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Abstract

Objective: Male sex is one of the determinants of severe coronavirus diseas-e-2019 (COVID-19). We aimed to 
characterize sex differences in severe outcomes in adults with diabetes hospitalized for COVID-19.
Methods: We performed a sex-stratified analysis of clinical and biological features and outcomes (i.e. invasive 
mechanical ventilation (IMV), death, intensive care unit (ICU) admission and home discharge at day 7 (D7) or day 
28 (D28)) in 2380 patients with diabetes hospitalized for COVID-19 and included in the nationwide CORONADO 
observational study (NCT04324736).
Results: The study population was predominantly male (63.5%). After multiple adjustments, female sex was negatively 
associated with the primary outcome (IMV and/or death, OR: 0.66 (0.49–0.88)), death (OR: 0.49 (0.30–0.79)) and ICU 
admission (OR: 0.57 (0.43–0.77)) at D7 but only with ICU admission (OR: 0.58 (0.43–0.77)) at D28. Older age and a 
history of microvascular complications were predictors of death at D28 in both sexes, while chronic obstructive 
pulmonary disease (COPD) was predictive of death in women only. At admission, C-reactive protein (CRP), aspartate 
amino transferase (AST) and estimated glomerular filtration rate (eGFR), according to the CKD-EPI formula predicted 
death in both sexes. Lymphocytopenia was an independent predictor of death in women only, while thrombocytopenia 
and elevated plasma glucose concentration were predictors of death in men only.
Conclusions: In patients with diabetes admitted for COVID-19, female sex was associated with lower incidence of 
early severe outcomes, but did not influence the overall in-hospital mortality, suggesting that diabetes mitigates the 
female protection from COVID-19 severity. Sex-associated biological determinants may be useful to optimize COVID-19 
prevention and management in women and men.

Introduction

Older age and specific comorbidities, such as diabetes, 
have been identified as the main factors associated with 
severe forms of coronavirus disease-2019 (COVID-19) (1, 
2). Male sex was also recognized as a determinant of poor 
prognosis, and the characterization of sex differences in 
COVID-19 clinical presentation and outcomes could thus 
provide important insights to optimize prevention and 
management of the disease in women and men (3).

Sex differences in the course of infectious diseases 
and immune responses have already been described (4). 
As reported in previous coronavirus outbreaks (5, 6), 
sex-stratified analyses of people affected by COVID-19 
in China, Europe and the United States showed a clear 
male predominance in hospitalization rate and intensive 

care unit (ICU) admission and death, while the infection 
rates seem to be equal between men and women (7, 8). 
For instance, 41.9% of the 1099 patients hospitalized for 
COVID-19 were women in one of the first Chinese reports 
(9), and similar trends were observed in different regions of 
the world as summarized by the Global Health 50/50 (10). 
Such a male predominance was also observed regarding ICU 
admissions and the use of invasive mechanical ventilation 
(IMV). Accordingly, in large series of patients admitted 
to ICU in Italy (n = 1591) and in the United Kingdom 
(n = 10 917), men accounted for 82 and 70% of the whole 
population, respectively (11, 12). In a case series including 
463 patients hospitalized for COVID-19 in Detroit (USA), 
male sex was similarly associated with over two-fold 
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increased odds of ICU admission, IMV or mortality (13). 
In the analysis of the OpenSAFELY platform in the United 
Kingdom, identifying 10 926 COVID-19-related deaths 
from primary care records of 17 278 392 adults, mortality 
was independently associated with male sex (HR = 1.59 
(1.53–1.65)) (14).

In a recent analysis of 319 349 people with diabetes 
from the total Scottish population, male sex was also 
associated with a higher risk of severe COVID-19 outcome, 
combining death and admission to critical care unit (15). 
In contrast, observations from the UK Biobank suggest that 
diabetes similarly increased the risk of COVID-19-related 
mortality in women and men (16). Nevertheless, to date, 
sex differences in COVID-19 presentation and outcomes 
have been scarcely investigated in patients with diabetes. 
In the present sex-stratified analysis, we compared the 
clinical and biological features and outcomes in women 
and men included in the CORONADO (CORONAvirus 
SARS-CoV-2 and Diabetes Outcomes) study, a nationwide 
observational study dedicated to patients with diabetes 
hospitalized for COVID-19. We identified sex-specific 
clinical and biological determinants of in-hospital COVID-
19-related mortality.

