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Abstract

Objectives: To confirm whether a relationship exists between male sex and coronavirus disease 2019
(COVID-19) mortality and whether this relationship is age dependent.
Patients and Methods: We queried the COVID-19 Research Network, a multinational database using
the TriNetX network, to identify patients with confirmed COVID-19 infection. The main end point of
the study was all-cause mortality.
Results: A total of 14,712patientswere included, ofwhom6387 (43%)weremen.Menwere older (mean
age, 55.0�17.7 years vs 51.1�17.9 years; P<.001) and had a higher prevalence of hypertension, diabetes,
coronary disease, obstructive pulmonary disease, nicotine dependence, and heart failure but a lower
prevalence of obesity. Before propensity score matching (PSM), all-cause mortality rate was 8.8% in men
and 4.3% inwomen (odds ratio, 2.15; 95%CI, 1.87 to 2.46; P<.001) at amedian follow-up duration of 34
and 32 days, respectively. In the Kaplan-Meier survival analysis, the cumulative probability of survival
was significantly lower in men than in women (73% vs 86%; log-rank, P<.001). After PSM, all-cause
mortality remained significantly higher in men than in women (8.13% vs 4.60%; odds ratio, 1.81; 95%
CI, 1.55 to 2.11; P<.001). In the Kaplan-Meier survival analysis, the cumulative probability of survival
remained significantly lower in men than in women (74% vs 86%; log-rank, P<.001). The cumulative
probability of survival remained significantly lower in propensity scoreematched men than in women
after excluding patients younger than 50 years and those who were taking angiotensin-converting
enzyme inhibitor or angiotensin receptor blocker medications on admission.
Conclusion: Among patients with COVID-19 infection, men had a significantly higher mortality than did
women, and this differencewasnot completely explainedby the higher prevalence of comorbidities inmen.
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T he coronavirus disease 2019
(COVID-19) epidemic has intro-
duced unprecedented challenges to

health care systems worldwide owing to
the rapidly progressive nature of its biolog-
ical manifestation: severe acute respiratory
syndrome coronavirus (SARS-CoV-2).1 As
the outbreak spread rapidly to many coun-
tries, concerns were raised about susceptible
cohorts (older patients, immunocompro-
mised patients, women, racial minorities)
who may be disproportionally affected by
the highly aggressive virus.2-4 In this realm,
reports on sex-based disparities in the inci-
dence, severity, and outcomes of COVID-
Mayo Clin Proc. n August 2020;95(8):1613-1620 n https://doi.org/1
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19 have recently surfaced.3,5-7 Although
women are often found to have worse out-
comes in various acute illnesses than do
men, those studies paradoxically suggested
better outcomes in COVID-19einfected
women than in men.8-10 In the largest sur-
vey of 72,314 COVID-19 suspected or
confirmed cases in China (men, 63.8%
[6387]; women, 36.2% [8325]), the case
fatality rate was significantly higher in
men than in women (2.8% vs 1.7%).6 In
another study from Italy, among the first
827 COVID-19erelated deaths in the coun-
try, 80% were men.5 Similar results were
found in a study of 3912 patients from
the end of this article.
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England and Wales who died of SARS-
CoV-2 in March 2020. In this report, the
mortality rates were higher in men than
in women (97.5 cases per 100,000 vs
46.5 cases per 100,000).11 Whether those
sex differences in mortality are also
observed in other countries and whether
an interaction between age and sex exist
remain unknown. We used a multina-
tional COVID-19 registry to assess differ-
ence in baseline characteristics and
outcomes between men and women in a
large sample of patients with laboratory-
confirmed COVID-19 infection.
PATIENTS AND METHODS

