  during  hospital  admission.

© 2021  Elsevier  España,  S.L.U.  All  rights  reserved.
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Influencia  del  tratamiento  con  estatinas  en  una  cohorte  de  pacientes
ingresados  por  COVID-19

r  e  s u  m  e  n

Antecedentes  y  objetivos:  Se ha especulado  que  las  estatinas  pueden  ser  de  utilidad  en  el  tratamiento  de
pacientes  con  COVID-19,  pero  no  existen  evidencias  clínicas  sólidas.  El  objetivo  de este trabajo  es  conocer
su  utilidad  en  una  cohorte  de  gran  tamaño  de  pacientes  hospitalizados  por  COVID-19,  así  como  si su
retirada  se  asocia  con  un  peor  pronóstico.
Material  y  métodos:  Estudio  retrospectivo  observacional.  Se  incluyeron  2.191  pacientes  hospitalizados
con infección  confirmada  con SARS-CoV-2.
Resultados:  La edad  media  fue  de  68,0  ±  17,8  años  y fallecieron  un  total  de  597  (27,3%)  pacientes.  Un  total
de 827  pacientes  (37,7%  de  la  muestra)  estaban  tratados  previamente  con  estatinas.  Aunque precisaron  con
mayor  frecuencia  de  ingreso  en  camas  de  críticos,  dicho  grupo  terapéutico  no  resultó  un  factor  predictor
independiente  de  muerte  en  el  seguimiento  [HR  0,95  (0,72-1,25)].  Un  total  de  371  pacientes  (16,9%)  recibió
al  menos  una  dosis  de  estatina  durante  el ingreso.  A  pesar  de  ser  una población  con  un perfil clínico más
desfavorable,  tanto  su  uso  [HR  1,03  (0,78-1,35)]  como  la  suspensión  durante  el  ingreso  en  pacientes  que las
recibían  crónicamente  [HR  1,01  (0,78-1,30)]  presentaron  un  efecto  neutro  en  la mortalidad.  No  obstante,
el grupo  con  estatinas  desarrolló  con mayor  frecuencia  datos  de citolisis  hepática,  rabdomiolisis  y más
eventos  trombóticos  y  hemorrágicos.
Conclusiones:  En nuestra  muestra,  las estatinas  no se asociaron  de forma  independiente  a  una  menor
mortalidad  en pacientes  con  COVID-19.  En  aquellos  pacientes  que  tengan  indicación  de recibirlas  por
su patología  previa  es  necesario  monitorizar  estrechamente  sus  potenciales  efectos  adversos  durante  el
ingreso  hospitalario.
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Introduction

The COVID-19 pandemic has caused more than three million
deaths in the world’s population over the past year1 and numerous
authors2,3 have identified risk factors and established cardiovas-
cular disease as poor prognostic factors. It is precisely in these
patients that therapeutic guidelines4 recommend the use of high-
dose statins because of the prognostic improvement and excellent
tolerability demonstrated in a multitude of randomised clinical tri-
als.

In addition to improving the lipid profile, statins act in a multi-
dimensional way through what are known as pleiotropic effects5.
These include anti-inflammatory, antioxidant, endothelium-
protective and anti-thrombotic action.6 Some of these pleiotropic
actions, especially the immunomodulatory properties,7 could be
the theoretical foundation of its possible usefulness in patients with
COVID-19.8 The idea is attractive, especially considering its good
tolerability, availability and affordability, but there is as yet no solid
clinical evidence, based on properly designed clinical trials, on its
usefulness in SARS-CoV-2 infections.

The aim of this study is to analyse the implications of statin treat-
ment in patients hospitalised for COVID-19, and to assess whether
its withdrawal in patients receiving it chronically is associated with
a worse prognosis.

Methods

Study design and patients included: All patients with clinical
suspicion of COVID-19 seen in the emergency department of a ter-
tiary hospital from 1 March 2020 to 20 April 2020 were assessed.
Only those patients with SARS-CoV-2 infection confirmed through
PCR by means of nasopharyngeal swab specimens, and who  ulti-
mately required hospital admission, were included in the analysis.
The Clinical Research Ethics Committee of our site approved this
study. An informed consent document was not required to be com-
pleted based on national legislation for health alert scenarios. In

order to avoid a selection bias as much as possible in cases of
severe disease, medication withdrawal was defined as the absence
of statin administration during the entire hospital stay in those
patients who were chronically treated with drugs from this thera-
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eutic group. The in-hospital administration of drugs was  verified
y analysing the centralized records of the Hospital Pharmacy
epartment of our site.

Analysed data: Epidemiological, demographic, clinical, labora-
ory information was collected, as well as the treatment and clinical
utcomes from the electronic medical record prepared during the
ndex admission and successive hospitalizations. In addition, the
ata available in the Horus system, which brings together health

nformation from the entire network of public hospitals and pri-
ary care centres in the Community of Madrid, was  analysed. All

ata were reviewed in detail by a team of 13 cardiologists. Par-
icular attention was paid to the identification of cardiovascular
haracteristics at admission and clinical outcomes.