Methods

Study design and population

The French multicenter nationwide CORONADO study 
(ClinicalTrials.gov NCT04324736) is a retrospective and 
prospective study designed to describe the phenotypic 
characteristics and outcomes of patients with diabetes 
admitted to hospital for COVID-19 between March 10 and 
April 10, 2020. The study was conducted in accordance 
with the declaration of Helsinki and French legislation 
and obtained approvals from the local ethics committee 
(IRB/IEC – GNEDS; Ref.CORONADOV2), the CEREES (n° 
INDS:1544730) and the CNIL (DR-2020-155/920129).

Full study details have been reported previously (17). 
Inclusion criteria were (i) hospitalization in a dedicated 
COVID-19 unit for biologically (SARS-CoV-2 PCR) and/or 
clinically/radiologically attested COVID-19 (i.e. ground-
glass opacity and/or crazy paving on chest CT scan); (ii) 
personal history of diabetes or newly diagnosed diabetes on 
admission (i.e. HbA1c ≥ 6.5% during the 7 days following 
the hospitalization).

Participants with available data for sex, age, BMI and 
main outcomes were considered for analysis. Focusing on 
the relationship between sex and COVID-19 outcomes, 
the present analysis excluded patients receiving treatment 

interfering with sex hormone metabolism or action and 
patients without information on their routine treatment 
(see flow chart, Supplementary Fig. 1, see section on 
supplementary materials given at the end of this article).

This article follows the strengthening the reporting of 
observational studies in epidemiology (STROBE) reporting 
guidelines for cohort studies.

Data collection

The procedure and details of data collection have been 
previously described (17). Briefly, classification and 
duration of diabetes, body weight and height (and/or BMI 
value) were collected as noted in the medical file by the 
physician in charge of the patient. HbA1c considered in 
the analysis was determined locally in the 7 days following 
admission or, if not available, was the result of the last 
routine determination in the previous 6 months. Diabetic 
microvascular and macrovascular complications, as well 
as comorbidities and routine treatment, were noted as 
reported in the medical file. Whenever needed, clinical 
research associates and/or physicians of participating 
centers were asked to contact the patient’s general and/
or specialist practitioners, regular pharmacists and/or 
biomedical laboratory to complete the data collection. 
Moreover, COVID-19-related clinical, radiological and 
biological characteristics on admission were collected as 
well as the clinical evolution during hospital stays.

Outcomes

The pre-specified primary composite endpoint combined 
IMV and/or death at day 7 (D7). Patients discharged before 
D7 were systematically contacted on D7 to check for the 
non-occurrence of these events. Pre-specified secondary 
outcomes included death, IMV, ICU admission and 
hospital discharge, all considered at D7 and day 28 (D28) 
for all patients alive and not discharged at D7.

Statistical analysis

In this post-hoc analysis, the CORONADO study population 
was described according to the sex of the participants. 
Quantitative variables were expressed as mean ± s.d. or 
median (25th–75th percentile), and categorical variables 
as the number (%) of patients. Logistic regressions were 
conducted to test the association of each variable with 
sex, without adjustment and adjusted for age. In these 
models, the natural-log transformation was systematically 
considered to better fulfill the linearity assumption, and 
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finally applied to BMI, diabetes duration and biological 
variables. The quantitative variables were also standardized. 
The same approach was also performed to study the 
association with the different outcomes at D7 and D28, 
separately in men and women. Multiple logistic regression 
analyses were performed by sex. Models were adjusted 
for age, BMI, smoking, hypertension, microvascular 
complications, macrovascular complications, chronic 
obstructive pulmonary disease (COPD) and treated 
obstructive sleep apnea (OSA). Finally, a sensitivity analysis 
of sex-associated predictive factors of COVID-19-related 
death at D28 was performed. Four therapeutic classes have 
been introduced into this exploratory model, in addition to 
the variables selected in the previous models: metformin, 
insulin, DDP4-inhibitors and statins.

