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ABSTRACT
Studies reported to date suggest that men with 
COVID-19 have more severe disease and worse 
outcomes when compared with women. The 
explanation for this finding is not entirely clear. 
The goal of this study was to compare clinical 
characteristics, inflammatory biomarkers and 
clinical outcome between men and women. This 
retrospective study included patients with COVID-19 
admitted to 10 Virginia hospitals from January 
1, 2020, to June 15, 2020. Demographic data, 
comorbidities, and inflammatory markers, including 
C reactive protein (CRP), D-dimer, ferritin, and the 
neutrophil:lymphocyte ratio, as well as patient 
outcomes, were compared between men and 
women. During the study period, 701 patients with 
PCR-confirmed COVID-19 infection were admitted. 
The patient’s mean age was 61±17 years. There 
were 370 men (52.8%). There was no difference 
in age, racial distribution, and comorbidities in the 
male patients compared with the female patients. 
However, both the baseline and peak levels of 
CRP and ferritin were significantly higher in men 
as compared with women. While the baseline 
D-dimer was similar between the sexes, men 
had a significantly higher maximal D-dimer. Men 
had evidence of greater disease severity, with a 
significantly greater admission to the intensive 
care unit and borderline higher hospital mortality. 
Our study supports the observation that COVID-19 
causes more severe disease in men. The greater 
disease severity in men was not due to the effect 
of age or comorbidities; however, in keeping 
with experimental studies, men had evidence 
of a heightened inflammatory response, likely 
contributing to disease severity.

INTRODUCTION
SARS-CoV-2 has caused a worldwide pandemic 
with over 30 million reported infections and 
1 million deaths. Numerous factors have been 
reported to increase the risk of death, including 
inoculum size, patients’ age, the presence of 
comorbidities and obesity.1–5 Policies and public 
health efforts have not addressed the gendered 
impacts of disease outbreaks. The response to 
the disease (COVID-19) appears no different. 
We are not aware of any gender analysis of the 
outbreak by global health institutions or govern-
ments in affected countries or in preparedness 
phases. Some studies have reported men to 

have a higher mortality than women; however, 
the differing characteristics of male and female 
patients with COVID-19 and the potential 
explanation for this observation have not been 
clearly identified.1–3 Recognizing the extent 
to which disease outbreaks affect women and 
men differently is a fundamental step to under-
standing the primary and secondary effects of a 
health emergency on different individuals and 
communities, and for creating effective, equi-
table policies and interventions. The goal of 
this study was to contrast the clinical features of 
men and women hospitalized with COVID-19 

Significance of this study

What is already known about this subject?
►► COVID-19 is a highly heterogenous disease 
with multiple factors influencing the 
severity of disease.

►► Male gender has been reported to increase 
the severity of COVID-19 disease as well as 
the mortality rate.

►► The mechanism underlying the gender 
differential in disease severity is unclear.

What are the new findings?
►► In this multi-institutional observational 
study, we reconfirmed that COVID-19 was 
associated with a worse outcome in men.

►► There were no significant differences in age, 
racial distribution, or comorbidities when 
comparing the male to female patients.

►► However, the levels of the inflammatory 
biomarkers, C reactive protein and ferritin, 
were significantly higher in men as 
compared with women. Furthermore, the 
peak D-dimer was significantly higher in 
men.

How might these results change the focus 
of research or clinical practice?

►► A more exuberant inflammatory response 
appears to underlie the gender differences 
of COVID-19 infection. This finding should 
lead future research to further explore the 
immunological reasons underlying this 
observation.

►► Further, the approach to anti-inflammatory 
therapy in the pulmonary phase of 
COVID-19 may be gender specific.
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infection using the data from a multisystem hospital 
database.