Statistical analysis: Categorical variables are presented as
ounts and percentages, while continuous variables are described
s mean ± standard deviation or median (interquartile range)
epending on the characteristics of the distribution. Means of
ontinuous variables were analysed using Student’s t test or
he Mann-Whitney test. The normality of the distributions was
nalysed using the Shapiro-Wilk test. Categorical variables were
nalysed using the �2 test or Fisher’s exact test. Survival anal-
sis was  performed using Kaplan-Meier techniques and the
og-rank test. The association of chronic treatment with statins
nd its withdrawal with all-cause mortality during follow-up
as  analysed using univariate and multivariate Cox regression

echniques, selecting potential clinically relevant confounding
ariables (age, sex, previous cardiovascular disease, other comor-
idities, clinical status at admission and treatment received during
ospitalisation). All data were analysed using Stata v14.2 statis-
ical software (StataCorp, College Station, TX, USA). A two-sided
-value < 0.05 was considered statistically significant for all
nalyses.

esults

During the study period, 2,191 hospitalised patients with con-

rmed SARS-CoV-2 infection met  the inclusion criteria and were

ncluded in the present analysis (Fig. 1). The mean age was 68.0 ±
7.8 years and 1,246 (56.9%) were male. During a median follow-up
f 57 (27-64) days, a total of 597 (27.3%) patients died.
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hospital admission. Patients who were maintained on statin ther-
apy had more thrombotic events, including pulmonary embolism
Fig. 1. Flow of patien

Patients hospitalized for COVID-19 with and without previous
chronic statin treatment

A total of 827 patients previously treated with statins (37.7%
of hospitalised patients with positive PCR for SARS-CoV-2) were
incorporated in the analysis. The baseline characteristics of the
study population are shown in Table 1. Patients previously treated
with statins were older (74.4± 12.4 vs. 64.1± 19.4; p < 0.001), had
a significantly higher cardiovascular risk profile and a significantly
higher rate of cardiovascular disease history (coronary, cerebrovas-
cular and peripheral arterial disease). As a result, they received
significantly more antiplatelet, anticoagulant and secondary car-
diovascular prevention drug treatment. Regarding the prescription
of specific drugs for COVID-19, there were significant differences in
favour of greater use of glucocorticoids in the group treated with
statins.

The presentation in patients on statins was slightly more severe,
with a lower initial oxygen saturation (90.2 ± 7.1% vs. 91.8 ± 6.0%; p
< 0.001), although with a similar prevalence of bilateral pneumonia
(64.5 vs. 65.2%; p = 0.506).

Regarding laboratory values, the cohort treated with statins
had a lower glomerular filtration rate (68.0 ± 23.7 vs. 78.1 ±
19.2 mL/min; p < 0.001) and lower haemoglobin values. Inflam-
matory markers (ferritin, fibrinogen, C-reactive protein and IL-6)
as well as cardiac biomarkers of stress and myocardial damage
(NT-proBNP, troponin) and D-dimer were significantly higher. Lab-
oratory parameters that may  be related to adverse reactions of
statins were also significantly higher in patients previously treated
with these drugs (AST, LDH, CPK, and lower prothrombin activity).

The statin group had a higher number of episodes of acute heart
failure (5.1 vs. 2.5%; p < 0.001) and previously non-existent atrial
fibrillation/flutter (6.3 vs. 2.3%; p < 0.001) and the same number
of thrombotic events (defined as the sum of deep vein thrombo-
sis, pulmonary embolism, acute coronary syndrome, stroke and
acute lower limb arterial ischemia) compared to the cohort without
statins (5.9 vs. 4.6%; p = 0.178).

Patients on statins required admission to critical care (10.2
vs. 6.8%; p = 0.004) and mechanical ventilation more frequently
and had a higher mortality rate (35.5 vs. 22.2%; p < 0.001). How-
ever, when this medical history was adjusted for other potential

confounders (Supplementary Table 1), it was not an independent
predictor of death during follow-up [HR 0.95 (0.72-1.25)].

a
d
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ing the study period.

atients hospitalised for COVID-19 with and without inpatient
tatin therapy

A total of 371 patients (16.9%) received at least one dose of statin
herapy (69.5% of them atorvastatin with a mean dose of 38.6 ± 23.5

g and 34% with simvastatin with a mean dose of 23.0 ± 12.2 mg). A
otal of 13 patients (3.5%) received non-simultaneously both types
f statins during admission.

The mean age of the group that received statins was 73.6 ±
1.9 years. Cardiovascular risk factors, systemic atherosclerosis,
anifested as chronic ischaemic heart disease, ischaemic stroke or

eripheral arterial disease, associated comorbidities, inflammatory
arkers, cardiac biomarkers, as well as cardiovascular treatments

nd COVID-19 specific drugs were significantly higher than in hos-
italised COVID-19 patients who did not receive statins (Table 2).
gain, laboratory parameters linked to potential statin-associated
dverse reactions were also significantly higher (AST, LDH, CPK,
ower prothrombin activity).

There was a greater tendency to be admitted to the critical care
nit (14.8 vs. 6.7%; p < 0.001) and mechanical ventilation (14.6 vs.
.3%; p < 0.001). Regarding the analysis of mortality in the group
ith COVID-19 infection and statin administration, it was very high

nd significantly higher than those who  did not receive statins (34.2
s. 25.8%; p = 0.001).

