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The COVID-19 pandemic has affectedmillions of patients across the globe.Multiple studies, national and international
governmental data have shown important sex and gender differences in the incidence and outcomes of patients with
COVID-19. These differences are not only attributed to the differences in age and comorbid conditions but likely a com-
bination of factors, including hormonal differences, immune response, inflammatory markers and behavioral atti-
tudes, among others. In this review, we discuss the studies addressing sex- and gender-specific differences in
COVID-19 infections with a focus on the potential pathophysiological mechanisms of these differences.
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1. Introduction

The novel coronavirus disease (COVID-19) pandemic has affected mil-
lions of patients in the United States (US) and worldwide [1–15]. Studies
have shown that older age and certain comorbidities are associated with
higher infection severity andmortality in patientswith COVID-19 infection,
partially explaining the higher severity and case fatality of COVID-19
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infections observed in men; with men being twice as likely to die from
COVID-19 compared with women [1–13]. However, data also show that
differences in the disease severity and outcomes exist based on sex and gen-
der, independent of age and comorbidity profiles, not only in the US but
also in various countries across the globe [4–6,13–18]. The exact mecha-
nisms of these differences are not completely understood and likely repre-
sent a complex interplay of multiple factors. In this review, we discuss
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Table 1
Summary of studies reporting adjusted outcomes startified by sex.

Author Population, number of patients Major findings

Jin et al.
[4]

Single center study from China, 43
patients

Of the deceased 37 patients, 70.3%
were men and 29.3% were women.
Men were more prone to death and
severe infections despite similar
susceptibility and comorbidities (p
= 0.016)

Meng
et al.
[5]

Severely ill Covid-19 patients, 168
patients

Sex-specific trend for critically-ill
condition was observed: males: OR
= 3.824, 95% CI: 1.279–11.435;
females: OR = 2.992, 95% CI:
0.937–9.558, even after adjusting
for covariates including age,
respiratory symptoms, days from
illness onset to the first admission
and the pathogens identified.

Alkhouli
et al.
[6]

Multinational data of COVID-19
patients from United States and
other countries, 14,712 patients

After propensity matching, all-cause
mortality remained significantly
higher in men than in women
(8.13% vs 4.60%; odds ratio, 1.81;
95% CI, 1.55 to 2.11; P < 0.001).

Vahidy
et al.
[13]

Diverse US metropolitan area,
14,992 COVID-19 patients

After adjusting, length of stay, ICU
admissions, mechanical ventilation
and in-hospital mortality were
higher in men.

Abbreviations: CI (Confidence Interval), ICU (Intensive Care Unit), OR (Odds
Ratio).
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these sex and gender differences, highlighting the recent studies reporting
sex-specific comorbidity profiles and outcomes.

2. Risk factors

Several studies have shown the sex-specific differences in the preva-
lence and comorbidity profile between men and women infected with
COVID-19 (Fig. 1) [2–13]. Some studies reported a higher incidence of
COVID-19 infection in men [3,4,11,13], while other studies did not show
a difference in incidence of COVID-19 infections [2,5–10,12–15]. This
could be attributed to higher risk of exposure in men [8], access to
healthcare and testing availability among other factors [13]. Not only do
the reported comorbidities differ between men and women, but they also
differ based on the population being studied (Fig. 1) [2–13]. In general,
men had higher prevalence of smoking, lung disease and cardiovascular
disease, while women had higher prevalence of obesity and kidney disease
(Table 1). Moreover, a few studies assessed the adjusted sex-specific out-
comes in these patients (Table 1) [4–6,13]. Interestingly, even after
adjusting for these comorbidities, men still had higher rates of mortality
or severe infection compared to women [4–6,13]. In addition to mortality,
studies have shown that men with COVID-19 were at higher risk for inten-
sive care unit (ICU) admissions and were more likely to have disease pro-
gression and undergo mechanical ventilation [8,9,12,13,15]. In a study
by Iaccarino et al., male sex was a predictor for ICU admissions in COVID-
19 patients [9]. They also found in sex-specific analysis that obesity,
chronic kidney disease and hypertension were associated with higher
rates of ICU admission among men, whereas obesity and heart failure
were associated with higher rates of ICU admission among women [9].
These observational studies further support the need to understand the ef-
fects of sex and gender on COVID-19 infections.

