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ARTICLE INFO ABSTRACT

Keywords: Objective To investigate sex- and gender-based differences linked to SARS-COV-2 infection and to explore the role
SARS-CoV-2 of hormonal therapy (HT) in females.

COVID-19

Study design Data from the self-administered, cross-sectional, web-based EPICOVID19 survey of 198,822 adults
living in Italy who completed an online questionnaire during the first wave of the epidemic in Italy (April-May
2020) were analyzed.

Main outcomes measures Multivariate binary logistic and multinomial regression models were respectively used

Sex

Gender

Hormone therapy
Nasopharyngeal swab testing

Infection severity to estimate the odds ratios (ORs) with 95% confidence intervals (CIs) for positive nasopharyngeal swab (NPS)
Web-based survey test results and severe SARS-CoV-2 infection.
Cross-sectional design Results The data from 6,873 participants (mean age 47.9 + 14.1 years, 65.8% females) who had a known result

from an NPS test were analyzed. According to the multivariate analysis, females had lower odds of a positive
result from the NPS test (aOR 0.75, 95%CI 0.66-0.85) and of having a severe infection (aOR 0.46, 95%CI
0.37-0.57) than did their male counterparts. These differences were greater with decreasing age in both sexes. In
addition, females aged >60 years receiving HT (N = 2,153, 47.6%) had a 46% lower probability of having a
positive NPS test (aOR 0.54, 95%CI 0.36-0.80) than their same-aged peers who had never used HT; there were
no differences in the younger age groups with respect to HT status.

Conclusion Female sex was associated with an age-dependent lower risk of having a severe SARS-CoV-2
infection than their male counterparts. Age seemed to modify the relationship between HT status and infec-
tion: while the two were not related among younger participants, it was negative in the older ones. Future
prospective studies are needed to elucidate the potential protective role sex hormones may play.

Trial registration ClinicalTrials.gov NCT04471701.

Introduction has been characterized by marked sex differences [1]. Although epide-
miological evidence collected early on indicated that males have a
Since its onset, the coronavirus disease (COVID-19) pandemic caused higher infection rate than females [2-5], sex-disaggregated data

by the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) collected by the Global Health 50/50 research initiative showed that
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national epidemiological survey on COVID-19, EPICOVID19; nasopharyngeal swab, NPS; EU general data protection regulation, EU-GDPR; hormonal therapy, HT;
standard deviation, SD; odds ratio, OR; 95% confidence interval, 95%CI.
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there was no substantial difference in the male:female ratio for
SARS-CoV-2 [6]. Some studies have however shown that COVID-19
male patients in the most affected age group (60 years old and older)
have a higher risk of requiring intensive care treatment, worse out-
comes, and mortality with respect to their female counterparts [7,8].
This sex disparity is not entirely surprising since other studies have
already demonstrated that males of all age groups are more susceptible
than females to other respiratory tract infections (e.g. severe acute res-
piratory syndrome [SARS] and the Middle East respiratory syndrome
[MERS]) [9,10].

Although the mechanisms underlying these differences are not fully
understood, it is probable that they involve an interplay between social,
behavioral, and biological factors. Gender-related factors, including
socioeconomic status, lifestyles (e.g. smoking habit and alcohol drink-
ing), personal hygiene patterns (e.g. handwashing), healthcare-seeking
behavior and access to medical assistance, which in turn can affect the
risk of developing diseases, may only partially explain sex differences
linked to the SARS-CoV-2 infection [11,12].

From a biological standpoint, it is known that females present an
enhanced immune reactivity that makes them both more vulnerable to
developing autoimmune diseases as well as more predisposed to
mounting an effective immunity to viral infection [13]. Genetics and sex
hormones may influence both the expression of viral receptors and the
differential regulation of immune responses [13]. Indeed, since they
seem to be able to modulate the immune and inflammatory responses
and the expression of the Angiotensin-converting enzyme (ACE)-2 gene,
which binds the SARS-CoV-2 viral spike protein [14], female hormones
may have a protective effect against COVID-19 disease [15]. Conversely,
androgens may predispose males to a more severe COVID-19 progres-
sion [16]. To the best of our knowledge, only a few studies have
investigated the sex- and gender differences linked to the SARS-CoV-2
infection [2,3,5] and the potential therapeutic role of sex hormones
[17-20].

Considering the health system burden due to medical care and
disabling sequelae of COVID-19 [21], understanding the extent to which
sex hormones underlie the sex and gender differences in the severity of
the coronavirus disease could have important clinical and public health
implications. Data collected by the large web-based Italian National
Epidemiological Survey on COVID-19 (EPICOVID19) during the first
early wave of the pandemic were thus analyzed with the intent to: (i)
examine if, after adjusting for social, clinical, and behavioral factors,
males have a higher probability of having a positive SARS-CoV-2 test
result and of developing a severe infection compared to females; and (ii)
evaluate the role of hormonal therapy (HT) usage in the female
participants.