A multivariate analysis adjusted for all relevant covariates (Sup-
lementary Table 2) showed that statin therapy during admission
as not an independent factor for mortality [HR 1.03 (0.78-1.35)].

mpact of statin withdrawal in patients with COVID-19

Regarding the withdrawal of statins, a total of 456 (55.1%)
atients previously medicated with these drugs did not receive
hem during admission. The differences between patients who  dis-
ontinued and those who maintained treatment with statins are
hown in Table 3. There were no relevant differences in the baseline
haracteristics of the two groups. Laboratory differences do show
ignificant variations in parameters linked to the adverse reactions
o statins (AST, ALT, LDH, CPK) in the group receiving statins during
nd more bleeding complications. There was  also a greater ten-
ency to be admitted to the critical care unit (14.8 vs. 6.4%; p
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Table  1
Baseline characteristics, cardiovascular treatment, vital signs, laboratory data and clinical outcomes of patients with and without statin treatment prior to hospital admission
for  COVID-19.

Variable All patients (n =
2191)

Without chronic
statin treatment
(n = 1364)

With chronic
statin treatment
(n = 827)

p-value

Baseline characteristics and comorbidities
Age (years) 68,0 ± 17,8 64,1 ± 19,4 74,4 ± 12,4 < 0.001
Males  (%) 1,246 (56.9) 734 (54.2) 507 (61.3) < 0.001
Hypertension (%) 1,150 (52.5) 567 (41.6) 583 (70.5) < 0.001
Diabetes (%) 486 (22.2) 184 (13.5) 302 (33.5) < 0.001
Dyslipidemia (%) 942 (43.0) 183 (13.4) 759 (91.8) < 0.001
Smoking (%) 239 (10.9) 120 (8.8) 119 (14.4) < 0.001
Obesity (%) 347 (15.8) 197 (14.4) 150 (18.1) 0,022
Peripheral arterial disease (%) 181 (8.3) 35 (2,6) 146 (17.7) < 0.001
Ischemic stroke (%) 171 (7.8) 66 (4.8) 105 (12.7) < 0.001
Coronary artery disease (%) 183 (8.4) 26 (1.9) 157 (19.0) < 0.001
Atrial  fibrillation/flutter (%) 250 (11.4) 112 (8.2) 138 (16.7) < 0.001
COPD  (%) 217 (9.9) 104 (7.6) 113 (13.7) < 0.001
Chronic kidney diseasea (%) 166 (7.6) 70 (5.1) 96 (11.6) < 0.001
Cancer  (%) 255 (11.6) 140 (10.3) 115 (13.9) 0,010
Cardiovascular treatment prior to hospital admission
Anticoagulation (%) 283 (12.9) 126 (9.2) 157 (19.0) < 0.001
Antiplatelet agent(%) 392 (17.9) 123 (9.0) 269 (32.5) < 0.001
ACEI  or ARB (%) 865 (39.5) 385 (28.2) 480 (58.0) < 0.001
Aldosterone antagonist (%) 87 (4.0) 31 (2.3) 56 (6.8) < 0.001
Sacubitril/valsartan (%) 12 (0.6) 1 (0.1) 11 (1.3) < 0.001
Beta-blocker (%) 355 (16.2) 129 (9.5) 226 (27.3) < 0.001
Diuretics (%) 569 (26.0) 263 (19.3) 306 (37.0) < 0.001
iSGLT-2 (%) 34 (1.6) 8 (0.6) 26 (3.4) < 0.001
Digoxin (%) 21 (1.0) 10 (0.7) 11 (1.3) 0,164
First  measurement of vital signs
SBP (mmHg) 129.1 ± 21.7 128,4 ± 21,2 130,1 ± 22,3 0,091
Heart  rate (bpm) 92,7 ± 19,6 94,8 ± 20,3 89,4 ± 18,0 < 0.001
First  SpO2 (%) 91,2 ± 6,5 91,8 ± 6,0 90,2 ± 7,1 < 0.001
O2 support at time of first saturation (%) 265 (12.1%) 146 (10.7%) 119 (14.4%) 0,012
First  chest x-ray
Without pneumonia (%) 298 (13.8) 176 (12.9) 122 (14.8) 0,506
Unilateral pneumonia (%) 438 (20.3) 275 (20.2) 163 (19.7)
Bilateral pneumonia (%) 1,422 (65.9) 889 (65.2) 533 (64.5)
Laboratory data
Median GFR (mL/min/1.73 m2) 74,2 ± 21,6 78,1 ± 19,2 68,0 ± 23,7 < 0.001
Haemoglobin median (g/dL) 13,3 ± 1,8 13,5 ± 1,8 13,1 ± 1,9 < 0.001
Maximum ferritin value (ng/dL) 729 (338-1427) 707 (313-1421) 762 (372-1453) 0,010
Maximum Dimer D value (ng/mL) 1,170 (600-3,875) 1,062 (553-3,330) 1,560 (746-4,407) < 0.001
Maximum Troponin value (ng/L) 8.0 (2.8-34.9) 6.2 (2.5-39.7) 12.6 (5.2-48.3) < 0.001
Maximum NT-proBNP value (pg/mL) 1149 (287-4831) 874 (178-3651) 1,722 (440-6254) < 0.001
Maximum lactate value (mmol/L) 2,45 ± 1,16 2,54 ± 1,24 2,36 ± 1,06 0,239
Peak  AST value (IU/L) 50 (33-83) 47 (29-74) 60 (39-93) 0,023
Maximum ALT value (IU/L) 44 (25-87) 45 (25-91) 42 (24-78) 0,276
Maximum LDH value (IU/L) 372 (299-486) 365 (294-475) 383 (308-505) 0,004
Maximum CPK value (IU/L) 113 (66-230) 90 (50-186) 122 (77-251) < 0.001
Lowest  value of prothrombin activity (%) 79,4 ± 24,5 81,5 ± 23,8 75,9 ± 25,3 < 0.001
Maximum fibrinogen value (mg/dL) 862,5 ± 264,1 841,9 ± 269,6 896,3 ± 251,4 < 0.001
Maximum CRP value (mg/L) 124.6 (58.0-214.4) 117.1 (51.6-207.8) 140.2 (69.7-223.9) < 0.001
Maximum IL-6 value (pg/mL) 58.1 (17.9-373.0) 50.7 (18.1-330.0) 72.7 (17.6-373.0) 0,040
Specific treatment for COVID-19
Hydroxychloroquine (%) 1,997 (91.2) 1,236 (90.6) 761 (92.0) 0,262
Lopinavir/ritonavir (%) 307 (14.0) 193 (14.2) 114 (13.8) 0,812
Azithromycin (%) 1,252 (57.1) 783 (57.4) 469 (56.7) 0,750
Tocilizumab (%) 223 (10.2) 133 (9.8) 90 (10.9) 0,396
Glucocorticoids (%) 435 (19.9) 240 (17.6) 195 (23.6) < 0.001
Clinical  outcomes
Acute heart failure (%) 76 (3.5) 34 (2.5) 42 (5.1) < 0.001
Pulmonary embolism (%) 73 (3.3) 45 (3.3) 28 (3.4) 0,913
Thrombotic eventb (%) 112 (5.1) 63 (4.6) 49 (5.9) 0,178
Any  bleeding (%) 86 (3.9) 49 (3.6) 37 (4.5) 0,294
Major  bleedingc (%) 22 (1.0) 10 (0.7) 12 (1.5) 0,102
Atrial  fibrillation/flutter during admission (%) 83 (3.8) 31 (2.3) 52 (6.3) < 0.001
Ventricular arrhythmias during admission (%) 11 (0.5) 7 (0.5) 4 (0.5) 1.000
Critical care admission (%) 177 (8.1) 93 (6.8) 84 (10.2) 0,004
Mechanic ventilation (%) 169 (7.7) 86 (6.4) 83 (10.2) < 0.001
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Table  1 (Continued)

