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Abstract
Background: Emerging data suggest that estrogen could play a protective in women affected with coronavirus disease 2019 (COVID-19).

Methods: PUBMED search until September 23, 2020. Search terms include COVID-19, men, women, mortality, estrogen, pregnancy,
safety. Retrospective, meta-analyses and pre-print studies are included.

Results: Women with COVID-19 have lower mortality compared to men with similar age even after controlling for co-morbidities.

In premenopausal women, estradiol serum levels above 70 pg/ml were associated with decreased risk of having severe COVID-19.
Pre-menopausal women using combined oral contraceptives (COCP) may have decreased risk of COVID-19. In post-menopausal

women, one retrospective study from UK showed that hormone replacement therapy may have increased risk of COVID-19. However,

another multinational study showed that estradiol use after menopause was associated with significant reduction in mortality from
COVID-19. During pregnancy, when circulating levels of estrogen are normally very elevated, the course of COVID-19 is generally
similar to that in non-pregnant women.

Conclusion: Preliminary data suggest that estrogen could be protective in women with COVID-19. However, data are sometimes
inconsistent and exclusively based on retrospective studies. Nevertheless, available data justify the evaluation of the potential therapeutic role of estrogen in COVID-19 in the context of randomized trials.
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Introduction
Accumulating data suggest that men are disproportionally affected by COVID-19 in terms of severity and mortality [1-3]. Jin., et al. [1]

from China were the first to report that men had more severe COVID-19 than women. They also found that death rates were 2.4 times
greater in men than in women (70.3% versus 29.7%; P = 0.016) [1]. More recent data from 7 European countries and Korea showed that

overall male to female ratio of mortality per 100,000 population was 1.4 [2]. The ratio varies with different ages as follows: 1.9 in the

40 - 49 years age group, 2.3 in the 50 - 59 group, 2.6 in the 60 - 69 group, and 1.6 in people older than 80 years [2]. Likewise, using data
from 6 countries including the USA, Green., et al. [3] reported that male to female case fatality ratios were 2.53, 2.92, 2.57, 1.83, 1.57,
1.58 and 1.48 for ages 0 - 39, 40 - 49, 50 - 59, 60 - 69, 70 - 79, 80 - 89 and 90+ age groups. Ding., et al. [4] have shown that sex differ-
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ences in COVID-19 severity and mortality may depend on menopausal status. Thus, they did not find differences in disease severity and

clinical outcomes when comparing post-menopausal women with age-matched men [4]. Yet, significant differences existed between premenopausal women and age-matched men, with fewer pre-menopausal women suffering severe form of COVID-19 (46% versus 75% in
men, P < 0.01) and death (0% versus 9.7% in men, P < 0.01) [4]. These results suggest that pre-menopausal state, characterized by ample

estrogen levels, may have protective effect against COVID-19. Most researchers believe that excess mortality in men relative to women is
largely due to higher prevalence of smoking, cardiovascular and lung disease co-morbidities [5]. Using a multinational registry formed of

14,712 patients with COVID-19, Alkhouli., et al. [5] found that all-cause mortality was 8.8% in men and 4.3% in women, odds ratio (OR)
2.15, 95% CI, 1.87 - 2.46; P < 0.01). After propensity score matching to control for differences in age and co-morbidities, all-cause mortal-

ity was slightly attenuated but remained significantly higher in men than in women, 8.13% versus 4.60%, OR 1.81, 95% CI, 1.55 - 2.11; P

< 0.001) [5]. Therefore, there are factors beyond co-morbidities that contribute to excess mortality in men with COVID-19. These factors

may include gender differences in immune response to infections and sex hormones, particularly estrogen [6,7]. The purpose of this article is to try to elucidate the implications of endogenous and exogenous estrogen in women with COVID-19.
Relevance of estrogen to COVID-19

Estrogen was shown to exert anti-inflammatory effects with subsequent reduction in pro-inflammatory cytokines such as interleukin-

6 (IL-6) and interferon-α (IFN-α) as well as markers of severe inflammation such as C-reactive protein [7]. This anti-inflammatory action

could virtually decrease severity of cytokine storm, the main cause of acute respiratory distress syndrome (ARDS) and mortality in COV-

ID-19. Therefore, estrogen could virtually play a possible protective role against COVID-19 in large part due to its anti-inflammatory effect.
Circulating estrogen levels in patients with COVID-19

In 78 pre-menopausal women hospitalized for COVID-19, Ding., et al. [8] found that estradiol levels greater than 70 pg/ml were associ-

ated with decreased risk of having severe COVID-19, hazard ratio 0.30 (95% CI 0.09 - 1.001; P = 0.05) after adjustment for age, phase of

menstrual cycle and co-morbidities. In addition, there was inverse correlation between estradiol levels and the cytokines IL-6, IL-8 and
TNF-α [8]. Hence, these results are consistent with estrogen anti-inflammatory effect in women with COVID-19. In a study from UK called

