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Summary

Background The pandemic of coronavirus disease
2019 (COVID-19) is spreading worldwide with an un-
certain ultimate impact on every aspect of human
society. Recognizing the groups with higher suscepti-
bility and fatality are in urgent need.

Methods We retrieved the total number of confirmed
incident and death cases of COVID-19 in 177 coun-
tries/territories from the Center for Systems Science
and Engineering (CSSE) at Johns Hopkins University
(JHU). Data of age and gender composition were col-
lected from the United Nations Department of Eco-
nomic and Social Affairs. Spearman’s correlation anal-
ysis was used to explore the association between the
composition of age and gender and the incidence rate
(IRC), case fatality rate (CFRC), and mortality rate
of COVID-19 (MRC). Multiple comparisons were ad-
justed by the Bonferroni method, and the threshold
p-value was set as p<0.01. Software SPSS 23.0, ArcGIS
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10.6, and GraphPad Prism 8.0 were used to generate
our results.

Results Median age was positively correlated to IRC,
CFRC and MRC (r;=0.60; r;=0.27; r;=0.61, p<0.0001
for all). The age-dependent correlation between peo-
ple over 65 years of age with IRC was higher in females,
while the correlation between age distribution and
CFRC as well as MRC was higher in males (p<0.0001
for all). Besides, we found the age-gender-dependent
differences were correlated to IRC in places with high
income and associated with CFRC in non-high income
countries/territories.

Conclusion The correlation between the composition
of age and gender and the epidemic characteristics of
COVID-19 confirmed previous points that females are
more susceptible to COVID-19. The results remind us
that more attention should be paid to male patients,
particularly those over 65 years old for enhanced clin-
ical management.
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Introduction

In recent years, the outbreak and unpredictable trans-
mission scale of infectious diseases have put tremen-
dous threats on public health and safety, from the
severe acute respiratory syndrome (SARS) in 2002, the
influenza HINT1 in 2009, and Middle East respiratory
syndrome (MERS) in 2012 [1-3]. In late December
2019, a series of pneumonia cases caused by a new
virus, which was defined as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) were reported;
the diseases were named coronavirus disease 2019
(COVID-19) on 11 February 2020, subsequently [4].
As of 31 May 2020, the storm-like virus had spread
across 188 countries and territories, resulting in over
5,000,000 confirmed infections and 370,000 deaths
[5]. Recognizing the group with higher susceptibility
and fatality, taking more effective surveillance and
targeted interventions help minimize the epidemic’s
adverse effects, and assist in the ultimate control of
COVID-19. Based on the hospital data, earlier epi-
demiological studies showed that age and gender
are two of the most important factors that influence
the susceptibility and severity of COVID-19 [6-8];
however, only China and a few other countries had
provided surveillance data of patients with COVID-
19, including age and sex [9]. Little is known whether
the reported age-gender-dependent patterns exist in
other countries and territories. Besides, most pre-
vious studies focused on the composition of gender
and age among COVID-19 patients, the relationship
between the age and gender composition of the en-
tire society and the prevalence of COVID-19 remains
unclear.

In the current research, we aimed to explore the
association between the composition of age and gen-
der among the whole population and the epidemic
characteristics COVID-19 globally, provide guides for
the targeted intervention and the establishment of
risk stratification for all patients infected with SARS-
CoV-2.

Methods
Data sources

The data of the epidemic characteristics of COVID-19,
including the total number of infected cases (TC) and
the total number of deaths (TD) in 188 countries and
territories, were downloaded from the Center for Sys-
tems Science and Engineering (CSSE) at Johns Hop-
kins University JHU) on 31 May 2020 [5]. The data of
age and gender composition were downloaded from
the publicly available website of the United Nations
Department of Economic and Social Affairs [10].

Variables of analysis

To analyze the association between gender and the
epidemic of COVID-19, the sex ratio of the total pop-
ulation (males per 100 females, SROTP) in various
countries and territories was included. We grouped
the total population into three age groups: 0-24 years
(percentage of total population, both sexes com-
bined, by broad age group, 0-24 years, (PTPbscbag,
0-24)), 25-64 years (PTPbscbag, 25-64), and 65+ years
(PTPbscbag, 65+). Also, we retrieved the distribution
of age in female and male populations: percentage of
female population by broad age group (PFPbag), and
percentage of male population by broad age group
(PMPbag). The male and female populations were
also divided into three groups: 0-24 years, 25-64
years, and 65+ years. The median age of the total
population was also analyzed in the current study.
Besides, considering the wide variation of the to-
tal population in different countries and territories,
which might be a risk of bias to our research, we
calculated the incidence rate of COVID-19 (IRC), the
case fatality rate of COVID-19 (CFRC), and the mor-
tality rate of COVID-19 (MRC) in the current research,
which could better reflect the influence of age and
gender on the epidemic of COVID-19. Those variables
were presented in Table S1.