Variable All patients (n =
2191)

Without chronic
statin treatment
(n = 1364)

With chronic
statin treatment
(n = 827)

p-value

Death (%) 597 (27.3) 303 (22.2) 294 (35.5) < 0.001

COPD: chronic obstructive pulmonary disease; ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker; SGLT2i: sodium-glucose cotransporter
2  inhibitors; SBP: systolic blood pressure; SpO2: oxygen saturation; O2: oxygen; GFR: glomerular filtration rate; NT-proBNP: N-terminal prohormone of brain natriuretic
peptide;  AST: aspartate aminotransferase; ALT: alanine aminotransferase; CPK: creatine phosphokinase; CRP: C-reactive protein; IL-6 interleukin 6.
Values express n (%) for qualitative variables or mean ± standard deviation or median (interquartile range) for continuous variables based on the characteristics of the
distribution.

a Chronic kidney disease was defined as a GFR < 60 mL/min/1.73 m2 for three months or more.
b Thrombotic event was  defined as the incidence of stroke, acute coronary syndrome, acute arterial ischemia in lower limbs, deep vein thrombosis and pulmonary

thromboembolism.
c Indicates major bleeding according to the TIMI classification.

Table 2
Baseline characteristics, cardiovascular treatment, vital signs, laboratory data and clinical outcomes of the patients according to hospital treatment for COVID-19 with and
without statins.

Variable All patients (n =
2191)

No statins during
hospitalization (n
= 1820)

Hospital
treatment with
statins (n = 371)

