S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Archives of Cardiovascular Disease 114 (2021) 394—406

Available online at Elsevier Masson France
ScienceDirect EM
www.sciencedirect.com www.em-consulte.com/en

CLINICAL RESEARCH

Characteristics and impact of cardiovascular
comorbidities on coronavirus disease 2019
in women: A multicentre cohort study™

Check for
updates

Caracteéristiques et impact des comorbidites cardiovasculaires sur le
COVID-19 chez les femmes : étude de cohorte multicentrique

Orianne Weizman®°, Delphine Mika®,

Joffrey Cellier9, Laura Geneste€, Antonin Trimaillef,
Thibaut Pommieré, Vassili Panagides",

Wassima Marsou’, Antoine Deney/, Sabir Attou*,
Thomas Delmotte!, Sophie Ribeyrolles™,

Pascale Chemaly", Clément Karsenty’,

Gauthier Giordano?, Alexandre Gautier",

Corentin Chaumont?, Pierre Guilleminots,

Audrey Sagnardé®, Julie Pastier?, Baptiste Duceau®,
Willy Sutter®, Charles Fauvel®, Théo PezelP,
Guillaume Bonnet®%' Ariel Cohen"*1,

Victor Waldmann®-9-', for the Critical COVID-19
France Investigators

a Centre Hospitalier Régional Universitaire de Nancy, 54511 Vandaeuvre-Les-Nancy, France
b Université de Paris, PARCC, INSERM, 75015 Paris, France
¢ Université Paris-Saclay, INSERM, UMR-S 1180, 92296 Chdtenay-Malabry, France

Available online 21 May 2021

Abbreviations: BNP, B-type natriuretic peptide; Cl, confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio; ICU, inten-
sive care unit; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; SARS-CoV-2, severe acute respiratory syndrome coronavirus

2.

* Tweet: Women hospitalized with COVID-19 have a lower risk of transfer to ICU or in-hospital death but still face considerable morbimor-

tality, especially those with cardiovascular comorbidities.

* Corresponding author. Service de Cardiologie, HOopitaux Saint-Antoine and Tenon, AP—HP, 184, rue du Faubourg-Saint-Antoine, Paris cedex

12, France.
E-mail address: ariel.cohen@aphp.fr (A. Cohen).
' Victor Waldmann, Ariel Cohen and Guillaume Bonnet contributed equally to this article.

https://doi.org/10.1016/j.acvd.2021.04.002
1875-2136/© 2021 Published by Elsevier Masson SAS.


https://doi.org/10.1016/j.acvd.2021.04.002
http://www.sciencedirect.com/science/journal/18752136
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acvd.2021.04.002&domain=pdf
mailto:ariel.cohen@aphp.fr
https://doi.org/10.1016/j.acvd.2021.04.002

Archives of Cardiovascular Disease 114 (2021) 394—406

KEYWORDS
COVID-19;
SARS-CoV-2;
Women;
Outcomes;
Risk factors

MOTS CLES
COVID-19 ;
SARS-CoV-2 ;
Femmes ;
Résultats ;
Facteurs de risque

d Hépital Européen Georges-Pompidou, AP—HP, Université de Paris, 75015 Paris, France
€ Centre Hospitalier Universitaire d’Amiens-Picardie, 80000 Amiens, France

f Nouvel Hépital Civil, Centre Hospitalier Régional Universitaire de Strasbourg, 67000
Strasbourg, France

8 Centre Hospitalier Universitaire de Dijon, 21000 Dijon, France

h Centre Hospitalier Universitaire de Marseille, 13005 Marseille, France

1 GCS-Groupement des Hopitaux de UInstitut Catholique de Lille, Faculté de Médecine et de
Maieutique, Université Catholique de Lille, Lille, France

J Centre Hospitalier Universitaire de Toulouse, 31400 Toulouse, France

k Centre Hospitalier Universitaire de Caen-Normandie, 14000 Caen, France

! Centre Hospitalier Universitaire de Reims, 51100 Reims, France

™ Institut Mutualiste Montsouris, 75014 Paris, France

" Institut Cardiovasculaire Paris Sud, 91300 Massy, France

° Rouen University Hospital, FHU REMOD-VHF, 76000 Rouen, France

P Hépital Lariboisiere, AP—HP, University of Paris, 75010 Paris, France

9 University of Bordeaux, Hopital Cardiologique Haut-Lévéque, Centre Hospitalier
Universitaire de Bordeaux, Pessac, France

" Hépital Saint-Antoine, AP—HP, 75012 Paris, France

Received 1st December 2020; received in revised form 23 March 2021; accepted 13 April
2021
Available online 21 May 2021

Summary

Background. — Although women account for up to half of patients hospitalized for coronavirus
disease 2019 (COVID-19), no specific data have been reported in this population.

Aims. — To assess the burden and impact of cardiovascular comorbidities in women with COVID-
19.

Methods. — All consecutive patients hospitalized for COVID-19 across 24 hospitals from 26 Febru-
ary to 20 April 2020 were included. The primary composite outcome was transfer to an intensive
care unit or in-hospital death.