MATERIALS AND METHODS
We conducted an electronic chart review of patients with a 
confirmed diagnosis of COVID-19 who were admitted to 
the Sentara Healthcare System, the largest healthcare system 
in the Eastern region of Virginia. Data of patients with 
COVID-19 who were discharged from hospital between 
January 2020 and June 2020 were collected. Patients were 
adult (18 and above) and had confirmed SARS-CoV-2 infec-
tion diagnosed by nasal PCR. International Classification 
of Diseases, 10th Revision, codes were used to extract 
clinical data from the electronic medical record (EMR) 
system (EPIC, Verona, Wisconsin, USA). The raw EMR 
data received from Sentara Health System was organized, 
managed, and analyzed by the Eastern Virginia Medical 

School-Sentara Healthcare Analytics and Delivery Science 
Institute staff. Epidemiological, clinical, laboratory, treat-
ment, and outcomes data were obtained from the EMR.

Descriptive statistics were calculated and distributions 
assessed for all variables. Missing data were assessed. 
Continuous variables were summarized as mean and SD, 
which were normally distributed, and median and IQR, 
which where not normally distributed. Categorical variables 
were summarized as count and per cent. Student’s t-test and 
Mann-Whitney U test for non-normal distributions were 
used to assess differences in continuous variables by sex. χ2 
tests were used to assess the associations between sex and 
categorical variables. All analyses were conducted in SAS 
V.9.4, with p values of less than 0.05 considered statistically 
significant.

RESULTS
During the study period, 701 patients were admitted with 
PCR-confirmed COVID-19 infection. The patients’ mean 
age was 61±17 years. There were 370 men (52.8%) and 
331 women. The patients were 39.6% non-Hispanic black 
and 28.8% non-Hispanic white. During the study period, 
188 patients (26.8%) were admitted to the intensive care 
unit (ICU) with a hospital mortality of 10.9%. The demo-
graphic and clinical characteristics of the patients stratifed 
by gender are provided in table  1. The laboratory data, 
including baseline and maximal biomarker levels and the 
clinical outcomes of the patients, are provided in table 2. 
There were no significant differences in age, racial distri-
bution, or comorbidities when comparing the male patients 
to the female patients. The baseline and maximal levels of 
the inflammatory biomarkers, namely, C reactive protein 
(CRP) and ferritin, were significantly higher in men as 
compared with women. While the baseline D-dimer did not 
differ significantly between men and women, the maximal 
D-dimer was significantly higher in men. The increase in 

Table 1  Demographic and clinical characteristics of male and 
female patients with COVID-19

Male (n=370)
Female 
(n=331) P value

Values 
missing 
(%)

Age (years) 62 (16) 61 (19) 0.914 0 (0)

Race, n (%) 0.31 0 (0)

 � Non-Hispanic 
black

137 (37.0) 141 (42.6)

 � Non-Hispanic 
white

108 (29.2) 94 (28.4)

 � Hispanic/Latino 85 (23.0) 71 (21.5)

 � Other/unknown 40 (10.8) 25 (7.6)

Hypertension 114 (30.8) 122 (36.9) 0.091 0 (0)

Diabetes 162 (43.8) 130 (39.2) 0.227 0 (0)

Heart failure 84 (22.7) 65 (19.6) 0.322 0 (0)

Categorical variables are presented as count (per cent). Age is presented as mean 
(SD).

Table 2  Laboratory data and outcomes of the male and female patients with COVID-19

Male (n=370) Female (n=331) P value Values missing (%)

Initial BUN (mg/dL) 18 (20) 15 (17) 0.0002 27 (3.9)

Initial creatinine (mg/dL) 1.1 (1.0) 0.9 (0.7) <0.0001 27 (3.9)

Initial WBC (109/mL) 6.7 (3.8) 6.7 (3.7) 0.459 194 (27.7)

Initial lymphocyte count (109/mL) 1.0 (0.6) 1.1 (0.7) 0.0004 37 (5.3)

Initial neutrophil count (109/mL) 5.5 (3.9) 4.8 (3.8) 0.203 37 (5.3)

