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Introduction: This study aimed to identify the effect of differences in age-sex structure
in COVID-19 hospitalizations and death rates among men and women in Iran.
Accordingly, we calculated the SARS-CoV-2 hospitalized patients and mortality rates,
stratified by sex, age, and demographic distribution.

Materials and Methods: This was a cross-sectional study, where the target population
was the total population from 20 March 2020 until 20 March 2022 in Iran, over the two-
time periods, 20 March 2020 until 20 March 2021 [first year], and 20 March 2021 until
20 March 2022 [second year]. The chi-squared test was used for analysis.
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Results: During the first year, 493220 cases were hospitalized with 258209 (52%) men,
in addition 61,586 deaths occurred, where 34,849 [57%] were men. The overall
hospitalization rate per 100,000 population in men and women was 607.77 and 565.57,
respectively, and the mortality rate per 100,000 population in men and women was 82.03
and 64.34, respectively. During the second year, 652893 cases were hospitalized, where
340344 (52%) were women. The overall hospitalization rate per 100,000 population in
men and women was 727.98 and 809.67, respectively, in addition to 54,740 deaths,
where 29,172 [53%)] were men. The overall mortality rate per 100,000 population in men
and women was 67.95 and 60.83, respectively.

Conclusion: The findings showed a higher hospitalization in the first year in men, whilst
the opposite was evident in the second year. The mortality rate increased with age and
was most predominant in men, 50 years of age or older. Therefore, there is a need for
policy makers to be acutely aware of the discrepancies in mortality according to age and
sex groups, and have different, and complementary, strategies for controlling the
pandemic by age and sex groups.
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1. Introduction

novel Coronavirus subtype emerged in

Wuhan [Hubei, China], in December 2019,

ith infection outbreaks across China and

around the world. By the beginning of

March 2020, cases of COVID-19 had been confirmed
in most regions throughout the world [1], with a
variety of clinical signs and different outcomes [2, 3].
Data from early reported cases in China suggested that
the mortality rate from COVID-19 was higher for
infected men than for infected women [4, 5].
Moreover, studies in China, South Korea, the United
States, and Italy have reported that case fatality rates
of COVID-19 patients are higher in male patients than
in female patients [5-7]. Indeed, several countries with
available data have shown higher infection, mortality,
and fatality rates in males than in females, and these
rates varied from country to country and between
regions [8-10]. The previous outbreaks of
coronaviruses, Severe Acute Respiratory Syndrome
[SARS], and Middle East Respiratory Syndrome
[MERS], yielded Comparable findings of differences
in mortality between age and sex [5]. A study showed
fatality rates of 2.8% in men versus 1.7% in women
[5]. However, sex differences varied between regions
and were age-dependent with significant differences
among patients aged 30 years and above. A review of
epidemiological data on confirmed COVID-19 cases
in Europe and China until 1 April 2020 found that the
male-to-female COVID-19 case fatality rates (CFRs)
reported from France, Italy, Spain, Germany,
Switzerland, and China were relatively homogeneous
and ranged between 1.7 and 1.8 [11]. In addition,
pooled data from Italy, Spain, Germany, and
Switzerland, comprising 227,219 confirmed cases and
14,364 deaths, suggested that although male-to-female
CFR was consistently elevated through all age groups,
the sex difference was most pronounced at middle age,
particularly —at ages 50-59 years [11].
Correspondingly, data on COVID-19 cases and deaths
obtained from outbreaks in China, Italy, and New
York City demonstrated higher mortality for men than
for women all ages [12]. In the present study, we
examine the magnitude of sex differences in survival
from COVID-19 across age groups and regions in Iran.
This will enable us to investigate the consistency of
sex differences across regions and thus map the
epidemiology of the disease; however, due to the
highly variable rate of COVID-19 by age, the age-
specific mortality from COVID-19 is considered. We
hypothesized that men would have higher mortality
than women at any given age, but that sex differences
in mortality from COVID-19 would decrease with age
[13]. The purpose of this study was to identify the
differences in age-sex structure and demographic
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distribution in hospitalization and mortality rates due
to COVID-19 in Iran.