2. Material and methods
2.1. Study design, setting and population

The EPICOVID19 survey consists of a self-selected convenience
sample of 198,822 males and females aged 18-100 living in Italy during
the first lockdown who filled in a web-based questionnaire between
April and May 2020. The study’s methodology has been described in
detail elsewhere [22]. The inclusion criteria were: age >18 years; access
to devices connected to internet; and providing online consent to
participate in the study. Out of the 198,822 participants who filled out
the web questionnaire, two subsets were identified for the purposes of
the current study: 1) Sample A = the male and female participants who
underwent a nasopharyngeal swab (NPS) test with a known result (N =
6,873); 2) Sample B = the female participants who underwent a NPS test
with a known result (N = 4,521) (Fig. 1).

2.2. Data collection and exposures definition

As described elsewhere, all the participants of the EPICOVID19
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198,822 participants completed the survey

191,949 participants did not perform the NPS
test or unknown results

6,873 males and females participants eligible for analysis A

2,352 males participants

4,521 females participants eligible for analysis B

2,368 Never-HT users 2,153 HT-users

Fig. 1. Flow-chart of the study samples A and B.

survey were asked to complete an anonymous 38-item questionnaire
[22]. The questionnaire was designed to gain information about the
participant’s life and in particular about his/her age, sex, educational
level (illiterate or primary school, middle or high school, and university
or postgraduate degree), and employment status (employed, student,
unemployed, retired, or other). The questionnaire also asked: if the
participant was a healthcare professional, about the participant’s resi-
dence area (in the northern, central, southern or island regions of Italy),
if the participant was living with other individuals at high risk of
infection, had self-reported diseases, was taking any medicines, had a flu
vaccination during the autumn of 2019 and/or an anti-pneumococcal
vaccination over the last 12 months. Other items enquired about how
much physical activity the participant were engaged in (never or less
than 10 min/week, 10 min to two hours and half/week, and more than
two hours and half/week), if the participant had a smoking habit
(classified as a non-, former, or current smoker status), had any contacts
with confirmed/suspected COVID-19 cases, his/her self-perceived
health status (bad, adequate, or good), if she/he had exhibited
healthcare-seeking behavior (had contacted an emergency number or
his/her general practitioner), had any self-reported SARS-CoV-2 related
symptoms, pneumonia, had been hospitalized for confirmed/suspected
COVID-19, or had performed a NPS test result (positive vs negative)
(Annex 1).

2.3. Exposure to hormonal therapy

Some items specifically addressing the female participants inquired
if they were currently taking or had in the past (for more or less than 5
years) taken any form of HT, including hormonal contraceptives and/or
hormone replacement therapy. The responses were divided into three
groups: (1) never-HT users (reference group) vs - HT users; (2) past HT
users vs current HT users; (3) participants who used HT less than 5 years
vs participants who used HT more than 5 years.

2.4. Main outcomes

The study’s primary outcome measures were: the results of NPS
molecular testing and SARS-CoV-2 infection severity identified by
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combining information on the NPS test and responses regarding symp-
toms and hospitalization for COVID-19. Each participant was classified
as having: (i) a negative NPS test; (ii) an asymptomatic or mild infection
(a positive NPS test without symptoms or with at least one COVID-19-
like symptom); or, (iii) severe infection (positive NPS test with pneu-
monia and/or hospitalization for COVID-19) .

2.5. Statistical analysis

Age as a continuous variable was summarized in the descriptive
analyses as means and standard deviation (SD); the categorical variables
were presented as counts and percentages. The participants’ character-
istics according to sex (Sample A) and HT usage (Sample B) were
compared using the t-test for age and the chi-squared test for all other
categorical variables. Multivariate logistic and multinomial regression
models were fitted to assess the relationships between sex (Sample A)
and HT usage (Sample B) with positive versus negative NPS test results
and the infection severity, respectively. Odds ratio (OR) and 95% con-
fidence interval (95% CI) were estimated. The potential confounders of
the two models were selected on the basis of theoretical knowledge and
empirical criteria (P-value<0.05 in univariate analysis). Interaction
terms were included in the model to investigate if age was a moderator
of the effects of sex or HT usage on the NPS test and infection severity.
The Wald tests were used to assess the age x sex (and HT interactions).
When heterogeneity was present, stratum-specific estimates were eval-
uated. Healthcare professionals were stratified in a sensitivity analysis to
exclude any bias due to the selective inclusion of this category in the
survey. In oder to evaluate the effect of HT usage among post-
menopausal females, a supplementary analysis focusing only on fe-
males aged 50 years or older has been performed. Sample size calcula-
tion is available as Supplementary material (S1). All statistical analyses
were performed using Stata 15.0 version (StataCorp LP, College Station,
Texas, USA) and a two-sided P-value <0.05 was considered statistically
significant.