Initial N:L ratio 5.5 (5.7) 4.5 (4.9) 0.002 37 (5.3)

Initial CRP (μg/mL) 9.7 (12.7) 6.9 (9.2) 0.0003 181 (25.8)

 � Max CRP (μg/mL) 12.1 (14.7) 8.8 (13.8) 0.0008 181 (25.8)

 � Percentage increase in CRP 24 27 0.64

Initial ferritin (ng/mL) 878 (1096) 576 (947) <0.0001 222 (31.7)

 � Max ferritin (ng/mL) 1,137 (1,341) 655 (1145) <0.0001 222 (31.7)

 � Percentage increase in ferritin 29 13 0.02

Initial D-dimer (ng/mL) 1.1 (2.0) 0.9 (1.4) 0.157 180 (25.7)

 � Max D-Dimer (ng/mL) 1.7 (6.3) 1.4 (2.9) 0.02 180 (25.7)

 � Percentage increase in D-dimer 54 55 0.85

ICU admission 117 (31.6) 71 (21.4) 0.002 0 (0)

Hospital mortality 49 (13.2%) 28 (8.8%) 0.06 0 (0)

Categorical variables are presented as count (per cent). All biomarkers are presented as median (IQR) due to non-normal distributions.
Bolded p values indicate significance at 0.05 level.
BUN, blood urea nitrogen; CRP, C reactive protein; ICU, intensive care unit; N:L, neutrophil:lymphocyte ratio; WBC, white blood cell.
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CRP (baseline to maximal value) was 24% for men and 
27% for women (not significant); similarly, the increase in 
D-dimer was 54% for men and 55% for women (not signif-
icant). However, the increase in ferritin was 29% for men 
compared with 13% for women (p=0.02). The baseline 
neutrophil:lymphocyte ratio, a marker of disease severity, 
was significantly higher in men. Men had evidence of 
greater disease severity, with a significantly greater admis-
sion to the ICU and borderline higher hospital mortality.

In table 2, the per cent of values missing was presented 
for each variable. Missing data were limited to laboratory 
values since not all laboratory tests were collected for all 
patients. Here missing indicates that a certain laboratory 
test was not available in the dataset for the patient across 
the course of treatment. Per cent missing ranged from 3% 
for blood urea nitrogen and creatinine to 32% for ferritin. 
Patterns of missingness were assessed, and complete case 
analysis was appropriate for each test given sufficient power 
to detect meaningful effects with available sample size. 
Thus, the degree of missingness would not limit our ability 
to detect significant results at the 0.05 significance level.

DISCUSSION
A dysregulated host immune response appears to be the 
main driver behind severe COVID-19 disease.6 7 In this 
study, we have demonstrated that the inflammatory response 
to SARS-CoV-2 differs between men and women, and this 
finding likely contributes to the increased disease severity 
(high ICU admission rate) and mortality noted in men. 
It is noteworthy that the baseline levels of D-dimer were 
similar in men and women; however, the maximal D-dimer 
levels were significantly higher in men. This finding is likely 
explained by the fact that the inflammatory response results 
in a small vessel endothelialitis in the lung,8 9 which in turn 
activates the clotting cascade, resulting in microvascular 
and macrovascular thrombosis. The higher peak D-dimer 
in men may reflect a more severe endotheliaitis and clot 
burden; however, as we did not record clotting complica-
tions, this association will require further validation. The 
baseline and maximal levels of CRP and ferritin were sign-
infcatly higher in men. However, the percentage increase 
in CRP was proportionally similar in men and in women, 
while the percentage increase in ferritin was significantly 
greater in men. The differential increase in CRP versus 
ferritin between men and women is an interesting obser-
vation that remains unexplained. The sex difference in 
inflammatory response between men and women may be 
specific to COVID-19. Although the incidence of sepsis is 
higher in men than in women, there does not appear to be a 
significant difference in sepsis-associated mortality between 
the sexes.10–13 Furthermore, in patients with septic shock, 
cytokine profiles have been reported to be similar between 
men and women.14

Age and comorbidities have been demonstrated to be 
important predictors of disease severity and mortality in 
patients with COVID-19.1–5 However, in our study, these 
variables did not differ between men and women. Our 
study, therefore, suggests that men and women respond 
differently to the SARs-CoV-2 virus, with men having a 
heightened inflammatory response. A number of mecha-
nisms may explain this observation.