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

Results

Sex-associated characteristics of patients prior 
to admission

The present analysis included 2380 patients with diabetes 
and confirmed diagnosis of COVID-19 admitted in 
68 French hospitals between March 10 and April 10, 
2020. Of note, 88 patients were excluded due to routine 
treatments interfering with sex hormone metabolism 
or action (see flow chart, Supplementary Fig. 1). A male 
predominance was observed in the population which 
included 1512 men (63.5%) and 868 women (36.5%). 
Their clinical characteristics before admission (i.e. 
medical history and routine treatment) are detailed in 
Table 1 and Supplementary Table 1. Women were older 
than men (median age of 71 (61–81) vs 69 (60–78) years), 
with almost one-third of them aged 80 years or more. 
Women were also characterized by a higher median BMI 
(29.8 (25.7–34.5) vs 27.8 (24.9–31.2) kg/m2) and a higher 
prevalence of obesity (49.2% vs 33.2%) than men. Type 
2 diabetes (T2D) was the most common type of diabetes 
in both sexes (87.3% in women and 87.8% in men), and 
no difference was observed between women and men 
in terms of diabetes duration or HbA1c level. Current or 
former smokers were more frequently men (53.8%) than 
women (13.8%). Macrovascular complications were less 
frequent in women (31.3% vs 43.0%) than in men, while 
the prevalence of microvascular complications was similar 
in both sexes. More details on diabetes complications are 

provided in Supplementary Table 1. Dyslipidemia and 
COPD were also more prevalent in men than in women, 
but no sex difference was observed for hypertension, 
heart failure and OSA (Table 1). Considering medications 
before admission, men were more frequently treated with 
metformin, diuretics, antiplatelet agents and statins than 
women, while no difference was observed with other 
glucose-lowering or cardiovascular drugs (Supplementary 
Table 1).

Sex differences in COVID-19 features at admission

Clinical symptoms as well as radiological and biological 
findings at admission are detailed in Table 2. Almost all 
patients were symptomatic without any influence of sex on 
the median duration of symptoms (5 (2–9) days). Men had a 
fever more frequently than women (77.9% vs 72.4%), while 
women exhibited digestive symptoms more frequently 
than men (39.3% vs 32.0%), even after age adjustment. 
No difference was observed in terms of respiratory status at 
admission, with similar frequencies of dyspnea and oxygen 
therapy requirement observed in women and men. Plasma 
glucose and estimated glomerular filtration rate, according 
to the CKD-EPI formula (eGFR) were similar in both 
sexes, but men exhibited an exacerbated inflammatory 
response compared to women, with higher plasma levels 
of C-reactive protein (CRP) and lactate dehydrogenase 
(LDH), as well as lower lymphocyte and platelet counts 
than women.

Influence of sex on COVID-19 outcomes

The incidence of COVID-19 outcomes in women and men 
at D7 and D28 is shown in Table 3. In univariate analysis, 
female sex was inversely associated with the primary 
composite outcome (IMV and/or death), IMV and ICU 
admission at both time points, and was positively associated 
with home discharge at D28. Of note, the median length 
of stay before discharge, analyzed at D28, was similar in 
both sexes (10.4 ± 6.1 days in women vs 10.5 ± 6.4 days in 
men). After multiple adjustments for confounding factors, 
female sex was negatively associated with the primary 
composite outcome (OR 0.66 (0.49–0.88)), death (OR 0.49 
(0.30–0.79)) and ICU admission (OR 0.57 (0.43-0.77)) at 
D7. At D28, only ICU admission (OR 0.58 (0.43–0.77)) 
remained significantly associated with female sex in the 
multivariable model.

