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Abstract
Aims/hypothesis Coronavirus disease-2019 (COVID-19) is a life-threatening infection caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) virus. Diabetes has rapidly emerged as a major comorbidity for COVID-19 severity.
However, the phenotypic characteristics of diabetes in COVID-19 patients are unknown.
Methods We conducted a nationwide multicentre observational study in people with diabetes hospitalised for COVID-19 in 53
French centres in the period 10–31 March 2020. The primary outcome combined tracheal intubation for mechanical ventilation
and/or death within 7 days of admission. Age- and sex-adjusted multivariable logistic regressions were performed to assess the
prognostic value of clinical and biological features with the endpoint. ORs are reported for a 1 SD increase after standardisation.
Results The current analysis focused on 1317 participants: 64.9% men, mean age 69.8 ± 13.0 years, median BMI 28.4 (25th–
75th percentile: 25.0–32.7) kg/m2; with a predominance of type 2 diabetes (88.5%). Microvascular and macrovascular diabetic
complications were found in 46.8% and 40.8% of cases, respectively. The primary outcome was encountered in 29.0% (95% CI
26.6, 31.5) of participants, while 10.6% (9.0, 12.4) died and 18.0% (16.0, 20.2) were discharged on day 7. In univariate analysis,
characteristics prior to admission significantly associated with the primary outcome were sex, BMI and previous treatment with
renin–angiotensin–aldosterone system (RAAS) blockers, but not age, type of diabetes, HbA1c, diabetic complications or glucose-
lowering therapies. In multivariable analyses with covariates prior to admission, only BMI remained positively associated with
the primary outcome (OR 1.28 [1.10, 1.47]). On admission, dyspnoea (OR 2.10 [1.31, 3.35]), as well as lymphocyte count (OR
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0.67 [0.50, 0.88]), C-reactive protein (OR 1.93 [1.43, 2.59]) and AST (OR 2.23 [1.70, 2.93]) levels were independent predictors
of the primary outcome. Finally, age (OR 2.48 [1.74, 3.53]), treated obstructive sleep apnoea (OR 2.80 [1.46, 5.38]), and
microvascular (OR 2.14 [1.16, 3.94]) and macrovascular complications (OR 2.54 [1.44, 4.50]) were independently associated
with the risk of death on day 7.
Conclusions/interpretations In people with diabetes hospitalised for COVID-19, BMI, but not long-term glucose control, was
positively and independently associated with tracheal intubation and/or death within 7 days.
Trial registration clinicaltrials.gov NCT04324736.

Keywords BMI . COVID-19 . Death . Diabetes . HbA1c
. Hypertension .Mechanical ventilation
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Introduction

Since the first case in China in December 2019, the epidemic of
coronavirus disease-2019 (COVID-19), a disease caused by the
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-
2) virus, rapidly spread worldwide and was declared a pandemic
by the World Health Organization on 11 March 2020 [1, 2].

It is well known that people with diabetes have increased
infection risk, especially for influenza and pneumonia [3, 4].
Moreover, diabetes was previously reported as a major risk
factor for mortality in people infected with the 2009 H1N1
pandemic influenza and, more recently, with the Middle East
respiratory syndrome-related coronavirus (MERS-CoV) [5,
6]. Epidemiological studies have quickly and consistently
pointed out diabetes as one of the major comorbidities asso-
ciated with COVID-19 and affecting its severity.

The prevalence of diabetes in patients with COVID-19 was
first reported to range from 5% to 20% in Chinese studies,
increasing with the severity of the disease [7]. More recently,
Grasselli et al have reported a diabetes prevalence of 17% in
patients admitted to intensive care units (ICUs) for severe
COVID-19 infection in Lombardy, Italy [8]. Furthermore,
the COVID-19-Associated Hospitalisation Surveillance
Network (COVID-NET) reported a diabetes prevalence of
28.3% in hospitalised patients in the USA [9].

More importantly, all studies published so far have report-
ed a two- to threefold higher prevalence of diabetes in patients
in ICUs compared with those with less severe disease and an
increased mortality in people with diabetes [10–14]. For
instance, in a retrospective study from Wuhan, diabetes was
present in 19% of 191 COVID-19 inpatients but its prevalence
raised to 31% in deceased people compared with 14% in those
who survived [12]. A recent meta-analysis further demonstrat-
ed that diabetes was associated with a more than doubled risk
for ICU admission and a more than tripled risk for death [14].

In this context, patients with diabetes have been listed as
people at higher risk for severe illness from COVID-19 by
several health authorities and learned medical societies [15].
However, precise data regarding diabetes characteristics in
hospitalised people with COVID-19 are still lacking.
Moreover, the relationship between diabetes-related pheno-
types and the severity of COVID-19 remains unknown.
CORONADO (Coronavirus SARS-CoV-2 and Diabetes
Outcomes) is a nationwide multicentre observational study
that aims to identify the clinical and biological features asso-
ciated with disease severity and mortality risk in people with
diabetes hospitalised for COVID-19.

Methods

Study oversight The CORONADO study was launched in all
French hospitals volunteering to share data on hospitalised

COVID-19 patients with diabetes. The study was spon-
sored by CHU (centre hospitalier universitaire) Nantes,
designed in accordance with the declaration of Helsinki
and conducted in accordance with French legislation
with approval obtained from the local ethics committee
(Insti tutional Review Board/Insti tutional Ethics
Committee – GNEDS [groupe nantais d'éthique dans le
domaine de la santé]; Ref. CORONADOV2), the
CEREES (comité d'expertise pour les recherches, les
études et les évaluations dans le domaine de la santé;
n ° INDS [ i n s t i t u t n a t i o n a l d e s d onn é e s d e
santé]:1544730) and the CNIL (commission nationale
de l'informatique et des libertés; DR-2020-155/920129).
In light of the purely non-interventional design of this
observational study and the emergency situation related
to the COVID-19 pandemic, the CNIL and the GNEDS
have repealed the systematic collection of written
informed consent. They recommended that we collect
an ‘oral non-opposition to participate’ as far as possible
(in particular by publishing study information via post-
ers in the hospitals). Living patients who were unable to
give consent on admission all received information
about their inclusion in the CORONADO study before
discharge, and therefore had a clear and free choice to
object to the use of their clinical data. Any patient
declining to participate in the study or expressing his
or her opposition to data collection from hospital infor-
mation systems, even after hospital discharge, was
excluded from the study.