ACE-2 is expressed on cells of the nasal and oral mucosa 
and on type II pneumocytes and is the essential binding 
protein for entrance of SARS-CoV-2 into the cell.15 16 
Binding of the SARS-CoV-2 spike protein to ACE2 results 
in fusion of the virus with the cell membrane and internal-
ization of the virus–ACE2 complex with decreased surface 
ACE2 expression.17 ACE2 functions as a major regulator 
of the renin–angiotensin axis by converting angiotensin I 
and angiotensin II into angiotensin 1–9 and angiotensin 
1–7 (Ang 1–7), respectively.18 19 Ang 1–7 is a pulmonary 
vasodilator and has anti-inflammatory effects. Lung tissue 
has high RAS activity, as is the leading site of angiotensin II 
synthesis. Loss of ACE2 disturbs the ACE1/ACE2 balance 
favoring the production of angiotensin II, which is a potent 
pulmonary vasoconstrictor and promotes inflammation and 
oxidative stress.19 In patients with H7N9 influenzae, high 
angiotensin II levels were associated with disease severity 
and mortality.20 Experimental studies in models of acute 
respiratory distress syndrome as well as SARS-CoV-2-
induced lung injury have demonstrated that reduced ACE2 
levels are associated with worse lung injury.17 21 Further-
more, contrary to expectations, a negative correlation 
exists between ACE2 expression and COVID-19 fatality.22 
The gene for ACE2 is located on the X chromosome,19 and 
women express significantly higher levels of ACE2 than 
men.22 This male–female differential expression of ACE2 
with decreased Ang 1–7 may partly explain the greater risk 
of respiratory failure and lung injury in men.

Apart from the differential expression of ACE2, the 
X-chromosome carries about 1200 genes, including genes 
for cytokines/cytokine receptors, toll-like receptor (TLR)-
mediated signaling pathway genes, nuclear factor-κβ (NF-κβ) 
and mitogen-activated protein kinase signaling genes, genes 
involved in apoptosis, and immune-modulators such as 
CD40 ligand and forkhead box protein P3.23 The differen-
tial expression of these genes may be partly responsible for 
differences in innate and adaptive immunity between men 
and women. High copy numbers of TLR7 (located on the 
X-chromosome) and elevated interferon regulatory factor-7 
expression in women induce increased interferon-β, which 
may protect against viral infections.24

Sex hormones likely play a role in modulating the immune 
response to a pathogen. It has been suggested that testos-
terone may lead to increased disease severity in patients 
with COVID-19 infection by increasing the expression of 
the transmembrane protease, serine 2 (TMPRSS2), which is 
required for priming of the spike protein for cell fusion. The 
human TMPRSS2 gene has an androgen response element, 
and in humans, androgens are the only known transcrip-
tion promoters for the TMPRSS2 gene.25 Unlike expres-
sion of ACE2, increased expression of TMPRSS2 results 
in greater entry of SARS-CoV-2 into the cell. Androgenetic 
alopecia (baldness) is androgen mediated and is dependent 
on genetic variants found in the androgen receptor located 
on the X chromosome.26 Goren et al reported that 71% of 
men admitted to a hospital in Spain with severe COVID-19 
infection had clinically significant androgenic alopecia 
compared with a prevalence of 31%–53% in age-matched 
controls.26