Regional distribution of analysis

There are 11 countries/territories that were excluded
from the current research: Andorra, San Marino,
Monaco, Holly See, Liechtenstein, St. Kitts & Nevis,
Dominica, Diamond Princess, West Bank and Gaza,
Kosovo, and MS Zaandam, since the data of age
and gender are not available in these places. To
further explore the correlations between age, gen-
der, and the epidemic of COVID-19 pandemic, we
divided these 177 countries/territories into 4 con-
tinents/regions: Europe, Americas (including North
America and South America), Asia and Oceania, and
Africa. Since there are only four countries (Papua New
Guinea, Fiji, Australia, and New Zealand) in Oceania
that were contained in our study, we grouped the
countries in Oceania and territories in Asia into one
group (Asia and Oceania) to implement our analy-
sis. We also separated the 177 places into 2 groups:
the high income and non-high income countries/
territories, to figure out whether the age-gender-de-
pendent association with the epidemic of COVID-19
is similar in places with different economic develop-
ment. According to the World Bank, the former group
contains the countries/territories with the gross na-
tional income per capita (GNIPC) over $ 12,376, while
the latter contains the remaining places [11].
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Statistical analysis

We implemented a correlation analysis to explore
the association between the age and gender com-
position (SROTP, males per 100 females), median
age, PTPbscbag (0-24, 25-64, 65+), PFPbag (0-24,
25-64, 65+), and PMPbag (0-24, 25-64, 65+), and the
epidemic characteristics of COVID-19 (TC, TD, IRC,
CFRC, and MRC) in 177 countries and territories. Sta-
tistical analysis was conducted using software SPSS
version 23.0 (IBM, Armonk, NY, USA). In the current
study, each indicator of age and gender composition
was compared with five epidemic characteristics of
COVID-19. To control the type I error because of the
multiple comparisons, the Bonferroni correction was
used, and the threshold p-value was set as p<0.01
(0.05/5). Besides, all other p-values are to be in-
terpreted in an exploratory manner, and GraphPad
Prism 8.2 (Graphpad Inc, Harvey Motulsky, USA) and
ArcGIS 10.6 (ESRI Inc, Jack Dangermond, Redlands,
CA, USA) were used to generate figures.

Results

Correlations between the composition of age and
gender and the epidemic characteristics of COVID-
19 in 177 countries/territories

Table 1 presents the correlations among the compo-
sition of age and gender and the epidemic character-
istics of COVID-19. We found that median age was
positively correlated to TC, TD, IRC, MRC (r,=0.41,
r;=0.43, r;=0.60, r,=0.61, respectively, p<0.0001 for
all), and CFRC (r;=0.27, p<0.001). Negative correla-
tions were found between the TC (r,=-0.43, r,.=-0.43,
r;=—0.40, respectively) and PTPbscbag (0-24), PMPbag
(0-24), PFPbag (0-24), between TD (r;=-0.42, r,=-0.41,
r;=—0.42, respectively) and PTPbscbag (0-24), PMPbag

(0-24), PFPbag (0-24), between IRC (r,=-0.62, r;=-0.64,
r;=-0.58, respectively) and PTPbscbag (0-24), PMPbag

(0-24), PFPbag (0-24), and between MRC (r,=-0.61,

1:=-0.60, r,=-0.60, respectively) and PTPbscbag (0-24),
PMPbag (0-24), PFPbag (0-24) (p<0.0001 for all). On

the contrary, positively correlations were detected

between TC (r;=0.35, 1,=0.36, r;=0.33, respectively,

p<0.0001 for all) and PTPbscbag (25-64), PMPbag

(25-64), PFPbag (25-64), between TD (7,=0.30, p<

0.0001; r=0.31, p<0.0001; rs=0.28, p<0.001, re-

spectively) and PTPbscbag (25-64), PMPbag (25-64),

PFPbag (25-64), between IRC (r,=0.57,7,=0.59, r;=0.53,
respectively, p<0.0001 for all) and PTPbscbag (25-64),

PMPbag (25-64), PFPbag (25-64), and between MRC

(r,=0.49, r,=0.51, r,=0.47, respectively, p<0.0001 for

all) and PTPbscbag (25-64), PMPbag (25-64), PFPbag

(25-64). Also, we observed strongly positive correla-

tions between TC (r,=0.36, r,=0.37, r,=0.35, respec-

tively) and PTPbscbag (65+), PMPbag (65+), PFPbag

(65+), between TD (r,=0.43, r,=0.45, r;=0.42, respec-

tively) and PTPbscbag (65+), PMPbag (65+), PFPbag

(65+), between IRC (r,=0.50, r,=0.51, r;=0.51, respec-

tively) and PTPbscbag (65+), PMPbag (65+), PFPbag

(65+), and between MRC (7,=0.58, r,=0.59, r,=0.57,

respectively) and PTPbscbag (65+), PMPbag (65+),

PFPbag (65+) (p<0.0001 for all). Interestingly, com-

pared with the male group, we found a relatively

lower correlation between MRC and PFPbag (65+) in

the female group (male: 0.59, female: 0.57).