Data Source
TriNetX is a global federated health
research network providing access to statis-
tics on electronic medical records (diagno-
ses, procedures, medications, laboratory
data, and genomic information) from pa-
tients in predominantly large health care
organizations. The TriNetX database
(COVID-19 Research Network) is a
network of 41 global health care organiza-
tions (36% based in the United States and
64% outside the United States). Patients
were divided into 2 cohorts of male and fe-
male patients on the basis of their reported
sex in electronic medical records. This
study was supported by the Charleston
Area Medical Center Health Education
and Research Institute. The Institutional
Review Board at the Charleston Area Med-
ical Center Institute granted approval for
the study before study initiation.
Study Population and End Points
We queried the TriNetX research network to
select adult patients (age, �18 years) with
COVID-19 infection in the database between
January 20, 2020, and April 20, 2020.
Patients were identified as COVID-19
positive if they had a billable code for
COVID-19 and had a positive laboratory
confirmation of the infection (Supplemental
Table, available online at http://www.
mayoclinicproceedings.org). The main
objective of this study was to compare crude
Mayo Clin Proc. n August 2020;
and risk-adjusted mortality between men
and women.

Statistical Analyses
Descriptive statistics were presented as fre-
quencies with percentages for categorical
variables and as mean � SD for continuous
measures. Baseline characteristics were
compared using a Pearson chi-square test
for categorical variables and an
independent-samples t test for continuous
variables. To account for differences in base-
line characteristics between the 2 groups, a
propensity scoreematching (PSM) model
was developed using logistic regression to
derive 2 well-matched groups for compara-
tive outcome analysis. Variables included in
the PSM model included age, race, and key
comorbidities (hypertension, diabetes,
chronic obstructive lung disease, heart fail-
ure, obesity, nicotine dependence, and his-
tory of stroke).

The TriNetX program uses logistic
regression to obtain the listed propensity
scores within each covariate selected with
the use of the Python libraries NumPy and
sklearn (Python Software Foundation,
Wilmington, DE). The platform also runs
PSM in R code to compare and verify the
outputs. The final step in verification uses
a nearest-neighbor matching algorithm with
the tolerance level of 0.01, and the difference
between their propensity scores must not be
greater than 0.1. All-cause mortality was dis-
played in the propensity scoreematched co-
horts using the Kaplan-Meier method, and
the statistical significance of the differences
between the 2 groups was assessed using
the log-rank test. To protect patient health
information from TriNetX, patient counts
are rounded up to the nearest 10. We made
every effort to mitigate these results by using
a large sample size.

Sensitivity analyses
It has been hypothesized that age or the use
of angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin receptor blockers
(ARBs) might explain the differences in the
reported outcomes between men and
women.12,13 Therefore, we performed 2
95(8):1613-1620 n https://doi.org/10.1016/j.mayocp.2020.05.014
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TABLE 1. Baseline Characteristics of the Study Cohorta,b

Baseline characteristic

Unmatched cohorts Propensity scoreematched cohorts

Male cohort
(n¼6387)

Female cohort
(n¼8325) P value

Male cohort
(n¼5990)

Female Cohort
(n¼5990) P value

Age (y) 55.0�17.7 51.1 �17.9 <.011 53.9�17.6 53.5�17.4 .22

Whitec 23.0 26.0 <.01 22.8 23.0 .87

Black or African American 16.1 19.5 <.01 16.4 17.5 .37

Asian 1.3 1.1 .24 1.3 1.3 .99

American Indian or Alaska Native 0.2 0.1 .20 0.2 0.2 .99

Native Hawaiian 0.2 0.1 .55 0.2 0.2 .99

COPD 5.8 3.4 <.01 4.1 4.3 .71

CAD 7.3 3.5 <.01 4.5 4.8 .54

Hypertension 28.1 25.1 <.01 25.5 25.0 .58

Diabetes mellitus 15.1 12.3 <.01 13.1 13.1 .89

Nicotine dependence 10.7 7.1 <.01 7.8 7.5 .49

Heart failure 7.4 5.8 <.01 6.1 6.3 .79

History of stroke 3.2 2.9 .24 2.9 2.9 .99

Obesityd 13.4 16.6 <.01 13.1 12.4 .2
aCAD ¼ coronary artery disease; COPD ¼ chronic obstructive pulmonary disease.
bData are presented as mean � SD or as percentage.
cRace was not recorded in w56% of patients.
dObesity was defined as body mass index � 30 kg/m2.