While testosterone may be ‘harmful’, evidence 
suggest that estrogens may be protective in women with 
COVID-19 disease. Estrogens are known to suppress 
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monocyte–macrophage recruitment by downregulating 
chemokine expression during inflammation and inhibiting 
TLR4-mediated NF-κβ activation in macrophages.27 28 In a 
murine experimental model, male mice were more suscep-
tible to SARS-CoV infection compared with age-matched 
female mice.29 In this study, the degree of sex bias to 
SARS-CoV infection increased with the advancing age of 
the mice. Furthermore, enhanced susceptibility of male mice 
to SARS-CoV was associated with elevated virus titers with 
increased accumulation of inflammatory monocyte macro-
phages and neutrophils in the lungs of male mice. Levels 
of proinflammatory cytokines tumor necrosis factor- α, 
interleukin (IL)-1 and IL-6 were significantly higher in male 
mice compared with female mice. Finally, gonadectomy did 
not affect disease outcome in male mice, while ovariectomy 
or estrogen receptor antagonists caused increased mortality 
in the female mice. This animal model appears to mirror 
the findings of our study with an exuberant, and ineffective, 
cytokine response underlying the increased disease severity 
in males (men and male mice). In addition, ex-vivo studies 
in humans demonstrated that X-linked mosaicism of genes 
of the innate immune response (in women) was associated 
with reduced cytokine production following TLR4 activa-
tion by lipopolysaccharide, and this finding was indepen-
dent of sex hormones.30

While it appears that men with COVID-19 have a more 
robust inflammatory response than women and that this 
may account for the greater disease severity in men, addi-
tional factors may play a contributory role. Sex-specific 
differences in antibody responses against SARS-CoV-2 
have been reported.31 SARS-CoV-2 causes a major shift in 
cellular metabolism32; these changes may differ between 
the sexes. Women are more likely than men to take dietary 
supplements, including vitamin D.33 Vitamin D insuffi-
ciency increases the cytokine storm and is associated with a 
greater risk of death from COVID-19 than vitamin D-suffi-
cient individuals.34–36

Our study has several limitations. Most importantly, the 
duration of symptoms prior to presentation to hospital 
was not extractable from the EMR. It is possible that men 
presented later to hospital than women and therefore were 
farther into their inflammatory disease with higher initial 
inflammatory biomarkers, ICU admissions and deaths. 
Future studies should evaluate this potential confounder. 
The treatment of patients was standardized, using a system-
wide protocol; it possible, though unlikely, that treatment 
varied according to the patients’ sex. We did not perform 
ex vivo testing to assess T-cell function nor the humoral 
immune response. Furthermore, we did not measure type 
I interferons nor a panel of proinflammatory mediators. 
These factors and those listed previously should be evalu-
ated in future studies.

In conclusion, our study supports the observation 
that COVID-19 causes more severe disease in men. The 
greater disease severity in men was not due to the effect 
of age or comorbidities; however, in keeping with experi-
mental studies, men had evidence of a heightened inflam-
matory response. Estrogens suppress the production of 
proinflammatory cytokines, and this may be the major 
mechanism explaining the sex differential in patients with 
COVID-19.

Acknowledgements  We thank the Sentara Quality Research Institute and 
the Sentara Healthcare system for their support in providing electronic medical 
record data for this project.

Contributors  QA, SEDP, and PEM had full access to all of the data in the 
study and take responsibility for the integrity of the data and the accuracy 
of the analysis. Study concept and design: PEM, QA, and SEDP. Acquisition, 
analysis, or interpretation of data: SEDP, PEM, QA, and SD. Drafting of the 
manuscript: QA, SEDP, SD, PEM. Critical revision of the manuscript: all authors. 
Administrative and technical support: SD. PEM takes responsibility for the 
content of the manuscript, including the data and analysis.