Results. — Among 2878 patients, 1212 (42.1%) were women. Women were older (68.3 +18.0
vs. 65.4+16.0 years; P<0.001), but had less prevalent cardiovascular comorbidities than men.
Among women, 276 (22.8%) experienced the primary outcome, including 161 (13.3%) transfers
to an intensive care unit and 115 (9.5%) deaths without transfer to intensive care unit. The
rate of in-hospital death or transfer to an intensive care unit was lower in women versus men
(crude hazard ratio [HR]: 0.62, 95% confidence interval [CI]: 0.53—0.72). Age (adjusted HR:
1.05 per 5-year increase, 95% Cl: 1.01—1.10), body mass index (adjusted HR: 1.06 per 2-unit
increase, 95% Cl: 1.02—1.10), chronic kidney disease (adjusted HR: 1.57, 95% ClI: 1.11-2.22)
and heart failure (adjusted HR: 1.52, 95% Cl: 1.04—2.22) were independently associated with
the primary outcome in women. Elevated B-type natriuretic peptide/N-terminal prohormone of
B-type natriuretic peptide (adjusted HR: 2.41, 95% Cl: 1.70—3.44) and troponin (adjusted HR:
2.00, 95% Cl: 1.39—2.88) concentrations at admission were also associated with the primary
outcome, even in women free of previous coronary artery disease or heart failure.
Conclusions. — Although female sex was associated with a lower risk of transfer to an intensive
care unit or in-hospital death, COVID-19 remained associated with considerable morbimortality
in women, especially in those with cardiovascular diseases.

© 2021 Published by Elsevier Masson SAS.

Résumé

Justification. — Bien que les femmes constituent pres de la moitié des patients hospitalisés pour
une infection COVID-19, il n’a pas été reporté de données spécifiques dans cette population.
Objectifs. — Evaluer la fréquence et limpact des comorbidités cardiovasculaires chez les
femmes atteintes de la COVID-19.
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Méthode. — Tous les patients hospitalisés de facon consécutive pour une infection COVID-
19 dans 24 hopitaux ont été inclus consécutivement entre le 29 février et le 20 avril 2020.
Le critere de jugement principal est le transfert en unité de soins intensifs ou al survenue d’un
déces intra-hospitalier.

Résultats. — Parmi les 2878 patients, 1212 (42,1 %) étaient des femmes. Les femmes étaient
plus agées (68,3 +18,0 vs 65,4+ 16,0 ans, p <0,001) mais présentaient moins de comorbidités
cardiovasculaires par rapport aux hommes. Parmi les femmes, 176 (22,8 %) ont présenté un
évenement incluant 161 patients (13,3 %) ont di étre transférées en unité de soins intensifs
et 115 (9,5%) sont décédées, sans transfert dans une unité de soins intensifs. Le taux de déces
intra-hospitaliers ou de transferts dans une unité de soins intensifs était moindre chez les
femmes comparativement aux hommes (HR brut : 0,62, 1C95 % : 0,53—0,72). L’age (HR ajusté :
1,05 par tranche de 5 ans, 1C95 %: 1,02—1,1), Uinsuffisance rénale chronique (HR ajusté : 1,57,
1C95 % : 1,11—2,22) et Uinsuffisance cardiaque (HR ajusté: 1,52, 1C95 % : 1,02—2,22) étaient
indépendamment associés avec la survenue du critére de jugement principal chez la femme.
Une élévation du peptide natriurétique (BNP) ou du NT-pro-BNP (HR ajusté : 2,41, 1C95 % :
1,73—3,44) et une élévation de la troponine (HR ajusté : 2,00, 1C95 % : 1,39—2,88) a ’admission
étaient également associés avec la survenue du critére de jugement principal, y compris chez
les femmes n’ayant pas de maladie coronaire ou d’insuffisance cardiaque avérée.

Conclusion. — Bien que le sexe féminin soit associé avec un risque moindre de transfert en
unité de soins intensifs ou de survenue de décés hospitalier, la COVID-19 associée a une aug-
mentation de la morbi-mortalité chez la femme en particulier chez celle ayant une maladie
cardiovasculaire sous-jacente.

© 2021 Publié par Elsevier Masson SAS.

Background

The world is facing the coronavirus disease 2019 (COVID-
19) pandemic, caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. Despite unprece-
dented reorganization of health resources and sanitary
measures in most countries, hundreds of thousands of people
have already died worldwide, and new wave(s) and seasonal
re-emergence are feared [1—3].

The main characteristics and profiles of patients hospi-
talized for COVID-19 have been reported in case series from
China [4,5], Europe [6—9] and the USA [10—12]. The associa-
tion between cardiovascular comorbidities and the prognosis
of COVID-19 was soon demonstrated [13—16]. Hypertension,
diabetes, chronic kidney disease and other cardiovascular
diseases have been associated with a significantly increased
risk of death [17—20]. Furthermore, male sex has been
identified as a risk for severe clinical presentation of COVID-
19, with men representing up to 80% of patients admitted
to an intensive care unit (ICU) [8,9]. However, although
women accounted for 40—50% of patients in main series
[4,11,12,21], no specific data have been reported so far in
this population.

Through a large multicentre cohort of patients hospital-
ized for COVID-19, we aimed to describe the burden and
impact of cardiovascular comorbidities in women.

Methods
Study settings

The Critical COVID-19 France study is a retrospective obser-
vational multicentre study initiated by the French Society of
Cardiology, including all consecutive adult patients admit-
ted to hospital with a diagnosis of SARS-CoV-2 infection in
24 centres between 26 February and 20 April 2020 (Clin-
icalTrials.gov identifier: NCT04344327). A complete list of
the Critical COVID-19 France Investigators is provided in the
Appendix.

According to World Health Organization criteria, SARS-
CoV-2 infection is defined as a positive result of real-time
reverse transcriptase polymerase chain reaction of nasal
and pharyngeal swabs or lower respiratory tract aspirates
(confirmed case), or as typical chest computed tomography
patterns when laboratory testing results were inconclusive
(probable case) [22]. Patients admitted directly to an ICU
were excluded.

The Critical COVID-19 France study was declared to
and authorized by the French data protection commit-
tee (Commission Nationale Informatique et Liberté [CNIL];
authorization No. 2207326v0), and was conducted in accor-
dance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. The
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authors had full access to and take full responsibility for the
integrity of the data. All authors have read and approved
the manuscript as written.