Besides, CSRC was found negatively correlated to
PTPbscbag (0-24) (r,=-0.22, p=0.003), and PFPbag
(0-24) (r,=-0.26, p=0.001). No correlations were de-
tected between PTPbscbag (25-64), PMPbag (25-64),
PFPbag (25-64), and CFRC (p>0.01 for all). Instead,
positively correlations were observed for PTPbscbag
(65+), PMPbag (65+), PFPbag (65+) and CFRC (r;=0.34,
rs=0.37, r;=0.31, respectively, p<0.0001 for all). Inter-
estingly, the correlation between CFRC and the ratio

Table 1 Correlation between composition of age and gender in 177 countries/territories and epidemic characteristics of
COVID-19
Composition of age and Total number of Total number of Incidence rate of Case fatality rate of Mortality rate of
gender cases deaths COVID-19 COVID-19 COVID-19
Rs p Rs p Rs p Rs p Rs p
SROTP (males per 100 -0.03 0.658 -0.09 0.229 -0.03 0.677 -0.18 0.017 -0.15 0.051
females)
Median age 0.41 <0.0001 0.43 <0.0001 0.60 <0.0001 0.27 <0.001 0.61 <0.0001
PTPbschag  0-24 -0.43 <0.0001 -0.42 <0.0001 -0.62 <0.0001 -0.22 0.003 -0.61 <0.0001
25-64 0.35 <0.0001 0.30 <0.0001 0.57 <0.0001 0.08 0.299 0.49 <0.0001
65+ 0.36 <0.0001 0.43 <0.0001 0.50 <0.0001 0.34 <0.0001 0.58 <0.0001
PMPbag 0-24 -0.43 <0.0001 -0.41 <0.0001 -0.64 <0.0001 -0.19 0.010 -0.60 <0.0001
25-64 0.36 <0.0001 0.31 <0.0001 0.59 <0.0001 0.09 0.227 0.51 <0.0001
65+ 0.37 <0.0001 0.45 <0.0001 0.51 <0.0001 0.37 <0.0001 0.59 <0.0001
PFPbag 0-24 -0.40 <0.0001 -0.42 <0.0001 -0.58 <0.0001 -0.26 0.001 -0.59 <0.0001
25-64 0.33 <0.0001 0.28 <0.001  0.53 <0.0001 0.09 0.234 0.47 <0.0001
65+ 0.35 <0.0001 0.42 <0.0001 0.51 <0.0001 0.31 <0.0001 0.57 <0.0001

COVID-19 coronavirus disease 2019, SROTP sex ratio of the total population, PTPbscbag percentage of total population, both sexes combined, by broad age
group, PMPbag percentage of male population by broad age group, PFPbag percentage of female population by broad age group
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Fig. 1 Graph map of the incidence rate of COVID-19 and
age distribution of the total population (a-c), the female pop-
ulation (d-f), and the male population (g-i) (the height of the
straight bar in various countries and territories represents the
incidence rate of COVID-19, the higher the bar, the higher the
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Fig. 2 Graph map of the mortality rate of COVID-19 and age
distribution of the total population (a—c), the female population
(d-f), and the male population (g-i) (the height of the straight
bar in various countries and territories represents the mortality
rate of COVID-19, the higher the bar, the higher the mortality
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Fig. 3 Graph map of the case fatality rate of COVID-19 and
age distribution of the total population (a-c), the female pop-
ulation (d-f), and the male population (g-i) (the height of the
straight bar in various countries and territories represents the
case fatality rate of COVID-19, the higher the bar, the higher

of people over 65 years old among the female group
was also lower compared with the male group (male:
0.37, female: 0.31). To visually presenting the influ-
ence of age and gender on the epidemic of COVID-
19, the graph of the composition of age and gender,
and IRC, MRC, CFRC in 177 countries/territories were
performed in Figs. 1, 2 and 3.

