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A B S T R A C T

Objective: To evaluate the association between factors, especially those linked to the climacteric, and a history of
COVID-19 infection.
Methods: This was an observational, cross-sectional, and analytical study in which women from ten Latin Amer-
ican countries, aged 40–64, who attended a routine health check-up were invited to participate. A positive his-
tory for COVID-19 was based on reverse transcription-polymerase chain reaction reports. We evaluated so-
ciodemographic, clinical, lifestyle, anthropometric variables, and menopausal symptoms using the Menopause
Rating Scale (MRS).
Results: A total of 1238 women were included for analysis, of whom 304 (24.6 %) had a positive history for
COVID-19. The median [interquartile range: IQR] age of participants was 53 [IQR 12] years, duration of formal
education was 16 [6] years, body mass index 25.6 [5.1] kg/m2, and total MRS score 10 [13]. In a logistic regres-
sion model, factors positively associated with COVID-19 included postmenopausal status and having a family
history of dementia (OR: 1.53; 95 % CI: 1.13–2.07, and 2.40; 1.65–3.48, respectively), whereas negatively asso-
ciated were use of menopausal hormone therapy (current or past), being a housewife, and being nulliparous
(OR: 0.47; 95 % CI: 0.30–0.73; 0.72; 0.53–0.97 and 0.56; 0.34–0.92, respectively). Smoking, being sexually ac-
tive, and use of hypnotics were also factors positively associated with COVID-19.
Conclusion: Postmenopausal status and a family history of dementia were more frequent among women who
had had COVID-19, and the infection was less frequent among current or past menopause hormone therapy
users and in those with less physical contact.
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1. Introduction

The initial publications from China related to the infection with the
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), caus-
ing coronavirus disease 2019 (COVID-19), reported a higher prevalence
in men than in women [1]. A subsequent meta-analysis of 57 studies,
including only two reports from Western countries, confirmed the
higher prevalence of the disease in males [2]. In May 2020, a European
meta-analysis that included 23 countries with more than one million
patients showed that not only was the disease more frequent in men,
but also that they were 60 % more likely to die than women if they ac-
quired the disease [3]. When specifically comparing the morbidity and
mortality caused by COVID-19 in men as compared with post-
menopausal women, there are no significant differences. However,
when analyzing premenopausal women, it is observed that they have
lower morbidity and mortality from COVID-19 than men [4].

Experimental medicine studies show that ovariectomy or treating
female mice with an estrogen receptor antagonist increased mortality in
mice infected with the first reported severe acute respiratory syndrome
coronavirus (SARS-CoV-1) [5]. However, women appear to be less
prone to severe forms of the SARS-CoV-2 infection, probably due to the
ovarian hormone modulation of the inflammation and the prevention of
the cytokine storm [6]. Together, these data suggest that there are sex
differences in the susceptibility of infection to SARS-CoV-2. Different
mechanisms have been postulated to explain this effect. For example,
estrogen could reduce virus receptors on cell surfaces (angiotensin-
converting enzyme 2) and can also modulate the immune response,
both innate and adaptive, to viral aggression [5]. Furthermore, women
would carry genes on the X chromosome involved in the inflammatory
response [7]. Therefore, the use of estrogen-only or estrogen/progesto-
gen therapy has even been postulated, both in men and women, to treat
and improve the clinical evolution of COVID-19 cases [8,9].

With this background, we evaluated the association between fac-
tors, especially those linked to the climacteric and the presence of
COVID-19 in women from Latin America.

2. Methods

2.1. Study design, participants, and studied variables

This was a cross-sectional, observational, and analytic multinational
study. Data collection was carried out between May and November
2021 in general gynecology consultations in ten Latin American coun-
tries: Argentina, Brazil, Chile, Dominican Republic, Ecuador, Mexico,
Panamá, Paraguay, Perú, and Venezuela. Participants were women
aged 40–64 years who attended a routine health check-up (convenience
sampling). The majority of studied women had medium or high in-
comes and attended private clinical centers. The COVID-19 diagnosis
was based on reverse transcription-polymerase chain reaction (RT-PCR)
results. Included participants were otherwise healthy women (pre-
COVID-19) who could read, understand and write in Spanish. Women
with a diagnosis of dementia that did not allow them to understand the
questionnaires or who suffered from deafness or blindness were ex-
cluded.