3. Results
3.1. Characteristics of the study samples

The distributions of the participants’ characteristics according to sex
(Sample A) and by HT usage (Sample B) are shown in Table 1. The mean
age of the sample population that underwent NPS testing was 47.9 +
14.1 years; 65.8% were females, 24.8% had a positive result and 7.1%
developed a severe disease (sample A). With respect to the males, the
females were significantly younger and were more likely to have self-
reported headaches, heart palpitations, gastrointestinal disturbances,
conjunctivitis, and sore throat/rhinorrhoea. The females had a lower
rate of NPS positive test results, hospitalizations, and severe COVID-19
infection compared with males. Nearly half (47.6%) of the females in
Sample B were HT users. The never-HT users were older, had more
comorbidities, and were more likely to have a positive NPS test result
with respect to their HT user counterparts.

3.2. Association analyses

Table 2 shows the logistic regression results considering a positive
NPS test as the outcome for the whole sample (Sample A). With respect
to their male counterparts, being female was inversely associated with
the odds of having a positive NPS test (OR 0.75, 95%CI 0.66-0.85).
Since a significant interaction between sex and age was found, six levels
of indicator variables of males/females aged >60, males/females 50-59,
and males/females <50 were created. With respect to the males aged
>60, a pattern across age classes was noted in both sexes; the males
younger than 50, the females between 50 and 59, and the females older
than 50 showed a significantly lower probability of testing positive by
39%, 44%, and 52%, respectively. Table 3 reports the association

63

Maturitas 158 (2022) 61-69

between sex and the probability of getting a severe infection. Overall,
females had a lower probability of having a severe infection (aOR 0.46,
95%CI 0.37-0.57) with respect to their male counterparts. Considering
the older males with no infection as the reference group, data analysis
uncovered that the males aged over 50, the females 60 and older, the
females between 50 and 59, and the females younger than 50 had,
respectively, a significant risk reduction of 66%, 42%, 67%, and 85%.

Tables 4 and 5 show that the aORs of having a positive NPS test and
of developing a severe infection in the Sample B population significantly
decrease with decreasing age. Although no association between HT
usage and SARS-CoV-2 infection was found, a statistically significant
interaction was observed between age and HT (P-value <0.001). When
age class was combined with HT, it was found that, with respect to the
never-HT users who were 60 or older, the HT users of the same age class
had a 46% reduced odds of receiving a positive result (aOR 0.54).
Similar results were found for the younger age classes, irrespective of HT
usage. With respect to the never-HT users who were 60 or older, the HT
users of the same age class had a lower probability of having an
asymptomatic or mild infection (aOR 0.37, 95%CI 0.22-0.61); both the
never- and the HT users in the younger age groups (50-59 and <50
years) showed a lower odds of severity and there was no association with
severe infection severity. A similar pattern of reduced association in the
females who were 60 and over was observed when the HT status and
duration were considered (Fig. 2 and Supplementary $23). The asso-
ciations between the female sex and a positive NPS test result and
severity were less pronounced in the healthcare professionals (Supple-
mentary S4). Supplementary material S5-S8 shows the associations
between HT usage in females older than 50 years (post-menopausal).
With respect to the never-HT users the association between HT users and
NPS status and infection severity, even considering the HT status and
duration, persisted although the effect was in part attenuated. This is
partly due to the differences that the oldest age classes may have when
compared to the youngest one, especially with respect to SARS-CoV-2
infection.

4. Discussion
4.1. Main findings

The data were collected from a large web-based survey of an adult
population during the first wave of the COVID-19 pandemic in Italy.
After adjusting for several socio-demographic, clinical, and behavioral
factors, data analysis showed that the female sex was associated with a
25% lower probability of a positive NPS test result and a 46% lower risk
of developing a severe infection; the strength of these associations
increased as age decreased. These findings are in line with other
epidemiological data gathered from the Italian population performed
between March and August 2020 showing that males were more likely
than females to test positive [2,3,5] and to manifest severe disease
leading to an increased risk of COVID-19-related hospitalization,
intensive care unit admission, and death [2,5,8]. A systematic review
and meta-analysis of 57 studies performed between December 2019 and
April 2020 uncovered a pooled prevalence of COVID-19 confirmed cases
in males and females of 55% and 45%, respectively [4]; these findings
were similar to those reported by the Italian National Institute of Health
(ISS) at the end of March 2020 [23]. The Global 50/50 initiative [6] and
some reviews and meta-analyses focusing on COVID-19 cases worldwide
published after that date, however, reported no difference in the male:
female ratio of individuals infected with SARS-CoV-2, although the
former face a higher risk of hospitalization, intensive care unit admis-
sion, and death with respect to their female counterparts [8,24,25]. A
seroprevalence systematic review and meta-analysis likewise reported
no substantial sex difference in individuals infected with SARS-CoV-2
[26]. Our cross-sectional data were collected during the early stages of
the epidemic in Italy (April 2020) when only individuals experiencing
symptoms severe enough to require medical attention underwent NPS
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Table 1
Socio-demographic and behavioral characteristics of the study participants according to sex and HT usage in Sample A (N = 6873) and Sample B (females, N = 4521).