As shown in Fig. 1, places with a higher group of
younger individuals (aged 0-24) had a lower incidence
rate of COVID-19, while the remarkabl high IRC was
noticed in places with a high group of people over
25 years (aged 25-64, 65+). Similar observations were
also found in the association between the composi-
tion of age and gender and MRC. The higher mortality
rate of COVID-19 was noticed in places with a higher
group of people over 25 years (aged 25-64, 65+), and
lower MRC was found in places with a higher group
of juniors (aged 0-24) (Fig. 2). Besides, a higher CFRC
was detected in places with a higher group of old peo-
ple (aged 65+) and places with a higher ratio of juniors
(aged 0-24) presented with lower CFRC (Fig. 3). More-
over, such phenomena were observed in both male
and female groups.
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the case fatality rate). PTPbscbag percentage of total popula-
tion, both sexes combined, by broad age group, PMPbag per-
centage of male population by broad age group, PFPbag per-
centage of female population by broad age group

Correlations between the composition of age and
gender and the epidemic characteristics of COVID-
19 in various continents/regions

Table 2 lists the associations between the composi-
tion of age, gender, and the epidemic characteristics
of COVID-19 in Europe, Africa, Asia and Oceania,
and Americas. In Europe, no correlations exist be-
tween SROTP (males per 100 females) and all the
epidemic characteristics of COVID-19 (p>0.01 for
all), while the median age of the total population
was only positively correlated to CFRC (r,=0.45,
p=0.003). Significant correlation was detected be-
tween PTPbscbag (65+) and CFRC (r;=0.43, p=0.005).
In the male group, we discovered that PMPbag (65+)
was positively correlated to CFRC, with the correla-
tion coefficient as 0.55 (p<0.001). Among the female
population, no significant correlation was detected
(p>0.01 for all). In Africa, we found lower positive
correlations between SROTP (males per 100 females)
and MRC (r,=0.36, p=0.007), as well as between the
median age and IRC (r,=0.35, p=0.008). IRC was also
found positively correlated to PTPbscbag (25-64),
with the correlation coefficient as 0.36 (p=0.008). In
Asia and Oceania, we found that SROTP (males per
100 females) was positively correlated to TC (r,=0.31,
p=0.032), IRC (r,=0.44, p=0.002), and MRC (r;=0.34,
p=0.005). Additionally, IRC and MRC were negatively
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Table 2 Correlation between composition of age and gender in various continents/regions and epidemic characteristics of

COVID-19

Continents/
Regions

Europe

Africa

Asia and
Oceania

Americas

Composition of age and gender

SROTP (males per 100 females)

Median age
PTPbschag

PMPbag

PFPbag

SROTP (males per 100 females)

Median age
PTPbschag

PMPbag

PFPbag

SROTP (males per 100 females)

Median age
PTPbschag

PMPbag

PFPbag

SROTP (males per 100 females)

Median age
PTPbschag

PMPbag

PFPbag

0-24
25-64
65+
0-24
25-64
65+
0-24
25-64
65+

0-24
25-64
65+
0-24
25-64
65+
0-24
25-64
65+

0-24
25-64

65+
0-24

25-64

65+
0-24
25-64
65+

0-24
25-64
65+
0-24
25-64
65+
0-24
25-64
65+

Total number of

cases
Rs
-0.15
0.15
-0.03
-0.08
0.10
-0.02
-0.17
0.26
-0.04
-0.07
0.03
0.21
-0.01
0.04
-0.04
0.00
0.04
-0.04
0.07
0.05
-0.05
-0.01
0.31
0.33
-0.37
0.35

0.05
-0.39

0.35

0.06
-0.28
0.32
0.02
-0.10
0.03
-0.04
-0.05
0.12
-0.04
-0.05
0.10
-0.05
-0.13
0.14

p
0.344

0.344
0.852
0.635
0.548
0.894
0.295
0.095
0.817
0.652
0.874
0.122
0.940
0.756
0.748
0.990
0.785
0.769
0.634
0.722
0.729
0.971
0.032
0.022
0.010
0.016

0.744
0.007

0.014

0.673
0.052
0.025
0.873
0.599
0.891
0.838
0.793
0.517
0.825
0.802
0.573
0.789
0.483
0.445

Total number of

deaths
Rs
-0.09
0.26
-0.10
—0.16
0.21
-0.11
-0.23
0.39
-0.08
—0.16
0.13
0.28
-0.05
0.07
-0.06
-0.01
0.51
-0.05
0.09
0.07
-0.06
-0.05
0.17
0.21
-0.20
0.12

0.13
-0.20

0.14

0.15
-0.19
0.12
0.10
-0.13
-0.02
0.01
-0.10
0.04
0.02
-0.11
0.02
0.00
-0.17
0.07

p
0.585

0.095
0.549
0.329
0.181
0.486
0.150
0.011
0.620
0.324
0.430
0.036
0.714
0.627
0.671
0.954
0.711
0.714
0.503
0.603
0.648
0.741
0.249
0.144
0.166
0.408