2.2. Studied variables

The following data were collected: age (years), years of education
(years), body mass index (BMI), parity or number of children, having a
current partner (yes/no), sexual activity (at least one sexual intercourse
in the last year, yes/no), housewife (yes/no), smoker (yes/no), inactive
lifestyle (<30 min physical activity three times a week, yes/no),
menopausal stage (defined according to the STRAW +10 criteria), hys-
terectomy (yes/no), bilateral oophorectomy (yes/no), menopausal hor-
mone therapy use (MHT; yes/no), former MHT users (yes/no), arterial

hypertension (yes/no), diabetes mellitus (yes/no), cardiovascular dis-
eases (yes/no), cancer (yes/no), use of antidepressants (yes/no), use of
hypnotics (yes/no), and a family history of dementia, as risk marker
[10] (yes/no). Menopausal symptoms as assessed with the validated
version of the Menopause Rating Scale (MRS). The MRS is composed of
11 items assessing menopausal symptoms divided into three subscales:
Somatic domain (hot flushes, heart discomfort, sleeping problems, and
muscle and joint problems); Psychological domain (depressive mood,
irritability, anxiety, and physical and mental exhaustion); and Urogeni-
tal domain (sexual problems, bladder symptoms, and dryness of the
vagina). Each item can be graded by the subject from 0 (not present) to
4 [11].

2.3. Statistical analyses

Statistical analysis was performed using the IBM SPSS Statistics ver-
sion 21.0. Results are reported as mean ± standard deviations or me-
dian and interquartile range (IQR), frequencies, percentages, and odds
ratios (OR) with a 95 % confidence interval (95 % CI). The Kol-
mogorov–Smirnov test was used to evaluate the normality of the data
distribution and the Levene test to evaluate variance homogeneity. The
U Mann–Whitney test was used to compare non-parametric data.

Logistic regression analysis was used to determine factors associated
to SARS-CoV-2 infection. Continuous variables were categorized
(yes = 1; no = 0) for logistic regression as follows: age (median): 0:
≤53 year, 1: >53 years, years of education (median): 0: ≤16 years, 1
>16 years; BMI (median): 0: ≤25.6 kg/m2, 1: >25.6 kg/m2; and, se-
vere menopausal symptoms: MRS score >14 [12]. The inclusion of dif-
ferent variables in the model was performed through a stepwise proce-
dure, considering a 10 % level as significant. We also considered the
different interactions between the variables found statistically signifi-
cant in the univariate analysis. The Omnibus test and the Hos-
mer–Lemeshow tests were used to determine the regression model ade-
quacy.

2.4. Ethical considerations

The study was approved by the ethics committee (Southern Metro-
politan Health Service, Santiago de Chile, Chile; Memorandum 27/
2021; March 22, 2021) and complies with the Declaration of Helsinki.
All participants provided written informed consent.

3. Results

A total of 1374 women aged 40–64 years were invited to partici-
pate, of which 1306 (95.1 %) agreed and gave consent. Sixty-eight
women (4.9 %) were not included due to incomplete or erroneous data.
Thus, data of 1238 women (90.1 %) were analyzed. The median age of
participants was 53 years [IQR: 12], years of education 16 [6], BMI
25.6 kg/m2 [5.1], and a total MRS score of 10 [13]. Of 1238 women,
304 (24.6 %) had a clinical history of SARS-CoV-2 infection confirmed
by RT-PCR testing. The remaining women had no clinical symptoms
suggestive of COVID-19, and/or the RT-PCR testing was either negative
or not performed.