Sample A (N = Sample B (N =

6,873) 4,521)
Characteristics Overall N = Males N = 2,352 Females N = 4,521 P-value Never-HT users N = HT users N = 2,153 P-value

6,873 (34.2%) (65.8%) 2,368 (52.4%) (47.6%)

Socio-demographic a
Age, years (mean, SD) 47.9 14.1 49.5 14.1 47.1 14.1 < 0.001 49.9 15.3 44.1 11.9 < 0.001
Age classes < 0.001 < 0.001
< 50 3,693 53.7 1,127 47.9 2,566 56.8 1,190 50.2 1,376 63.9
50-59 1,856 27.0 596 25.3 1,260 27.9 689 29.1 571 26.5
>60 1,324 19.3 629 26.7 695 15.4 489 20.7 206 9.6
Low educational level 530 7.7 151 6.4 379 8.4 0.015 291 12.3 88 4.1 <0.001
Retired 466 6.8 215 9.1 251 5.6 0.001 200 8.5 51 2.4 <0.001
Healthcare professionals 3,474 50.6 987 42.0 2,487 55.0 < 0.001 1,243 52.5 1,244 57.8 < 0.001
Northern area of residence 5,169 75.2 1,722 73.2 3,447 76.2 < 0.001 31,802 76.1 1,645 76.4 0.904
Personal characteristics
Sedentary habits 2,094 30.5 610 25.9 1,484 32.8 < 0.001 887 37.5 597 27.7 < 0.001
Current smokers 1,068 15.5 346 14.7 722 17.9 < 0.001 349 14.7 373 17.3 <0.001
Good self-perceived health status 5,518 80.3 1941 82.5 3,577 79.1 < 0.001 1,802 76.1 1,775 82.4 < 0.001
Co-habitants at risk 1,377 20.0 402 17.1 975 21.6 < 0.001 598 25.3 377 17.5 < 0.001
Contact with COVID-19 cases*tb1fn2 4,874 70.9 1,606 68.3 3,268 72.3 0.001 1,729 73.0 1,539 71.5 0.250
Healthcare seeking"™! 2,977 43.3 1,042 44.3 1,935 42.8 0.233 1,027 43.4 908 42.2 0.417
Medical conditions
Lung diseases 553 8.1 206 8.8 347 7.7 0.117 197 8.3 150 7.0 0.088
Heart diseases and/or use of drugs 306 4.5 129 5.5 177 3.9 0.003 217 9.2 80 3.7 <0.001
Hypertension and/or use of drugs 1,202 17.5 587 25.0 615 13.6 <0.001 402 17.0 213 9.9 < 0.001
Oncological diseases 2.22 3.2 79 3.4 143 3.2 0.663 77 3.3 66 3.1 0.721
Liver diseases 61 0.9 24 1.0 37 0.8 0.397 31 1.3 6 0.3 <0.001
Renal diseases 78 1.1 36 1.5 42 0.9 0.025 31 1.3 11 0.5 0.005
Metabolic diseases and/or use of drugs 375 5.5 135 5.7 240 5.3 0.455 271 11.4 152 7.1 <0.001
Depression/anxiety and/or use of drugs 801 11.7 220 9.4 581 12.9 < 0.001 376 15.9 205 9.5 < 0.001
Immune system diseases 670 9.8 109 4.6 561 12.4 < 0.001 305 12.9 256 11.9 0.313
Flu shot vaccination 2,313 33.7 876 37.2 1,437 31.8 < 0.001 773 32.6 664 30.8 0.194
Anti-pneumococcal vaccination 331 4.8 143 6.1 188 4.2 < 0.001 117 4.9 71 3.3 0.006
Oncological drugs 72 1.1 23 1.0 49 1.1 0.682 17 0.7 32 1.5 0.013
Corticosteroids 160 2.3 59 2.5 101 2.2 0.474 50 2.1 51 2.4 0.559
Thyroid drugs 568 8.3 75 3.2 493 10.9 < 0.001 268 11.3 225 10.5 0.350
Anti-inflammatory drugs 433 6.3 111 4.7 322 7.1 < 0.001 179 7.6 143 6.6 0.231
COVID-19 related variables
No symptoms 1,792 26.1 620 26.4 1,172 25.9 0.695 651 27.5 521 24.2 0.012
Fever 1,898 27.6 762 32.4 1,136 25.1 < 0.001 599 25.3 537 24.9 0.784
Headache 2,562 37.3 715 30.4 1,847 40.9 < 0.001 894 37.8 953 44.3 <0.001
Muscle/bone pain 2,381 34.6 792 33.7 1,589 35.2 0.223 797 33.7 792 36.8 0.028
Olfactory and taste disorders 1,450 21.1 497 21.1 953 21.1 0.960 475 20.1 478 22.2 0.078
Shortness of breath 1,036 15.1 373 15.9 663 14.7 0.189 319 13.5 344 16.0 0.017
Chest pain 965 14.0 308 13.1 657 14.5 0.104 309 13.1 348 16.2 0.003
Heart palpitations 876 12.8 205 8.7 671 14.8 < 0.001 316 13.3 355 16.5 0.003
Gastrointestinal disturbances 1,929 28.1 588 25.0 1,341 29.7 < 0.001 643 27.2 698 32.4 <0.001
Conjunctivitis 821 12.0 254 10.8 567 12.5 0.035 300 12.7 267 12.4 0.786
Sore throat/rhinorrhoea 2,531 36.8 753 32.0 1778 39.3 < 0.001 886 37.4 892 41.4 0.006
Cough 2,371 34.5 839 35.7 1532 33.9 0.140 753 31.8 779 36.2 0.002
Pneumonia 557 8.1 289 12.3 268 5.9 < 0.001 137 5.8 131 6.1 0.671
Hospitalized for COVID-19 528 7.7 287 12.2 241 5.3 < 0.001 138 5.8 103 4.8 0.119
NPS test positive result 1,702 24.8 677 28.8 1025 22.7 < 0.001 595 25.1 430 20.0 < 0.001
Infection severity < 0.001 < 0.001
Negative NPS test 5,171 75.2 1675 71.2 3,496 77.3 1773 74.9 1,723 80.0
Asymptomatic or mild 1,214 17.7 222 4.9 803 17.8 471 19.9 332 15.4
Severe 488 7.1 266 11.3 222 4.9 124 5.2 98 4.6