ASSOCIATION OF SEX AND MORTALITY IN COVID-19
sensitivity analyses of the primary end point
(all-cause mortality) to test these hypothe-
ses. First, we compared propensity
scoreematched cohorts of men and women
50 years and older. This would have
excluded most women of childbearing age
in whom the proposed protective effect of
estrogen is likely to be present. Second, we
excluded patients who were taking ACEI or
ARB medications on admission to mitigate
the potential confounding effect of those
medications on SARS-CoV-2. Finally, given
the possibility of residual confounding
affecting the results, a falsification end point
of bleeding was tested in both matched
groups. This end point was selected to serve
as a negative control as gastrointestinal
bleeding rates were unlikely to be affected
by the administration of these drugs.

RESULTS
A total of 14,712 patients with COVID-19
were identified in the TriNetX COVID-19
Research Network. Of those, 6387 (43.4%)
were men and 8325 (56.6%) were women.
The patient population was proportionally
Mayo Clin Proc. n August 2020;95(8):1613-1620 n https://doi.org/1
www.mayoclinicproceedings.org
split between the United States (47%) and
outside the United States (53%). In the US
cohort, 14.6% were in northeast, 27% were
in the Midwest, 33.3% were in the south,
and 22.9% were in the west. In the overall
cohort, 37% of patients were hospitalized
and 63% were managed in the outpatient
setting. Men were more likely to be hospital-
ized than women (44% vs 31%; P<.001).
Men were older (mean age, 55.0�17.7 years
vs 51.1�17.9 years; P<.001) and had a
significantly higher prevalence of key
comorbidities including hypertension, dia-
betes, coronary disease, chronic obstructive
pulmonary disease, nicotine dependence,
and heart failure. However, the prevalence
of obesity was higher in women (Table 1).
Differences in key baseline laboratory test re-
sults between the 2 groups are listed in
Table 2.

Before PSM, the all-cause mortality rate
was 8.8% (568 of 6387) in men and 4.3%
(363 of 8325) in women (odds ratio, 2.15;
95% CI, 1.87 to 2.46; P<.001) at a follow-
up duration of 34 and 32 days in the 2 co-
horts, respectively. In the Kaplan-Meier
0.1016/j.mayocp.2020.05.014 1615
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TABLE 2. Differences in Baseline Laboratory Data and Medication Use Between Male and Female Cohorts

Laboratory data
Male cohort
(n¼6387)

Female cohort
(n¼8325)

% of the cohort
with the available test

Sodium level 140�3.75 140�3.43 90 (62/69)

Potassium level 4.32�0.52 4.19�0.531 90 (62/69)

Chloride level 102�4.68 102�4.5 90 (61/68)

Bicarbonate level 25.4�4.06 25.3�3.69 93 (43/46)

Urea nitrogen level 18.4�11.4 14�8.07 75 (18/24)

Creatinine level 1.32�1.43 0.908�0.83 92 (68/74)

Glucose level 124�60 111�50.6 92 (68/74)

Calcium level 9.2�0.68 9.3�0.62 88 (56/64)

Magnesium level 1.96�0.36 2.02�0.66 100 (13/13)

Phosphate level 3.31�1.03 3.39�0.86 94 (31/33)

Leukocyte level 7.59�6.13 7.39�4.42 91 (68/75)

Hemoglobin level 14.1�2.2 12.9�1.8 91 (67/74)

Platelet count 226�84.3 256�81.5 91 (68/75)

Alanine aminotransferase level 35�53.6 23.9�30.2 93 (66/71)

Aspartate aminotransferase level 36.8�80.5 27.9�47.9 93 (65/70)

Alkaline phosphatase level 82.6�58.3 80.1�46.3 92 (60/65)

Lactate dehydrogenase level 316�225 279�220 108 (40/37)

Total bilirubin level 0.654�0.51 0.488�0.44 93 (65/70)

Albumin level 3.96�0.80 4.06�0.71 92 (60/65)

Troponin level 0.685�8.45 0.139�0.81 120 (12/10)