Positive RT-PCR women developed COVID-19 at a median of eight
months (IQR: 6 months) before to participating in the current study
(May–November 2021). Of these, 55 (18.1 %) were hospitalized for a
median of 10 days (IQR: 8 days). Table 1 displays women's characteris-
tics grouped according to the history of having been diagnosed with
COVID-19 or not. Among positive RT-PCR women, there were signifi-
cantly (p < 0.05) fewer housewives (25.3 vs 31.7 %), nulliparous (6.9
vs 12.1 %), and current MHT users (9.9 vs 15.1). Women using MHT
with estrogen and progestagen had half the prevalence of COVID-19 as
non-users 13.9 % versus 25.7 %, p < 0.004; on the other hand, the
users of estrogen-only did not have a significant change, 26.5 % versus
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Table 1
Clinical characteristics of women who tested positive for SARS-CoV-2 with
RT-PCR as compared to those without evidence of the disease.
Characteristic Total

n = 1238
No evidence of
COVID-19
n = 934

Positive RT-
PCR
n = 304

OR (95 %
CI)

Age >53 yearsaa 598
(48.3)

450 (48.0) 148 (48.7) 1.02 (0.79–
1.32)

Years of education
<16 yearsa

614
(49.6)

466 (49.9) 148 (48.7) 0.95 (0.74–
1.23)

Body mass index >
25.6 kg/m2a

614
(49.6)

468 (50.1) 146 (48.0) 0.92 (0.71–
1.19)

Nulliparous 134
(10.8)

113 (12.1) 21 (6.9) 0.54 (0.33–
0.88)ǂ

Has a partner 923
(74.6)

699 (74.8) 224 (73.7) 0.94 (0.70–
1.26)

Sexually active 908
(73.3)

667 (71.4) 241 (79.3) 1.53 (1.12–
2.09)ǂ

Housewife 373
(30.1)

296 (31.7) 77 (25.3) 0.73 (0.55–
0.98)ǂ

Smoker 332
(26.8)

230 (24.6) 102 (33.6) 1.55 (1.17–
2.05)ǂ

Inactive lifestyle 834
(67.4)

628 (67.2) 206 (67.8) 1.02 (0.78–
1.35)

Postmenopausal status 797
(64.4)

588 (63.0) 209 (68.8) 1.30 (0.98–
1.71)

Hysterectomy 164
(13.2)

122 (13.1) 42 (13.8) 1.07(0.73–
1.56)

Bilateral oophorectomy 62 (5.0) 46 (4.9) 16 (5.3) 1.07 (0.60–
1.92)

MHT users 171
(13.8)

141 (15.1) 39 (9.9) 0.62 (0.41–
0.94)ǂ

Former MHT users 134
(10.8)

110 (11.8) 24 (7.9) 0.64 (0.41–
1.02)

Severe menopausal
symptomsbb

399
(32.2)

286 (30.6) 113 (37.2) 1.34 (1.02–
1.76)ǂ

Hypertension 271
(21.9)

199 (21.3) 72 (23.7) 1.15 (0.84–
1.56)

Diabetes mellitus 124
(10.0)

91 (9.7) 33 (10.9) 1.13 (0.74–
1.72)

History of cardiovascular
diseases

69 (5.6) 46 (4.9) 23 (7.6) 1.58 (0.94–
2.65)

History of cancer 54 (4.4) 39 (4.2) 15 (4.9) 1.19 (0.65–
2.19)

Use of antidepressants 156
(12.6)

112 (12.0) 44 (14.5) 1.24 (0.85–
1.81)

Use of hypnotics 194
(15.7)

127 (13.6) 67 (22.0) 1.80 (1.29–
2.50)ǂ

Family history of
dementia

148
(12.0)

87 (9.3) 61 (20.1) 2.44 (1.71–
3.49)ǂ

Data are presented as frequencies n (%). MHT, menopausal hormone therapy;
CI, confidence interval.

a Median was used as cut-off value.
b Total MRS score of >14 used as cut-off.
ǂ p < 0.05.

25.2 %, p = 0.86. Positive COVID-19 RT-PCR tested women presented
a higher frequency of being sexually active (79.3 vs 71.4 %), being
smokers (33.6 vs 24.6 %), having severe menopausal symptoms (37.2
vs 30.6 %), being hypnotic users (22.0 vs 12.6), and having a family
history of dementia (20.1 vs 9.3 %). There were no significant differ-
ences for age, years of education, BMI, having a partner, inactive
lifestyle, being postmenopausal, hysterectomy, bilateral oophorectomy,
arterial hypertension, diabetes mellitus, use of antidepressants, or a his-
tory of cancer or cardiovascular diseases.