Study design and participants The aim of the CORONADO
study was to describe the phenotypic characteristics and
prognosis of individuals admitted to hospital with
COVID-19 between 10 March and 10 April 2020.
Inclusion criteria were (1) hospitalisation in a dedicated
COVID-19 unit with COVID-19 diagnosis confirmed
biologically (by SARS-CoV-2 PCR test) and/or clinical-
ly/radiologically (i.e. as ground-glass opacity and/or
crazy paving on chest computed tomography [CT]
scan); (2) personal history of diabetes or newly diag-
nosed diabetes on admission (i.e. HbA1c ≥48 mmol/
mol [6.5%] during hospitalisation).

Owing to the rapid recruitment rate and in order to make
clinically relevant findings available as quickly as possible,
the scientific committee, on 5 April 2020, suggested a prema-
ture database lock on 18 April 2020 for participants admitted
in the period 10–31 March 2020, and continuation of recruit-
ment with no further modification. A first set of analyses was
performed in 1317 participants selected according to the
following criteria: (1) meeting the eligibility criteria; (2) avail-
able information on the main outcome, recorded on day 7
following admission; (3) available data on age and sex (see
flowchart in Fig. 1).
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Patient follow-up and clinical outcomes The composite
primary endpoint combined tracheal intubation for mechani-
cal ventilation and death within 7 days of admission.
Secondary outcomes included death on day 7, tracheal
intubation on day 7, admission to ICUs and discharge
on day 7. Participants discharged before day 7 were
systematically contacted to check for the non-
occurrence of these events on day 7.

Data collection Data collection was performed by clinical
research associates and physicians in participating centres.
They were instructed to systematically review the medical
files of all COVID-19 inpatients, select those with diabetes,
extract data from their medical files and, if needed, contact the
patient’s general and/or specialist practitioners, regular phar-
macist or biomedical laboratory. Collected data included clin-
ical data (age, sex, ethnicity, BMI), classification of diabetes
as noted in the medical file by the physician in charge of the
patient, duration of diabetes, recent glycaemic control (i.e. two
most recent HbA1c levels determined before admission),
microvascular and macrovascular complications and comor-
bidities. HbA1c considered in the analysis was determined
locally in the 7 days following admission or, if not available,

was the result of a routine determination in the previous
6 months. Microvascular complications were defined as
severe diabetic retinopathy (proliferative retinopathy and/or
laser photocoagulation and/or clinically significant macular
oedema requiring laser and/or intra-vitreal injections) and/or
diabetic kidney disease (proteinuria [AER ≥300 mg/24 h;
urinary albumin/creatinine ratio ≥300 mg/g; urinary
albumin/creatinine ratio ≥30 mg/mmol creatinine; proteinuria
≥500 mg/24 h] and/or eGFR equal to or lower than
60 ml min−1 [1.73 m]−2, using the Chronic Kidney Disease
Epidemiology Collaboration [CKD-EPI] formula) and/or
history of diabetic foot ulcer. Macrovascular complications
were defined as ischaemic heart disease (acute coronary
syndrome and/or coronary artery revascularisation) and/or
cerebrovascular disease (stroke and/or transient ischaemic
attack) and/or peripheral artery disease (amputation owing to
ischaemic disease and/or lower limb artery revascularisation).
In addition, COVID-19-related clinical, radiological and
biological characteristics were collected at admission as well
as their clinical evolution during the hospital stay.

Statistical analysis Quantitative data were expressed as mean
± SD or median [25th –75th percentile]. Categorical variables

1521 people screened with diabetes 
admitted to hospital for COVID-19 

10–31 March 2020 

Total of 1490 patients reviewed for 
availability of the main outcome

Admitted to ICU (n=410; 31.1%)
- 267 tracheal intubations (65.1%)

25 deaths (9.4%)
242 alive on day 7 (90.6%)

• 224 still in ICU on day 7
• 18 discharged from ICU on day 7 including 

2 hospital discharges
- 143 without tracheal intubations (34.9%)

15 deaths (10.5%)
128 alive on day 7 (89.5%)

• 73 still in ICU on day 7
• 55 discharged from ICU on day 7 including 

8 hospital discharges

31 patients (2.0%) ruled out for not meeting inclusion 
criteria:a

- 7 without COVID-19
- 10 without diabetes mellitus
- 5 with legal protection
- 10 database duplicates
- 1 opposition

Total of 1317 patients analysed
- 382 primary outcome (29.0%)

267 tracheal intubations (20.3%)
140 deaths (10.6%)

- 237 alive and discharged on day 7 (18.0%)

173 patients (11.6%) without information regarding 
the main outcome

Not admitted to ICU (n=907; 68.9%)
100 deaths (11.0%)
580 still hospitalised on day 7 (63.9%)
227 alive and discharged on day 7 (25.0%)

Fig. 1 Study flowchart. aTwo patients ruled out for not meeting inclusion criteria were in two categories
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Table 1 Clinical characteristics prior to admission of CORONADO participants, according to primary outcome (tracheal intubation and/or death
within 7 days of admission), and death on day 7

Clinical features Number of people
with available data

All Primary outcome (n = 382)
OR (95% CI)

Death (n = 140)
OR (95% CI)

Sex (female/male) 1317 462/1317 (35.1) 0.77 (0.60, 0.99) 0.80 (0.55, 1.17)

Age (years)a 1317 69.8 ± 13.0 1.00 (0.99, 1.01) 1.09 (1.07, 1.11)

Age class (years) 1317

<55 159/1317 (12.1) 1 1

55–64 266/1317 (20.2) 0.58 (0.38, 0.90) 1.00 (0.23, 4.23)

65–74 394/1317 (29.9) 0.89 (0.60, 1.31) 3.22 (0.95, 10.1)

≥75 498/1317 (37.8) 0.85 (0.58, 1.24) 14.6 (4.56, 46.6)

Type of diabetes 1317

Type 2 1166/1317 (88.5) 1 1

Type 1 39/1317 (3.0) 0.73 (0.35, 1.56) 0.44 (0.11, 1.86)