B-type natriuretic peptide level 227�613 191�563 113 (9/8)

N-terminal proeB-type natriuretic peptide level 3027�697 2562�735 120 (6/5)

Data are presented as mean � SD unless specified otherwise.
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survival analysis, the cumulative probability
of survival was significantly lower in men
than in women (73% vs 86%; log-rank,
P<.001) (Figure 1). After PSM, 5990 well-
matched pairs of men and women were
compared. The baseline characteristics of
the 2 cohorts were well matched as illus-
trated in Table 1. The median follow-up
duration in the matched cohorts was 33.5
days in men and 32 days in women. In these
propensity scoreematched cohorts, all-cause
mortality remained significantly higher in
men than in women (8.13% vs 4.60%; odds
ratio, 1.81; 95% CI, 1.55 to 2.11; P<.001).
In the Kaplan-Meier survival analysis, the
cumulative probability of survival remained
significantly lower in men than in women
(74% vs 86%; log-rank, P<.001) (Figure 2).

Sensitivity analyses confirmed the associa-
tion between male sex and higher COVID-
19erelatedmortality. In a subset of propensity
scoreematched pairs that excluded patients
Mayo Clin Proc. n August 2020;
younger than 50 years and included 3476
patients, the cumulative probability of survival
remained significantly lower in men than in
women (62% vs 78%; P<.001)
(Figure 3). In another subset of propensity
scoreematched pairs that excluded pa-
tients taking ACEI or ARB medications
and included 4920 patients, the cumulative
probability of survival remained lower in
men (79% vs 89%; P<.001) (Figure 4).4

Finally, there was no difference in the
falsification end point of bleeding between
men and women (3.8% vs 3.8%; P¼.99),
suggesting the absence of a significant un-
measured confounder that would explain
the primary outcome (Supplemental
Figure, available online at http://www.
mayoclinicproceedings.org).

DISCUSSION
The global SARS-CoV-2 pandemic prompted
crisis teams around the globe to identify the
95(8):1613-1620 n https://doi.org/10.1016/j.mayocp.2020.05.014
www.mayoclinicproceedings.org
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FIGURE 1. Kaplan-Meier survival analysis of the study groups before pro-
pensity score matching.

100

Pe
rc

en
ta

ge

95

90

85

80

75

0 6040

Log-rank test, χ2=60.14; df=1; P=.01

Female, 5990; outcome, 279; survival probability, .86

Male, 5990; outcome, 487; survival probability, .74

Time (d)
20 80

Cohort 1: Male Cohort 2: Female

FIGURE 2. Kaplan-Meier survival analysis of the study groups after pro-
pensity score matching. Variables used for propensity score matching
included hypertension, diabetes, chronic obstructive lung disease, heart
failure, obesity, nicotine dependence, and history of stroke.

ASSOCIATION OF SEX AND MORTALITY IN COVID-19
most susceptible subgroups of patients
to better understand the disease pathophysi-
ology and inform treatment strategies to
enhance outcomes.14,15 There was an early
interest in understanding the effect of sex
on COVID-19 outcomes because women
are known to suffer worse outcomes in
various acute illnesses than do men, and if
this held true in this pandemic, there would
also be increased occupational risk as a large
proportion of the frontline health care
workers are women.16 However, early obser-
vations from China and from limited sam-
ples in Italy and the United Kingdom
indicated that women actually have lower
COVID-19 mortality than do men. We
sought to further confirm those observations
using a large multinational data set of
laboratory-confirmed COVID-19 infections
and test whether those differences were age
related or affected by the use of ACEI or
ARB medications.