p-value

Baseline characteristics and comorbidities
Age (years) 68.0 ± 17.8 66.9 ± 18.5 73.6 ± 11.9 < 0.001
Males  (%) 1.246 (56.9) 1.016 (55.8) 230 (62.0) 0.029
Hypertension (%) 150 (52.5) 892 (49.0) 258 (69.5) < 0.001
Diabetes (%) 486 (22.2) 360 (19.8) 26 (34.0) < 0.001
Dyslipidemia (%) 942 (43.0) 620 (34.1) 322 (86.8) < 0.001
Smoking (%) 239 (0.9) 184 (10.1) 55 (14.8) 0.008
Obesity (%) 347 (15.8) 275 (15.1) 72 (19.4) 0.039
Peripheral arterial disease (%) 181 (8.3) 114 (6.3) 67 (18.1) < 0.001
Ischemic stroke (%) 171 (7.8) 131 (7.2) 40 (10.8) 0.017
Coronary artery disease (%) 183 (8.4) 105 (5.8) 78 (21.0) < 0.001
Atrial  fibrillation/flutter (%) 250 (11.4) 184 (10.1) 66 (17.8) < 0.001
COPD  (%) 217 (9.9) 168 (9.2) 49 (13.2) 0.019
Chronic kidney diseasea (%) 166 (7.6) 127 (7.0) 39 (10.5) 0.019
Cancer (%) 255 (11.6) 212 (11.7) 43 (11.6) 0.975
Cardiovascular treatment prior to hospital admission
Anticoagulation (%) 283 (12.9) 202 (11.1) 81 (21.8) < 0.001
Antiplatelet agent(%) 392 (17.9) 277 (15.2) 115 (31.0) < 0.001
ACEI  or ARB (%) 865 (39.5) 653 (35.9) 212 (57.1) < 0.001
Aldosterone antagonist (%) 87 (4.0) 60 (3.3) 27 (7.3) < 0.001
Sacubitril/valsartan (%) 12 (0.6) 6 (0.3) 6 (1.6) 0.008
Beta-blocker (%) 355 (16.2) 245 (13.5) 110 (29.7) < 0.001
Diuretics (%) 569 (26.0) 420 (23.1) 149 (40.2) < 0.001
iSGLT-2 (%) 34 (1.6) 22 (1.2) 12 (3.2) 0.004
Digoxin (%) 21 (1.0) 15 (0.8) 6 (1.6) 0.153
Statins (%) 769 (35.1) 456 (25.1) 313 (84.4) < 0.001
First  measurement of vital signs
SBP (mmHg) 129.1 ± 21.7 128.8 ± 21.6 130.1 ± 22.1 0.327
Heart  rate (bpm) 92.7 ± 19.6 93.5 ± 19.7 89.1 ± 18.5 < 0.001
First  SpO2 (%) 91.2 ± 6.5 91.4 ± 6.3 90.5 ± 7.4 0.019
O2 support at time of first saturation (%) 265 (12.1) 204 (11.2) 61 (16.4) 0.007
First  chest x-ray
Without pneumonia (%) 298 (13.8) 240 (13.4) 58 (15.8) 0.108
Unilateral pneumonia (%) 438 (20.3) 377 (21.1) 61 (16.6)
Bilateral pneumonia (%) 422 (65.9) 173 (65.5) 249 (67.7)
Laboratory data
Median GFR (mL/min/1.73m2) 74.2 ± 21.6 75.3 ± 21.2 69.4 ± 22.9 < 0.001
Haemoglobin median (g/dL) 13.3 ± 1.8 13.4 ± 1.8 12.9 ± 1.9 < 0.001
Maximum ferritin value (ng/dL) 729 (338-1427) 675 (310-1368) 971 (508-1573) 0.027
Maximum D-dimer value (ng/mL) 1.170 (600-3875) 1.084 (571-3337) 1912 (809-10400) 0.011
Maximum Troponin value (ng/L) 8.0 (2.8-34.9) 6.5 (2.5-24.3) 20.4 (5.9-91.6) 0.003
Maximum NT-proBNP value (pg/mL) 1.149 (287-4831) 1.016 (249-4243) 1.762 (499-7917) 0.002
Maximum lactate value (mmol/L) 2.45 ± 1.16 2.54 ± 1.22 2.20 ± 0.9 0.066
Peak  AST (IU/L) 50 (33-83) 49 (32-81) 54.4 (38-95) < 0.001
Maximum ALT value (IU/L) 44 (25-87) 40 (22-81) 49 (31-93) < 0.001
Maximum LDH value (IU/L) 372 (299-486) 363 (294-475) 407 (332-528) < 0.001
Maximum CPK value (IU/L) 113 (66-230) 110 (65-215) 132 (69-342) < 0.001
Lowest  value of prothrombin activity (%) 79.4 ± 24.5 80.5 ± 24.1 74.1 ± 6.1 < 0.001
Maximum fibrinogen value (mg/dL) 862.5 ± 264.1 852.4 ± 265.6 911.2 ± 251.3 < 0.001
Maximum CRP value (mg/L) 124.6 (58.0-214.4) 120.0 (54.2-209.1) 149.3 (70.2-240.1) < 0.001
Maximum IL-6 value (pg/mL) 58.1 (17.9-373.0) 54.6 (17.7-326.0) 69.9 (18.6-426.5) 0.003
Specific treatment for COVID-19
Hydroxychloroquine (%) 1.997 (91.2) 1.641 (90.2) 356 (96.0) < 0.001
Lopinavir/ritonavir (%) 307 (14.0) 267 (14.7) 40 (10.8) 0.049
Azithromycin (%) 1.252 (57.1) 1.021 (56.1) 231 (62.3) 0.029
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Table  2 (Continued)

Variable All patients (n =
2191)

No statins during
hospitalization (n
= 1820)

Hospital
treatment with
statins (n = 371)

p-value

Tocilizumab (%) 223 (10.2) 174 (9.6) 49 (13.2) 0.034
Glucocorticoids (%) 435 (19.9) 334 (18.4) 101 (27.2) < 0.001
Clinical  outcomes
Acute heart failure (%) 76 (3.5) 62 (3.4) 14 (3.8) 0.725
Pulmonary embolism (%) 73 (3.3) 52 (2.9) 21 (5.7) 0.006
Thrombotic eventb (%) 112 (5.1) 78 (4.3) 34 (9.2) < 0.001
Any  bleeding (%) 86 (3.9) 62 (3.4) 24 (6.5) 0.004
Major  bleedingc (%) 22 (1.0) 11 (0.6) 11 (3.0) < 0.001
Fibrillation/flutter  atrial during admission (%) 83 (3.8) 57 (3.1) 26 (7.0) < 0.001
Ventricular arrhythmias during admission (%) 11 (0.5) 9 (0.5) 2 (0.5) 0.500
Critical care admission (%) 177 (8.1) 122 (6.7) 55 (14.8) < 0.001
Mechanic ventilation (%) 169 (7.7) 115 (6.3) 54 (14.6) < 0.001
Death  (%) 597 (27.3) 470 (25.8) 127 (34.2) 0.001

COPD: chronic obstructive pulmonary disease; ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker; SGLT2i: sodium-glucose cotransporter
2  inhibitors; SBP: systolic blood pressure; SpO2: oxygen saturation; O2: oxygen; GFR: glomerular filtration rate; NT-proBNP: N-terminal prohormone of brain natriuretic
peptide; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CPK: creatine phosphokinase; CRP: C-reactive protein; IL-6 interleukin 6.
Values express n (%) for qualitative variables or mean ± standard deviation or median (interquartile range) for continuous variables based on the characteristics of the
distribution.

a Chronic kidney disease was  defined as a GFR < 60 mL/min/1.73 m2 for three months or more.
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b Thrombotic event was  defined as the incidence of stroke, acute coronary syn
thromboembolism.

c Indicates major bleeding according to the TIMI classification.