The COVID Symptom Study Smartphone Application “app”, Costeira., et al. [9] reported that post-menopausal women had a higher rate of

predicted COVID-19 compared with pre-menopausal women (OR 1.22, 95% CI 1.07 - 1.39; P = 0.03) [9]. Likewise, women using combined
oral contraceptives (COCP) had a lower rate of predicted COVID-19 (OR = 0.87, 95% CI 0.64 - 0.97; P = 0.023) compared with age-matched

women not taking COCP [9]. Conversely, women aged 50 - 65 years using post-menopausal hormone replacement therapy had higher
predicted COVID-19 than age-matched women not taking such therapy (OR = 1.32, 95% CI 1.16 - 1.49) [9]. The authors mentioned that

co-morbidities, duration and use of postmenopausal hormone therapy might explain the unexpected increase in predicted COVID-19 in
this group of post-menopausal women [9].

Estrogen and COVID-19 mortality in women
In a retrospective study of a large international cohort of patients with COVID-19 spanning 17 countries, Seeland., et al. [10] examined

the effect of use of exogenous estrogen on mortality from COVID-19 in pre-menopausal (aged 15 - 49 years) and post-menopausal (> 50
years-old). In the pre-menopausal group, mortality was similar among women using ethinyl estradiol (n = 2,078) as oral contraceptives
and age-matched female patients were not using estrogen (n = 16,814) [10]. Meanwhile, in the post-menopausal group, women using

estradiol (n = 439) had significantly lower mortality from COVID-19 compared with age-matched women not using estradiol (n = 16,278),

2.3% and 6.6%, respectively; OR 0.33 (95% CI, 0.18 - 0.62) [10]. These results suggest that, in post-menopausal women, estradiol intake
may confer a low mortality risk from COVID-19. The authors attributed the lack of significant mortality benefit in pre-menopausal women
to the fact that endogenous estrogen levels are already elevated in pre-menopausal women, thus diluting the effect of exogenous ethinylCitation: Nasser Mikhail and Soma Wali. “Does Estrogen Protect against COVID-19?”. EC Clinical and Medical Case Reports 3.11 (2020):
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estradiol administration [10]. The points of strength of this study included its large number of subjects from different countries and the

control for age difference between the 2 groups of women who were using and not using estradiol [10]. However, it is limited by the lack of
control for other factors that could modify risk of death such as prevalence of diabetes, cardiovascular disease, obesity, and smoking [10].
COVID-19 in pregnancy

Since pregnancy is characterized by extremely high levels of circulating estrogen, evaluation of susceptibility and clinical severity of

COVID-19 in pregnant women may be a useful tool to examine the possible protective effect of estrogen. In general, available data suggest

that severity of COVID-19 in pregnant women may not be different from non-pregnant women [11,12]. This notion is limited, however, by
the lack of direct comparison with age-matched non-pregnant women with similar co-morbidities. Meanwhile, a possible protective effect
of estrogen was suggested in the study of Chen., et al. [11] including 118 pregnant women hospitalized for COVID-19. In this study, 6 of the
9 pregnant women whose condition deteriorated did so following delivery, i.e. when serum estrogen levels rapidly declined.
Clinical trials underway of estrogen therapy for COVID-19

One trial (NCT04539626) is comparing clinical and biochemical outcomes of transdermal ethinyl estradiol 0.6 mg/norelgesetronin

(a progestin) 6 mg weekly patch versus conventional treatment for 3 weeks in hospitalized female patients with non-severe COVID-19
[13]. All patients will receive anti-coagulants (Noxaparim) [13]. A second trial (NCT 04359329) is comparing 7-day course of transdermal

estradiol with standard care to relieve symptoms of COVID-19 [14]. The trial outcomes also include rates of hospitalization, of intensive
care unit transfer, intubation, and deaths [14]. Interestingly, this study will include men aged 18 years or more in addition to women 55
years or more [14].

Safety concerns about estrogen therapy for COVID-19
COVID-19 has caused thrombosis in both venous and arterial beds [15,16]. This coagulopathy may be in part due to increased platelet

activation [17]. Meanwhile, estrogen therapy is known to increase risk of thrombosis [18]. For instance, use of combined oral contracep-

tives was associated with 2- to 6-fold increase in venous thromboembolism [18]. Although risk of thrombosis may decrease with the
use of transdermal estrogen, there is still some residual risk [19,20]. Therefore, extreme caution should be exercised in giving estrogen
therapy ton COVID-19 having risk factors of thrombosis, e.g. smoking, immobilization. Nonetheless, it is somewhat reassuring that estradiol administration in the trials underway is relatively of short duration ranging from 1 to 3 weeks [13,14].