Obesity has been associated with an increased risk of 
severe outcomes in people hospitalized for COVID-19, 
including those with T2D (17, 18). Therefore, we analyzed 
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the incidence of the primary composite outcome and its 
separate components at D28 in women and men according 
to BMI categories (<25, 25–29.9 and ≥30 kg/m2) (Table 4).  
The primary composite outcome and death were not 
influenced by overweight or obesity status, irrespective 
of sex. In contrast, in the multivariable model, men with 

overweight (OR: 2.23 (1.37–3.63)) or obesity (OR: 2.30 
(1.39–3.80)) exhibited an increased risk of IMV compared 
to those with BMI < 25 kg/m2. In women, the association 
between obesity and IMV was no longer significant after 
multiple adjustments (OR: 1.51 (0.70–3.29)), suggesting 
that, among people with diabetes, men are more susceptible 

Table 1 Clinical characteristics of coronavirus SARS-CoV-2 and diabetes outcomes (CORONADO) participants prior to admission 
according to sex. Data are presented as n (%) or median (25th; 75th percentile). Associated P-values are given using Wald tests 
(logistic regression model not adjusted and adjusted for age).

Clinical features All Women Men P-value Age-adjusted P-value

Total, n 2380 868 1512
Age (years) 70 (61; 79) 71 (61; 81) 69 (60; 78) 0.001
Age categories, n 2380 868 1512 <0.001
 <50 -years 183 (7.7%) 68 (7.8%) 115 (7.6%)
 50–59 years 349 (14.7%) 119 (13.7%) 230 (15.2%)
 60–69 years 634 (26.6%) 207 (23.8%) 427 (28.2%)
 70–79 years 655 (27.5%) 218 (25.1%) 437 (28.9%)
 >80 years 559 (23.5%) 256 (29.5%) 303 (20.0%)
BMI (kg/m2) 28.4 (25.1; 32.4) 29.8 (25.7; 34.5) 27.8 (24.9; 31.2) <0.001 <0.001
BMI classes, n 2380 868 1512 <0.001 <0.001
 <25 kg/m2 587 (24.7%) 190 (21.9%) 397 (26.3%)
 25–29.9 kg/m2 864 (36.3%) 251 (28.9%) 613 (40.5%)
 ≥30 kg/m2 929 (39.0%) 427 (49.2%) 502 (33.2%)
Ethnicity, n 2031 740 1291 0.385 0.173
 EU 1179 (58.1%) 436/ (58.9%) 743 (57.6%)
 MENA 416/ (20.5%) 138 (18.6%) 278 (21.5%)
 AC 361/ (17.8%) 140 (18.9%) 221 (17.1%)
 AS 75 (3.7%) 26 (3.5%) 49 (3.8%)
Diabetes classification, n 2380 868 1512 0.472 0.220
 Type 2 2086 (87.6%) 758 (87.3%) 1328 (87.8%)
 Type 1 54 (2.3%) 24 (2.8%) 30 (2.0%)
 Others 240 (10.1%) 86 (9.9%) 154 (10.2%)
Diabetes duration (years), n  = 1610 11 (5; 20) 12 (5; 20) 11 (5; 19) 0.235 0.299
HbA1c (%), n  = 1580 7.7 (6.8; 9.0) 7.7 (6.9; 9.0) 7.7 (6.8; 9.0) 0.618 0.873
Smoking, n 1994 703 1291 <0.001 <0.001
 Never 1202 (60.3%) 606 (86.2%) 596 (46.2%)
 Former 674 (33.8%) 79 (11.2%) 595 (46.1%)
 Current 118/ (5.9%) 18 (2.6%) 100 (7.7%)
Microvascular complications, n 1760 668 1092

778 (44.2%) 300 (44.9%) 478 (43.8%) 0.641 0.612
Macrovascular complications, n 2248 821 1427

870 (38.7%) 257 (31.3%) 613 (43.0%) <0.001 <0.001
Comorbidities
 Hypertension, n 2360 859 1501

1817 (77.0%) 672 (78.2%) 1145 (76.3%) 0.279 0.854
 Dyslipidemia, n 2320 849 1471

1122 (48.4%) 377 (44.4%) 745 (50.6%) 0.004 0.001
 Heart failure, n 2268 824 1444

272 (12.0%) 111 (13.5%) 161 (11.1%) 0.102 0.291
 COPD, n 2329 846 1483

228 (9.8%) 65 (7.7%) 163 (11.0%) 0.01 0.003
 Treated OSA, n 2217 805 1412

245 (11.1%) 78 (9.7%) 167 (11.8%) 0.123 0.131

HbA1c corresponds to the HbA1c value determined in the first 7 days following admission or the most recent value available in the 6 months prior to 
admission; microvascular complications correspond to severe diabetic retinopathy, diabetic kidney disease and/or history of diabetic foot ulcer; 
macrovascular complications correspond to ischemic heart disease, cerebrovascular disease and/or peripheral artery disease; Ethinicity: AC, African or 
Caribbean; AS, Asian; EU, Europid; MENA, Middle East North Africa; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea.
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than women to the worsening effect of obesity on COVID-
19 respiratory failure.