Funding  The authors have not declared a specific grant for this research from 
any funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  The study was approved by the Eastern Virginia Medical 
School Institutional Review Board (#20–07 XX-0148), and informed consent 
was waived since it was a retrospective study.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included 
in the article. Deidentified subject data from which the study is composed is 
available upon reasonable peer request.

This article is made freely available for use in accordance with BMJ’s website 
terms and conditions for the duration of the covid-19 pandemic or until 
otherwise determined by BMJ. You may use, download and print the article for 
any lawful, non-commercial purpose (including text and data mining) provided 
that all copyright notices and trade marks are retained.

ORCID iD
Paul Ellis Marik http://​orcid.​org/​0000-​0001-​5024-​3949

REFERENCES
	 1	 Fried MW, Crawford JM, Mospan AR, et al. Patient characteristics and 

outcomes of 11,721 patients with COVID19 hospitalized across the United 
States. Clin Infect Dis 2020:ciaa1268.

	 2	 Chen T, Wu D, Chen H, et al. Clinical characteristics of 113 deceased patients 
with coronavirus disease 2019: retrospective study. BMJ 2020;368:m1091.

	 3	 Tartof SY, Qian L, Hong V, et al. Obesity and mortality among patients 
diagnosed with COVID-19: results from an integrated health care organization. 
Ann Intern Med 2020;173:773–81.

	 4	 Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 
in the new York City area. JAMA 2020;323:2052.

	 5	 Petrilli CM, Jones SA, Yang J. Factors associated with hospitalization and critical 
illness among 4103 patients with COVID-19 disease in New York City. medRxiv 
2020.

	 6	 Blanco-Melo D, Nilsson-Payant BE, Liu W-C, et al. Imbalanced host response to 
SARS-CoV-2 drives development of COVID-19. Cell 2020;181:1036–45.

	 7	 Giamarellos-Bourboulis EJ, Netea MG, Rovina N, et al. Complex immune 
dysregulation in COVID-19 patients with severe respiratory failure. Cell Host 
Microbe 2020;27:992–1000.

	 8	 Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular 
Endothelialitis, thrombosis, and angiogenesis in Covid-19. N Engl J Med 
2020;383:120–8.

	 9	 Lowenstein CJ, Solomon SD. Severe COVID-19 is a microvascular disease. 
Circulation 2020;142:1609–11.

	10	 Martin GS, Mannino DM, Eaton S, et al. The epidemiology of sepsis in the 
United States from 1979 through 2000. N Engl J Med 2003;348:1546–54.

	11	 Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology of severe sepsis in 
the United States: analysis of incidence, outcome, and associated costs of care. 
Crit Care Med 2001;29:1303–10.

	12	 Lopez-Alcalde J, Antequera Martín A, Stallings E, et al. Evaluation of the role of 
sex as a prognostic factor in critically ill adults with sepsis: systematic review 
protocol. BMJ Open 2020;10:e035927.

	13	 Papathanassoglou E, Middleton N, Benbenishty J, et al. Systematic review of 
gender- dependent outcomes in sepsis. Nurs Crit Care 2017;22:284–92.

	14	 Marik PE, Zaloga GP. Hypothermia and cytokines in septic shock. Norasept II 
study Investigators. North American study of the safety and efficacy of murine 
monoclonal antibody to tumor necrosis factor for the treatment of septic shock. 
Intensive Care Med 2000;26:716–21.

	15	 Yan R, Zhang Y, Li Y, et al. Structural basis for the recognition of SARS-CoV-2 by 
full-length human ACE2. Science 2020;367:1444–8.