Table 2 displays the logistic regression model that analyzes the as-
sociation between a positive RT-PCR result and factors presented in
Table 1 that achieved a p < 0.10. The model did not include women
with oophorectomy. Factors positively associated with COVID-19 in-
cluded postmenopausal status and having a familial history of demen-
tia (OR: 1.53; 95 % CI: 1.13–2.07 and 2.40; 1.65–3.48, respectively);

Table 2
Factors associated with positive SARS-CoV-2 testing: logistic regression.
Characteristic OR 95 % CI

Current MHT users 0.47 0.30–0.73
Former MHT users 0.51 0.31–0.83
Nulliparous 0.56 0.34–0.92
Housewife 0.72 0.53–0.97
Smoker 1.35 1.01–1.81
Postmenopausal status 1.53 1.13–2.07
Use of hypnotics 1.72 1.21–2.43
Sexually active 1.72 1.23–2.39
Family history of dementia 2.40 1.65–3.48

whereas negatively associated were MHT use (current or past), being a
housewife and being nulliparous (OR: 0.47; 95 % CI: 0.30–0.73; 0.72;
0.53–0.97 and 0.56; 0.34–0.92, respectively). Smoking habits, being
sexually active, or being a hypnotic user were also significant factors
positively associated with having had COVID-19.

4. Discussion

The prevalence of COVID-19 in the mid-aged women studied be-
tween May and November 2021 was high, highlighting the magnitude
of the pandemic. Logistic regression showed that being postmenopausal
was positively associated with COVID-19; whereas use of MHT (current
or past) was negatively associated with COVID-19. Certain conditions,
such as sexual relationships, that increase physical closeness were posi-
tively associated with COVID-1, whereas being housewives or not hav-
ing children were negatively associated with the disease. Smoking, hyp-
notic use, and/or having a family history of dementia were positively
associated with COVID-19.

The SARS-CoV-2 pandemic has had many unique clinical character-
istics and socio-economic implications in climacteric women [13].
Iberoamerican and Caribbean women are central in the family structure
and contribute to the informal economy, suffering high-risk conditions
that contribute to coronavirus dissemination [14,15]. As of February 9,
2022, the disease had affected 61.2 million individuals in Latin America
[16]. However, this last figure probably corresponds to only 10 % of the
continent population, which reflects a selection bias corresponding to
wealthy women who have relatively easy access to medical care. How-
ever, likely, the percentage of affected women with COVID-19 in our
study (24.6 %) is closer to reality than the official figures (10 %) [16]
since access to RT-PCR testing was limited in many regions of the conti-
nent.

We found a clear positive association between COVID-19 and estro-
gen-deficient clinical conditions. Therefore, it seems that the chronic
hypoestrogenism status of postmenopausal women could be associated
with an increased risk of the disease. In contrast, there was a decreased
COVID-19 risk associated with MHT use. The Ding et al. [17] study
showed in Chinese women that menopause is an independent risk fac-
tor for COVID-19; and that estradiol and anti-müllerian hormone levels
were negatively correlated with COVID-19 severity, attributing this ef-
fect to the hormonal regulation of cytokines related to immunity and in-
flammation. In contrast, the Mishra et al. [18] study found no associa-
tion between menopause and COVID-19 outcome in an Indian popula-
tion [18]. Both studies did not incorporate healthy controls. The large
British COVID-19 Symptom matched study reported that estrogen expo-
sure in women using MHT had a lower risk of COVID-19, with a reduc-
tion in the risk of hospital attendance [19]. We also found a decrease in
COVID-19 in MHT users, but this effect was seen only in women using
estrogen and progestin, and not in those using estrogen alone. It has
been suggested that the combination of estradiol and progesterone may
improve the immune dysregulation that leads to the COVID-19 cytokine
storm [20]. However, the low number of COVID-19 patients with MHT,
associated with the multiple variables that can influence the clinical re-
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sponse to this infection, makes it impossible for us to delve into this
finding.

In our current study, housewife and nulliparous women were less
likely to have COVID-19. Children have oligosymptomatic COVID-19
and may be potential vectors to the adult population [21]; that is why
women without children could be less exposed to acquiring the disease.
Similarly, women who remain at home have less chance of being in con-
tact with infected people. Having sexual activity also appeared as a fac-
tor associated with COVID-19, possibly due to the close physical con-
tact that occurs during intercourse.