Conclusion and Current Directions

Preliminary data derived from retrospective studies suggest that estrogen may have a beneficial effect in women with COVID-19 in

terms of severity and mortality. This concept is based on the following observations: higher serum estradiol levels (> 70 pg/ml) are as-

sociated with less severe COVID-19 and lower serum levels of pro-inflammatory markers [8], pre-menopausal women may have lower
predicted risk of COVID-19 compared with post-menopausal women [9], decreased risk of COVID-19 in pre-menopausal using COCP

[9], and decreased mortality in post-menopausal women using ethinyl estradiol [10]. On the other hand, one study showed increase
predicted COVID-19 in post-menopausal women using hormonal replacement therapy [9]. In addition, the elevated circulating estrogen

concentrations in pregnancy do not seem to confer a milder course of COVID-19 in pregnant women compared to non-pregnant women

[11,12]. Nonetheless, the balance of evidence is in favor of possible beneficial effects of estrogen in COVID-19 and justifies the conduct of
randomized trials to further investigate this issue. Such trials are underway to evaluate efficacy and safety of estrogen not only in women,
but also in men with COVID-19.

Citation: Nasser Mikhail and Soma Wali. “Does Estrogen Protect against COVID-19?”. EC Clinical and Medical Case Reports 3.11 (2020):
07-11.

Does Estrogen Protect against COVID-19?

Conflict of Interest

10

The authors have no conflict of interest to declare.

Bibliography

1.

Jin JM., et al. “Gender Differences in Patients With COVID-19: Focus on Severity and Mortality”. Front Public Health 8 (2020): 152.

3.

Green MS., et al. “The male excess in case-fatality rates for COVID-19. A meta-analytic study of the age-related differences and consistency over six countries”. Med Rxiv (2020).

2.

4.
5.
6.
7.
8.
9.

Bhopal SS and Bhopal R. “Sex differential in COVID-19 mortality varies markedly by age”. Lancet 396.10250 (2020): 532-533.

Ding T., et al. “Potential Influence of Menstrual Status and Sex Hormones on female SARS-CoV-2 Infection: A Cross-sectional Study
from Multicentre in Wuhan, China”. Clinical Infectious Diseases (2020): ciaa1022.
Alkhouli M., et al. “Sex Differences in Case Fatality Rate of COVID-19: Insights from a Multinational Registry”. Mayo Clinic Proceedings
95.8 (2020): 1613-1620.
Klein SL and Flanagan KL. “Sex differences in immune responses”. Nature Reviews Immunology 16.10 (2016): 626-638.

Al-Lami RA., et al. “Sex Hormones and Novel Corona Virus Infectious Disease (COVID-19)”. Mayo Clinic Proceedings 95.8 (2020):
1710-1714.
Ding T., et al. “Potential Influence of Menstrual Status and Sex Hormones on female SARS-CoV-2 Infection: A Cross-sectional Study
from Multicentre in Wuhan”. China Infectious Diseases Journals (2020): ciaa1022.
Costeira R., et al. “Estrogen and COVID-19 symptoms: associations in women from the COVID Symptom Study”. Med Rxiv (2020).

10. Seeland U., et al. “Evidence for treatment with estradiol for women with SARS-CoV-2 infection”. Med Rxiv (2020).

11. Chen H., et al. “Clinical characteristics and intrauterine vertical transmission potential of COVID-19 infection in nine pregnant women: a retrospective review of medical records”. Lancet 395.10226 (2020): 809-815.

12. Ryan GA., et al. “Clinical update on COVID-19 in pregnancy: A review article”. Journal of Obstetrics and Gynaecology Research 46.8
(2020): 1235-1245.
13. Estrogen therapy in non-severe COVID-19 patients”. Clinical Trials (2020).
14. Estrogen patch for COVID-19 symptoms”. Clinical Trials (2020).

15. Klok FA., et al. “Incidence of thrombotic complications in critically ill ICU patients with COVID-19”. Thrombosis Research 191 (2020):
145-147.

16. Terpos E., et al. “Hematological findings and complications of COVID-19”. American Journal of Hematology 95.7 (2020): 834-847.
17. Manne BK., et al. “Platelet gene expression and function in patients with COVID-19”. Blood 136.11 (2020): 1317-1329.

18. Stegeman BH., et al. “Different combined oral contraceptives and the risk of venous thrombosis: systematic review and network
meta-analysis”. British Medical Journal 347 (2013): f5298.

Citation: Nasser Mikhail and Soma Wali. “Does Estrogen Protect against COVID-19?”. EC Clinical and Medical Case Reports 3.11 (2020):
07-11.

Does Estrogen Protect against COVID-19?
11

19. Laliberté F., et al. “Does the route of administration for estrogen hormone therapy impact the risk of venous thromboembolism? Estradiol transdermal system versus oral estrogen-only hormone therapy”. Menopause 25.11 (2018): 1297-1305.
20. Mohammed K., et al. “Oral vs Transdermal Estrogen Therapy and Vascular Events: A Systematic Review and Meta-Analysis”. The Journal of Clinical Endocrinology and Metabolism 100.11 (2015): 4012-4020.

Volume 3 Issue 11 November 2020
©All rights reserved by Nasser Mikhail and Soma Wali.

Citation: Nasser Mikhail and Soma Wali. “Does Estrogen Protect against COVID-19?”. EC Clinical and Medical Case Reports 3.11 (2020):
07-11.