Additionally, based on the WHO data, among 55 countries providing
sex-disaggregated data on the pandemic cases, 48 countries showed
Fig. 1. Bar graphs showing sex-stratified prevalence of co-morbidities in COVID-19 pati
Panel A: Bar graph showing sex-stratified prevalence of hypertension in patients with CO
mellitus in patients with COVID-19 infections. Panel C: Bar graph showing sex-stratified
COVID-19 infections. Chakravarty et al. did not report prevalence of cardiovascular dise
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disproportionately higher deaths and higher case fatality rates among
men with COVID-19 infection [14–17]. It is important to note that despite
efforts to encourage reporting sex-disaggregated data, only 74 out of 187
countries on the Global Health 5050 provided sex-specific data, with
some countries providing partial sex-specific data [18]. With that being
said, more efforts, both on the local and the international levels, are needed
to ensure accurate and comprehensive reporting of sex-specific data.

3. Role of biological factors

Sex differences refer to the biological attributes, including hormonal,
immune and inflammatory response to infection, that potentially influence
the severity and outcomes of COVID-19 infections [1,19–22]. Estrogens
promote both innate and adaptive immune responses, potentially leading
to faster clearance of pathogens, less severe symptoms in women and
more robust immune response to vaccines [19,20,22]. In addition, estrogen
is associated with decreased expression of angiotensin-converting enzyme
2 (ACE2) receptors, which are the functional receptors for SARS-CoV-2 to
enter host target cells [19,20]. On the other hand, testosterone is associated
with suppressive effects on immune function, which may explain the
greater susceptibility to infectious diseases observed inmen [19,20]. More-
over, reduction in testosterone levels in agingmen has been associatedwith
increased proinflammatory cytokine levels and potential higher risk of “cy-
tokine storms”, which may contribute to worse COVID-19 progression and
severity in older men [19–22]. These cytokines include C-reactive protein
(CRP) and various interleukins [19,20,22]. The increase in pro-
inflammatory response is combined with preferential sex-specific T cell ac-
tivation in the early phase of COVID-19 infection, which is robust even in
older women, and declines significantly in men with aging, making older
men at higher risk for COVID-19 infections [22]. A study showed that
early elevation in CRP >15 mg/L was a marker of disease severity, and a
level > 200 mg/L was independently associated with five times the odds
of mortality [20]. Men with severe COVID-19 had higher CRP concentra-
tions compared with women, independent of age and comorbidities
[19,20].

4. Role of gender

Besides these potential sex-based differences, gender constitutes com-
plex social construct incorporating social role, identity, and relations, and
may influence infectious disease exposure and risk [22–25]. The initial pub-
lic health response to the pandemic required fundamental changes in indi-
vidual behavior, such social distancing and wearing masks [22–26]. A
study of 21,649 participants in the US showed thatwomenweremore likely
to perceive COVID-19 as a very serious health problem, to agree with
restraining public policy measures, and to comply with these measures
[23]. Moreover, another study showed that ethnic minorities, including
Black, Latina and/or Asian patients, were more likely to report wearing a
mask compared with White men [26]. By contrast, men in general had
higher prevalence of high-risk behaviors, including smoking and alcohol
consumption, were more likely to work in high-risk jobs, including driving,
which increase their risk of exposure to the infection or present later when
symptoms are worse, potentially explaining, at least in part, the higher se-
verity of infections in men and consequent outcomes [22–25].