Other 71/1317 (5.4) 1.33 (0.80, 2.20) 1.50 (0.77, 2.93)

Diagnosed on admission 41/1317 (3.1) 0.79 (0.38, 1.63) –

Ethnicity 1035

EU 641/1035 (61.9) 1 1

MENA 196/1035 (18.9) 0.98 (0.69, 1.40) 0.87 (0.52, 1.47)

AC 174/1035 (16.8) 0.96 (0.66, 1.40) 0.78 (0.44, 1.37)

AS 24/1035 (2.3) 1.51 (0.65, 3.52) –

BMI (kg/m2)a 1117 28.4 [25.0–32.7] 1.25 (1.09, 1.42) 0.95 (0.78, 1.16)

BMI class 1117

<25 kg/m2 279/1117 (25) 1 1

25–29.9 kg/m2 410/1117 (36.7) 1.33 (0.93, 1.89) 0.70 (0.42, 1.16)

30–39.9 kg/m2 359/1117 (32.1) 1.71 (1.20, 2.43) 0.76 (0.45, 1.27)

≥40 kg/m2 69/1117 (6.2) 1.28 (0.70, 2.32) 0.74 (0.29, 1.84)

Diabetes duration (years) 772 13.6 ± 10.9 1.00 (0.98, 1.01) 1.01 (0.99, 1.04)

HbA1c (mmol/mol)a 846 65.4 ± 21.2 0.99 (0.99, 1.00) 1.00 (0.99, 1.02)

HbA1c (%)a 846 8.1 ± 1.9 0.94 (0.86, 1.03) 1.02 (0.87, 1.19)

HbA1c (categories) 846

<53 mmol/mol (7%) 245/846 (29.0) 1 1

53–63 mmol/mol (7–7.9%) 228/846 (27.0) 0.84 (0.55, 1.27) 1.55 (0.82, 2.93)

64–74 mmol/mol (8–8.9%) 164/846 (19.4) 0.92 (0.59, 1.45) 1.09 (0.52, 2.28)

≥75 mmol/mol (9%) 209/846 (24.7) 0.78 (0.51, 1.21) 0.84 (0.40, 1.75)

Hypertension 1299 1003/1299 (77.2) 1.23 (0.92, 1.65) 1.82 (1.11, 2.98)

Dyslipidaemia 1255 640/1255 (51.0) 1.07 (0.84, 1.37) 1.21 (0.84, 1.74)

Tobacco use 1029

Never 582/1029 (56.6) 1 1

Former 390/1029 (37.9) 1.21 (0.91, 1.61) 1.00 (0.64, 1.57)

Current 57/1029 (5.5) 1.54 (0.87, 2.74) 1.20 (0.49, 2.93)

Long, term diabetes complications

Microvascular complications 883 413/883 (46.8) 1.28 (0.94, 1.73) 5.25 (3.03, 9.10)

Severe diabetic retinopathy 954 66/954 (6.9) 1.22 (0.71, 2.11) 2.05 (1.03, 4.07)

Diabetic kidney disease 1066 355/1066 (33.3) 1.03 (0.78, 1.37) 3.19 (2.09, 4.87)

History of diabetic foot ulcer 1232 76/1232 (6.2) 0.67 (0.38, 1.18) 1.53 (0.79, 2.99)

Macrovascular complications 1189 485/1189 (40.8) 1.18 (0.91, 1.52) 3.58 (2.41, 5.31)

Ischaemic heart disease (ACS/CAR) 1251 336/1251 (26.9) 1.04 (0.79, 1.37) 2.65 (1.84, 3.82)

Cerebrovascular disease (stroke or TIA) 1267 163/1267 (12.9) 1.02 (0.71, 1.47) 2.19 (1.4, 3.42)

Peripheral artery disease (major amputation/LLAR) 1285 145/1285 (11.3) 0.91 (0.61, 1.34) 1.97 (1.23, 3.17)
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were given as number (percentage) of participants. As
prespecified in the protocol, the main objective of the study
was descriptive. We calculated that a population size of 300
participants with an attrition of 20% for missing data, and a
percentage of 16% of our main outcome, would give us a 95%
CI equal to 11.7–21.1% using the Clopper–Pearson estimate.

Univariate logistic regression models were used to calcu-
late OR associated with primary outcome or death on day 7.
Natural log transformation was consistently considered in
cases of skewed distribution, which applied to BMI and
biological features.

Age- and sex-adjusted ORs for the primary outcome were
plotted for BMI, HbA1c and admission plasma glucose using
degree 2 fractional polynomial approaches [16].

Multivariable logistic regression models were used to sepa-
rately assess the association of the primary outcome and death
on day 7 with clinical and biological features. A
standardisation process was also applied using z scores for
the purpose of direct comparison. In our initial statistical anal-
ysis plan, four covariates were systematically forced in the
models: age, sex, BMI and HbA1c. However, since HbA1c

did not contribute to the risk of either the primary outcome
or death on day 7, and owing to a significant number of miss-
ing data for HbA1c and BMI, our multivariable models ulti-
mately took only age and sex into account. Other variables
were considered only if associated with the main outcome in
univariate analysis (threshold: two-sided p value ≤0.10) and
selected in the final model after a stepwise backward/forward

Table 1 (continued)

Clinical features Number of people
with available data

All Primary outcome (n = 382)
OR (95% CI)

Death (n = 140)
OR (95% CI)

Comorbidities

Heart failure 1206 140/1206 (11.6) 0.78 (0.52, 1.17) 2.28 (1.42, 3.66)

NAFLD or liver cirrhosis 1107 119/1107 (10.7) 1.23 (0.81, 1.86) 0.70 (0.34, 1.41)

Active cancer 1282 194/1282 (15.1) 1.08 (0.77, 1.50) 1.55 (0.99, 2.42)

COPD 1278 133/1278 (10.4) 0.96 (0.64, 1.43) 1.36 (0.80, 2.32)

Treated OSA 1189 144/1189 (12.1) 1.44 (0.99, 2.08) 1.81 (1.12, 2.93)

Organ graft 1302 38/1302 (2.9) 1.14 (0.57, 2.28) 0.46 (0.11, 1.93)