Data collection

All data were recorded by local investigators on an elec-
tronic case report form via REDCap software (Research Elec-
tronic Data Capture, Vanderbilt University, Nashville, TN,
USA). Patient baseline information included demographic
characteristics, main comorbidities and chronic medica-
tions. Heart failure was defined as history of heart failure
with reduced or preserved left ventricular ejection frac-
tion [23]. A glomerular filtration rate <60mL/min/1.73 m?
(Modification of Diet in Renal Disease study equation) was
considered to define chronic kidney disease [24]. Clinical
variables, blood test results and chest computed tomogra-
phy characteristics (when performed) were also recorded
at admission. A cut-off value of B-type natriuretic pep-
tide (BNP)>50pg/mL or N-terminal prohormone of BNP
(NT-proBNP) > 300 pg/mL was used, and troponin elevation
was defined as any value above each centre’s threshold
[25]. According to European guidelines, the degree of com-
puted tomography lesions was based on visual assessment
of parenchymal involvement, and categorized as limited
(<25%), moderate (25—50%) or severe (>50%) [26]. Data on
pharmacological therapies, mode of respiratory support and
final vital status were also collected during hospitalization.
The date of final follow-up for patients still hospitalized was
21 April 2020.

Outcomes

The primary composite outcome was transfer to an ICU or
in-hospital death. An ICU was defined as a specialized hos-
pital unit providing intensive care for critically ill or injured
patients, staffed by specially trained medical personnel,
and with equipment allowing for continuous monitoring and
life support, including, if needed, invasive ventilation and
haemodynamic and renal support. The secondary outcome
was in-hospital death, including all deaths occurring dur-
ing hospital stay (with or without transfer to an ICU). All
medical interventions (including pharmacological agents to
treat SARS-CoV-2) were left to the discretion of the referring
medical team.

Statistical analysis

This report was prepared in compliance with the STROBE
checklist for observational studies [27]. Categorical data
are reported as counts and percentages. Continuous data
are reported as means + standard deviations for normally
distributed data, and as medians (interquartile ranges) for
non-normally distributed data. Comparisons used the x?
test or Fisher’s exact test for categorical variables, and
Student’s t-test or the Mann—Whitney—Wilcoxon test, as
appropriate, for continuous variables. Survival curves were
plotted by the Kaplan—Meier method, and adjusted on main
confounders. Censoring occurred when patients were still
hospitalized without a primary outcome event at the end
of follow-up. Cox proportional hazard models were used to
identify factors associated with the primary and secondary

outcomes. Variables with probability values < 0.20 in univari-
ate analyses were considered in multivariable models, with
final selection based on the most favourable goodness-of-
fit measures (Bayesian information criterion). The amount
of missing data for each variable is presented in Table 1. A
two-tailed P-value < 0.05 was considered statistically signifi-
cant. All data were analysed using R software, version 3.6.3
(R Project for Statistical Computing, Vienna, Austria).

Results
Population

Among 2878 consecutive patients hospitalized for COVID-
19, 1212 (42.1%) were women (Fig. 1). The main baseline
characteristics of patients are compared according to sex
in Table 1. Women were significantly older than men
(68.3+18.0 vs. 65.4+16.0years; P<0.001), but had less
prevalent cardiovascular comorbidities, including smoking
(7.8% vs. 17.6%; P<0.001), diabetes (21.1% vs. 25.6%;
P=0.006), heart failure (9.3% vs. 12.4%; P=0.013), coro-
nary artery disease (6.7% vs. 16.9%; P<0.001) and peripheral
artery disease (3.2% vs. 6.6%; P<0.001). Women, however,
more frequently presented with a history of asthma (8.5% vs.
5.2%; P<0.001) and venous thromboembolic disease (9.1%
vs. 6.1%; P=0.003).

At hospital admission, women had lower blood concentra-
tions of C-reactive protein (80.6 +-76.9 vs. 97.4 £ 76.5mg/L;
P<0.001), fibrinogen (5.6 1.5 vs. 6.2+1.7g/L; P<0.001)
and ferritin (783 £1208 vs. 1313 +2217 ng/L; P<0.001)
compared with men. An elevated BNP or NT-proBNP concen-
tration was more frequently observed in women (57.5% vs.
49.8%; P=0.002), whereas troponin elevation tended to be
less frequent compared with men (29.7% vs. 34.2%; P=0.06).
Severe pulmonary infiltration (16.3% vs. 21.0%; P=0.006)
and pulmonary embolism (3.7% vs. 6.3%; P=0.03) were also
less frequently found on the computed tomography scan in
women.

High-concentration oxygen therapy (13.3% vs. 16.9%;
P=0.01), high-flow nasal cannula therapy (3.3% vs. 6.8%;
P <0.001) and invasive ventilation (9.2% vs. 15.5%; P<0.001)
were less frequently required in women (Table A.1), The
prescription of antibiotics was also less frequent in women
(70.8% vs. 77.1%; P<0.001).

Sex differences in outcomes

Overall, 276/1210 (22.8%) women experienced the primary
outcome (n=562/1663, 33.8% in men; P<0.001), includ-
ing 161 (13.3%) transfers to an ICU and 115 (9.5%) deaths
without transfer to an ICU. In addition, 24 women died
in an ICU, giving a total of 139 (11.5%) deaths (n=223,
13.4% in men; P=0.14). The rate of in-hospital death
or transfer to an ICU was lower in women versus men
(adjusted hazard ratio [HR]: 0.62, 95% confidence interval
[CI]: 0.53—0.72; P<0.001), whereas the observed differ-
ence in overall in-hospital deaths did not reach statistical
significance (P=0.41) (Fig. 2). Table A.2 shows the fac-
tors associated with death among women in the univariate
analysis. After adjustment on age, body mass index, dia-
betes, chronic kidney disease and heart failure, female sex
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Table 1 Baseline characteristics of patients (n=2878) according to sex.