0.367
0.171

0.350

0.302
0.206
0.404
0.504
0.483
0.904
0.944
0.579
0.822
0.899
0.554
0.926
0.991
0.339
0.705

Incidence rate of

COvID-19
Rs
0.24
-0.18
0.28
-0.16
-0.16
0.25
-0.29
0.08
0.31
-0.09
-0.25
0.30
0.35
-0.35
0.36
0.31
-0.34
0.35
0.29
-0.33
0.34
0.30
0.44
0.35
-0.44
0.52

-0.17
-0.50

0.51

-0.17
-0.29
0.42
-0.16
-0.10
0.17
-0.18
0.09
0.25
-0.18
0.08
0.24
-0.18
0.01
0.26

Case fatality rate of

COVID-19

p Rs
0.139 0.10
0.258 0.45
0.078 -0.18
0.334 -0.32
0.313 0.43
0.120 —0.26
0.063 -0.30
0.626 0.55
0.046 -0.14
0.572 —0.37
0.113 0.34
0.026 0.25
0.008 -0.11
0.010 0.09
0.008 -0.07
0.020 -0.12
0.012 0.07
0.010 -0.06
0.030 0.00
0.014 0.1
0.011 —-0.08
0.025 -0.21
0.002 -0.17
0.014 0.09
0.002 -0.02
1.475x1( -0.14
0.251 0.30
2.688x 1( 0.03
1.943x1( -0.12
0.247 0.32
0.048 -0.11
0.003 -0.07
0.284 0.28
0.568 -0.13
0.333 0.03
0.309 —-0.03
0.610 0.02
0.164 -0.11
0.317 0.01
0.653 —-0.01
0.177 -0.13
0.319 -0.02
0.937 0.03
0.144 -0.10

p
0.540

0.003
0.269
0.040
0.005
0.095
0.055
<0.001
0.391
0.019
0.029
0.067
0.432
0.506
0.613
0.370
0.619
0.650
0.990
0.415
0.567
0.132
0.258
0.555
0.918
0.343

0.035
0.860

0.406

0.029
0.454
0.627
0.052
0.462
0.872
0.891
0.897
0.534
0.979
0.963
0.484
0.915
0.885
0.570

Mortality rate of

COVID-19

Rs p
0.20 0.200
0.18 0.258
0.05 0.766
—0.24 0.127
0.15 0.345
—0.04 0.809
-0.34 0.031
0.40 0.010
0.1 0.515
—0.24 0.139
0.05 0.781
0.36 0.007
0.28 0.040
-0.29 0.034
0.31 0.023
0.24 0.084
-0.29 0.032
0.30 0.025
0.27 0.046
—-0.26 0.060
0.28 0.038
0.20 0.152
0.40 0.005
0.30 0.036
—0.38 0.009
0.38 0.007
-0.15 0.325
-0.43  0.002
0.40 0.004
-0.13 0.365
-0.23 0.114
0.28 0.056
-0.14 0.330
-0.18 0.319
0.19 0.285
-0.19 0.028
0.13 0.470
0.16 0.365
-0.18 0.323
0.1 0.532
0.15 0.397
-0.20 0.287
0.07 0.718
0.17 0.349

COVID-19 coronavirus disease 2019, SROTP sex ratio of the total population, PTPbscbag percentage of total population, both sexes combined, by broad age

group, PMPbag percentage of male population by broad age group, PFPbag percentage of female population by broad age group
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Table 3 Correlation between composition of age and gender in high and non-high income countries/territories and epidemic

characteristics of COVID-19

Regions Composition of age Total number of
and gender cases deaths
Rs p Rs
High-income coun- SROTP (males per 100 0.14 0.331 -0.16
tries/territories females)
Median age 0.16 0.254 0.40

PTPbscbag 0-24  -0.20 0.148 -0.27
25-64 -0.05 0.726 -0.28
65+ 0.42 0.294 0.45

PMPbag 0-24 -0.25 0.070 -0.17
25-64 -0.02 0.867 -0.24
65+ 0.26 0.065 0.54

PFPbag 0-24  -0.07 0.604 -0.29
25-64 -0.04 0.316 -0.34
65+ 0.11 0.433 0.42

Non-high-income SROTP (males per 100 —0.06 0.499 —-0.02
countries/territories  females)

Median age 0.31 0.001 0.29
PTPbschag 0-24  -0.30 0.001 -0.28
25-64 0.28 0.001 0.25
65+ 0.33 <0.001  0.32
PMPbag 0-24 -0.29 0.001 -0.27
25-64 0.27 0.002 0.24
65+ 0.36 <0.001 0.34
PFPbag 0-24 -0.31 <0.001 -0.28
25-64 0.28 0.002 0.25
65+ 0.32 <0.001  0.30