Our study documented significantly
higher mortality rates in men than in women
with COVID-19 infection. In addition to
confirming previous observations from
China, Italy, and the United Kingdom, our
analysis provides additional important in-
sights.5-7 First, to our knowledge, this is
the first study to assess sex-related outcomes
with COVID-19 that included a large cohort
of patients from the United States. Second,
this study found that the higher mortality
rates from COVID-19 in men were not
completely explained by the older age and
the higher prevalence of comorbidities in
men at presentation, as the higher mortality
in men persisted after PSM. Third, our sensi-
tivity analyses revealed that the differences
in mortality between the 2 groups was inde-
pendent of age, suggesting that the protec-
tive effects of sex-specific hormones in
women are not adequate to explain the lower
mortality in them. It also revealed that the
lower mortality in women were also not
explained by the use of ACEI or ARB medi-
cations, which have been thought to have a
potential differential effect on the outcomes
of SARS-CoV-2.17,18

These findings call for additional studies
to understand the mechanism of the
Mayo Clin Proc. n August 2020;95(8):1613-1620 n https://doi.org/1
www.mayoclinicproceedings.org
observed association between female sex
and lower mortality in patients with
COVID-19. However, several previous
studies have proposed plausible mechanisms
for the protective effect of female sex in
sepsis.13 Male sex steroids appear to be
immunodepressive, whereas female sex ste-
roids increase the activity of humoral
immune responses.19 Sex-specific expression
0.1016/j.mayocp.2020.05.014 1617
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FIGURE 3. Kaplan-Meier survival in propensity scoreematched patients 50
years and older. Variables used for propensity score matching included
hypertension, diabetes, chronic obstructive lung disease, heart failure,
obesity, nicotine dependence, and history of stroke, with exclusion of pa-
tients older than 50 years.
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of pro- and anti-inflammatory cytokines has
been found in patients with trauma and sep-
tic shock at the molecular level.20,21 The X-
chromosome mosaicism that exists naturally
in women diversifies leukocyte responses
6040

2=50.17; df=1;

Female, 4920; outcome, 181; survival probability, 89%

Male, 4920; outcome, 329; survival probability, 79%

Time (d)
0 80

Cohort 1: Male Cohort 2: Female

r survival excluding patients taking angiotensin-
itor or angiotensin receptor blocker medications.
ensity score matching included hypertension, dia-
ive lung disease, heart failure, obesity, nicotine
ry of stroke, with exclusion of patients taking
nzyme inhibitor or angiotensin receptor blocker

Mayo Clin Proc. n August 2020;
during endotoxemia and may contribute to
the dimorphic character of the inflammatory
response.22 Finally, in childbearing age
women, estrogen promotes a higher density
of angiotensin-converting enzyme 2
(ACE2) receptors. The COVID-19 virus
uses ACE2 receptors to penetrate endothelial
lung cells, and hence a higher density of
ACE2 receptors in childbearing age women
might have led to the tendency to develop
severe lung injury in them.12,17

LIMITATIONS
This study has a number of limitations. (1)
Because of the retrospective nature of the
study, the findings are subject to the
inherent limitations of retrospective observa-
tional studies such as selection bias, differ-
ences in care-seeking behaviors, and other
residual confounders. Furthermore, the
accuracy of the results relies on the accuracy
of coding in this database, which has not
been previously independently verified. (2)
Granular data on medication use, viral loads,
and need for intensive care were not avail-
able because of the nature of the database.
(3) The overall mortality rate in this data-
base is higher than the case fatality rate of
COVID-19 infection in some countries.
However, this is likely due to the inherent
selection bias associated with the inclusion
of a large percentage of hospitalized patients
with COVID-19 and multinational contribu-
tion to the database. (4) Granular data to
perform a systematic assessment of the dif-
ferences in the severity of illness between
men and women were not available. (5)
Although we accounted for race in our
PSM analysis, the interaction between age,
sex, and COVID-19erelated mortality could
not be addressed in this study because race
was not recorded in a large proportion of pa-
tients. Our study, albeit retrospective and
observational, is the largest multinational
study to date to report on the outcomes of
patients with SARS-CoV-2 stratified by sex.

CONCLUSION
In this multinational registry of patients with
laboratory-confirmed COVID-19 infection,
men had significantly higher mortality than
95(8):1613-1620 n https://doi.org/10.1016/j.mayocp.2020.05.014
www.mayoclinicproceedings.org
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did women. The effect of sex was not
completely explained by the higher preva-
lence of comorbidities in men.
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