End stage renal failure 831 60/831 (7.2) 0.66 (0.35, 1.27) 0.62 (0.24, 1.60)

Routine treatment before admission

Metformin 1317 746/1317 (56.6) 0.95 (0.75, 1.21) 0.59 (0.42, 0.84)

Sulfonylurea/glinides 1317 367/1317 (27.9) 1.03 (0.79, 1.34) 0.74 (0.49, 1.13)

DPP-4 inhibitors 1317 285/1317 (21.6) 1.01 (0.75, 1.34) 0.85 (0.55, 1.32)

GLP1-RA 1317 123/1317 (9.3) 1.36 (0.92, 2.01) 0.64 (0.32, 1.29)

Insulin 1317 504/1317 (38.3) 1.01 (0.79, 1.29) 1.71 (1.20, 2.43)

Loop diuretics 1317 252/1317 (19.1) 1.10 (0.81, 1.48) 2.49 (1.70, 3.64)

Thiazide diuretics 1317 267/1317 (20.3) 1.08 (0.81, 1.45) 0.98 (0.63, 1.52)

Potassium-sparing diuretics 1317 59/1317 (4.5) 1.17 (0.67, 2.05) 1.77 (0.88, 3.58)

MRA 1317 53/1317 (4.0) 0.96 (0.52, 1.78) 2.03 (1.00, 4.13)

β-blockers 1317 442/1317 (33.6) 1.03 (0.80, 1.32) 1.84 (1.29, 2.62)

ACE inhibitors 1317 354/1317 (26.9) 1.17 (0.90, 1.52) 1.43 (0.99, 2.08)

ARBs 1317 389/1317 (29.5) 1.22 (0.94, 1.57) 1.15 (0.79, 1.67)

ARBs and/or ACE inhibitors 1317 737/1317 (56.0) 1.32 (1.03, 1.68) 1.58 (1.09, 2.28)

ARBs and/or ACE inhibitors and/or MRA 1317 752/1317 (57.1) 1.29 (1.01, 1.65) 1.67 (1.15, 2.43)

Statins 1317 627/1317 (47.6) 1.03 (0.81, 1.31) 1.19 (0.84, 1.68)

Data are presented as numbers (%) and mean ± SD, or median [25th–75th percentile] if not normally distributed
a For quantitative variables, OR corresponds to an increase of 1 SD. Only BMI was natural log transformed before OR calculation

Ethnicity: EU (Europid), MENA (Middle East North Africa); AC (African or Caribbean), AS (Asian)

HBA1c corresponds to the HBA1c value determined in the 6 months prior to or in the first 7 days following hospital admission

Diabetic kidney disease defined as eGFR ≤60 ml min−1 [1.73 m]−2 and/or proteinuria

MRAs include spironolactone and eplerenone

ACS, acute coronary syndrome; CAR, coronary artery revascularisation; COPD, chronic obstructive pulmonary disease; GLP1-RA, glucagon-like
peptide 1-receptor agonist; LLAR, lower limb artery revascularisation; NAFLD, non-alcoholic fatty liver disease; TIA, transient ischaemic attack
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selection process. In the event of obvious collinearity (such as
alanine aminotransferase [ALT] with aspartate aminotransfer-
ase [AST], or white cell count with lymphocyte count), only
the variable associated with the smaller p value was consid-
ered for multivariable analysis. In the final model, interactions
were checked between all pairs of covariates.

We built two distinct multivariable models both sepa-
rately for the main outcome and for the risk of death: (1)
the first included covariates related to patient history prior
to admission (chronic diabetes complications and other

comorbidities) and routine medications; (2) the second
included covariates related to medical presentation on
admission, such as COVID-19 symptoms and biological
determinations. This corresponds to the situation of a
physician in an emergency room or department, assessing
the prognosis of his/her patient.

All statistical tests were two-sided with a type 1 error set at
5%. All analyses were performed on available data, without
imputation, and using statistical software R version 3.6.2
(https://cran.r-project.org/bin/windows/base/old/3.6.2/).

Table 2 COVID-19-related clinical, radiological and biological characteristics on admission in CORONADO participants, according to primary
outcome (tracheal intubation and/or death within 7 days of admission), and death on day 7

Characteristic Number of people
with available data

All Primary outcome
(n = 382)
OR (95% CI)

Death (n = 140)
OR (95% CI)

COVID-19 symptoms 1313 1237/1313 (94.2) 3.20 (1.58, 6.49) 2.21 (0.79, 6.13)

Time between symptom onset and hospital admission (days) 1302 5 [2–8] 1.01 (0.99, 1.03) 0.96 (0.92, 0.99)

Clinical presentation

Fever 1288 1003/1288 (77.9) 1.07 (0.80, 1.44) 0.73 (0.49, 1.10)

Fatigue 1239 773/1239 (62.4) 1.15 (0.89, 1.49) 1.13 (0.77, 1.65)

Cough 1270 872/1270 (68.7) 0.99 (0.76, 1.29) 0.87 (0.59, 1.28)

Cephalalgia 1193 157/1193 (13.2) 0.85 (0.58, 1.25) 0.44 (0.21, 0.92)

Dyspnoea 1292 798/1292 (61.8) 2.56 (1.95, 3.36) 2.29 (1.51, 3.47)

Rhinitis and/or pharyngeal symptoms 1178 111/1178 (9.4) 0.78 (0.49, 1.23) 0.39 (0.16, 0.99)

Ageusia and/or anosmia 1073 136/1073 (12.7) 0.73 (0.47, 1.12) 0.34 (0.14, 0.85)

Digestive disorders 1236 427/1236 (34.5) 0.83 (0.64, 1.08) 0.88 (0.60, 1.30)

Chest CT imaging

Abnormal chest CT 896 844/896 (94.2) 1.16 (0.61, 2.21) –

Ground-glass opacity/crazy paving 818 736/818 (90.0) 1.83 (1.02, 3.28) 1.70 (0.66, 4.32)

Biological findings

Positive SARS-CoV-2 PCR 1268 1227/1268 (96.8) 2.44 (1.02, 5.85) 1.54 (0.47, 5.06)