Total number of

Incidence rate of Case fatality rate of ~ Mortality rate of
COVID-19 COVID-19 COVID-19

p Rs p Rs p Rs P
0.256 0.40 0.004 -0.57 <0.0001 -0.18 0.196

0.003 -0.11 0.443 0.47 <0.001 0.29 0.041
0.053 -0.01 0.956 -0.20 0.154 -0.09 0.516
0.041 0.09 0.520 -0.43 0.002 -0.35 0.012
0.001 -0.12 0.403 0.58 <0.0001 0.41 0.003
0.234 -0.16 0.247 0.05 0.746 0.03 0.822
0.089 0.11 0.448 -0.43 0.001 -0.33 0.018
<0.0001 0.02 0.887 0.62 <0.0001 0.49 <0.001
0.035 0.18 0.193 -0.40 0.003 -0.17 0.242
0.014 0.03 0.850 -0.27 0.053 -0.30 0.031
0.002 -0.16 0.262 0.55 <0.0001 0.36 0.009
0.865 -0.06 0.500 0.06 0.501 -0.04 0.634

0.001 0.48 <0.0001 0.06 0.498 0.41 <0.0001
0.002 -0.49 <0.0001 -0.06 0.512 -0.42 <0.0001
0.006 0.46 <0.0001 0.04 0.686 0.39 <0.0001
<0.001 0.48 <0.0001 0.08 0.392 0.43 <0.0001
0.002 -0.49 <0.0001 -0.06 0.483 -0.43 <0.0001
0.007 0.47 <0.0001 0.04 0.694 0.39 <0.0001
<0.001 0.47 <0.0001 0.11 0.209 0.43 <0.0001
0.001 -0.48 <0.0001 -0.05 0.549 -0.41 <0.0001
0.006 0.45 <0.0001 0.04 0.694 0.37 <0.0001
0.001 0.48 <0.0001 0.05 0.612 0.42 <0.0001

COVID-19 coronavirus disease 2019, SROTP sex ratio of the total population, PTPbscbag percentage of total population, both sexes combined, by broad age
group, PMPbag percentage of male population by broad age group, PFPbag percentage of female population by broad age group

correlated to PTPbscbag (0-24) (r,=-0.44, p=0.002;
r;=—0.38, p=0.009, respectively), and positively cor-
related to PTPbscbag (25-64) (r,=0.52, p<0.001;
1,=0.38, p=0.007, respectively), and PMPbag (25-64)
(rs=0.51, p<0.001; r=0.40, p=0.004, respectively).
Also, TC, IRC, and MRC were negatively correlated to
PMPbag (0-24) (r;=-0.39, p=0.007; 1,=—0.50, p<0.001;
r;=-0.43, p=0.002, respectively). As for the female
population, we found that only PFPbag (25-64) was
positively correlated to IRC (r;=0.42, p=0.003), and no
other significant correlation was observed. Addition-
ally, no significant correlation exists among variables
in the Americas (p>0.01 for all).

Correlations between the composition of age and
gender and the epidemic characteristics of COVID-
19 in high and non-high-income countries/territories

Table 3 illustrates the correlations between the age
and gender distribution and the epidemic charac-
teristics of COVID-19 (TC, TD, IRC, CFRC and MRC)
in high and non-high income countries/territories.
In countries/territories with high income, we found
the SROTP (males per 100 females) was positively
correlated to IRC (r,=0.40, p=0.004), and negatively