Sex-dependent predictors of COVID-19 mortality 
at D28

We assessed predictive factors of COVID-19 death at D28 in 
men and women separately to determine whether some of 
them could be sexually dimorphic. The first multivariable 
model included the main patient characteristics prior to 
admission (Fig. 1A). After multiple adjustments, older age 
and a history of microvascular complications were associated 
with a greater risk of death in both sexes, while COPD was a 
predictor of death in women only. HbA1c was not included 
in this model but age- and BMI-adjusted logistic regression 
analyses revealed that HbA1c was not associated with COVID-
19 mortality, neither in women nor in men (Supplementary 
Fig. 2A). A sensitivity analysis was further performed to assess 
the influence of routine treatments previously suspected to 
interfere with the COVID-19 course (metformin, insulin, 
DPP4-inhibitors and statins) (19), providing similar results. 
Of note, metformin was associated with a lower risk of death 
at D28 in men only, whereas insulin therapy was associated 
with an increased risk of death at D28 in women only 
(Supplementary Tables 2 and 3).

The second multivariable model included age, BMI 
and the main biological parameters at admission. An 
increase in plasma CRP and aspartate amino transferase 
(AST) levels, as well as a decrease in eGFR, was associated 
with the occurrence of death at D28 in both men and 

women (Fig. 1B). Notably, a decreased lymphocyte count 
was an independent predictor of death in women only. In 
contrast, a decreased platelet count and increased plasma 
glucose were independent predictors of death in men only. 
Accordingly, in age- and BMI-adjusted linear analysis, 
admission plasma glucose was also positively associated 
with death in men (P = 0.007) but not in women (P = 0.184) 
(Supplementary Fig. 2B).

To further investigate the sex-specific association 
between biomarkers at admission and death at D28, we 
used cut-off values previously described to correlate with 
increased COVID-19 severity or mortality (CRP, LDH, 
lymphocyte count) (20, 21) or recognized as clinically 
relevant (platelet count, eGFR, plasma glucose, AST) (Fig. 
2). After multiple adjustments and consistent with the 
previous model, lymphocytopenia (<1000/mm3) was an 
independent predictor of death in women only while high 
plasma glucose at admission (>180 mg/dL) was predictive of 
death in men only. Increased plasma concentrations of LDH 
(>365 IU/L), CRP (>41.2 mg/L) and AST (>3 ULN), as well 
as decreased eGFR values (CKD-EPI, <60 mL/min/1.73 m2), 
were independent predictors of death at D28 in both sexes.

Discussion

The present analysis from the nationwide CORONADO 
study reveals sex differences in clinical and biological 
features of patients with diabetes hospitalized for COVID-
19, as well as early predictors of COVID-19 severe outcomes. 

Table 3 Clinical outcomes at day 7 (D7) and day 28 (D28) following hospital admission.

COVID-19-related 
outcomes 

 
All

 
Women

 
Men

OR (95% CI) P-value

Unadjusted Multi adjusted Unadjusted Multi-adjusted

n 2380 868 1512
At 7 days
 Primary composite 

outcome
688 (28.9%) 204 (23.5%) 484 (32.0%) 0.65 (0.54–0.79) 0.66 (0.49–0.88) <0.001 0.005

 Death 243 (10.2%) 79 (9.1%) 164 (10.8%) 0.82 (0.62–1.09) 0.49 (0.30–0.79) 0.176 0.004
 IMV 486 (20.4%) 136 (15.7%) 350 (23.1%) 0.62 (0.50–0.77) 0.71 (0.50–1.01) <0.001 0.053
 Admission in ICU 732 (30.8%) 200 (23.0%) 532 (35.2%) 0.55 (0.46–0.67) 0.57 (0.43–0.77) <0.001 <0.001
 Home discharge 476 (20.0%) 181 (20.9%) 295 (19.5%) 1.09 (0.88–1.34) 1.03 (0.76–1.38) 0.431 0.861
At 28 days
 Primary composite 

outcome
844 (35.5%) 265 (30.5%) 579 (38.3%) 0.71 (0.59–0.85) 0.77 (0.59–1.01) <0.001 0.059