Admission plasma glucose (mmol/l)a 940 9.20 [6.80–12.62] 1.28 (1.12, 1.48) 1.20 (0.98, 1.46)

Plasma creatinine (μmol/l)a 1196 91 [69–133] 1.24 (1.10, 1.40) 1.56 (1.33, 1.82)

eGFR (ml min−1 [1.73 m]−2)a 1196 69 [41.7–89.5] 0.82 (0.73, 0.93) 0.61 (0.52, 0.71)

ALT (%ULN)a 1068 0.62 [0.41–0.99] 1.25 (1.10, 1.42) 0.84 (0.67, 1.06)

AST (%ULN)a 1053 1.05 [0.75–1.51] 1.78 (1.54, 2.06) 1.34 (1.14, 1.59)

GGT (%ULN)a 983 0.94 [0.56–1.73] 1.25 (1.10, 1.43) 0.97 (0.78, 1.20)

Haemoglobin (g/l)a 1276 129 [114–143] 0.95 (0.84, 1.07) 0.96 (0.81, 1.14)

White cell count (103/mm3)a 1269 6440 [4930–8610] 1.27 (1.12, 1.44) 1.43 (1.19, 1.70)

Lymphocyte count (103/mm3)a 1211 990 [685–1400] 0.69 (0.60, 0.80) 0.75 (0.60, 0.92)

Platelet count (103/mm3)a 1273 193 [151–246] 0.86 (0.76, 0.97) 0.86 (0.73, 1.02)

D-dimers (μg/l)a 397 830 [350–1571] 0.93 (0.76, 1.15) 1.25 (0.84, 1.86)

CRP (mg/l)a 1208 77.8 [38.4–132.7] 1.99 (1.69, 2.34) 1.49 (1.20, 1.84)

LDH (UI/l)a 566 351 [268–496] 2.43 (1.85, 3.18) 1.62 (1.10, 2.39)

CPK (UI/l)a 549 145 [72–319] 1.56 (1.30, 1.88) 1.68 (1.31, 2.17)

Fibrinogen (g/l)a 658 6.0 [4.8–7.2] 1.32 (1.09, 1.58) 1.05 (0.84, 1.31)

Data are presented as numbers (%) or median [25th–75th percentile] if not normally distributed
a All biological quantitative variables were natural log transformed. OR corresponds to an increase of 1 SD

eGFR was calculated according to the CKD-EPI formula

GGT, γ-glutamyl transferase; LDH, lactate dehydrogenase; ULN, upper limit of normal
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Results

Population and clinical outcomes The present analysis
focused on 1317 participants with diabetes and confirmed
COVID-19 admitted to 53 French hospitals during the period
10–31 March 2020.

A total of 382 patients (29.0%; 95% CI 26.6, 31.5) met
the primary outcome. Overall, 410 patients (31.1%; 95%
CI 28.6, 33.7) were admitted to ICUs within 7 days of
hospital admission, including 267 individuals who
required tracheal intubation for mechanical ventilation
(20.3%; 95% CI 18.1, 22.5). One hundred and forty
deaths (10.6%; 95% CI 9.0, 12.4) were recorded on day
7. In contrast, 237 participants (18.0%; 95% CI 16.0,
20.2) were discharged on day 7 (see flowchart in Fig. 1).

Demographic and diabetes-related characteristics The clini-
cal characteristics of the whole population are shown in
Table 1. Mean (± SD) age was 69.8 ± 13.0 years and 64.9%
were men. The classification of diabetes cases mainly includ-
ed type 2 diabetes (88.5%), and less frequently type 1 diabetes
(3.0%) or other aetiologies (5.4%). In addition, 3.1% of the
participants were newly diagnosed with diabetes on admission
(HbA1c ≥48 mmol/mol [6.5%]). The median BMI was 28.4
(25th–75th percentile 25.0–32.7) kg/m2. The mean HbA1c

value was 65 ± 21 mmol/mol (8.1 ± 1.9%). A medical history
of hypertension and dyslipidaemia were found in 77.2% and
51.0% of the participants, respectively. Microvascular and
macrovascular complications were reported in 46.8% and
40.8% of individuals, respectively. Regarding routine
glucose-lowering medications, 38.3% of the participants were
on insulin therapy while 56.6% received metformin and
21.6% dipeptidyl peptidase 4 (DPP-4) inhibitors. Moreover,
treatment with renin–angiotensin–aldosterone system
(RAAS) blockers (ACE inhibitors and/or angiotensin II recep-
tor blockers [ARBs] and/or mineralocorticoid-receptor antag-
onists [MRAs]) and statins was used by 57.1% and 47.6% of
the participants, respectively.

Characteristics of COVID-19 on admission Characteristics of
COVID-19 on admission are provided in Table 2. The
median duration of symptoms before admission was 5 days
(25th–75th percentile, 2–8 days). As expected, the most
common signs were fever (77.9%), cough (68.7%), fatigue
(62.4%), dyspnoea (61.8%) and digestive disorders
(34.5%). SARS-CoV-2 PCR testing was performed in
1268 participants, with a positive result in 96.8%.
Thoracic CT imaging demonstrated typical ground-glass
opacity and/or crazy paving in 818 individuals (90.0%).
Biological findings were consistent with obvious infection
as illustrated by a median C-reactive protein (CRP) at 77.8
(38.4–132.7) mg/l. Median plasma glucose at admission
was 9.20 (6.80–12.62) mmol/l.

Of interest, diabetes-related disorders were reported in
11.1% of the participants on admission with 132 episodes of
severe hyperglycaemia, including 40 of ketosis, of which 19
were ketoacidosis, as well as 14 hypoglycaemic events, while
severe anorexia was reported in 83 participants (6.3%).

Factors prior to admission associated with study outcomes In
univariate analysis considering the primary outcome, male sex
was more frequent (69.1% vs 63.2%, p = 0.0420) and BMI
was significantly higher (median 29.1 [25.9–33.6] vs 28.1
[24.8–32.0] kg/m2, p = 0.0009) in patients who met the prima-
ry outcome compared with the others, as was the use of RAAS
blockers (61.5% vs 55.3%, p = 0.0386) (Table 1 and electron-
ic supplementary material [ESM] Table 1).