correlated to CFRC (r,=-0.58, p<0.0001), While the
median age was positively correlated to TD (r,=0.40,
p=0.003), and CFRC (r,=0.47, p<0.001). We ob-
served that TD, CFRC, and MRC were significantly
correlated to PTPbscbag (65+) (7,=0.45, p=0.001;
r;=0.58, p<0.0001; r,=0.41, p=0.003, respectively).
Among the male group, we noticed that CFRC, MRC
were positively correlated to PMPbag (65+) (r,=0.62,
p<0.0001; rs=0.50, p<0.001; respectively), while CFRC
was also negatively associated with PMPbag (25-64)
(r,=-0.43, p=0.001). Besides, a positive correlation
was detected between TD and PMPbag (65+) (r,=0.54,
p<0.0001). Among the female population, we discov-
ered that CFRC was negatively correlated to PFPbag
(0-24) (r;=-0.40, p=0.003), and positively correlated
to PFPbag (65+) (r,=0.55, p<0.0001). We also de-
tected positive correlations between PFPbag (65+),
TD (r,=0.42, p=0.002), and MRC (r;=0.36, p=0.009).
Accordingly, higher correlations were observed be-
tween the ratio of people over 65 years old and
CFRC, MRC in male group than in female group
(male: r,=0.62, r;=0.49, respectively; female: r,=0.55,
1:=0.36, respectively). Interestingly, no correlations
were detected between IRC and all the age distribu-
tion indicators (p>0.01 for all).
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Compared with high income countries/territories,
we discovered dissimilar correlations in places with
non-high income. No correlations exist among the
SROTP (males per 100 females) and all the epidemic
characteristics of COVID-19 (TC, TD, IRC, CFRC, and
MRC), as well as among CFRC and all the age and
gender distribution variables (p>0.01 for all). Me-
dian age was found to be positively correlated to
TC (r,=0.31, p=0.001), TD (r,=0.29, p=0.001), IRC
(r;=0.48, p<0.0001), and MRC (r,=0.41, p<0.0001).
Besides, TC, TD, IRC, and MRC were negatively
correlated to PTPbscbag (0-24) (r,=-0.30, p=0.001;
rs=-0.28, p=0.002; r,=-0.49, p<0.0001; r,=-0.42,
p<0.0001, respectively), PMPbag (0-24) (r,=-0.29,
p=0.001; r,=-0.27, p=0.002; r,=-0.49, p<0.0001;
r;=—0.43, p<0.0001, respectively), PFPbag (0-24)
(rs=-0.31, p<0.001; r=-0.28, p=0.001; r,=-0.48,
p<0.0001; r,=-0.41, p<0.0001, respectively), and
positively correlated to PTPbscbag (25-64) (r,=0.28,
p=0.001; rs=0.25, p=0.006; rs=0.46, p<0.0001; r;=0.39,
p<0.0001, respectively), PMPbag (25-64) (r,=0.27,
p=0.002; r;=0.24, p=0.007; 1,=0.47, p<0.0001, r;=0.39,
p<0.0001, respectively), PFPbag (25-64) (r;=0.28,
p=0.002; rs=0.25, p=0.006; rs=0.45, p<0.0001; r;=0.37,
p<0.0001, respectively). In addition, positive correla-
tions were discovered among TC, TD, IRC, MRC and
PTPbscbag (65+) (r;=0.33, r,=0.32, r;=0.48, r,=0.43,
respectively, p<0.001 for all), PMPbag (65+) (r,=0.36,
r;=0.34, r,=0.47, r;=0.43, respectively, p<0.001 for
all), PFPbag (65+) (r;=0.32, p<0.001; r,=0.30, p=0.001;
1,=0.48, p<0.0001; r,=0.42, p<0.0001, respectively).
Besides, the correlations among people aged over
65 years old and the IRC were higher among female
than male group (male group: 0.47, female group:
0.48), while the correlations with MRC were lower in
the female group (male: 0.43, female: 0.42).

Discussion

To better respond to the pandemic of COVID-19, we
cannot only place our hope on the vaccine or effec-
tive antiviral drug since it would take more than 1 year
from the development of a vaccine to the substantial
production of the vaccine [12]. Recognizing popu-
lations prone to COVID-19 and implementing strong
and targeted interventions are also crucial for mini-
mizing the impact of this pandemic and beneficial for
the control of COVID-19. The current study indicated
that TRC, CFRC, and MRC were highly associated with
the ratio of people over 65 years of age. On the con-
trary, places with a higher proportion of junior people
(under 25 years old) are less prone to COVID-19, with
a lower incidence rate, case fatality rate, and mortality
rate. Interestingly, we noticed that the ratio of people
over 65 years old was positively associated with IRC,
with a higher correlation in females than in males.
Inversely, the correlations between the ratio of older
(over 65 years old) and MRC well as CFRC were lower
among female groups. Besides, we discovered the age-

gender-dependent differences were highly associated
with CFRC in countries/territories with high income,
and in places with non-high income, such significant
correlations were detected among the age-gender-dis-
tribution and IRC.

As observed in the current study, the median age
was strongly associated with IRC, CFRC, and MRC.
Since the outbreak of COVID-19, most countries and
territories had implemented strong social distanc-
ing and self-quarantine instructions. Moreover, most
people aged under 25 years old are students, who
were required to take their school lessons online at
home, while those over 25 years old had lower rates of
compliance with the social distancing and quarantine
requirements issued by local health authorities [7].
As a result, the higher the ratio of the people over
25 years, the higher the incidence rate of COVID-19.
Since those who do not obey the quarantine rules are
more likely to be exposed to the environment with
a high risk of infection.