In our logistic regression model, the smoking habit was a positive
factor associated with COVID-19. This association is not only present
with COVID-19 [22,23]; smokers are also five times more likely to get
the flu than non-smokers [24]. Smokers repeatedly touch their face, in-
creasing the hand-to-mouth contact that facilitates the chance of viral
body invasion; also, their lung flow significantly increases thus aiding
viral penetration into the respiratory alveoli. Smokers are also more
susceptible to bacterial and viral infections [25]. Smoking affects the
macrophage and cytokine response and thus the ability to contain the
infection. Similarly, the risk of pneumonia due to infection with pneu-
mococci, legionella, and mycoplasma is 3 to 5 times higher among
smokers [26]. On the other hand, cigarette smoking produces a dose-
dependent upregulation of the respiratory tract angiotensin-converting
enzyme 2 which can be upregulated by viral infections. In addition,
SARS-CoV-2 infection creates positive feedback loops that increase
ACE2 levels and facilitate viral dissemination [27]. In addition, smok-
ing-induced hypoestrogenism is another factor that could explain the
association we have observed between smoking and COVID-19 [28]. A
meta-analysis of 186 studies that analyzed 210,447 deaths among
1,304,587 patients with COVID-19 calculated a relative risk of dying of
1.28 (95 % CI: 1.17–1.40) among ever smokers, 1.29 (95 % CI:
1.03–1.62) for current smokers and 1.25 (95 % CI: 1.11–1.42) for for-
mer smokers compared with never smokers [29].

Sleep disorders are very common among hospitalized COVID-19 pa-
tients [30]. The use of hypnotics appears in our study as a factor associ-
ated with COVID-19. However, in severe disease forms, hypnotic treat-
ment was associated with a significantly favorable outcome [31]. The
deterioration of sleep quality is linked to the climacteric and some stud-
ies have shown improvement with MHT [32,33]. For this reason, the
use of hypnotics could be considered a surrogate marker of the hypoe-
strogenism typical of menopause, a factor associated with a higher risk
of presenting COVID-19. However, during the pandemic, studies have
shown an increase in insomnia, anxiety disorders, and depressive symp-
toms related to the incertitude of life [34,35].

The existence of basal diseases or poor health can increase the risk
of general complications and mortality due to COVID-19. In our cohort,
we searched for cardiovascular diseases, diabetes, hypertension, and
cancer [36]. However, there was no significant association because,
perhaps, the studied population included just young postmenopausal
women. A meta-analysis places dementia as the main risk factor for
morbidity and mortality from COVID-19 in the population aged above
65 [37]. Due to the age range of our studied women, we could not con-
sider this antecedent within the comorbidities. Therefore, we analyzed
a family history of dementia as a surrogate marker of dementia among
our studied women. Our model found a family history of dementia as
the strongest factor associated to COVID-19. Since it has been postu-
lated that conditions associated with hypoestrogenism, such as primary
onset menopause and dementia, have a genetic basis [38], we could
theorize that hypoestrogenism could be one of the factors that explain
our findings. There is a need for more research in this regard.

4.1. Limitations and strength

The main limitation of the study is the convenience sample related
to access to medical care. Therefore, it is not representative of the main

continental population and general medical care during the COVID-19
pandemic. Another limitation worth mentioning is the fact of consider-
ing for analysis factors among those who had a positive COVID-19 test
before the survey as compared to those with a negative test or never
performed. Indeed, there could have been asymptomatic cases among
the latter. Despite these limitations, the study has several strengths:
first, it was carried out in multiple locations in Latin America, which re-
duces local biases; second, the wide range of analyzed factors; more-
over, the infection diagnosis was made by RT-PCR. Finally, the surveys
were carried out by physicians with extensive clinical experience, using
the same protocol.

5. Conclusion

In conclusion, postmenopausal status and a family history of demen-
tia were positively associated with COVID-19, whereas current or past
MHT use and living in situations with less physical contact were nega-
tively associated with COVID-19.
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