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Introduction

Cardiovascular risk factors such as arterial hypertension,
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A B S T R A C T

Aim. – Patients with type 2 diabetes mellitus (T2DM) represent a high-risk population for both

cardiovascular diseases and severe coronavirus disease 2019 (COVID-19). Recent studies have reported

interactions between statin treatment and COVID-19-related outcomes. The study reported here

specifically assessed the association between routine statin use and COVID-19-related outcomes in

inpatients with T2DM.

Methods. – The Coronavirus–SARS-CoV-2 and Diabetes Outcomes (CORONADO) study was a nation-

wide observational study aiming to describe the phenotypic characteristics and prognosis of T2DM

patients with COVID-19 admitted to 68 French hospitals between 10 March and 10 April 2020. The

composite primary outcome comprised tracheal intubation and/or death within 7 and 28 days of

admission. The association between statin use and outcomes was estimated by logistic regression

analysis after applying inverse probability of treatment weighting (IPTW) using a propensity score-

weighting approach.

Results. – Of the 2449 patients with T2DM (881 women, 1568 men; aged 70.9 � 12.5 years) suitable for

analysis, 1192 (49%) were using statin treatment before admission. In unadjusted analyses, patients using

statins had rates of the primary outcome similar to those of non-users within both 7 (29.8% vs 27.0%,

respectively; P = 0.1338) and 28 days (36.2% vs 33.8%, respectively; P = 0.2191) of admission. However,

mortality rates were significantly higher in statin users within 7 (12.8% vs 9.8%, respectively; P = 0.02) and

28 days (23.9% vs 18.2%, respectively; P < 0.001). After applying IPTW, significant associations were

observed with statin use and the primary outcome within 7 days (OR [95% CI]: 1.38 [1.04–1.83]) and with

death within both 7 (OR [95% CI]: 1.74 [1.13–2.65]) and 28 days (OR [95% CI]: 1.46 [1.08–1.95]).

Conclusion. – Routine statin treatment is significantly associated with increased mortality in T2DM

patients hospitalized for COVID-19.
�C 2020 Elsevier Masson SAS. All rights reserved.
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dyslipidaemia, diabetes mellitus and obesity are highly prevalent
among patients with coronavirus disease 2019 (COVID-19)
[1,2]. Since the beginning of the COVID-19 pandemic, one
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mportant issue has been the impact of certain cardiovascular
herapies, such as renin–angiotensin–aldosterone system (RAAS)
lockers, on the prognosis for COVID-19 [3,4]. Statins are the most
idely used lipid-lowering drugs and are often recommended for

atients at high cardiovascular risk, but recent studies have
ighlighted an interaction between the use of statins and COVID-
9-related outcomes [5,6]. While in-hospital use of statins has
een reported to be associated with a lower risk of mortality in
atients with COVID-19 [5], no specific data are as yet available for
atients with type 2 diabetes mellitus (T2DM), a high-risk
opulation for both cardiovascular disease and COVID-19-related
utcomes.

For this reason, the present study aimed to assess the
ssociation between routine statin use and COVID-19-related
utcomes in patients with T2DM participating in the Coronavirus–
evere Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
nd Diabetes Outcomes (CORONADO) study [7].

ethods

The CORONADO (ClinicalTrials.gov: NCT04324736) nationwide
bservational study aimed to describe the phenotypic characte-
istics and prognosis of patients with diabetes admitted with
OVID-19 between 10 March and 10 April 2020 at 68 French
ospitals. The protocol received all the necessary regulatory
pprovals, and the study design has been previously reported
lsewhere [7]. In brief, inclusion criteria were: (i) hospitalization
or biologically and/or clinically/radiologically confirmed COVID-
9; and (ii) a personal history of diabetes or newly diagnosed
iabetes on admission. The composite primary outcome combined
racheal intubation for mechanical ventilation and/or death within

 days of admission, with an additional follow-up for up to 28 days
fter admission. Given the specific purposes of the present study,
ur analysis was restricted to only CORONADO participants with
2DM and with available information on routine statin use. Use of
outine medications was identified by noting prescription drugs on
dmission and upon examination, with possible further question-
ng by general practitioners (GPs) or pharmacists when deemed
ecessary.