Variables n Women Men P
(n=1212) (n=1666)
Demographics
Age (years) 2878 68.3+18.0 65.4+16.0 <0.001
BMI (kg/m?) 2493 28.0+6.9 27.7+5.3 0.32
Time from illness onset to hospitalization (days) 2777 6.6 +4.6 6.9+4.7 0.05
Positive SARS-CoV-2 RT-PCR 2878 1131 (93.3) 1540 (92.4) 0.41
Cardiovascular risk factors
Smoking 2810 93 (7.8) 285 (17.6) <0.001
Hypertension 2859 632 (52.4) 821 (49.7) 0.16
Diabetes 2860 254 (21.1) 423 (25.6) 0.006
Dyslipidaemia 2859 315 (26.2) 485 (29.3) 0.07
Family history of premature CVD 2713 11 (0.9) 33 (2.1) 0.03
Comorbidities
Heart failure 2850 112 (9.3) 204 (12.4) 0.013
Coronary artery disease 2878 81 (6.7) 281 (16.9) <0.001
Atrial fibrillation 2852 170 (14.2) 246 (14.9) 0.62
Stroke 2837 114 (9.6) 139 (8.4) 0.32
Peripheral artery disease 2838 38 (3.2) 109 (6.6) <0.001
Asthma 2842 103 (8.5) 86 (5.2) <0.001
COPD 2878 48 (4.0) 116 (7.0) <0.001
Chronic kidney disease 2838 158 (13.2) 247 (15.0) 0.20
Malignancy 2878 182 (15.0) 233 (14.0) 0.47
Venous thromboembolic disease 2878 110 (9.1) 102 (6.1) 0.003
Treatment before hospitalization
Anticoagulation 2878 162 (13.4) 256 (15.4) 0.15
Platelet antiaggregant 2878 213 (17.6) 414 (24.8) <0.001
Statins 2878 236 (19.5) 417 (25.0) 0.001
ACE inhibitors 2878 197 (16.3) 309 (18.5) 0.12
ARBs 2878 192 (15.8) 277 (16.6) 0.61
Diuretics 2878 241 (19.9) 323 (19.4) 0.78
Beta-blockers 2878 317 (26.2) 418 (25.1) 0.55
Aldosterone antagonists 2878 40 (3.3) 39 (2.3) 0.15
Oral antidiabetics 2878 156 (12.9) 295 (17.7) 0.001
Laboratory
Leucocytes (G/L) 2827 7.30+5.94 7.36 +4.46 0.77
Lymphocytes (G/L) 2785 1.44+4.05 1.21+2.95 0.11
Haemoglobin (g/dL) 2835 12.6 +1.8 13.5+2.0 <0.001
Platelets (G/L) 2807 231+102 213+96 <0.001
C-reactive protein (mg/L) 2758 80.6 +76.9 97.4+76.5 <0.001
Fibrinogen (g/L) 1379 5.59 +1.52 6.23+1.68 <0.001
Ferritin (ng/L) 722 783+ 1208 1313 £2217 < 0.001
Lactate dehydrogenase (U/L) 922 346 +178 385 4409 0.05
Glomerular filtration rate (mL/min/m?) 2829 81.6 +30.2 81.6+29.0 1.000
Elevated BNP or NT-proBNP? 1778 429 (57.5) 514 (49.8) 0.002
Troponin elevation® 1763 200 (29.7) 372 (34.2) 0.06
Abnormalities on chest CT
Parenchymal involvement assessed on CT 2247 <0.001
Minimal < 25% 439 (48.4) 514 (38.3)
Moderate 25—50% 320 (35.3) 544 (40.6)
Severe > 50% 148 (16.3) 282 (21.0)
Pulmonary embolism on CT 1527 23 (3.7) 57 (6.3) 0.03

Data are expressed as mean =+ standard deviation or number (%). ACE: angiotensin-converting enzyme; ARB: angiotensin Il receptor
blocker; BMI: body mass index; BNP: B-type natriuretic peptide; COPD: chronic obstructive pulmonary disease; CT: computed tomog-
raphy; CVD: cardiovascular disease; NT-proBNP: N-terminal prohormone of B-type natriuretic peptide; RT-PCR: reverse transcriptase
polymerase chain reaction; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

2 BNP > 50 pg/mL or NT-proBNP > 300 pg/mL

b Above each centre’s threshold.
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Patients hospitalized for COVID-19 from February 26 to April 20, 2020

n

=2878
|

f
n = 1,666 (57.9%) men

’7 3 primary outcomes missing

(

| 1

n =1,212 (42.1%) women

)

}7 2 primary outcomes missing

(

I )|

Non-severe Transfer Death without Non-severe Transfer Death without
SARS-Cov-2 infection to ICU transfer to ICU SARS-Cov-2 infection to ICU transfer to ICU
n=1,101 (66.2%) n =390 (23.5%) n =172 (10.3%) n =934 (77.2%) n=161(13.3%) n=115(9.5%)
123 (11.2%) 51 (13.1%) 126 (13.5%) 24 (14.9%)
still hospitalized deaths in ICU still hospitalized deaths in ICU
on April 21th on April 21th
- 186 (47.7%) 78 (67.1%)
976 (88.6%) still hospitalized 807 (86.2%) still hospitalized
discharged alive on April 21th discharged alive on April 21th
from hospital from hospital
- 149 (38.2%) 59 (33.6%)
2(0.2%) discharged alive 1(0.1%) discharged alive
with missing final from hospital with missing final from hospital
status status
L 4(1.0%)
with missing final
status
Figure 1. Study flow chart. ICU: intensive care unit.
A Transfer to ICU or in-hospital death B In-hospital death
1.0+ B0
0.9 0.9
g 2
£ 08 £ 081
< &
3 ]
3 ]
£ 0.7 071
= =
& &
0.6 0.6
Adjusted HR 0.62 [0.53-0.72], p< 0.001 Women Adjusted HR 1.11 [0.87-1.41], p= 0.41 Women
054 Men 054 Men
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (days) Time (days)
Number at risk Number at risk
Women 1,210 1,010 883 774 612 426 219 Women 1,210 1,134 1,023 893 707 488 249
Men 1,663 1,249 1,084 947 772 520 256 Men 1,663 1561 1421 1259 1,029 690 346
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Figure 2.  A. Survival without transfer to intensive care unit (ICU) or in-hospital death (adjusted on age, body mass index, chronic kidney