Older people or anyone with immunocompromising or chronic disease conditions.

* Suspected/confirmed.

U Contact the emergency number or the general practitioner.
§ Asymptomatic or mild infection (positive NPS test without symptoms or with at least one COVID-19 like symptom) and severe infection (positive NPS test with
pneumonia and/or hospitalization for COVID-19).

testing. The fact that there were more males with positive NPS results
may have distorted our results just as the fact there were more female
than male participants that underwent the NPS tests possibly because of
the high percentage of female healthcare professionals workers.

The male participants of our survey were older and more frequently
reported comorbidities and severe COVID-19 symptoms such as fever
and pneumonia leading to worse disease progression. The females
instead were more likely to be paucisymptomatic, presenting with
atypical symptoms characterized by sore throat/rhinorrhea, gastroin-
testinal disturbances, headache, conjunctivitis, and palpitations that
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were associated with less severe outcomes, as previously documented
[27]. As the age-dependent sex disparities in our population persisted
after controlling for comorbidities and high-risk behaviors, they seemed
to pointing in the direction of possible biological-related explanations.
Sex differences in immune responses throughout the lifecourse are
influenced by both age and reproductive status. In fact, it has been re-
ported that females tend to be less susceptible to infections than their
male counterparts, and it has been hypothesized that sex steroids
contribute to the differential regulation of immune responses between
sexes [13]. Both oestrogens and progesterone act by suppressing the
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Table 2
Odds ratios of positive NPS molecular test according to sex and age groups in Sample A (N = 6873).
Total Negative

Sample A° N = 6,873 N =5,171
Males 2352 34.2 1675
Females 4,521 65.8 3,496
SEX X AGE
Males aged>60 629 9,3 391
Males aged 50-59 596 8,8 411
Males aged <50 1,127 16,6 873
Females aged>60 695 10,2 428
Females aged 50-59 1,260 18,6 977
Females aged <50 2,566 37,8 2091

Positive Adjusted

%=75.2 N =1,702 %=24.8 aOR (95% CI)
32.4 677 39.8 1 (ref)

67.6 1,025 60.2 0.75 (0.66-0.85)
7.6 238 14.0 1 (ref.)

8.0 185 10.9 0.87 (0.66-1.14)
16.9 254 14.9 0.61 (0.47-0.79)
8.3 267 15.7 0.86 (0.67-1.11)
18.9 283 16.6 0.56 (0.44-0.72)
40.4 475 27.9 0.48 (0.38-0.61)

Males reference category.