Furthermore, several characteristics prior to admission
were associated with the risk of death on day 7 including
age, hypertension, micro- and macrovascular diabetic compli-
cations and comorbidities such as heart failure or treated
obstructive sleep apnoea (OSA). Among prior medications,
metformin use was lower in people who died. In contrast,
insulin therapy, RAAS blockers, β-blockers, loop diuretics
and MRAs were found to be associated with death on day 7
(Table 1 and ESM Table 1).

When using age- and sex-adjusted nonlinear models, BMI
was significantly and positively associated with the primary
outcome (p = 0.0001) but not with death on day 7 (p = 0.1488)
(Fig. 2). In contrast, HbA1c level was neither associated with
the primary outcome nor with death on day 7.

Multivariable analyses were then conducted with charac-
teristics prior to admission. BMI remained associated with the
primary outcome in a model where sex and age were forced
into models. When comorbidities and routine treatment were
entered in an adjusted model with stepwise selection, BMI
was the only independent factor associated with the primary
outcome, with an adjusted OR of 1.28 (95% CI 1.10, 1.47)
(Table 3). Finally, age, history of microvascular or
macrovascular complications, and treated OSA were found
to be independently associated with the risk of death on day
7 (Table 4). A sensitivity analysis conducted only in patients
with a positive SARS-CoV-2 PCR test found similar results
for both the primary outcome and death (data not shown).

Factors on admission associated with study outcomes
Regarding COVID-19 symptoms on admission, dyspnoea
was positively associated with the primary outcome
and with death on day 7, whereas cephalalgia, upper
respiratory tract symptoms (rhinitis and/or pharyngeal
symptoms), and ageusia/anosmia, as well as time
between symptom onset and admission, were negatively
associated with death on day 7 (Table 2 and ESM
Table 2). Several biological parameters reflecting the
severity of the infection were also associated with both
primary outcome and death on day 7, such as CRP,
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creatine phosphokinase (CPK) and lymphopaenia.
Reduced kidney function, assessed by admission
eGFR, and increased plasma AST level, was associated
with both outcomes (Table 2 and ESM Table 2). In age-

and sex-adjusted nonlinear models, admission plasma
glucose was significantly and positively associated with
the primary outcome (p = 0.0001) and with death on day
7 (p = 0.0059) (Fig. 2).

Fig. 2 Sex- and age-adjusted ORs for the main outcome and for death,
using logistic regression models with degree 2 multiple fractional poly-
nomials. (a, b) OR for BMI for the primary outcome (a; p = 0.0001) and
for death (b; p = 0.1488) on day 7 (reference value 20 kg/m2; n = 1117).
(c, d) OR for HbA1c for the primary outcome (c; p = 0.2897) and for death
(d; p = 0.9129) on day 7 (reference value 42 mmol/mol; n = 846). (e, f)

OR for admission plasma glucose for the primary outcome (e; p = 0.0001)
and for death (f; p = 0.0059) on day 7 (reference value 5.55 mmol/l; n =
940). The thick black line gives the OR compared with the reference
point, the thin grey lines are the 95% CI, and the red dotted red line
(OR = 1) corresponds to a similar risk-level as the reference point

Table 3 Multivariable analysis of the primary outcome in CORONADO participants: covariables prior to admission

Model ‘prior to admission’:
fully adjusted

Model ‘prior to admission’:
stepwise selection with age and sex forced

Patient characteristics OR (95% CI) p value OR (95% CI) p value

Age (+1 SD) 1.05 (0.90, 1.21) 0.5495 1.06 (0.92, 1.22) 0.4448

Sex (female/male) 0.76 (0.57, 1.03) 0.0777 0.75 (0.56, 1.01) 0.0559

BMI (+1 SD) 1.24 (1.06, 1.44) 0.0064 1.28 (1.10, 1.47) 0.0010

Treated OSA 1.15 (0.76, 1.73) 0.5036 – –

ARBs and/or ACE inhibitors and/or MRAs 1.15 (0.86, 1.54) 0.3493 – –

Models were applied in 1020 participants yielding 281 primary outcomes (27.5%)

BMI was natural log transformed. For quantitative variables, OR corresponds to an increase of 1 SD after standardisation

MRAs include spironolactone and eplerenone
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The prognostic value of characteristics on admission was
finally investigated in multivariable models (Table 5). Among
clinical symptoms, dyspnoea was the only predictor of the
primary outcome. Regarding biological parameters,
lymphopaenia on admission was independently associated
with the primary outcome, as were increased AST and CRP

concentrations. Dyspnoea and plasma levels of both AST and
CRP were also independently associated with the risk of death
on day 7, as well as decrease in platelet count and eGFR
(Table 6). Once again, similar results were obtained for both
the primary outcome and death on day 7 when considering
only the patients with a positive PCR test (data not shown).

Table 4 Multivariable analysis of
the risk of death on day 7 in
CORONADO participants:
covariables prior to admission

Model ‘prior to admission’:

fully adjusted

Model ‘prior to admission’:

stepwise selection with age and
sex forced

Patient characteristics OR (95% CI) p value OR (95% CI) p value

Age (+1 SD) 2.39 (1.67, 3.42) <0.0001 2.48 (1.74, 3.53) <0.0001

Sex (female/male) 0.78 (0.43, 1.40) 0.4023 0.78 (0.44, 1.38) 0.4007

Hypertension 0.76 (0.34, 1.70) 0.5087 – –

Microvascular complications 1.78 (0.92, 3.44) 0.0846 2.14 (1.16, 3.94) 0.0153

Macrovascular complications 2.26 (1.25, 4.08) 0.0069 2.54 (1.44, 4.50) 0.0013

Heart failure 1.08 (0.54, 2.15) 0.8249 – –

Active cancer 1.45 (0.77, 2.73) 0.2458 – –

Treated OSA 2.65 (1.36, 5.19) 0.0044 2.80 (1.46, 5.38) 0.0020

β-Blockers 1.19 (0.69, 2.06) 0.5321 – –

Metformin 0.80 (0.45, 1.43) 0.4532 – –

Insulin 1.26 (0.72, 2.22) 0.4130 – –

Loop diuretics 1.39 (0.76, 2.55) 0.2806 – –

ARBs and/or ACE inhibitors and/or MRAs 1.22 (0.68, 2.20) 0.5069 – –

Models were applied to 758 participants yielding 74 deaths (9.8%)