failure, diabetes, hypertension, coronary artery disease, heart failure and dyslipidaemia). B. Survival without in-hospital death in women
versus men (adjusted on age, chronic kidney failure, diabetes and heart failure).

remained significantly associated with a lower risk of expe-
riencing the primary outcome (adjusted HR: 0.62, 95% Cl:
0.52—0.71; P<0.001; Table A.3). Women represented 29.2%
of patients transferred to an ICU. As of 21 April 2020, 204
(16.8%) women were still hospitalized. The median length
of hospitalization among the 866 (71.6%) women discharged
alive was 7.0 (4—12) days, versus 8.9 (5—12) days in men
(P=0.003).

Impact of cardiovascular comorbidities

Factors associated with primary and secondary outcomes are
presented in Table 2 and Table A.2, respectively. The pro-
portion of women who experienced the primary outcome
or died were, respectively, 37.8% and 25.9% in women with
heart failure (n=112), 30.9% and 24.7% in women with coro-
nary artery disease (n=81), 29.1% and 17.7% in women with
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Table 2 Factors associated with primary outcome in women: univariate analysis.

Variables Women Men
Presence of primary Univariate P Presence of primary Univariate P
composite outcome? analysis HR composite outcome? analysis HR
(95% Cl) (95% Cl)
Yes No Yes No
(n=276) (n=934) (n=559) (n=1101)
Demographics
Age (years) 72.3+16.3 67.1+18.4 1.07 <0.001 68.2+15.2 63.9+16.3 1.05 <0.001
(1.03—1.11)° (1.03—1.08)°
BMI (kg/m2) 2947.3 28+6.8 1.15 <0.001 28.1+5.5 27.5+5.2 1.04 0.02
(1.06—1.22)¢ (1.01—1.07)¢
Time from 6.2+4.2 6.7 +4.7 0.98 0.19 6.6+4.5 7.1+4.8 0.99 0.21
illness onset (0.96—1.01) (0.97—1.01)
to hospital-
ization
(days)
Cardiovascular
risk factors
Smoking 24 (8.9) 69 (7.5) 1.20 0.40 93 (17.2) 190 (17.7) 1.02 0.88
(0.79—1.82) (0.81-1.27)
Hyperten- 164 (59.6) 467 (50.3) 1.41 0.006 317 (57.2) 501 (45.8) 1.39 <0.001
sion (1.10—-1.79) (1.18—1.65)
Diabetes 74 (26.9) 180 (19.4) 1.43 0.008 172 (31.0) 249 (22.8) 1.40 <0.001
(1.10—1.87) (1.17—1.68)
Dyslipi- 82 (30.0) 232 (25.0) 1.25 0.09 193 (34.6) 289 (26.5) 1.33 0.001
daemia (0.97—1.62) (1.12—1.58)
Familial 3(1.2) 8 (0.9) 1.15 0.81 14 (2.75) 19 (1.83) 1.33 0.29
premature (0.37—3.60) (0.78—2.26)
CVD
Comorbidities
Heart 42 (15.4) 69 (7.5) 1.98 <0.001 84 (15.2) 117 (10.7) 1.33 0.02
failure (1.43—2.76) (1.05—1.68)
Coronary 25 (9.1) 56 (6.0) 1.47 0.07 106 (19.0) 175 (15.9) 1.11 0.31
artery (0.97—2.21) (0.90—1.37)
disease
Atrial 35 (12.7) 134 (14.5) 0.89 0.50 84 (15.2) 159 (14.5) 0.97 0.82
fibrillation (0.62—1.26) (0.77—1.22)
Stroke 29 (10.8) 85 (9.3) 1.14 0.64 53 (9.60) 85 (7.8) 1.15 0.33
(0.77—1.67) (0.86—1.52)
Peripheral 11 (4.0) 27 (2.9) 1.32 0.36 40 (7.3) 69 (6.3) 1.12 0.47
artery (0.72—2.42) (0.81—1.55)
disease
Asthma 27 (9.8) 76 (8.1) 1.17 0.43 24 (4.3) 62 (5.6) 0.82 0.33
(0.79—1.75) (0.54—1.23)
COPD 16 (5.8) 39 (4.2) 1.34 0.25 46 (8.2) 67 (6.1) 1.25 0.14
(0.81-2.23) (0.93—1.70)
Chronic 60 (22.2) 98 (10.6) 2.04 <0.001 116 (21.1) 127 (11.7) 1.54 <0.001
kidney (1.53—2.72) (1.25—1.89)
disease
Malignancy 46 (16.7) 136 (14.6) 1.16 0.35 83 (14.8) 148 (13.4) 1.05 0.63
(0.85—1.60) (0.83—1.33)
Venous 25 (9.1) 85 (9.1) 1.00 0.99 40 (7.2) 62 (5.6) 1.18 0.30
thromboem- (0.67—1.51) (0.86—1.63)
bolic
disease
Immunodefi- 18 (6.5) 61 (6.5) 0.94 0.79 25 (4.47) 43 (3.91) 1.06 0.76
ciency (0.58—1.51) (0.71—1.58)
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Table 2  (Continued)
Variables Women Men