Model adjusted for age®, education, employment status, area of residence, healthcare professionals, physical activity, smoking status, living with at risk co-habitants,
contact with COVID-19 cases, heart diseases, hypertension, depression, renal diseases, immune system disorders, flu and anti-pneumococcal vaccine, thyroid drugs,

anti-inflammatory drugs, and self-perceived health status.

Table 3

Odds ratios of infection severity according to sex and age groups in Sample A (N = 6873).

Sample A° Negative NPS test N = 5,171 (75.2) Asymptomatic or mild infection N = 1,214 (17.7) Severe infection N = 488 (7.1)

N (%) OR (95% CI) N (%) OR (95% CI) N (%)
Males 1,675 (34.4) 1 (ref.) - 411 (33.9) 1 (ref.) - 266 (54.5)
Females 3,496 (67.6) 0.92 0.79-1.06 803 (66.1) 0.46 0.37-0.57 222 (45.5)
SEX X AGE
Males aged>60 391 (7.6) 1 (ref.) 120 (9.9) 1 (ref.) 118 (24.2)
Males aged 50-59 411 (8.0) 0.96 0.69-1.34 103 (8.5) 0.74 0.51-1.08 82 (16.8)
Males aged <50 873 (16.9) 0.85 0.63-1.16 188 (15.5) 0.34 0.23-0.50 66 (13.5)
Females aged>60 428 (8.3) 1.15 0.87-1.53 187 (15.4) 0.58 0.41-0.82 80 (16.4)
Females aged 50-59 977 (18.9) 0.77 0.57-1.04 208 (17.3) 0.33 0.22-0.48 75 (15.4)
Females aged <50 2,091 (40.4) 0.77 0.58-1.02 408 (33.6) 0.15 0.10-0.22 67 (13.7)

Males and negative NPS test as reference category. Asymptomatic or mild infection (positive NPS test without symptoms or with at least one COVID-19 like symptom)
and severe infection (positive NPS test with pneumonia and/or hospitalization for COVID-19).

Model adjusted for age®, education, employment status, area of residence, healthcare professionals, physical activity, smoking status, living with at risk co-habitants,
contact with COVID-19 cases, heart diseases, hypertension, depression, renal diseases, immune system disorders, flu and anti-pneumococcal vaccine, thyroid drugs,

anti-inflammatory drugs, and self-perceived health status.

production of proinflammatory cytokines associated with the COVID-19
cytokine storm and by enhancing the anti-inflammatory cytokines [28].
Furthermore, it has been reported that ACE2, which is located on the X
chromosome, was significantly downregulated after binding viral Spike
protein with consequent reduced ACE2 expression in the lung resulting
in severe acute respiratory failure [29]. High estrogen concentrations
might up-regulate ACE2 expression leading to an over-expression of
ACE2 in females protecting them against viral entry. Low oestrogens
levels in males may instead contribute to higher disease susceptibility
and death rates [30]. Androgens could also promote the transcription of
the TMPRSS2 gene facilitating viral entry into the cells [16] and
decreasing the antibody response to viral infections [13]. Interestingly,
patients with prostate cancer undergoing treatment with androgen
deprivation therapy were less likely to develop severe COVID-19 with
respect to their non-treated counterparts. Moreover, the low levels of
androgens in females may reduce TMPRSS2 expression, further pro-
tecting them against the SARS-CoV-2 infection [31].

Our analysis also uncovered that the older females (with natural
estrogen deficiency) who were currently receiving or had received HT in
the past had a significantly lower odds of getting the infection with
respect to their same age counterparts who had never used HT (aOR
0.54). The odds was similar for younger females irrespective of HT use,
possibly because of their higher endogenous estrogen levels. These as-
sociations seemed to persist independently of the current or past usage
of HT or its duration. As females age, the hormone’s potential protective
effect is attenuated because menopause causes a drastic decline in the
natural estrogen levels and affects B and T cells causing post-
menopausal women to be more prone to chronic and infectious dis-
eases. In addition, post-menopausal females are reported to have higher
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levels of pro-inflammatory cytokines that seem to be reduced by HT
[32].