The OR for age corresponds to an increase of 1 SD after standardisation

MRAs include spironolactone and eplerenone

Table 5 Multivariable analysis of
the primary outcome in
CORONADO participants:
covariables on admission

Model ‘on admission’:

fully adjusted

Model ‘on admission’:

stepwise selection with age and sex
forced

Patient characteristics OR (95% CI) p value OR (95% CI) p value

Age (+1 SD) 0.98 (0.77, 1.25) 0.8569 1.02 (0.81, 1.28) 0.8981

Sex (female/male) 1.46 (0.88, 2.41) 0.1410 1.44 (0.89, 2.32) 0.1417

BMI (+1 SD) 1.13 (0.89, 1.43) 0.3297 – –

Dyspnoea 2.17 (1.34, 3.50) 0.0015 2.10 (1.31, 3.35) 0.0020

Admission plasma glucose (+1 SD) 1.14 (0.92, 1.42) 0.2391 – –

eGFR (+1 SD) 0.81 (0.64, 1.01) 0.0643 – –

AST (+1 SD) 2.19 (1.65, 2.90) <0.0001 2.23 (1.70, 2.93) <0.0001

Lymphocyte count (+1 SD) 0.70 (0.53, 0.94) 0.0161 0.67 (0.50, 0.88) 0.0050

Platelet count (+1 SD) 0.80 (0.63, 1.01) 0.0623 – –

CRP (+1 SD) 2.00 (1.47, 2.73) <0.0001 1.93 (1.43, 2.59) <0.0001

Models were applied to 619 participants yielding 177 primary outcomes (28.6%)

For quantitative variables, OR corresponds to an increase of 1 SD after natural log transformation and
standardisation, except for age, which was not natural log transformed

eGFR was calculated according to the CKD-EPI formula
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Discussion

CORONADO is the first study specifically dedicated to
people with diabetes infected with SARS-CoV-2 and admitted
to hospital. CORONADOwas designed to address three main
goals: (1) assess the phenotypic characteristics of patients with
diabetes hospitalised for COVID-19; (2) estimate the preva-
lence of the primary outcome, which combines death and
tracheal intubation for mechanical ventilation within the first
7 days following admission; (3) identify in this specific popu-
lation certain prognostic factors associated with early severity
of COVID-19. When considering variables prior to admis-
sion, our results support no independent association between
a severe course of COVID-19 and age, sex, long-term glucose
control, chronic complications, hypertension or usual medica-
tions, including RAAS blockers and DPP-4 inhibitors. Only
BMI turned out to be independently associated with the
primary outcome. When considering variables on admission,
dyspnoea, lymphopaenia, and increased AST and CRP levels
were independent prognostic factors for severe course of
COVID-19.

To our knowledge, CORONADO is the first study that
provides precise information regarding the characteristics of
diabetes in the severe forms of COVID-19. The study popu-
lation roughly resembles the French population of people
living with diabetes, except for HbA1c, which was clearly
higher in our study (65 mmol/mol [8.1%]) compared with
the nationwide ENTRED-2 survey participants older than

65 years (54 mmol/mol [7.1%]) [17]. Of note, there was no
overrepresentation of declared type 1 diabetes (only 3.0% of
participants) in people with diabetes hospitalised for COVID-
19.

The primary outcome occurred in 29.0% of CORONADO
participants. While the design of the present study did not
enable comparison of the severity of COVID-19 in people
with or without diabetes, 20.3% of the study population
required tracheal intubation for mechanical ventilation with a
mortality rate of 10.6% as early as 7 days after admission. The
severity of the prognosis of COVID-19 observed in people
with diabetes in the present study is in accordance with previ-
ous epidemiological studies [10–13, 18, 19], and meta-
analyses [14, 20]. An important issue is the choice of our
primary endpoint, which combines death (an unequivocal
outcome) with tracheal intubation for mechanical ventilation.
It should be emphasised that the latter outcome can result from
different factors, which were impossible to standardise in all
centres, such as (1) clinical deterioration, (2) refusal to be
intubated, or (3) futility (i.e. a medical decision not to intu-
bate), leading to potentially fewer patients actually intubated
compared with those meeting intubation criteria.

Regarding the clinical characteristics of COVID-19 in
CORONADO participants, there was a high prevalence of
fever and respiratory symptoms (cough, dyspnoea) and, to a
lesser extent, digestive disorders. In addition to symptoms
directly related to COVID-19, people with diabetes can also
require management of acute metabolic disorders. In

Table 6 Multivariable analysis of
the risk of death on day 7 in
CORONADO participants:
covariables on admission

Model ‘clinical and
biological’:

fully adjusted

Model ‘clinical and biological’:

stepwise selection with age and
sex forced

Patient characteristics OR (95% CI) p value OR (95% CI) p value

Age (+1 SD) 4.28 (2.64, 6.94) <0.0001 4.12 (2.59, 6.55) <0.0001

Sex (female/male) 0.92 (0.44, 1.92) 0.8237 1.02 (0.50, 2.09) 0.9523

Cephalalgia 1.55 (0.43, 5.58) 0.5029 – –

Dyspnoea 2.73 (1.30, 5.73) 0.0079 2.80 (1.37, 5.72) 0.0049

Rhinitis and/or pharyngeal signs 0.46 (0.11, 1.96) 0.2957 – –

Ageusia and/or anosmia 1.31 (0.43, 4.01) 0.6403 – –

Admission plasma glucose (log, +1 SD) 1.30 (0.94, 1.82) 0.1148 – –

eGFR (log, +1 SD) 0.51 (0.37, 0.69) <0.0001 0.51 (0.38, 0.69) <0.0001

AST (log, +1 SD) 1.93 (1.38, 2.71) 0.0001 1.85 (1.33, 2.56) 0.0003

White cell count (log, +1 SD) 1.29 (0.86, 1.92) 0.2126 – –

Platelet count (log, +1 SD) 0.66 (0.47, 0.92) 0.0144 0.71 (0.53, 0.97) 0.0292

CRP (log, +1 SD) 1.70 (1.09, 2.66) 0.0202 1.87 (1.20, 2.89) 0.0052

Models were applied to 612 participants yielding 59 primary outcomes (9.6%)

For quantitative variables, OR corresponds to an increase of 1 SD after natural log transformation and
standardisation, except for age, which was also standardised but not natural log transformed

eGFR was calculated according to the CKD-EPI formula
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particular, physicians should be warned not only of the risk of
ketoacidosis but also of hypoglycaemia, probably favoured by
COVID-19-induced anorexia without concomitant adaptation
of glucose-lowering drugs.