2. Materials and Methods

Study protocol

This study was conducted using a cross-sectional
design. The target population of this study was the
total population from 20 March 2020 until 20 March
2022 in Iran, over the two time periods: 20 March
2020 until 20 March 2021 [first year], and 20 March
2021 until 20 March 2022 [second year]. Data in this
study includes the routine surveillance of deaths and
inclusion criteria in this study were COVID-19 cases
which were confirmed through RT-PCR tests and
there were no exclusion criteria. Data were received
from the Disease Management Center of the
Ministry of Health of Iran after obtaining ethics
approval.

Data analysis

In this study, age-specific mortality rates were
calculated by dividing deaths attributed to COVID-19
in the underlying population count, according to age
and sex per 100,000 population. We calculated
indexes in this study using Microsoft Excel 2020
considering the following formulas (1,2,3,4) [14] in
age and sex groups:

formula 1: hospitalized Rate in Age Group
Number of hospitalized reported % 100000

Total population in age Groups

formula 2:hospitalized Rate in sex Group =
Number of hospitalized reported % 100000

Total population in sex Groups

formula 3: Mortality Rate in Age Group
Number of death reported % 100000

Total population in age Groups

formula 4: Mortality Rate in sex Group =
Number of death reported % 100000

Total population in sex Groups

For comparison of hospitalization and death rates
between males and females, and between two years of
study, using a chi-squared test. Data were analyzed
using SPSS version 20, with an a prior alpha level of
0.05s. This study was approved by the committee of
ethics of Jiroft University of Medical Sciences with
the ethic code: IR.JMU.REC.1400.036.

3. Results

General findings of the study
Findings related to hospitalization

The total number of deaths during the study period
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was 1146113, 575355 [50.20%] cases were women,
and 493220 [43%] occurred during the first year of the
study and the rest during the second year.

Findings related to death

The total number of deaths during the study period
was 116,326, of which 64,021 [55%] cases were men,
and the rest were women; 61,586 [53%] occurred
during the first year of the study and the rest during the
second year.

Findings of the first year of study [20 March 2020 until
20 March 2021]
Findings related to hospitalization

During the first year of the study, 493220 cases were
hospitalized, and 258209 (52%) were men. The overall
hospitalization rate per 100,000 population in men and
women was 607.77 and 565.57, respectively. The
highest hospitalization rate in men per 100,000
population is in the age groups 79 -75 (3544.98), 70-
74 (2772.74), above 80 (2708.30), and 65-69
(2112.79) years, respectively, and the lowest in the age
groups 5-9 (35.74), 10-14 (40.94), 15-19 (79.41) and
then 4-0 (58.58), respectively. The highest
hospitalization rate in women per 100,000 population
was in the age groups 75-79 (3151.79), 74-70
(2606.01), over 80 (2102.30), and 65-69 (1982.37)
years, respectively, and the lowest was in the age
groups 5-9 (30.49), 10-14 [34.89], 20-24 (46.84), and
0-4 (46.84), respectively. The differences between age
groups were significant according to chi-square
analysis (P < 0.05), however, there was no significant
differences between men and women.

Findings related to death

During the first year of the study, there were 61,586
deaths, where 34,849 (57%) were men and the rest
were women. The overall mortality rate per 100,000
population in men and women was 82.03 and 64.34,
respectively. The highest mortality rate in men per
100,000 population was in the age groups above 80
(1898.11), followed by 79 -75 (987.08), 70-74
(663.71), and 65-69 (134.38) years, respectively, and
the lowest in the age groups 5-9 (1.33), 10-14 (1.43),
15-19 (3.28), and 4-0 (4.21), respectively. The highest
death rate in women per 100,000 population was in age
groups over 80 (1309.96), followed by 75-79 (781.92),
74-70 (524.30), and 65-69 (318.46) years,
respectively, and the lowest was in the age groups 5-9
(0.96), 10-14 [1.26], 15-19 (2.80) and then 20-24
(3.65), respectively. The differences between age and
sex groups were significant according to chi-square
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analysis (P < 0.05).