Presence of primary Univariate P Presence of primary Univariate P
composite outcome? analysis HR composite outcome? analysis HR
(95% Cl) (95% Cl)
Yes No Yes No
(n=276) (n=934) (n=559) (n=1101)
Treatment
before hos-
pitalization
Anticoagula- 32 (11.6) 129 (13.8) 0.87 0.44 91 (16.3) 162 (14.7) 1.03 0.73
tion (0.60—1.25) (0.83—1.30)
Platelet 66 (23.9) 147 (15.7) 1.57 0.001 152 (27.2) 261 (23.7) 1.11 0.24
antiaggre- (1.19—-2.07) (0.92—1.34)
gant
Statins 55 (19.9) 181 (19.4) 1.04 0.79 158 (28.3) 258 (23.4) 1.19 0.05
(0.78—1.40) (0.99—1.44)
ACE 49 (17.8) 149 (15.8) 1.15 0.36 117 (20.9) 191 (17.3) 1.19 0.09
inhibitors (0.85—1.57) (0.97—1.46)
ARBs 54 (19.6) 137 (14.7) 1.31 0.07 101 (18.1) 176 (16.0) 1.13 0.26
(0.97—-1.77) (0.91—1.40)
Diuretics 71 (25.7) 169 (18.1) 1.51 0.003 121 (21.6) 200 (18.2) 1.17 0.11
(1.15—1.98) (0.96—1.44)
Beta- 81 (29.3) 235 (25.2) 1.22 0.13 159 (28.4) 256 (23.3) 1.17 0.08
blockers (0.94—1.58) (0.97—1.41)
Aldosterone 15 (5.4) 25 (2.7) 1.79 0.03 10 (1.8) 29 (2.6) 0.72 0.32
antagonists (1.06—3.01) (0.39—1.35)
Oral antidia- 45 (16.3) 111 (11.9) 1.34 0.08 123 (22.0) 171 (15.5) 1.41 0.01
betics (0.97—1.84) (1.15—-1.72)
Laboratory
Leucocytes  8.64+8.20 6.89+5.02 1.06 0.001 7.9+4.2 7.1+4.6 1.02 <0.001
(G/L) (1.03—1.09) (1.01—1.03)
Lympho- 1.67+7.30 1.35+2.28 1.02 0.48 1.1£1.9 1.27+3.4 0.96 0.34
cytes (0.99—1.05) (0.90—1.04)
(G/L)
12.2+1.98 12.7+1.70 0.88 0.002 13.54+2.03 13.6+2.0 0.99 0.63
Haemoglobin (0.82—0.95) (0.95—1.03)
(g/dL)
Platelets 223 £113 234+99 1.00 0.17 204+99.3 218+94.4  0.99 <0.001
(G/L) (1.00—1.00) (0.98—1.00)¢
C-reactive 121+85.8 68.4+69.0 1.06 <0.001 120+84.8 85.9+69.2 1.05 <0.001
protein (1.05—1.07)¢ (1.04—1.06)°
(mg/L)
Fibrinogen 6.11+1.51 5.39+1.48 1.38 <0.001 6.4+1.6 6.1+1.7 1.11 0.001
(g/L) (1.21-1.57) (1.04—1.19)¢
Ferritin 1064 +1369 692+1140 1.21 0.01 1832 £3396 1034+1057 2.20 <0.001
(ng/L) (1.04—1.39)¢ (1.63—1.95)¢
Lactate 451 +274 314+120 1.55 <0.001 484+626 323+133 1.16 <0.001
dehydroge- (1.39—-1.72)¢ (1.10—1.22)¢
nase
(U/L)
Glomerular  71.5+33.1 84.7+28.6 0.99 <0.001 75.0+29.9 85.1+27.9 0.92 <0.001
filtration (0.98—0.99) (0.90—0.95)¢
rate
(mL/min/m?)
Elevated 146 (72.3) 282 (51.9) 2.41 <0.001 218 (56.8) 293 (45.5) 1.01 0.49
BNP or (1.70-3.44) (0.86—1.18)
NT-proBNP’
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Table 2  (Continued)
Variables Women Men
Presence of primary Univariate P Presence of primary Univariate P
composite outcome? analysis HR composite outcome? analysis HR
(95% CI) (95% Cl)
Yes No Yes No
(n=276) (n=934) (n=559) (n=1101)
Troponin 70 (41.2) 130 (25.9) 2.00 <0.001 172 (42.3) 198 (29.2) 0.84 0.03
elevation?® (1.39—2.88) (0.71—0.99)
Abnormalities
on chest CT
Parenchy- <0.001 0.005
mal
involvement
assessed on
CcT
Mini- 42 (20.5) 397 (56.6) Ref. 106 (24.3) 406 (45.1) Ref.
mal < 25%
Moderate 88 (42.9) 232 (33.1) 3.57 175 (40.0) 368 (40.9) 0.88
25—50% (2.40-5.38) (0.76—1.01)
75 (36.6) 72 (10.3) 9.77 156 (35.7) 126 (14.0) 1.15
Severe > 50% (6.24—15.5) (0.94—1.41)
Pulmonary 4 (3.0) 19 (39) 0.80 0.80 18 (5.77) 39 (6.61) 1.00 0.68
embolism on (0.22—2.18) (0.72—1.39)

CT

Data are expressed as mean =+ standard deviation or number (%), unless otherwise indicated. ACE: angiotensin-converting enzyme;
ARB: angiotensin Il receptor blocker; BMI: body mass index; BNP: B-type natriuretic peptide; Cl: confidence interval; COPD: chronic
obstructive pulmonary disease; CT: computed tomography; CVD: cardiovascular disease; HR: hazard ratio; NT-proBNP: N-terminal

prohormone of B-type natriuretic peptide.