Our preliminary data support these hypotheses and agree with the
findings of other studies. A study based on an analysis of electronic
health records from a large international COVID-19 patient cohort (N =
68,466) recently reported that although estradiol treatment in pre-
menopausal females had no effect, fatality risk for post-menopausal fe-
males receiving estradiol therapy was reduced by more than 50% [20].
Menopause was found to be an independent risk factor for COVID-19 in
a cross-sectional study investigating 1902 COVID-19 female patients,
while anti-Mullerian hormone and estradiol appeared to be potential
protective factors [18]. A study investigating 152,637 female users of a
COVID Symptom Tracker Application in the UK reported that post-
menopausal femlaes had a higher rate of predicted COVID while
pre-menopausal females taking the contraceptive pill had a significantly
lower rate of predicted COVID-19 and hospitalizations with respect to
their post-menopausal counterparts [17]. The authors of a study carried
out in South Korea did not find any association between females who
had been taking HT over the past year and morbidity and clinical out-
comes of COVID-19 [19]. Although it is impossible to exclude that
post-menopausal females are more susceptible to SARS-COV-2 infection
due to age-related factors and comorbidities rather than to lower es-
trogen levels, our data suggest that HT may play a protective role against
COVID-19 in older females. At present, several clinical trials investi-
gating the potential effect of hormonal therapies (i.e. the selective es-
trogen receptor modulator, raloxifene) on the infection are currently
underway [33].
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Table 4
Adjusted odds ratios of positive NPS test according to age and HT usage in
Sample B (females, N = 4521).

Model B Total N = Negative N = Positive N = Adjusted OR
4,521 3,496%=77.3 1,025%= (95%CI)
22.7
AGE
Females 267 15,4 428 12.2 267 26.1 1 (ref)
aged>60
Females aged 283 27,9 977 28.0 283 27.6 0.69
50-60 (0.53-0.90)
Females aged 475 56,8 2091 59.8 475 463  0.62
<50 (0.48-0.80)
HORMONAL N % N %
THERAPY®
Never-HT users 595 52,4 1773 50.7 595 58.1 1 (ref)
HT users 430 47,6 1723  49.3 430 42.0 0.95
(0.81-1.10)
AGE X
HORMONAL
THERAPY
Females never- 219 10,8 270 7.7 219 21.4 1 (ref)
HT users
aged>60
Females HT 48 4,6 158 4.5 48 4.7 0.54
users aged (0.36-0.80)
>60
Females never- 159 15,2 530 15.2 159 15.5 0.57
HT users aged (0.42-0.77)
50-60
Females HT 124 12,6 447 12.8 124 12.1 0.57
users aged (0.41-0.79)
50-60
Females never- 217 26,3 973 27.8 217 21.2 0.50
HT users aged (0.37-0.67)
<50
Females HT 258 30,4 1118 320 258 252 0.52
users aged (0.38-0.69)
<50

Never-HT users as reference category.

Model adjusted for age°®, education, employment status, area of residence,
healthcare professionals, physical activity, smoking status, living with at risk co-
habitants, contact with COVID-19 cases, heart diseases, depression, liver and
metabolic diseases, flu and anti-pneumococcal vaccine, anti-inflammatory and
oncological drugs.

Table 5
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4.2. Limitations and strengths

These findings need to be interpreted cautiously since the sample
was self-selected and cannot be considered entirely representative of the
Italian population. The study’s generalizability is also limited because
restricted to relatively young, female, highly educated, healthcare
workers, health-conscious individuals, while a low percentage was made
up of participants severely ill with COVID-19 . Furthermore, this study
suffers from sampling bias because of the exclusion of individuals who
were hospitalized for severe infection or have died because of COVID-
19. Other investigators have pointed out that a non-random sampling
based on the availability of testing may have led to restrict the analysis
to individuals who have been tested for active SARS-CoV 2-infection
with severe symptoms [34]. The cross-sectional nature of the study
did not enable cause-and-effect inference. The study may be subjected to
the “healthy women effect”, females taking HT were more educated, had
higher socioeconomic status, a healthier lifestyle, and a lower risk of
CVD and metabolic diseases, all factors known to be associated with
COVID-19, than their non-HT counterpart, although the models have
been adjusted for these variables.

The study may also be prone to a recall bias because data regarding
homone-related exposure were self-reported and the questions
regarding HT were non-standardized therefore, misunderstanding and
internal errors due to the lack of qualified assessment might have
affected the study results. It was moreover impossible to analyze oral
contraceptive use and hormone replacement therapy separately; in
addition, no specific drug type description was collected. Lastly,
although we controlled for several potential confounders, other condi-
tions not considered may have affected our results, therefore unmea-
sured or residual confounders cannot completely ruled out. The study
does nevertheless boast a large sample, and its data, which was collected
directly from the general population, reflected the geographical distri-
bution of SARS-CoV-2 infection in the country over the observation
period [22]. In addition, information on the length of time in years that
hormonal therapies were being or had been taken made it possible to
perform a time-response analysis. To our knowledge, EPICOVID19 is the
largest web survey performed in Italy during the first wave of the
pandemic; it collected exhaustive information on socio-demographic,
medical, behavioral, and environmental factors, which made it
possible, to control for many potential confounding factors.

