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Dear Editor,
Clinical outcomes of coronavirus disease 2019 (COVID-
19) differ substantially between women and men, with
men facing an increased risk of critical illness and death.
Besides differences in age and prevalence of comorbidi-
ties, biological (sex) differences in immune responses,
expression levels of virus entry receptors, endocrino-
logical mechanisms as well as gender-related factors have
been suggested to account for the differential outcomes
in women and men [1, 2]. However, recent research has
questioned the major impact of biological sex differences
on COVID-19 outcomes [3, 4], and it has been hypothe-
sized that non-biological aspects of being male or female
(e.g. social roles and personality traits), the so-called
“gender” dimension, may provide a better explanation
for the observed sex dysbalance in COVID-19 outcomes.
Gender, measured by a set of prespecified variables, mod-
ifies the outcome in acute coronary syndromes [5], but its
role in COVID-19 outcomes has been widely ignored.
We estimated associations between gender (sociocul-
tural factors, Supplementary Materials) and sex (biologi-
cal factors) with disease severity of acute severe acute
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respiratory syndrome coronavirus (SARS-CoV)-2 infec-
tion in a prospective, observational cohort study of 3005
(1357 [45.2%] women, mean age 44.8 +17.5 years) mildly
to critically ill patients in Switzerland (Supplementary
Table 1-4/Supplementary Fig. 1) who were recruited
for this study at four Swiss study sites. Gender-related
characteristics were assessed using the short version of
a validated questionnaire (Supplementary Materials) [5],
while clinical data were gathered from electronic medi-
cal records. Multiple logistic regression models with the
backward selection method were applied to assess poten-
tial predictors of severe illness (a detailed description of
the statistical approach is provided in Supplementary
Materials).

In the overall study cohort, male sex (odds ratio (OR)
2.27 [1.39-3.70], p<0.001) was independently associated
with the composite endpoint of intensive care unit (ICU)
admission, invasive ventilation, and/or death in logistic
regression models. However, once patients were hospital-
ized, male sex was no longer prognostic for the combined
endpoint (OR 1.15 [0.56-2.33], p=0.707, Fig. 1). Gender
did not predict disease severity following multivariable
adjustment (OR 0.61 [0.28-1.33], p=0.211), independent
of admission status. Clinical-biological variables includ-
ing the presence of cardiovascular risk factors (OR 1.42
[1.21-1.67, p<0.001), dyspnoea (OR 5.76 [4.10-8.09],
p<0.001) or neurological symptoms (OR 2.32 [1.15-4.69],
p=0.02) at presentation, an increased respiratory rate (OR
1.08 [1.021-1.41], p=0.007) or elevated white blood cells
(OR 1.07 [1.02-1.12], p=0.006) were all independently
associated with severe illness, while anosmia (OR 0.48
[0.34-0.67], p<0.001) or higher testosterone:estradiol ratio
(OR 0.88 [0.80—-0.98], p=0.02) were associated with a mild
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Fig. 1 Incidence of the combined endpoint (composite of death, admission to ICU/IMC, and/or invasive ventilation) in the overall populations
(upper panel) and in hospitalized patients (lower panel) stratified by sex (left) or tertiles of gender (right). Data (bar graphs) are presented as inci-
dence rates of the composite outcome and 95% confidence interval (Cl). For each population, the prognostic value of biological sex and gender
(as competing co-variates) for the combined endpoint are depicted. Models (tables) were adjusted for patient baseline characteristics including
symptoms at presentation, pre-existing conditions, medications, anthropometric data, clinical and laboratory data and presented as odds ratio (OR)
and 95% confidence interval (Cl). Clinical biological predictors (left side) and sociocultural predictors (right side) of the combined endpoint selected
by our multivariable models are also depicted. CVRFs cardiovascular risk factors, WBC white blood cells, ASAT aspartate aminotransferase, MAP mean
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disease course (Fig. 1). Assertiveness (OR 1.25 [1.09-1.42],
p=0.001), having a strong personality (OR 1.22[1.04—1.43,
p=0.016), and lower education (OR 2.88 [1.57-5.26],
p=0.001) were the only gender-related parameters predict-
ing disease severity in our cohort (Fig. 1). Lower education
level is a well-known predictor of adverse health outcomes.
The fact that hospitalized women had the lowest educa-
tional qualification in our cohort (p<0.001 vs hospitalized
men) might point to important health disparities in this
group.

Taken together, we demonstrate that male sex, but not
gender, is independently associated with ICU admission,
invasive ventilation, and/or death in COVID-19. Our data
suggest that the male propensity towards a more severe
disease course of COVID-19 can largely be explained by
clinical-biological differences between men and women.

However, the biological “advantage” of women disappears
once they are hospitalized, indicating that during disease
progression, currently unknown factors might adjust sur-
vival in both sexes. The risk predictors identified in our
study might provide guidance in the current discussion
about mask mandates and requirements for booster vac-
cination in high-risk demographic groups. Our data also
emphasize that more research is needed to understand the
complex impact of gender on health outcomes. Finally, the
question why the survival advantage of women is reduced
after hospitalization requires further study.
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