2 Two women and three men with missing outcomes were excluded.

b Increment of 5.

¢ Increment of 2.

d Increment of 10.

€ Increment of 1 standard deviation.

f BNP > 50 pg/mL or NT-proBNP > 300 pg/mL.
¢ Above each centre’s threshold.

diabetes (n=254), 26.1% and 15.2% in women with dys-
lipidaemia (n=315) and 26.0% and 15.5% in women with
hypertension (n=632) (Fig. 3; respective proportions in men
are shown in Panel B).

In women, age (adjusted HR: 1.05 per 5-year incre-
ment, 95% Cl: 1.01—1.10; P=0.02), body mass index
(adjusted HR: 1.06 per 2-unit increment, 95% Cl: 1.02—1.10;
P=0.001), chronic kidney disease (adjusted HR: 1.57,
95% Cl: 1.11—-2.22; P=0.01) and history of heart failure
(adjusted HR: 1.52, 95% Cl: 1.04—2.22; P=0.03) remained
independently associated with the primary outcome. Age
(adjusted HR: 1.28 per 5-year increment, 95% Cl: 1.13—1.45;
P<0.001), diabetes (adjusted HR: 1.86, 95% Cl: 1.02—3.38;
P=0.04) and history of heart failure (adjusted HR: 2.05, 95%
Cl: 1.09—-3.84; P=0.03) were independently associated with
in-hospital death (Fig. 4).

Among men, body mass index (adjusted HR: 1.03, 95%
Cl: 1.001—1.07 per 2-unit increase; P=0.04) was the only
factor that remained independently associated with the pri-
mary outcome (Fig. A.1). Age (adjusted HR: 1.41. 95% Cl:
1.33—1.50 per 2-year increase; P=0.04) and chronic kidney

disease (adjusted HR: 1.43, 95% Cl: 1.05—1.95; P=0.025)
were independently associated with in-hospital death.

Prognostic value of cardiac biomarkers

Elevated BNP or NT-proBNP (crude HR 2.41, 95% ClI
1.70—3.44; P<0.001) and troponin elevation (crude HR 2.00,
95% Cl11.39—2.88; P<0.001) at admission were strongly asso-
ciated with outcomes in women (Table 2 and Table A.2).
Among tested patients, 34.0% (146/429) of women with
elevated BNP or NT-proBNP and 35.0% (70/200) of women
with troponin elevation experienced the primary outcome,
whereas 23.4% (100/428) and 22.5% (45/200) presented in-
hospital death, respectively.

BNP and NT-proBNP concentrations remained significan-
tly associated with the primary outcome (adjusted HR:
1.96, 95% Cl: 1.42—2.70; P<0.001) and in-hospital death
(adjusted HR: 7.92, 95% Cl: 4.10—15.31; P<0.001) after
adjustment on heart failure and coronary artery disease
status. Troponin elevation remained associated with the
primary outcome (adjusted HR: 1.64, 95% Cl: 1.19-2.27;
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Transfer to ICU or in-hospital death
In-hospital death

(%)

All women Hypertension Dyslipidemia Diabetes Coronary artery Heart failure
1= il n=632 n=315 n=254 disease n = 81 ni=iil2

Transfer to ICU or in-hospital death
In-hospital death

(%)

All men Hypertension Dyslipidemia Diabetes Coronary artery Heart failure
n=1,666 n=485 n=423 n=281 disease n = 821 n=204

Figure 3.  A.Impact of cardiovascular comorbidities on outcomes in women hospitalized for coronavirus disease 2019 (COVID-19). B. Impact
of cardiovascular comorbidities on outcomes in men hospitalized for COVID-19. ICU: intensive care unit.

Variables Transfer to ICU or in-hospital death HR [95% CI] p value
Age, years old o 1.05 [1.01-1.10]* 0.02
BMI, kg/m? o 1.06 [1.02-1.10]f 0.001
Chronic kidney disease —_——— 157 [1.11-2.22] 0.01
Diabetes ——— 121 [0.87-1.67] 0.26
Hypertension —e—t— 0.87 [0.63-1.19] 0.38
Dyslipidemia ——— 1.05 [0.78-1.43] 0.74
Coronary artery disease ——— 0.82 [0.50-1.35] 0.44
Heart failure —_——— 152 [1.04-2.22] 0.03
1 2
Variables In-hospital death HR [95% CI] p value
Age, years old ro—i 1.28 [1.13-1.45]* <0.001
Chronic kidney disease ———————— 1.71 [0.92-3.20] 0.09
Diabetes ———— 1.86 [1.02-3.38] 0.04
Heart failure 2.05 [1.09-3.84] 0.03
1 2 3
*Increment of 5 ; 1 : Increment of 2 ; BMI : body-mass index, HR : hazard ration ; 95% : 95% confidence interval

Figure 4. Forest plot of primary outcome and in-hospital death in women in the multivariable analysis. 2 Increment of 5. P Increment of
2.
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P=0.003) and in-hospital death (adjusted HR: 3.61, 95% Cl:
2.16—6.01; P<0.001) after adjustment on heart failure and
coronary artery disease.

Discussion

In this multicentre cohort study, women hospitalized for
COVID-19 were older than men, but presented less prevalent
cardiovascular comorbidities. Although female sex was asso-
ciated with a lower risk of a composite outcome (transfer
to an ICU or in-hospital death), COVID-19 remained associ-
ated with high morbimortality in women with pre-existing
cardiovascular diseases.