Adjusted odds ratios of infection severity according to age and HT usage in Sample B (females, N = 4521).

Negative NPS test N = 3,496 (77.3)

Asymptomatic or mild infection N = 803 (17.8)

Severe infection N = 222 (4.9)

N (%) OR (95% CI) N (%) OR (95% CI) N (%)
AGE
Females aged>60 428 (12.2) 1 (ref.) - 187 (23.3) 1 (ref) - 80 (36.0)
Females aged 50-60 977 (28.0) 0.75 0.56-1.01 208 (25.9) 0.53 0.35-0.82 75 (33.8)
Females aged <50 2,091 (59.8) 0.80 0.60-1.06 408 (50.8) 0.24 0.16-0.38 67 (30.2)
HORMONAL THERAPY®
Never-HT users 1,773 (50.7) 1 (ref.) - 471 (58.7) 1 (ref) - 124 (55.9)
HT users 1,723 (49.3) 0.89 0.76-1.06 332 (41.3) 1.19 0.88-1.62 98 (44.1)
AGE X HORMONAL THERAPY
Females never-HT users aged>60 270 (7.7) 1 (ref.) 163 (20.3) 1 (ref.) 56 (25.2)
Females HT users aged >60 158 (4.5) 0.37 0.22-0.61 24 (3.0) 1.04 0.58-1.86 24 (10.8)
Females never-HT users aged 50-60 530 (15.2) 0.59 0.42-0.84 121 (15.1) 0.47 0.28-0.81 38 (17.1)
Females HT users aged 50-60 447 (12.8) 0.55 0.38-0.79 87 (10.8) 0.63 0.36-1.09 37 (16.7)
Females never-HT users aged <50 973 (27.8) 0.59 0.43-0.82 187 (23.3) 0.24 0.14-0.43 30 (13.5)
Females HT users aged <50 1,118 (32.0) 0.61 0.44-0.85 221 (27.5) 0.25 0.15-0.44 37 (16.7)

Negative NPS test and never-HT users as reference category. Asymptomatic or mild infection (positive NPS test without symptoms or with at least one COVID-19 like
symptom) and severe infection (positive NPS test with pneumonia and/or hospitalization for COVID-19).

Model adjusted for age®, education, employment status, area of residence, healthcare professionals, physical activity, smoking status, living area, living with at risk co-
habitants, contact with COVID-19 cases, heart diseases, depression, liver and metabolic diseases, flu and anti-pneumococcal vaccine, anti-inflammatory and onco-

logical drugs.
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HT STATUS l

Never-HT users 260 1 (ref.)
Never-HT users aged 50-59 —_—,——— 0,57 [0,42-0,77]
Never HT users aged <50 ———— 0,49 [0,37-0,68]
Past HT users aged 260 ] 0,39 [0,08-1,85]
Past HT users aged 50-59 < 0,49 [0,26-0,89]
Past HT users aged <50 — 0,49 [0,35-0,69]
Current HT users aged 260 B 0,55 [0,36-0,82]
Current HT users aged 50-59 +- 0,59 [0,42-0,82]
Current HT users aged <50 —_— 0,53 [0,39-0,73]
HT DURATION

Never-HT users 260 | | 1 (ref.)
Never-HT users aged 50-60 —_— 0,57 [0,42-0,77]
Never HT users aged <50 —_— 0,49 [0,37-0,68]
Less than 5 years HT users aged 260 o 0,49 [0,28-0,86]
Less than 5 years HT users aged 50-59 < 0,68 [0,46-1,02]
Less than 5 years HT users aged <50 —_—————— 0,47 [0,38-0,66]
More than 5 years HT users aged 260 L 0,58 [0,35-0,95]
More than 5 years HT users aged 50-59 + 0,49 [0,34-0,72]
More than 5 years HT users aged <50 @ 0,56 [0,40-0,77]
-0,5 0 0,5 1 1,5 2

Adjusted Odds Ratios

Fig. 2. Model adjusted for age, education, employment status, area of residence, healthcare professionals, physical activity, smoking status, living area, living with at
risk co-habitants, contact with COVID-19 cases, heart diseases, depression, liver and metabolic diseases, flu and anti-pneumococcal vaccine, anti-inflammatory and

oncological drugs.

5. Conclusion

These preliminary findings based on data from an Italian adult
population collected during the first wave of the pandemic uncovered a
sex bias for the SARS-CoV-2 infection rate favoring females. Females
over 60 years who were receiving or had received hormonal therapy had
a lower probability of having a positive NPS test compared with non-
user same-age counterparts. Future prospective studies are warranted
to explore how hormonal therapy can affect infection vulnerability and
long term COVID19-related clinical outcomes.
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