 Death 473 (19.9%) 156 (18.0%) 317 (21.0%) 0.83 (0.67–1.02) 0.76 (0.54–1.08) 0.078 0.129
 IMV 509 (21.4%) 142 (16.4%) 367 (24.3%) 0.61 (0.49–0.76) 0.71 (0.51–1.00) <0.001 0.053
 Admission in ICU* 753 (31.7%) 207 (23.9%) 546 (36.3%) 0.55 (0.46–0.67) 0.58 (0.43–0.77) <0.001 <0.001
 Home discharge 1197 (50.3%) 463 (53.3%) 734 (48.5%) 1.21 (1.03–1.43) 1.14 (0.88–1.48) 0.024 0.312

Multi-adjusted model includes adjustment on age, BMI, smoking, microvascular complications, macrovascular complications, hypertension, COPD and 
treated OSA. Primary composite outcome combines IMV and/or death. 
*Data available for 2372 (women: 866; men: 1506).
ICU, intensive care unit; IMV, invasive mechanical ventilation; OR, women vs men odds ratio.
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Indeed, female sex was associated with a lower risk of 
COVID-19-related severe outcomes at D7 (i.e. primary 
composite outcome, death and ICU admission), while sex 
did not influence death at D28. In addition, we identified 
sex-associated determinants of death at D28, namely 
COPD and lymphopenia in women vs thrombocytopenia 
and elevated admission plasma glucose in men.

The CORONADO population was characterized by 
a male predominance, with men accounting for almost 
two-thirds of all people with diabetes hospitalized for 
COVID-19, as previously described regardless of diabetic 
status (9, 22). This is in agreement with previous reports 
worldwide in which male sex was associated with increased 
hospitalization rate, ICU admission, IMV and mortality 
(9, 11, 13, 14). In a recent meta-analysis including 3 111 
714 COVID-19 cases, Peckham et  al. confirmed that men 
are more prone to ICU admission (OR 2.84 (2.06–3.92)) 
and death (OR 1.39 (1.31–1.47)) compared to women (23). 
Data from the whole Scottish population also revealed an 

association between male sex and severe COVID-19 (fatal 
or requiring ICU admission) in people with diabetes (15).

Hospitalized women with COVID-19 were older than 
men, exhibited a higher prevalence of obesity and reported 
digestive symptoms more frequently than men, which is 
consistent with a recent study in hospitalized COVID-19 
patients from New Orleans (24). In our population, the 
worse prognosis associated with the male sex was observed 
at D7 but was no longer statistically significant at D28, 
especially when considering mortality. This suggests that 
diabetes mitigates sex differences by increasing COVID-19 
mortality in women, although we cannot exclude a lack 
of power to explain our results. Consistent with the first 
possibility, a report from the UK Biobank cohort indicates 
that diabetes similarly increased the risk of fatal COVID-19 
in women and men (16). Moreover, in hospitalized COVID-
19 patients from New Orleans, diabetes was identified as an 
independent predictor of in-hospital death in women only 
(24). Taken together, these observations suggest that diabetes 

Figure 1
Sex-associated predictive factors of COVID-19-related death at day 28 (D28). Multivariable analysis of death at D28: covariates 
prior to (Model A) and at admission (Model B). Model A was applied to 541 women and 891 men yielding respectively 80 and 164 
deaths at 28 days. Model B was applied to 533 women and 911 men yielding respectively 79 and 175 deaths at 28 days. Regarding 
quantitative variables: all were natural-log transformed, except for age, and the ORs correspond to an increase of 1 s.d. after 
standardization. Microvascular complications correspond to severe diabetic retinopathy, diabetic kidney disease and/or history of 
diabetic foot ulcer; macrovascular complications correspond to ischemic heart disease, cerebrovascular disease and/or peripheral 
artery disease; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; eGFR, estimated glomerular filtration 
rate was determined by the CKD-EPI formula; AST, aspartate amino transferase; ULN, upper limit of normal; OR, odds ratio.
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eliminates the female protection from severe COVID-19, 
at least in people who require hospital admission. Further 
studies including patients with and without diabetes are 
required to definitely establish whether diabetes blunts the 
relative female protection from severe COVID-19 outcomes 
in patients admitted to hospital.