< 0.001), but with no difference in mortality (34.2 vs. 36.6%; p
= 0.469). Survival analysis using Kaplan-Meier techniques (p =
0.123, according to the log-rank test, Fig. 2) and Cox regression
(Supplementary Table 3), showed that its discontinuation was  not
associated with a higher incidence of mortality [HR 1.01 (0.78-
1.30)].

Safety of statins in patients with COVID-19

During the study period, excluding those patients with acute
arterial ischaemia, 19 patients (0.9%) had CPK elevation 10 times
above the upper limit of normal, which is the classic cut-off point
for defining the presence of rhabdomyolysis. The proportion of
patients with this entity was significantly higher in the group of
patients treated with statins (1.9 vs. 0.66%, p < 0.020). On the other
hand, 282 patients (12.9%) had clinically relevant elevation of AST
(usually defined as a three-fold increase in AST above the upper
limit of normal). Similarly, this adverse reaction was  more preva-
lent in patients who received statins during admission (17.8 vs.
11.9%, p < 0.002).

Discussion

The hypothesis that statins through their immunomodulatory
effects7–9 may  counteract the deleterious effects of the exacerbated
inflammatory response known as cytokine storm10 that character-
istically occur in COVID-19 patients with worse clinical outcomes is
a thought-provoking idea but has not been clinically demonstrated
in randomised clinical trials.

This exaggerated organ-damaging immune response is the main
cause of respiratory distress10 and of damage to the vascular system
in these patients.11 This pathophysiology is not new and has many
similarities with that of other bacterial and viral infections causing
pneumonia.12

Observational studies in patients admitted for pneumonia
and/or influenza suggest that statin therapy is associated with
fewer cardiovascular complications and reduced disease severity

compared to patients not taking statins.9,13 We  might think that
there is no compelling reason to imagine that with COVID-19 it will
be different, however, the situation is not completely analogous. In
fact, the most characteristic and leading cause of death in patients

C
d
o
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e, acute arterial ischemia in lower limbs, deep vein thrombosis and pulmonary

ith COVID-19 is the severe respiratory distress it causes.3 A ran-
omised study evaluating rosuvastatin for its anti-inflammatory
otential in patients with acute respiratory distress, mostly caused
y pneumonia, concluded that it did not reduce mortality compared
o placebo.14

The authors of a meta-analysis15 that combined the results of
our observational studies on the effects of statins in patients with
OVID-19 concluded that they could reduce the risk of mortality or
evere complications by 30% and that their tolerability is accept-
ble. On the other hand, the SEMI-COVID registry of the Spanish
ociety of Internal Medicine identified that continuation of statin
herapy was  associated with lower all-cause mortality compared to
hose whose therapy was withdrawn during hospitalisation after
ARS-CoV-2 infection.16

However, it is necessary to consider that throughout the pan-
emic, several therapeutic alternatives have been proposed on
he basis of encouraging data obtained in multiple observational
tudies,17–19 which were later disproved in the corresponding ran-
omised clinical trials. Our analysis introduces a discordant note
ith the findings previously described, since the statin-treated

roup, although presenting a higher number of admissions to crit-
cal care units and more need for mechanical ventilation, did not
how significant differences in mortality [HR 1.03 (0.78-1.35), p

 0.850] when a multivariate analysis adjusted for all potential
onfounders was performed. This analysis suggests that the use
f statins during the acute phase of infection may  have a neutral
ffect on the clinical endpoint of all-cause death.

In addition, our data do not show signs that the use of statins
ay  result in a reduction of cardiovascular complications from

ARS-CoV-2 infection. Although several studies have shown the
nfluence of endothelial20 and immune thrombotic phenomena in
hese patients,21–23 those who  received statins (drugs considered
ndothelium-protective) during admission had more thrombotic
nd bleeding events during the course of the disease. This is
robably related to the fact that these patients have atheroscle-
otic cardiovascular disease, the first stage of which is endothelial
ysfunction. There is reason to believe that atherosclerosis may
epresent a situation of cardiovascular vulnerability to SARS-

oV-2 infection that could not be modified by receiving statins
uring the acute phase, in contrast to the significant benefits
bserved in secondary prevention in other clinical settings.24
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Table 3
Baseline characteristics, cardiovascular treatment, vital signs, laboratory data and clinical outcomes of patients according to withdrawal or non-withdrawal of statins during hospital admission by COVID-19.