To control for confounding factors that might influence both
tatin use and outcomes, a propensity score (PS) was computed.
his PS was the result of a logistic regression model combining
ariables selected on the basis of their relevance in clinical practice
nd/or statistical relevance (P < 0.10 in association with the
rimary outcome). Stabilized weighting was computed for patients
ased on the PS and were used in logistic regression models as the

nverse probability of treatment weighting (IPTW) [8]. Covariate
alance before and after weighting was assessed by the
tandardized mean difference approach. The threshold for
tatistical significance was set at 0.05. All statistical tests were
wo-sided and performed using R software, version 3.6.2 (R Core
eam, R Foundation for Statistical Computing, Vienna, Austria;
ttps://cran.r-project.org/bin/windows/base/old/3.6.2/), with the
SW package for propensity score analyses [9].

esults

Out of the entire CORONADO study population, 2449 patients
ith both T2DM and COVID-19 [94.6% with positive SARS-CoV-2

statin non-users, patients taking statins were slightly older (aged
71.7 vs 70.2 years, respectively; P = 0.0014), more frequently
male (67.8% vs 60.5%, respectively; P = 0.0002) and more often
also affected by comorbidities, respectively including hyperten-
sion (86.6% vs 74.1%, P < 0.0001), macrovascular (53.8% vs 26.6%,
P < 0.0001) and microvascular (49.5% vs 41.1%, P = 0.0005)
diabetes complications, heart failure (14.2% vs 9.9%, P = 0.0014)
and treated obstructive sleep apnoea (OSA) (14.5% vs 8.1%,
P < 0.0001). Clinical and biological characteristics of these
participants on admission are presented in Tables S1 and S2
(see supplementary materials associated with this article online).
In brief, estimated glomerular filtration rate (eGFR) was slightly
lower in statin users vs non-users (66.2 vs 70.0 mL/min,
respectively; P = 0.02). On the other hand, long-term glycaemic
control (HbA1c: 8.0% vs 8.2%, P = 0.16), admission plasma glucose
concentrations (165 vs 173 mg/dL, P = 0.09) and inflammatory
biological parameters on admission (C-reactive protein: 80 vs

89 mg/L, P = 0.29; lymphocyte count: 995 vs 980 103/mm3,
P = 0.62) did not differ between statin users and non-users,
respectively.

As shown in Fig. 1A, the composite primary outcome was
observed within 7 days of admission at similar rates in patients
whether treated or not with statins (29.8% vs 27.0%, respectively;
P = 0.1338). However, mortality rates were significantly higher in
statin users within 7 (12.8% vs 9.8%; P = 0.02) and 28 days (23.9% vs

18.2%; P < 0.001), respectively. After applying IPTW (Fig. 1B), a
significant association was observed for routine statin use and the
primary outcome within 7 days [odds ratio (OR) [95% confidence
interval (CI)]: 1.38 [1.04–1.83], but also for death within 7 (OR:
1.74 [1.13–2.65]) and 28 days (OR: 1.46 [1.08–1.95]; Fig. 1C). In
contrast, routine statin use was not significantly associated with
any increased risk of tracheal intubation for mechanical ventila-
tion. Similar results were obtained in sensitivity analyses
performed after additional adjustments for HbA1c and eGFR
values.

Discussion

CORONADO is the first registered cohort study focused on the
phenotypic characteristics of T2DM patients hospitalized for
COVID-19. In the present post-hoc analysis, a PS approach with
IPTW demonstrated that previous statin treatment was signifi-
cantly associated with increased mortality in patients with T2DM
in hospital because of COVID-19 for up to 28 days after admission.