Table 1 shows hospitalized and mortality rates per
100,000 population by age and sex in the first year of
the study.

Findings of the second year of study [20 March 2021
until 20 March 2022]
Findings related to hospitalization

During the first year of the study, 652893 cases were
hospitalized, and 340344 (52%) were women. The
overall hospitalized rate per 100,000 population in
men and women was 727.98 and 809.67, respectively.
The highest hospitalization rate in men per 100,000
population is in the age groups 79 -75 (3777.96), 70-
74 (2904.15), above 80 (2628.41), and 65-69
(2459.78) years respectively, and the lowest in the age
groups 10-14 (75.79), 5-9 (86.03), 15-19 (120.16) and
then 4-0 (239.14) respectively. The highest
hospitalization rate in women per 100,000 population
was in age groups 75-79 (3663.88), 74-70 (2976.38),
65-69 (2544.92) years, over 80 (2309.28),
respectively, and the lowest was in the age groups 10-
14 [65.81], 5-9 (68.02), and then 0-4 (119.36),
respectively.

The differences between age groups were significant
according to chi-square analysis (P < 0.05), but there
was no significant differences between men and
women.

Findings related to death

During the second year of the study, there were
54,740 deaths, of which 29,172 (53%) were men and
the rest were women. The overall mortality rate per
100,000 population in men and women was 67.95 and
60.83, respectively. The highest mortality rate in men
per 100,000 population was in the age groups above
80 (1497.76), 75-79 (757.35), 70-74 (484.66), and 65-
69 (351.78b) years, respectively, and the lowest in the
age groups 5-9 (1.15), 10-14 (1.51), 15-19 (2.62), and
then 0-4 [3.91], respectively. The highest death rate in
women per 100,000 population was in the age groups
over 80 (1309.96), 75-79 (781.92), 70-74 (524.30) and
65-69 (318.46) years, respectively, and the lowest was
in the age groups 5-9 (0.89), 10-14 (0.92), 15-19
(2.69), and then 20-24 (3.68), respectively. Table 2
shows the mortality rate per 100,000 population by age
and sex first year of the study.

The results of the chi-squared test showed that the
mortality rates between men and women and years of
study were significant differences (p-value <0.05).
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Table 1. Hospitalized and mortality rates per 100,000 population by age and sex first year of study

Hospit Hospit
Death Hospit a Death Hosp a
Male Populati Death s per ap lized Femal Populati Death s per it lized
s on S 100,00 lized per es on s 100,00 alize per
0 100,00 0 d 100,00
0 0

0-4 3800000 160 4.21 3446 58.58 0-4 3625000 133 3.67 2840 46.84
5-9 3621000 48 1.33 1294 35.74 5-9 3437000 B8 0.96 1048 30.49
10-14 3151000 45 1.43 1290 40.94 10-14 3004000 38 1.26 1048 34.89
15-19 2837000 93 3.28 2253 7941 15-19 2714000 76 2.80 2035 74.98
20-24 2914000 133 4.56 6800 23336  20-24 2821000 103 3.65 5858  207.66
25-29 3635000 230 6.33 13002  357.69  25-29 3561000 187 525 13431 37717
30-34 4381000 535 1221 20262 46250  30-34 4305000 334 776 17353  403.09
35-39 4137000 760 1837 22626 54692  35-39 4054000 526 1297 19256  474.99
40-44 3249000 987 3038 21902 67412  40-44 3143000 713 22.69 18269 581.26
45-49 2651000 1271 4794 19931  751.83  45-49 2560000 898 35.08 17333 677.07
50-54 2257000 1870 8285 21470 95126  50-54 2214000 1389 6274 19329 873.04