Variable All patients with chronic statin
treatment (n = 827)

Statins withdrawn on
admission (n = 456)

Statins maintained at
admission (n = 371)

p

Baseline characteristics and comorbidities
Age (years) 74.4 ± 12.4 75.1 ± 12.7 73.6 ± 11.9 0.081
Male  (%) 507 (61.3) 277 (60.8) 230 (62.0) 0.714
Hypertension (%) 583 (70.5) 325 (71.3) 258 (69.5) 0.560
Diabetes  (%) 302 (36.5) 176 (38.6) 126 (34.0) 0.119
Dyslipidemia (%) 759 (91.8) 437 (95.8) 322 (86.8) < 0.001
Smoking  (%) 119 (14.4) 64 (14.0) 55 (14.8) 0.748
Obesity  (%) 150 (18.1) 78 (7.1) 72 (19.4) 0.393
Peripheral arterial disease (%) 146 (17.7) 79 (17.3) 67 (18.1) 0.795
Ischemic  stroke (%) 105 (12.7) 65 (14.3) 40 (10.8) 0.136
Coronary artery disease (%) 157 (19.0) 79 (17.3) 78 (21.0) 0.183
Atrial  fibrillation/flutter (%) 138 (16.7) 72 (15.8) 66 (17.8) 0.443
COPD  (%) 113 (13.7) 64 (14.0) 49 (13.2) 0.730
Chronic  kidney diseasea (%) 96 (11.6) 57 (12.5) 39 (10.5) 0.375
Cancer  (%) 115 (13.9) 72 (15.8) 43 (11.6) 0.083

Cardiovascular treatment prior to hospital admission
Anticoagulation (%) 157 (19.0) 76 (16.7) 81 (21.8) 0.056
Antiplatelet agent(%) 269 (32.5) 154 (33.8) 115 (31.0) 0.397
ACEI  or ARB (%) 480 (58.0) 268 (58.8) 212 (57.1) 0.637
Aldosterone antagonist (%) 56 (6.8) 29 (6.4) 27 (7.3) 0.601
Sacubitril/valsartan (%) 11 (1.3) 5 (1.1) 6 (1.6) 0.555
Beta-blocker (%) 226 (27.3) 116 (25.4) 110 (29.7) 0.177
Diuretic  (%) 306 (37.0) 157 (34.4) 149 (40.2) 0.090
iSGLT-2  (%) 26 (3.1) 14 (3.1) 12 (3.2) 0.893
Digoxin  (%) 11 (1.3) 5 (1.1) 6 (1.6) 0.555

First  measurement of vital signs
SBP (mmHg) 130.1 ± 22.3 130.1 ± 22.5 130.1 ± 22.1 0.995
Heart  rate (bpm) 89.4 ± 18.0 89.7 ± 17.6 89.1 ± 18.5 0.681
First  SpO2 (%) 90.2 ± 7.1 90.0 ± 6.9 90.5 ± 7.4 0.293
O2 support at time of first saturation (%) 119 (14.4) 58 (12.7) 61 (16.4) 0.154

First  chest x-ray
Without pneumonia (%) 122 (14.8) 64 (14.0) 58 (15.6)
Unilateral pneumonia (%) 163 (19.7) 102 (22.4) 61 (16.4) 0.094
Bilateral pneumonia (%) 533 (64.5) 284 (62.3) 249 (67.1)

Laboratory data
Median GFR (mL/min/1.73m2) 68.0 ± 23.7 66.8 ± 24.3 69.4 ± 22.9 0.125
Median  haemoglobin (g/dL) 13.1 ± 1.9 13.3 ± 1.8 12.9 ± 1.9 < 0.001
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Table 3 (Continued)

Variable All patients with chronic statin
treatment (n = 827)

Statins withdrawn on
admission (n = 456)

Statins maintained at
admission (n = 371)

p

Maximum ferritin value (ng/dL) 816 (391-1482) 699 (311-1297) 971 (508-1573) < 0.001
Maximum D-dimer value (ng/mL) 1.629 (761-4.989) 1.383 (682-4.030) 1912 (809-10.400) 0.003
Maximum Troponin value (ng/L) 14.0 (5.3-59.5) 8.6 (4.2-30.8) 20.4 (5.9-91.6) < 0.001
Maximum NT-proBNP value (pg/mL) 1857 (513-6984) 1952 (513-6254) 1.762 (499-7.917) 0.991
Maximum lactate value (mmol/L) 2.36 ± 1.06 2.54 ± 1.20 2.20 ± 0.91 0.087
Maximum  AST value (IU/L) 52 (35-87) 49 (31-82) 55 (38-95) 0.002
Maximum ALT value (IU/L) 43 (24-79) 40 (23-69) 46 (28-88) < 0.001
Maximum LDH value (IU/L) 386.5 (312.0-512.0) 370.5 (302.5-492.9) 406.5 (332.0-528.0) 0.002
Maximum  CPK value (IU/L) 122 (69-277) 116 (69-229) 132 (69-342) 0.035
Lowest prothrombin activity value (%) 75.9 ± 25.3 77.5 ± 24.6 74.1 ± 26.1 0.062
Maximum  fibrinogen value (mg/dL) 896.3 ± 251.4 883.9 ± 251.1 911.2 ± 251.3 0.124
Maximum CRP value (mg/L) 145.3 (71.4-228.0) 140.4 (71.6-219.1) 149.3 (70.2-240.1) 0.134
Maximum IL-6 value (pg/mL) 75.9 (18.6-409.5) 79.6 (18.8-404.5) 69.9 (18.6-426.5) 0.119