In our population, women were older and more 
frequently affected by obesity. Obesity has been recognized 
as an independent factor for severe COVID-19 outcomes 
(14, 25, 26), but we found that overweight and obesity 
were both associated with IMV at D28 in men only. In 
contrast, in line with our recent findings at D7 (18), BMI 
status did not influence death at D28, disregarding the sex. 
Altogether, these observations confirm that an increased 
BMI promotes severe respiratory disorders rather than 
death, and suggest that men are more susceptible than 

women to the worsening effect of obesity on COVID-
19 respiratory failure. Of note, women included in 
CORONADO were less likely than men to be former or 
current smokers, resulting in a lower prevalence of COPD 
than in men, which is consistent with previous reports (27). 
However, COPD was an independent predictor of death 
in women only. Similarly, in the New Orleans series, in 
which diabetes prevalence in women was over 38%, COPD 
was an independent predictor of ICU admission and IMV 
requirement in women only (24). Thus, greater attention in 
the detection and management of this respiratory disease 
in women with or without diabetes is necessary.

Among patient characteristics prior to hospitalization, 
the present data confirmed that older age and microvascular 
complications must be considered as predictive factors of 
death in both sexes, as recently demonstrated in the whole 
CORONADO population (28). At admission, inflammatory 
biomarkers (CRP, LDH and AST), as well as decreased 
eGFR, were also predictors of death at D28 in both sexes. 
Although women exhibited higher lymphocyte count 
than men at admission, a decreased lymphocyte count and 
lymphopenia (lymphocytes < 1000/mm3) were predictors 
of death in women only. This is consistent with results 
reported in inpatients from New Orleans, where an elevated 
neutrophil-to-lymphocyte ratio was an independent 
predictor of death in women only (24). Since women were 
reported to exhibit enhanced adaptive immune responses 
and antibodies production to viral infections (29, 30), 
our observation suggests that lymphopenia may be more 
deleterious on COVID-19 outcomes in women than in 
men. In contrast, a decreased platelet count was associated 
with mortality in men only. Thrombocytopenia has 
already been described as a predictor of severe COVID-19 
outcomes (31). Since men are at increased risk of venous 
thromboembolism (VTE) compared to women (32, 33), 
and coagulopathies resulting in disseminated intravascular 
coagulation are a major cause of COVID-19 deaths (34), 
thrombocytopenia could be a consequence of lethal 
thrombotic complications in men with diabetes (35). 
Accordingly, in the New Orleans series, elevated D-dimer, 
a marker of increased coagulation, was an independent 
predictor of ICU admission and death in men only (24).

Poor glycemic control during hospitalization has been 
already linked to severe COVID-19 outcomes in patients 
with diabetes (36), and fasting blood glucose was associated 
with mortality in individuals without known diabetes 
prior to hospitalization (37). However, sex stratification 
was not considered in these studies. Here, elevated plasma 
glucose level at admission, but not HbA1c, was a predictor 
of fatal COVID-19 in men, but not in women. This is also in 

Figure 2
Association of biological markers on admission with COVID-19-
related death at day 28 (D28) according to sex. Values are 
stratified according to cut-off values previously shown to 
correlate with increased disease severity or mortality in 
COVID-19 or clinically relevant (lymphocytes < 1000/mm3; 
platelets < 150 × 103/μL; CRP > 41.2 mg/L; LDH > 365 IU/L; 
eGFR < 60 mL/min/1.73m2; AST > 3ULN). OR, odds ratio; Nm, 
number of men included in the model; Nw, number of women 
included in the model; LDH, lactate dehydrogenase; CRP, 
C-reactive protein; eGFR, estimated glomerular filtration rate, 
according to the CKD-EPI formula; AST, aspartate amino 
transferase; ULN: upper limit of normal. Multi-adjustment on 
age, BMI, smoking, microvascular complications, macrovascular 
complications, hypertension, chronic obstructive pulmonary 
disease (COPD) and treated obstructive sleep apnea (OSA).
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agreement with recent observations (17, 38), and confirms 
that glucose level at admission is a stronger predictor of 
COVID-19 severity in patients requiring hospitalization than 
chronic glucose control assessed by HbA1c, at least in men.

