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[6] Shi Z, Araujo AB, Martin S, et al. Longitudinal changes in testosterone over five
For decades, a persistently higher reported prevalence of, and
oorer outcomes from, chronic disease between men and women
as been reported [1]. Recent events have also drawn into focus
he sex differential in health outcomes for acute infectious disease.
ompared to women, men  with COVID-19 are more likely to have
evere disease (56% vs 44%), require admission to intensive care
71% vs 29%) and die (69% vs 31%) [2]. Men  also have significantly
igher mortality from SARS and MERS and sepsis of any cause [3].

Some plausible, and some wildly speculative, explanations for
he sex-related differences in outcomes after infection with SARS-
OV-2 have been proposed. Higher rates of smoking among men

s an implausible explanation because it has been shown to be
rotective of unfavourable COVID-19 outcomes. A role for testos-
erone in susceptibility to severe infection with SARS-COV-2 has
een proposed because androgen receptor activation increases
ranscription of the Transmembrane Protease Serine 2 (TMPRSS2)
hich is considered necessary for cellular up take of SARS-COV-

 [4]. Angiotensin-Converting Enzyme 2 (ACE2) also participates
n the mechanism of cellular uptake of SARS-COV-2 (and SARS-
OV-1) by a mechanism dependent on TMPRSS2. The ACE2 gene

s located on the X chromosome, and ACE2 activity is generally
igher in females than males (20,608,988). However, at least in
ice, the oestrogen receptor signalling pathway appears to dimin-

sh the severity of SARS-COV-1 [5]. Another possible explanation is
he men  have poorer health to start with.

The paper by Hernández–Garduñoy in this issue of the Journal
hows that among a cohort of the Mexican population selected for
one or a single chronic disease, of those diagnosed with COVID-
9, 58.7% were males and 41.3% were female. The strength of the
ork is that males and females were analysed separately. Compar-

ng males and females 50% vs 37%, 10.4% vs 9.4%, and 14% vs 8.3%,
espectively, were hospitalised, admitted to ICU, or died. In mul-
ivariate analyses the presence of obesity, diabetes, hypertension
ere predictors of increasing risk, smoking was protective of risk

n both men  and women and chronic renal failure was  predictive
f risk in women only. Although the prevalence of obesity was the
ame in men  and women each of the other factors was  more preva-
ent in men  as illustrated in the Table below showing reformatted
ata from the manuscript.

Men  (%) Women (%)

Diabetes 23.4 18
Hypertension 24 22.8
CVD  1.9 1.5
Smoking 12.5 5.7

Chronic renal failure 1.4 1.3

Significant limitations to the data are the classification of disease
tate or risk factor by self-report only, the absence of any estimate of

[

ttps://doi.org/10.1016/j.orcp.2020.08.004
871-403X/© 2020 Published by Elsevier Ltd on behalf of Asia Oceania Association for th
severity, medication use and laboratory measures of glucose, lipids,
sex steroids, or other parameters. Therefore, co-morbidities may
have been underreported and the notion that severity was more
prominent in men  can be conjectured on the balance of probability
but not confirmed. Nevertheless, these data suggest an association
between greater prevalence (and perhaps severity) of diabetes and
hypertension and the poorer COVID-19 related outcomes in men as
compared to women. And they support the notion smoking cannot
explain the sex-based differences in COVID-19 outcomes.

What then of testosterone? While not measured in this study,
the co-morbidities that are associated with greatest risk of poor
outcomes in those infected with COVID-19 are more frequent with
increasing age and these in turn are also associated with lower
serum testosterone concentrations in men  [6]. Further, men  who
smoke tend to have higher testosterone levels than those who do
not [6]. Men  with cardiovascular disease [7] and diabetes [8] have
higher concentrations of ACE2 which may  mediate increased risk
[9].

Whatever the interplay of TMPRSS2, ACE2 and changes in sex
steroids in the severity and outcome of COVID-19, it seems unlikely
that testosterone is primarily responsible but reflects changes in
sex steroid physiology that are secondary to the chronic diseases
that disproportionately affect men. This returns the focus to the
iniquitous states of health between men  and women, and the need
for research on the reasons for sex related disparities in disease.
The temptation to distil men’s health down to a single chromo-
some, testosterone, or misconceived stereotypes about gender is
best avoided.
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