5. Sex Differences in Long-Term COVID-19 Manifestations

Despite the highermortality inmen, women tend to be at higher risk for
long-term COVID-19 manifestations [27]. In a study by the International
ents. Asterisks in panels A-C indicate significant statistical differences by P < 0.05.
VID-19 infections. Panel B: Bar graph showing sex-stratified prevalence of diabetes
prevalence of cardiovascular disease or prior myocardial infarction in patients with
ase or prior myocardial infarction.



Fig. 2. Summary of potential factors influencing sex- and gender-specific outcomes in COVID-19 infections.
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Severe Acute Respiratory and emerging Infections Consortium (ISARIC) of
327 hospitalized patients who were discharged alive and had confirmed or
high likelihood of COVID-19 infection, the investigators found that women
younger than 50 years old were five times less likely to report “feeling re-
covered”, twice as likely to report worse fatigue, seven times more likely
to report breathlessness, andmore likely to have greater disability at follow
up versusmen hospitalizedwith COVID-19 of similar age. The disability the
investigators looked at in this study usually affected memory, mobility,
communication, vision, or hearing [27]. More than half of the patients
did not fully recover at 7-month follow up with persistent symptoms re-
ported by 93.3%, most commonly fatigue and breathlessness [27].

6. COVID-19 in Pregnancy

There seem to be some differences in COVID-19 infections among preg-
nant women with COVID-19 compared with non-pregnant women [28]. In
a meta-analysis of 77 cohort studies including 11,432 pregnant or recently
pregnant women with suspected or confirmed COVID-19, the investigators
found that pregnant women with COVID-19 were less likely to have symp-
toms compared with similar age non-pregnant women, but they had in-
creased risk for ICU admission [28]. In addition, pregnant women with
COVID-19 were more likely to have preterm birth and their newborns
were more likely to be in a neonatal ICU. It is important to mention that
some risk factors are associated with increased risk of severe COVID-19, in-
cluding older age, overweight or obesity, and presence of pre-existing co-
morbidities, such as hypertension or diabetes [28].

7. Evidence from clinical trials

Only a few therapeutic interventions have proven effective for hospital-
ized COVID-19 patients in large-scale randomized trials [29,30]. Since
women are less frequently hospitalized with COVID-19, in both trials,
women only represented ~1/3 of the participants. Without more represen-
tation of women in randomized trials, our estimates to compare the efficacy
of therapies might be inadequate [31]. It is worth mentioning that not only
were women under-represented in clinical trials, but some observational
studies suggested that sex disparities also exist in the treatment of COVID-
19 patients. For example, in one study including >3300 patients from
China, women were less likely to receive antiviral therapy (p = 0.025)
and glucocorticoids treatment (p < 0.0001), however this could be attrib-
uted to the fact that women were less sick [12]. Reassuringly, in the large-
scale trials assessing the efficacy of vaccines for asymptomatic individuals,
there has been adequate representation of women in both trials [32,33]. In
a recent multicenter trial enrolling 4488 patients which has yet to undergo
peer review, colchicine reduced the composite of mortality or hospitaliza-
tion for COVID-19. Interestingly, the effect seemed to be more pronounced
4

among men (odds ratio 0.67, 95% confidence interval 0.48–0.95) versus
women (odds ratio 1.07, 95% confidence interval 0.70–1.65), which fur-
ther highlights that there might be sex-based differences in the responses
to therapies [34].

8. Conclusion

In conclusion, many studies continue to highlight the sex and
gender-based differences in the severity and outcomes of COVID-19 in-
fections. More studies assessing the sex-disaggregated data are needed,
to address numerous knowledge gaps. These include suspected source of
infection, comorbidities, immune response, and individual behaviors,
among other variables. Such data would inform our understanding of
the complex interactions between these variables and their impact on
the disease severity and sex-specific outcomes (Fig. 2). Future studies
addressing sex and gender disparities in COVID-19 infection are encour-
aged to help generate evidence-based recommendations for decision-
making in order to limit these gaps in the healthcare system. Finally, on-
going and future randomized trials need to consider adequate represen-
tation for both sexes in order to investigate sex-specific differences in
therapies.
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