Prior-to-admission treatment with drugs previously 
suggested to influence COVID-19 course (metformin, 
insulin, DPP4-inhibitors and statins) did not modify 
our findings in terms of sex-associated predictive factors 
of death at D28. However, our results suggested that 
some of these therapies could alter COVID-19 outcomes 
differently in women and men. Thus, the reduced risk of 
death associated with metformin use, already reported 
in the whole CORONADO population (28, 39), was only 
observed in men. This contrasts with a recent retrospective 
study suggesting that metformin is associated with better 
survival specifically in women (40). There is thus a need for 
further studies to definitely characterize the sex-specific 
benefits of metformin in COVID-19 patients with T2D. 
While DPP4-inhibitors appeared to be neutral in both 
sexes, as reported in the whole population (41), insulin 
therapy was associated with higher COVID-19 mortality in 
women only. Apart from CORONADO, the association of 
previous insulin therapy with severe COVID-19 outcomes 
has already been reported in patients with T2D (42). Here, 
the association of insulin therapy with mortality in women 
likely reflects a more severe burden of comorbidities in 
women rather than a direct effect of insulin.

The underlying biological mechanisms of sex 
disparities in COVID-19 severity and mortality still need 
to be clarified. It is established that biological sex enhances 
immune responses to viral infections in females through the 
combined effects of X-linked genes and female hormones, 
which attenuate innate immune inflammatory response 
and enhance immune tolerance and antibody production 
(29, 30, 43). Male patients seem to exhibit higher plasma 
levels of innate immune cytokines, along with more robust 
induction of non-classical monocytes, while women 
develop more robust T cell activation during SARS-CoV-2 
infection (44). Accordingly, in CORONADO, men exhibited 
higher levels of inflammatory markers than women at 
admission, which could explain their higher susceptibility 
to severe outcomes during the first week of hospitalization. 
Further investigations are needed to better understand the 
interactions between sex and diabetes in immune responses 
and meta-inflammation leading to severe COVID-19 (3).

To our knowledge, this is the first study to investigate sex 
differences in COVID-19 presentation and severe outcomes 
in a large population of individuals with diabetes. However, 
several limitations must be acknowledged. First, since the 
CORONADO study focused on COVID-19 inpatients with 

diabetes, our conclusions cannot be generalized to all 
COVID-19 patients with diabetes. Also, in the absence of a 
non-diabetic control group, we were unable to determine 
whether male sex differently impacts COVID-19 outcomes 
in people with and without diabetes, as recently suggested 
(16). Moreover, the observational nature of the present 
post-hoc analysis did not allow us to draw conclusions on 
causal relationships between comorbidities, biomarkers, 
routine treatments and COVID-19 outcomes. Although 
death at D28 appeared as the most clinically relevant 
and robust COVID-19 outcome, the sex stratification 
limited the power of statistical analyses, especially in 
women. Additionally, we were unable to perform analyses 
according to menopausal status due to the small number 
of women under 50 years in the CORONADO population 
and the very low incidence of COVID-19-related events in 
this subgroup. Finally, our results are hampered by missing 
data, especially for HbA1c and other biological markers 
such as LDH and the lack of systematic collection of data 
regarding COVID-19 therapies during hospitalization.

In conclusion, in France, female sex was associated with 
a lower incidence of early severe outcomes including death in 
patients with diabetes admitted for COVID-19. However, sex 
did not influence the overall mortality during the hospital 
stay, suggesting that diabetes mitigates sex differences in 
COVID-19 severity. At admission, sex-associated biological 
determinants of COVID-19 death, namely lymphopenia in 
women and both hyperglycemia and thrombocytopenia 
in men, should be considered to optimize prevention and 
management strategies in women and men.

Supplementary materials
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