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We have read with great interest the comment by Ayuso García et al. [1] based on our
article [2]. Ayuso García et al. [1] presented data confirming that females with long COVID
reported lower health-related quality of life than men. These results complement those
previously observed by our group [2] and those conclusions reported by a recent systematic
review confirming that female sex is a risk factor for developing long COVID symptoms [3].
Current research supports that females, although they exhibit lower risk for severe acute
infection and less mortality than males, suffer more post-COVID symptomatology at
different aspects including physical, emotional, cognitive, and health-related quality of
life [1–3]. Accordingly, this means that management of long COVID should be considered
from a gender perspective since considering sex differences in diagnosis, prevention and
treatment of diseases are fundamental steps towards precision medicine [4].

Several biological, emotional, and social gender differences should be considered and
integrated when managing long COVID. Among the biological differences (e.g., genetics,
hormones) two main factors would be related to long COVID. First, females have a greater
expression of angiotensin-converting enzyme-2 (ACE2) and transmembrane protease serine
2 (TMPRSS2) receptors than males [5]. Since these receptors are the main cellular-to-cellular
internal pathway of SARS-CoV-2, their higher expression could contribute to a higher
viral load and a posterior persistence of the virus in females [5]. A second biological
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aspect would be a decreased innate immunological response (i.e., lower production of pro-
inflammatory interleukin-6 (IL-6), after the acute phase of the infection in females) [6]. This
reduced immunological response could lead to a rebound effect and a greater development
of post-COVID symptoms [6]. Obviously, an effect of estrogens in these responses should
be also taken into account [7]. Others have proposed that gender differences in brain
development and functioning would explain biological differences between males and
females [8,9].

Differences in emotional and cognitive behaviors could also explain gender differences
in post-COVID symptoms. Females usually exhibit higher prevalence of mood disorders
(e.g., depressive or anxiety levels and worse quality of sleep than males). This has been
observed in particular during the pandemic/confinement since the COVID-19 outbreak’s
surrounding factors such as isolation, fear of the infection, or uncertainty against a new
and unexpected situation affected more females than males [10]. This is in agreement
with findings suggesting that females are considerably more susceptible to secondary
traumatization than male [11]. Since COVID-19 is being considered as post-traumatic
stress disorder (PTSD), this stressful situation could induce a worse perception of health
in females.

Finally, social factors intrinsic to gender should be also integrated into this equation.
For instance, due to a higher fear perception, females exhibit different sanitary-related
behaviors during this sanitary crisis (e.g., more frequent hand washing or less exposure to
SARS-CoV-2 virus) than males [12]. However, the relevance of these factors with respect to
the development of more severe post-COVID symptoms seems to be small, but should be
considered for better understanding the different responses between males and females.

In conclusion, in agreement with Ayuso García et al. [1] and Fernández-de-las-Peñas
et al. [2], long COVID symptoms (physical, cognitive and health-related) must be treated
from a gender perspective. Future clinical trials investigating the effects of potential
treatments for long COVID should integrate biological, emotional, and social differences
between males and females.
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