These results are somewhat surprising as previous observa-
tional studies of the general population had highlighted the
potentially beneficial effects of statins on COVID-19 prognosis,
including its in-hospital use [5,6]. Most notably, in a large
population-based cohort study performed in England, a recent
prescription for statins was associated with a decrease in COVID-
19-related mortality in those with T2DM [hazard ratio (HR)] [95%
CI]: 0.72 [0.69–0.75] [10]. One potential explanation for this
observed discrepancy with our present study is that CORONADO
was focused only on patients with T2DM hospitalized for COVID-
19 and was therefore associated with more severe prognosis.
Indeed, the 28-day mortality rate in the non-statin group was
18.2% in CORONADO vs 6.8% in the study of Zhang et al. [5]. Thus,
the possibility that the effect of statins on COVID-19 prognosis
varies according to the stage and severity of disease cannot be
olymerase chain reaction (PCR) tests] were included in our
resent study. Of these patients, 1192 (48.7%) had been treated
ith statins before hospitalization, and 1257 (51.3%) were not.

heir baseline characteristics prior to admission according to
outine use of statins are presented in Table S1 (see supplemen-
ary materials associated with this article online). Compared with
2

excluded. In accordance with this speculation, the mortality HR
was also lower at 0.4% in non-statin users in the study by Holman
et al. [10], with cardiorenal morbidity affecting only 21.7% of the
studied population, a considerably lower rate than in CORONADO,
where 42% of participants exhibited cardiovascular complica-
tions.

https://cran.r-project.org/bin/windows/base/old/3.6.2/


Fig. 1. (A) Baseline associations between statin use and study outcomes: bar graphs represent the number of patients with related outcomes; percentages (95% confidence

intervals) represent frequencies; P values represent univariable associations between statin use and clinical outcomes assessed by Fisher’s exact test. (B) Baseline distribution

balance after propensity score (PS) analyses: PS was computed using a logistic regression model with statin treatment as the dependent variable and the following as

explanatory (independent) variables: gender; age; ethnicity; body mass index; arterial hypertension; history of micro- or macrovascular diabetes complications; heart

failure; treated obstructive sleep apnoea or chronic obstructive pulmonary disease (COPD); and use of any of the following drugs/drug classes on admission [metformin,

dipeptidyl peptidase-4 inhibitors, glucagon-like peptide (GLP)-1 receptor agonists; insulin; ezetimibe; and renin–angiotensin–aldosterone system blockers, including

angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, mineralocorticoid receptor antagonists (MRA), calcium-channel blockers, anticoagulant agents and

corticosteroids]. IPTW, inverse probability of treatment weighting. (C) PS-weighted associations between statin use and clinical outcomes: baseline covariates were used to

compute PS in all multivariable models (see B); sensitivity analyses used these baseline variables plus routine HbA1c and routine estimated glomerular filtration rates (eGFR).
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In addition, as CORONADO patients using statins also had a
reater number of comorbidities than non-users, the use of PS-
eighting took these differences into account. As for the potential

nderlying molecular mechanisms that could support the delete-
ious effects of statins, it has been reported that these drugs
ncrease cellular expression of angiotensin-converting enzyme 2
ACE2), the primary receptor for SARS-CoV-2 [11].

Our present study has several limitations that must be
cknowledged. Even though many covariates were captured in
ORONADO, it remains nonetheless possible that some residual
onfounding factors were still persistent in the PS analysis. There
as also a lack of information regarding the continuation (or not)

f statin treatment after hospital admission, especially in
omparison to a previous study assessing the benefits of in-
ospital use of statins [5]. Unfortunately, information on plasma

ipid values with statin therapy was also absent. Moreover, as it has
een reported that lower low-density lipoprotein (LDL) cholesterol
alues are associated with severity of COVID-19 [12], it would have
een of interest to verify the extent to which the LDL-lowering
ffect of statins mediated their influence on COVID-19 prognosis.
inally, as these results were obtained solely in patients with
2DM, they cannot be generalized to the general population.

onclusion

Albeit observational, our present results do not support the
ypothesis of a protective role of routine statin use against COVID-
9, at least not in hospitalized patients with T2DM. Indeed, the
otentially deleterious effects of routine statin treatment on
OVID-19-related mortality demands further investigation and, as
ecently highlighted [13], only appropriately designed and
owered randomized controlled trials will be able to properly
ddress this important issue.
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