5550 1815000 2439 13438 19970 o0 5550 1827000 1898 10389 19746 g
60-64 1468000 3668 24986 22040 0 6064 1513000 2846 18810 22192 o7
6569 1001000 4309 43047 21149 127 6569 1089000 3468 31846 21588 o
7074 60000 4115 66371 17191 /.07 7074 716000 3754 52430 18659 010
7579 418000 4126 98708 14818 g0 7579 448000 3503 78192 14120 o7
so+ 530000 10060 01 oszes 00 o+ sao00  esas 007 20006 P02
Total 42485000 34849 8203 258209 60777 Total 41558000 2677 6434 00 56557

Table 2. Hospitalized and mortality rates per 100,000 population by age and sex second year of study

Hospi Hospi
Death Hospi ta Death Hospi ta
Male Populati Deat s ta Lized Femal Populati Deat s ta lized
s on hs 100,00 lized per es on hs 100,00 lized per
0 100,00 0 100,00
0 0

0-4 3840000 150 3.91 9183 239.14 0-4 3667000 150 4.09 7176 119.36
5-9 3659000 42 1.15 3148 86.03 5-9 3477000 31 0.89 2365 68.02

10-14 3184000 48 1.51 2413 75.79 10-14 3039000 28 0.92 2000 65.81

15-19 2867000 75 2.62 3445 12016  15-19 2746000 74 2.69 3969 144.54
20-24 2945000 132 4.48 7055 23956  20-24 2853000 105 3.68 8806 308.66
25-29 3674000 239 6.51 13202  359.34  25-29 3602000 213 5.91 17355  481.82
30-34 4428000 450 1016 22796  514.81  30-34 4355000 396 9.09 26380  605.74
35-39 4181000 802 1918 28850 690.03  35-39 4101000 718 17.51 31886  777.52
40-44 3283000 1063 3238 28794 877.06  40-44 3179000 999 3142 30821  969.52

4549 2679000 1288 4808 25938 96820 4549 2589000 1215 4693 28269 o
5054 2281000 1786 7830 26468 |00 5054 2240000 1665 7433 30567 o
5559 1834000 2196 11974 24330 V. 0° 5559 1848000 1966 10639 290048 000
60-64 1484000 3098 20876 26928 100 G064 1531000 2902 18955 31333 on

65-69 1012000 3560 351.78 24893  2459.7  65-69 1102000 3252 29510 28045 25449

AAB, 2023; 14:E40101
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8
70-74 626000 3034 484.66 18180 29(;4'1
75-79 422000 3196 757.35 15943 3727'9
80+ 535000 8013 14967'7 30983 26218'4
Total 42934000 29172 6795 312549 727.98

4. Discussion

In this study, based on the national population
surveillance system data, we compared the
hospitalization and mortality rate indexes in total age
and sex groups. During the first year, 493220 cases
were hospitalized, and 258209 (52%) were men. The
overall hospitalized rate per 100,000 population in
men and women is 607.77 and 565.57 respectively.
During the second year, 652893 cases were
hospitalized, and 340344 (52%) were women. The
overall hospitalization rate per 100,000 population in
men and women was 727.98 and 809.67, respectively.
The results of this study showed that hospitalization
rate between the two years of study in men and women
as not significantly different. Previously, Ithan D.
Peltan and colleagues [15] showed the hospitalization
rate in women was 43.9%, Joanne Michelle D. Gomez
and colleagues showed hospitalization rate in men was
higher than women (19% vs. 13%; p <0.001), whilst
in our study, sample size was much larger. In the
present study, hospitalization rates in age groups was
significantly different and higher in older people,
which is consistent with study Carla Lourengo Tavares
de Andrade [16]. In this study, during the first year of
the study, there were 61,586 deaths, where 34,849
(57%) were men. The overall mortality rate per
100,000 population in men and women was 82.03 and
64.34, respectively, whilst in the second year of the
study, there were 54,740 deaths, of which 29,172
(53%) were men. The overall mortality rate per
100,000 population in men and women was 67.95 and
60.83, respectively. Results of this study showed that
the rate of hospitalization and mortality was different
according to age and sex groups. In spite of the strong
association between COVID-19 mortality and age and
sex, it is critical to contextualize it in relation to other
aging-related causes of mortality. There was some
variation across countries, where epidemiological data
from previous coronavirus epidemics-SARS-CoV
(2002) and Middle Eastern respiratory syndrome
coronavirus (MERS, 2012) highlighted differences in
their manifestation based on sex, with men being
consistently more strongly affected than women [17-
20]. Publicly available sex-disaggregated data from
several governments compiled similar numbers of
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2
70-74 724000 2994 41354 21549 2926'3
75-79 454000 2933 646.04 16634 3623'8
80+ 528000 5927 1112'5 24141 23?39’2
Total 42035000 25568 60.83 340344 809.67