Age stands as one of the risk factors of diseases,
plays an essential role in the severity and mortality
of infectious diseases [13, 14]. Previous studies had
identified that age =65 years is one of the risk fac-
tors that predicting the mortality of COVID-19 pa-
tients [14]. The current research also showed that the
higher the ratio of older people (aged over 65 years),
the higher the case fatality rate and mortality rate of
COVID-19. There is evidence that specific changes
are processed during the infection period in the pul-
monary pathology and function of when people are
getting old [15]. Previous studies in macaques in-
fected with SARS discovered that robust host innate
responses to the virus, accompanied by the increase of
differential inflammatory gene expression, and the de-
crease of interferon-beta (I) expression, were stronger
in older macaques compared with the younger adults
[16]. Besides, researchers had found that the level of
lymphocytes is abnormally decreased in patients con-
firmed with SARS and COVID-19, whereas such a level
is generally increased when facing common infectious
diseases [17, 18]. Compared with young adults, the
level of lymphocytes in older patients presented with
a significantly lower level, which might also be a vital
indicator of the severity of COVID-19 in older patients
[19]. Besides these immune differences among older
and younger people, the pre-existing conditions, such
as obesity, drinking, smoking, and other unhealth-
ful lifestyles, also contribute to the increased mor-
tality of COVID-19, while these unhealthy habits are
most commonly seen in the older group [20]. There-
fore, more attention is required from the public to
protect the older people from the virus, and aggres-
sive early intervention should be implemented to im-
prove their prognosis, minimizing the harmful con-
sequences caused by SARS-CoV-2. In addition, the
correlation between people aged between 25-64 and
the MRC in countries/territories with high income was
negative, while in places with non-high income, these
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two variables were positively correlated. This might
be because the healthcare system in those places is
undeveloped and fragile compared with high-income
countries [21]. Such differences in the healthcare sys-
tem may also contribute to the age-gender-associated
differentiation of IRC and CFRC, calling for more in-
vestments and global attention to the healthcare sys-
tem in countries/territories with low and middle in-
come to improve population health.

Another determinant factor of health is gender [22].
Recent studies emphasized that women are more
likely to be infected by COVID-19; however, severe
and fatal outcomes are more commonly seen among
male patients [9]. Current research observed that
a higher correlation existed between the ratio of peo-
ple over 65 years old and IRC in females than in males.
Moreover, the correlations among the ratio of older
people, MRC, and CFRC were higher among male
groups. Previously research has shown that women
were more likely to be infected with the Ebola virus,
which spread across West Africa from 2014 to 2016,
given that females usually serve as care providers
in families and communities [23]. Researchers have
discovered that one of the gateways for the SARS-
CoV-2 entry to tissues is the angiotensin-converting
enzyme 2 (ACE2) receptor, which is located on the
X chromosome [24, 25]. Therefore, females presented
with a higher level of ACE2. Consequently, they are
more susceptible to COVID-19 compared to males. As
a result, females need to pay more attention to self-
protecting controls to stay away from SARS-CoV-2.

It is reported that the male predominance phe-
nomena of COVID-19 might be due to the androgen-
driven pathogen of SARS-CoV-2 [26]. In contrast,
estrogen can increase the Interferon-gamma (IFN-
y) promoter’s activity, which participates in the re-
sponses to viral pathogens [27]. Besides, a higher
level of IgG antibody, which could help against SARS-
CoV-2, was observed in female patients compared
with males [28], and more immune-related genes
were located on X-chromosome [29]. All the evidence
suggested that women possess a stronger adaptive
immune response than males. Therefore, extra atten-
tion is required to male patients, particularly those
over 65 years old in high-income countries/territories
and those over 25 years old in places with non-high
income for enhanced clinical management.

Strengths and limitations

This is the first study exploring the association be-
tween the epidemic characteristics of COVID-19 and
the composition of age and gender among the total
population across a wide range of countries and ter-
ritories; however, some potential limitations needed
to be recognized. First, we did not include all the
places affected by COVID-19; only 177 countries/
territories were included in the current study (as of
31 May 2020, 188 countries/territories have been

affected by COVID-19). Second, the detailed infor-
mation of COVID-19 patients such as age and gender
are not available from JHU; further analysis remains
impossible. Besides, additional studies are required
to understand the mechanisms of our observed age-
gender-associated differentiations in the epidemic of
COVID-19.

Conclusion

Current research raises awareness about the age-gen-
der-associated differences in the IRC, CFRC, and MRC.
Of interest, the age-related correlation with IRC was
higher in females, while the correlation between age
distribution and CFRC as well as MRC was higher in
males. The age-gender-dependent differences were
significantly correlated to IRC in places with high in-
come and associated with CFRC in non-high income
countries/territories. Such age-gender-dependent dif-
ferentiations imply that females need to strengthen
their vigilance to take more effective self-protecting
measures to stay away from the virus. Our results
also suggest that more attention is needed to be paid
to male patients, particularly those over 65 years old,
for enhanced clinical management, and more invest-
ments are required to upgrade the healthcare system
in countries/territories with non-high income to im-
prove population health.
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plementary material, which is available to authorized users.
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