P
rotected by copyright.

 on M
ay 13, 2021 at E

astern V
irginia M

edical S
chool Library.

http://jim
.bm

j.com
/

J Investig M
ed: first published as 10.1136/jim

-2020-001641 on 12 M
arch 2021. D

ow
nloaded from

 

http://orcid.org/0000-0001-5024-3949
http://dx.doi.org/10.1093/cid/ciaa1268
http://dx.doi.org/10.1136/bmj.m1091
http://dx.doi.org/10.7326/M20-3742
http://dx.doi.org/10.1001/jama.2020.6775
http://dx.doi.org/10.1016/j.cell.2020.04.026
http://dx.doi.org/10.1016/j.chom.2020.04.009
http://dx.doi.org/10.1016/j.chom.2020.04.009
http://dx.doi.org/10.1056/NEJMoa2015432
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.050354
http://dx.doi.org/10.1056/NEJMoa022139
http://dx.doi.org/10.1097/00003246-200107000-00002
http://dx.doi.org/10.1136/bmjopen-2019-035927
http://dx.doi.org/10.1111/nicc.12280
http://dx.doi.org/10.1007/s001340051237
http://dx.doi.org/10.1126/science.abb2762
http://jim.bmj.com/


818 Marik PE, et al. J Investig Med 2021;69:814–818. doi:10.1136/jim-2020-001641

Original research

	16	 Lan J, Ge J, Yu J, et al. Structure of the SARS-CoV-2 spike receptor-binding 
domain bound to the ACE2 receptor. Nature 2020;581:215–20.

	17	 Kuba K, Imai Y, Rao S, et al. A crucial role of angiotensin converting enzyme 2 
(ACE2) in SARS coronavirus-induced lung injury. Nat Med 2005;11:875–9.

	18	 Gheblawi M, Wang K, Viveiros A, et al. Angiotensin-Converting enzyme 
2: SARS-CoV-2 receptor and regulator of the renin-angiotensin system: 
celebrating the 20th anniversary of the discovery of ACE2. Circ Res 
2020;126:1456–74.

	19	 Gemmati D, Bramanti B, Serino ML, et al. COVID-19 and individual genetic 
Susceptibility/Receptivity: role of ACE1/ACE2 genes, immunity, inflammation 
and coagulation. might the double X-chromosome in females be protective 
against SARS-CoV-2 compared to the single X-chromosome in males? Int J Mol 
Sci 2020;21:3474.

	20	 Huang F, Guo J, Zou Z, et al. Angiotensin II plasma levels are linked to disease 
severity and predict fatal outcomes in H7N9-infected patients. Nat Commun 
2014;5:3595.

	21	 Imai Y, Kuba K, Rao S, et al. Angiotensin-converting enzyme 2 protects from 
severe acute lung failure. Nature 2005;436:112–6.

	22	 Chen J, Jiang Q, Xia X, et al. Individual variation of the SARS-CoV-2 receptor 
ACE2 gene expression and regulation. Aging Cell 2020;19:e13168.

	23	 Spolarics Z, Peña G, Qin Y, et al. Inherent X-linked genetic variability and 
cellular mosaicism unique to females contribute to sex-related differences in 
the innate immune response. Front Immunol 2017;8:1455.

	24	 Seillet C, Laffont S, Trémollières F, et al. The TLR-mediated response 
of plasmacytoid dendritic cells is positively regulated by estradiol 
in vivo through cell-intrinsic estrogen receptor α signaling. Blood 
2012;119:454–64.

	25	 Lucas JM, Heinlein C, Kim T, et al. The androgen-regulated protease 
TMPRSS2 activates a proteolytic cascade involving components of the tumor 
microenvironment and promotes prostate cancer metastasis. Cancer Discov 
2014;4:1310–25.

	26	 Goren A, Vaño-Galván S, Wambier CG, et al. A preliminary observation: Male 
pattern hair loss among hospitalized COVID-19 patients in Spain - A potential 
clue to the role of androgens in COVID-19 severity. J Cosmet Dermatol 
2020;19:1545–7.

	27	 Murphy AJ, Guyre PM, Pioli PA. Estradiol suppresses NF-kappa B activation 
through coordinated regulation of let-7a and miR-125b in primary human 
macrophages. J Immunol 2010;184:5029–37.