With the aim of providing clinicians with criteria to evalu-
ate the risk of severe COVID-19 on an individual level in
people with diabetes, we performed multivariable analyses
to identify pre-admission and on-admission prognostic
factors. Since some preclinical studies previously highlighted
potential mechanistic links between glucose control, immune
response and MERS-CoV infection [21], we were particularly
interested in studying the relationship between long-term
glucose control and COVID-19 prognosis. In fact, we failed
to find any association between HbA1c (even with the highest
values, >75 mmol/mol [9.0%]) and either the primary
outcome or death on day 7. On the basis of this result and in
order to increase the sample size for our analyses, we decided
not to force HbA1c in the multivariate models.

An interesting finding is the association of BMI with study
outcomes. Indeed, in our study, BMI was positively and inde-
pendently associated with the primary outcome, which is
largely driven by tracheal intubation. Interestingly, a recent
report on COVID-19 patients in ICU showed an association
between BMI and the requirement for mechanical ventilation,
irrespective of diabetic status [22]. However, such an associ-
ation with BMI was no longer statistically significant when
considering death on day 7. It should also be noted that the
increased risk for the primary outcome appears to be less
pronounced in patients with morbid obesity (grade 3, BMI
≥40 kg/m2) compared with those who were overweight or
with grade 1–2 obesity, a situation previously described as
the ‘obesity paradox’ in ICUs [23]. Additional studies are
clearly warranted to decipher the link between obesity, meta-
bolic complications and COVID-19 severity with specific
attention to fat mass distribution, insulin resistance and
inflammatory/immune profiles.

While hypertension was previously reported as the most
prevalent comorbidity in the general population with severe
COVID-19 [2, 9, 12], it was not independently associated
with the severity of the disease in the study. In addition,
RAAS blockers (ACE inhibitors, ARBs and MRAs) were
not independently associated with the main outcome,
supporting the recent recommendation not to discontinue
RAAS blockade [24]. Moreover, we found no association
between glucose-lowering drugs, including DPP-4 inhibitors,
that have been suggested to potentially interfere with corona-
virus infection and COVID-19 prognosis [21, 25].

Our complementary multivariable approach was suitable
for the identification of characteristics on admission associat-
ed with COVID-19 prognosis, of particular relevance for the
management of people with diabetes in the setting of an emer-
gency room. Notably, we found an age- and sex-independent
association between increased admission plasma glucose

levels and the severity of COVID-19, as previously reported
in critically ill patients [26]. However, we speculate that this
observation is rather the consequence of the severity of the
infection than a causal primary factor.

Another important result concerns the identification of the
prognostic factors of early death in people with diabetes and
COVID-19. Compared with the primary outcome, which
reflects aggressive management in ICUs with tracheal intuba-
tion, death on day 7 was more prevalent in elderly participants
with an OR >14 for people older than 75 years, compared with
younger individuals. In addition, these individuals also very
frequently exhibited complications of diabetes (microvascular
and macrovascular complications, mainly coronary heart
disease) as well as pulmonary diseases (such as OSA). As
expected, they were also more frequently on insulin therapy
and taking multiple drugs (such as diuretics). Conversely,
metformin use was associated with a reduced risk of early
death, probably reflecting a less advanced stage of diabetes
with fewer comorbidities (such as severe chronic kidney
disease) that contraindicate its use. In multivariable analyses,
age, diabetic complications and treated OSA remained signif-
icantly and independently associated with death on day 7. In
addition, dyspnoea, reduced eGFR and platelet count, and
increased AST and CRP on admission were independent
markers of early death.

The discrepancy between the primary combined outcome
(mainly driven by tracheal intubation) and death on day 7
could be explained by the fact that there were medical deci-
sions not to pursue aggressive therapy in this frail population.
In contrast, our data can be considered reassuring for the
majority of people living with type 1 diabetes. Indeed, there
was no death in participants with type 1 diabetes younger than
65 years. Additional data collection is currently ongoing to
provide a precise picture of the rare individuals with type 1
diabetes hospitalised for COVID-19.

Some limitations must be acknowledged in the current
analysis. We focused on hospitalised COVID-19 cases and
our results cannot be generalised to all people with COVID-
19 and diabetes, especially those with a less severe form of the
disease. A secondary limitation is the size of our study popu-
lation and the large proportion (i.e. 35.7%) of patients without
available HbA1c. This is in accordance with the observation
that only 55% of the people with diabetes had had three or
more HbA1c determinations in the previous year according to
French national registry data [27]. Finally, the present report
focuses only on short-term prognosis (i.e. 7 days after admis-
sion) and one cannot exclude the possibility that diabetes char-
acteristics prior to admission could be associated with severe
COVID-19 outcomes in the longer term. However, strengths
must be acknowledged such as the originality of the medical
question leading to the CORONADO initiative and the inclu-
sion of participants on a national basis. In addition, a large
majority (>93%) of COVID-19 cases were confirmed with a
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positive PCR test, with few cases diagnosed from medical
and/or radiological observations only. We also structured data
collection in order to obtain a precise and standardised record-
ing of phenotypic characteristics of the diabetic study
population.

In conclusion, the CORONADO study refined the pheno-
types of COVID-19 individuals with diabetes admitted to
hospital and showed that chronic glycaemic control did not
impact the immediate severity of COVID-19. Elderly popula-
tions with long-term diabetes with advanced diabetic compli-
cations and/or treated OSA were particularly at risk of early
death, and might require specific management to avoid
contamination with SARS-CoV-2. BMI also appears as an
independent prognostic factor for COVID-19 severity in the
population living with diabetes, requiring hospital admission.
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