COVID-19 cases in men and women, with an
increased fatality rate in men as outlined with the
male: female ratio of deaths among confirmed cases
ranging from 1.0 in Pakistan to 2.1 in Canada, but in a
study in India, authors found that the mortality ratio
between men and women was non-uniform. The
COVID-19 case fatality rate appears to be higher in
women than men in a few countries, such as India,
which is one of the worst-affected countries. As of
Sept 30, 2020, India had more than 6-4 million
recorded COVID-19 cases. In India, the COVID-19
case fatality rate among men was 2-9% and 3-3%
among women [21]. Regarding the relationship
between age and cases of COVID 19, it is evident that
older people are more likely to have underlying
diseases and a weaker immune system than younger
people. The higher risks of death associated with
COVID-19 for men may be related to cardiovascular
diseases, obesity, diabetes, biological or genetic
factors, and the epidemiological profile in each region;
but they can also be explained by the deficiencies of
the health system [22-24], Hypotheses based on risk
factors that are known to change with both sex and age
seem to be the most plausible explanations for the
differences observed. These include differences in
occupation, lifestyle [including smoking and alcohol
use], medical comorbidities, or use of medications.
These explanations reflect social and cultural factors
related to gender rather than the biology of sex.
Genetic explanations will need to consider the
interaction of age, sex, and risk factors. We urge
nations to supply age and sex specific data, not only
for an accurate description of the pandemic, but also
for the calculation of directly standardized rates,
internationally.

Among social factors, it is evident that men represent
a higher proportion of smokers, and more often exhibit
lifestyles that cause the main comorbidities associated
with COVID-19. Moreover, males are more typically
reported to engage in cultural practices that put them
at greater risk of becoming ill, spreading the infection
or seeking less medical attention [8]. The greater
susceptibility of men can also be related to their
greater amounts of angiotensin-converting enzyme 2
[ACEZ2] receptors compared to women [9], although
further studies are needed to confirm that plasma
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ACE?2 levels can indicate a higher risk for COVID-19.
The lower mortality rates in women might be due to
their better immune response regulated by estrogen
[25, 26]. Women infected with SARS-CoV-2 have
been shown to produce more T cells than men [27].
Likewise, it has been reported that, in the early phase
of the disease, women have relatively higher serum
concentrations of 1gG antibodies against SARS-CoV-
2 [28]. According to this study, there were large
differences in mortality rate between age groups,
where the mortality rate in younger people was very
low and higher in older people; this finding is
concordant with prior studies [29, 30]. The main
limitation of the present study was an underestimation
in the number of death cases. Access to the data for
this study was difficult, and outpatient data were
incomplete so we cannot calculate related indexes.

5. Conclusion

These findings show a higher mortality rate among
men than women. In addition, the mortality rate
increased with age, and was most predominant in men
50 years of age or older. Our study showed that the
burden of COVID-19 is very high and some age groups
are more detrimentally impacted, so there is a need for
policy makers consider the rate of mortality by age and
sex groups and have different, and complementary,
strategies for control of pandemic by age and sex groups.
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