All published series reported a predominance of men
among patients hospitalized for COVID-19, particularly
among those with severe presentation; 50—60% of patients
were men [4,11,12,21], and up to 80% of patients admit-
ted to an ICU [8]. In this study, women accounted for 42%
of patients hospitalized, and presented with a significantly
lower prevalence of cardiovascular comorbidities. The pri-
mary outcome was less frequently experienced in women,
mainly driven by fewer transfers to an ICU. In-hospital mor-
tality between women and men was, however, similar.

Data regarding sex disparities in COVID-19 remain mostly
speculative. Different mechanisms have been hypothesized
to explain the lower propensity to develop severe forms
in women. The higher prevalence of co-existing cardio-
vascular diseases in men probably partly underlies these
differences. Our data, however, demonstrated that women
less frequently experienced the primary outcome, even
after consideration of main comorbidities. Another inter-
esting potential explanation recently emerged from two
independent cohorts of patients with heart failure, where
plasma concentrations of angiotensin-converting enzyme
2 were higher in men than in women [28]. Angiotensin-
converting enzyme 2 is not only an enzyme, but also a
functional receptor on cell surfaces for SARS-CoV-2, and
is highly expressed in the heart, testis, kidneys and lungs
[29]. These increased plasma concentrations might reflect
higher tissue expression, which may explain why men are
more vulnerable to infection with or the consequences of
SARS-CoV-2. This assumption may underly the lower lev-
els of inflammation observed in our study in women, with
lower blood concentrations of C-reactive protein, fibrino-
gen and ferritin, and less severe pulmonary infiltration on
initial computed tomography scan. Hormonal factors have
also been identified from preliminary studies. In an ani-
mal model, oophorectomy or treating female mice with an
oestrogen receptor antagonist resulted in increased mortal-
ity as a result of SARS-CoV2 infection [30]. Sex chromosome
genes and sex hormones contribute to the differential
regulation of immune responses between the sexes, and
these findings suggest that oestrogen signalling may protect
females. Lastly, other behavioural and social differences
that may favour women have been suggested, with previ-
ous studies reporting that women are more likely than men
to follow hand hygiene practices and seek preventive care
[31,32].

Our findings furthermore demonstrated that an ele-
vation of BNP/NT-proBNP or troponin concentrations in
women was associated with poorer outcomes, even after

adjustment on heart failure or coronary artery disease sta-
tus. Troponin concentration has already been highlighted
as a risk factor for severe COVID-19, and seems rather to
reflect a cardio-inflammatory response than an authentic
myocardial injury [33—35]. These findings are consistent
with previous viral epidemics, such as seasonal influenza
infection or Middle East respiratory syndrome coronavirus
(MERS-CoV) infection [36,37]. Similar results regarding NT-
proBNP have been reported, even in heart failure-naive
patients [38]. The prognostic value of cardiac biomarkers,
however, has not been assessed specifically in women. These
results support the potential input of cardiac biomarkers
in risk stratification of women hospitalized with COVID-19,
even in those without known cardiovascular diseases.

Sex disaggregated data are essential for understand-
ing the distributions of risk, infection and disease in the
population, and the extent to which sex affects clinical out-
comes. Whereas severe forms were less frequent in women,
our results emphasized that morbimortality associated with
COVID-19 remained considerable, especially in women with
cardiovascular diseases. More than one-third of women with
a history of heart failure experienced transfer to an ICU or
death during hospitalization, and one-quarter died. Other
independent factors associated with a higher risk of develop-
ing a severe form of COVID-19 included age, body mass index
and chronic kidney disease. Identifying specific risk factors
for severe COVID-19 presentation in women is essential to
help clinical care, optimize early triage of patients and
fight against health inequities in preventing bias in treating
men and women. The recognition of phenotypical differ-
ences in severe case manifestations of COVID-19 in men and
women is also a fundamental step towards understanding
the effects of this health emergency on different individuals
and to provide equitable interventions. Although cardiovas-
cular comorbidities are now well-recognized risk factors for
severe COVID-19 [19], no specific data had been reported
in women. Poorer outcomes in men should not obscure the
substantial morbimortality observed in women with COVID-
19. Cardiovascular diseases are important to consider, and
should incite careful follow-up and management of women
with COVID-19.

Study limitations

We acknowledge some limitations. First, data collection was
retrospective. However, the relatively short time between
each patient hospitalization and gathering of their data
— median 14 (9—19) days — allowed investigators to eas-
ily recover a large amount of data of interest. Second, a
non-negligible proportion of patients was still hospitalized
at the end of follow-up, with similar percentages of women
and men (16.8% vs. 18.5%; P=0.48). However, the prob-
ability of these hospitalized patients developing a severe
form of disease was relatively low, because the primary out-
come occurred most commonly during the first few days
of hospitalization (median 3 days), whereas these patients
were hospitalized for a median of 7 days. Furthermore, the
heterogeneous durations of follow-up and censoring were
integrated into our statistical approach using Cox regression
analysis. Third, some patients with severe clinical presenta-
tions might not have been transferred to an ICU because
of a lack of space, particularly the elderly. Considering
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patients with similar severity, it is, however, very unlikely
that men were selected over women to be transferred to an
ICU. Furthermore, our results are consistent with the litera-
ture demonstrating a higher risk of severe COVID-19 in men
[39,40]. Finally, although our results emerge from a large
multicentre study, regional disparities may exist, and these
findings need to be further investigated in other populations
or health systems.

Conclusions

This multicentre study demonstrated that women hospi-
talized for COVID-19 were older than men and had less
prevalent cardiovascular comorbidities. Although female
sex was associated with a lower risk of transfer to an ICU or
in-hospital death, COVID-19 remained associated with a sig-
nificant morbimortality in women, especially in those with
cardiovascular diseases.
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