	28	 Zhang X, Wang L, Zhang H, et al. Estrogen inhibits lipopolysaccharide-induced 
tumor necrosis factor-alpha release from murine macrophages. Methods Find 
Exp Clin Pharmacol 2001;23:169.

	29	 Channappanavar R, Fett C, Mack M, et al. Sex-based differences in 
susceptibility to severe acute respiratory syndrome coronavirus infection. J 
Immunol 2017;198:4046–53.

	30	 Lefèvre N, Corazza F, Valsamis J, et al. The number of X chromosomes 
influences inflammatory cytokine production following Toll-like receptor 
stimulation. Front Immunol 2019;10:1052.

	31	 Poland GA, Ovsyannikova IG, Kennedy RB. SARS-CoV-2 immunity: review and 
applications to phase 3 vaccine candidates. Lancet 2020;396:1595–606.

	32	 Codo AC, Davanzo GG, Monteiro LdeB, et al. Elevated glucose levels favor 
SARS-CoV-2 infection and monocyte response through a HIF-1α/Glycolysis-
Dependent axis. Cell Metab 2020;32:437–46.

	33	 Bailey RL, Gahche JJ, Miller PE, et al. Why US adults use dietary supplements. 
JAMA Intern Med 2013;173:355–61.

	34	 Daneshkhah A, Agrawal V, Eshein A, et al. Evidence for possible association 
of vitamin D status with cytokine storm and unregulated inflammation in 
COVID-19 patients. Aging Clin Exp Res 2020;32:2141–58.

	35	 Maghbooli Z, Sahraian MA, Ebrahimi M, et al. Vitamin D sufficiency, a serum 
25-hydroxyvitamin D at least 30 ng/mL reduced risk for adverse clinical 
outcomes in patients with COVID-19 infection. PLoS One 2020;15:e0239799.

	36	 Radujkovic A, Hippchen T, Tiwari-Heckler S, et al. Vitamin D deficiency and 
outcome of COVID-19 patients. Nutrients 2020;12:2757.

P
rotected by copyright.

 on M
ay 13, 2021 at E

astern V
irginia M

edical S
chool Library.

http://jim
.bm

j.com
/

J Investig M
ed: first published as 10.1136/jim

-2020-001641 on 12 M
arch 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1038/s41586-020-2180-5
http://dx.doi.org/10.1038/nm1267
http://dx.doi.org/10.1161/CIRCRESAHA.120.317015
http://dx.doi.org/10.3390/ijms21103474
http://dx.doi.org/10.3390/ijms21103474
http://dx.doi.org/10.1038/ncomms4595
http://dx.doi.org/10.1038/nature03712
http://dx.doi.org/10.1111/acel.13168
http://dx.doi.org/10.3389/fimmu.2017.01455
http://dx.doi.org/10.1182/blood-2011-08-371831
http://dx.doi.org/10.1158/2159-8290.CD-13-1010
http://dx.doi.org/10.1111/jocd.13443
http://dx.doi.org/10.4049/jimmunol.0903463
http://dx.doi.org/10.1358/mf.2001.23.4.634640
http://dx.doi.org/10.1358/mf.2001.23.4.634640
http://dx.doi.org/10.4049/jimmunol.1601896
http://dx.doi.org/10.4049/jimmunol.1601896
http://dx.doi.org/10.3389/fimmu.2019.01052
http://dx.doi.org/10.1016/S0140-6736(20)32137-1
http://dx.doi.org/10.1016/j.cmet.2020.07.007
http://dx.doi.org/10.1001/jamainternmed.2013.2299
http://dx.doi.org/10.1007/s40520-020-01677-y
http://dx.doi.org/10.1371/journal.pone.0239799
http://dx.doi.org/10.3390/nu12092757
http://jim.bmj.com/

	Gender‐based disparities in COVID-19 patient outcomes
	Abstract
	Introduction﻿﻿
	Materials and methods
	Results
	Discussion
	References