Specific  treatment for COVID-19
Hydroxychloroquine (%) 761 (92.0) 405 (88.8) 356 (96.0) < 0.001
Lopinavir/ritonavir (%) 114 (13.8) 74 (16.2) 40 (10.8) 0.024
Azithromycin (%) 469 (56.7) 238 (52.2) 231 (62.3) 0.004
Tocilizumab (%) 90 (10.9) 41 (9.0) 49 (13.2) 0.053
Glucocorticoids (%) 195 (23.6) 94 (20.6) 101 (27.2) 0.026

Clinical outcomes
Acute heart failure (%) 42 (5.1) 28 (6.1) 14 (3.8) 0.123
Pulmonary embolism (%) 28 (3.4) 7 (1.5) 21 (5.7) < 0.001
Thrombotic eventb (%) 49 (5.9) 15 (3.3) 34 (9.2) < 0.001
Any  bleeding (%) 37 (4.5) 13 (2.9) 24 (6.5) 0.010
Major  bleedingc (%) 12 (1.5) 1 (0.2) 11 (3.0) 0.002
Atrial  fibrillation/flutter during admission (%) 52 (6.3) 26 (5.7) 26 (7.0) 0.441
Ventricular arrhythmias during admission (%) 4 (0.5) 2 (0.4) 2 (0.5) 1.000
Admission  to critical care (%) 84 (10.2) 29 (6.4) 55 (14.8) < 0.001
Mechanical ventilation (%) 83 (10.0) 29 (6.4) 50 (14.6) < 0.001
Death  (%) 294 (35.6) 167 (36.6) 127 (34.2) 0.469

COPD: chronic obstructive pulmonary disease; ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker; SGLT2i: sodium-glucose cotransporter 2 inhibitors; SBP: systolic blood pressure; SpO2: oxygen
saturation;  O2: oxygen; GFR: glomerular filtration rate; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CPK: creatine phosphokinase; CRP:
C-reactive  protein; IL-6 interleukin 6.
Values express n (%) for qualitative variables or mean ± standard deviation or median (interquartile range) for continuous variables based on the characteristics of the distribution.

a Chronic kidney disease was defined as a GFR < 60 mL/min/1.73 m2 for three months or more.
b Thrombotic event was defined as the incidence of stroke, acute coronary syndrome, acute arterial ischemia in lower limbs, deep vein thrombosis and pulmonary thromboembolism.
c Indicates major bleeding according to the TIMI classification.
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Fig. 2. Survival analysis according to the discontinuation or not of statins during h
had  chronic treatment with these drugs. Their discontinuation was  not associated w

However, the low number of thrombotic arterial complications
recorded during follow-up limits the ability to draw definitive
conclusions.

In relation to the above, patients on statins had higher lev-
els of inflammatory markers such as CRP, ferritin, fibrinogen or
IL-6. This raises the hypothesis that the anti-inflammatory effect
of statins may  not be potent enough to regulate the COVID-19
cytokine storm at least partially. An analogous situation occurs
in other entities characterized mainly by inflammation, such as
rheumatoid arthritis. In this disease this therapeutic group mod-
estly decreases inflammation parameters7 and yet they are not
considered useful for its treatment.

Statins are well-tolerated drugs with few adverse reactions. Of
these, myopathy is the most clinically relevant. The mildest form
of this disorder is myalgia without elevated creatine phosphoki-
nase (CPK), which we have not been able to specifically assess as
it overlaps with symptoms typical of patients with COVID-19 (in a
large cohort of COVID-19 patients in our setting, 26.8% of patients
reported symptoms suggestive of myalgia on admission).25 In our
sample, both significant elevation of transaminases and rhabdomy-
olysis were more common in statin-treated patients.

In relation to the above, prothrombin activity was  also sig-
nificantly lower in this group of patients which, associated with
a higher incidence of thrombotic and bleeding events, raises the
hypothesis that this therapeutic group may  increase the likelihood
of coagulopathy throughout the clinical course of the disease.

Throughout the pandemic, several scientific societies26,27 have
recommended maintaining statin therapy in those patients receiv-
ing it on the basis of a clinically correct indication. In this sense, the
neutral results of our study are compatible with this recommenda-
tion, although they do not constitute a rationale for introducing the
drug de novo with the aim of improving the prognosis of COVID-19,
except in research studies specifically designed to test its efficacy.
Moreover, the uncertain clinical course of the disease, interac-
tions with other treatments and indications of potential adverse
reactions to statins in this clinical setting call for careful use of
this therapeutic group and close monitoring of possible compli-

cations.

This is a retrospective observational study, with the usual lim-
itations and biases of this type of design, conducted in a single

f
j
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l admission for COVID-19 according to the Kaplan-Meier method in patients who
higher incidence of mortality [HR 1.01 (0.78-1.30)].

entre with a high volume of patients with COVID-19. This obser-
ational study cannot in any way  replace a randomized clinical trial
hat clarifies whether or not statins are effective in the context
f SARS-CoV-2 infection. The results are therefore not conclusive.
n addition, the presence of myalgias (the most common adverse
eaction of statins) was  not systematically recorded in all the
atients of the cohort, nor were CPK and transaminase values deter-
ined in all of them, which may  somehow condition a selection

ias.
In conclusion, in our cohort, statins were not independently

ssociated with lower mortality in patients with COVID-19. Those
atients who  received statins during hospital admission showed
igher inflammatory parameters, in addition to a greater number
f thrombotic and bleeding events.
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