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Abstract:

BACKGROUND: To have a thorough understanding of epidemic surveillance, it is essential to broaden
our knowledge of death tolls worldwide. This study aimed to determine the age-standardized mortality
rate (ASMR) and predictors of mortality among coronavirus disease 2019 (COVID-19) patients.

MATERIALS AND METHODS: In this cross-sectional design, all COVID-19 patients with a
positive polymerase chain reaction test in the population covered by Arak University of Medical
Sciences (AUMS) were entered to the study. Data collection was conducted by phone interview.
The study variables comprised age, sex, coronary heart diseases, diabetes, and some symptoms
at admission. The adjusted odds ratio (OR) and 95% confidence intervals (Cls) were obtained by
logistic regression. The direct method was applied to calculate ASMR (per 100,000) of COVID-19.
The analysis was applied by STATA software 12.0.

RESULTS: A total of 208 cases of COVID-19 (out of 3050 total infected cases) were dead and
2500 cases were recovered. The mean age of dead patients was 70 years. The COVID-19 fatality
rate in the population equaled 6.8%; in those patients who were 70 years old or more, however, the
case fatality rate was 16.4%. The ASMR of COVID-19 was 12.9 (Cl 95%: 11.2, 14.8). The odds of
COVID-19-related death in the age over 60 were 10.87 (Cl 95%: 6.30, 18.75) times than lower 45 years
old. Moreover, it was observed that COVID-19 significantly increased the odds of COVID-19-related
death in diabetes patients (OR = 1.45, Cl 95%: 1.02, 2.06, P = 0.036).

CONCLUSION: The ASMR of COVID-19 was relatively higher in males than females. In general, the
COVID-19 fatality rate was relatively high. We found that older age and diabetes can have impact
on the death of COVID-19, but the headache was found to have a negative association with the
COVID-19-related death.
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of identified COVID-19 infections has been
5,204,508 across the world and 133,521 cases

Introduction

he novel severe acute respiratory

syndrome coronavirus 2 caused the
coronavirus disease 2019 (COVID-19) and
has resulted in a pandemic reported from
nearly every country around the world.!"?
On January 30, 2020, the World Health
Organization (WHO) declared the outbreak
of COVID-19 as a public health emergency
of international concern.®! The total number
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in Iran at the time of writing this article (May
25,2020). Of all these patients, 337,687 cases
have died worldwide and 7359 cases have
died in Iran.*! The community transmission
of COVID-19 has occurred at the onset of
the epidemic in Iran since February 20,
2020, including the study setting; the area
covered by Arak University of Medical
Sciences (AUMS). This region was also

How to cite this article: Moradzadeh R, Jamalian SM,
Nazari J, Kamali A, Sadeghi B, Hosseinkhani Z,
et al. Age-standardized mortality rate and predictors
of mortality among COVID-19 patients in Iran. J Edu
Health Promot 2021;10:169.

© 2021 Journal of Education and Health Promotion | Published by Wolters Kluwer - Medknow 1



Moradzadeh, et al.: COVID-19 mortality rate

among the first to implement intensive public health
interventions aiming to decrease the transmission of
infection, including social distancing for all populations,
establishing a “stay at home”” campaign, closing all
schools and universities, closing mosques and reducing
working hours, evaluating infection symptoms of
passengers at the entrances and exits of cities, conducting
the mass screening, and banning vehicle movements
within cities. Hence, it is crucially important to
understand the impact of these interventions to inform
health policymakers to control the epidemic. Although
there are very vague points in the natural history of the
infection, mortality as the endpoint is the most important
outcome.

The rapid increase in the number of COVID-19 cases
worldwide, including Iran, has persuaded researchers
to pay attention to the trend of morbidity and predict the
epidemic size and epidemiology of infection. In addition,
it has been reported that considering the mortality has
been lower than the morbidity. Hence, the epidemiology
of COVID-19 in the world, including Iran, remains
poorly described, especially mortality rates related to the
patients’ age and sex and the predictors of mortality even
though it has been predicted that the epidemic in autumn
and winter may seriously challenge the community in
terms of morbidity and mortality of COVID-19.

In order to have a clearer picture of the epidemic
surveillance, it is of key importance to increase our
information regarding the mortality of the infection.
Mortality analysis should be employed for guidance
in control of the pandemic.” Therefore, we aimed to
determine the age-standardized mortality rate (ASMR)
and the predictors of mortality among COVID-19 patients
in the center area of Iran in 2020.

Materials and Methods

The study area covered by AUMS was located in the
center of Iran. According to the 2016 census, this area has
a population of 1,429,475.° In this analysis, we included
all COVID-19 patients with a diagnosis of probable and
confirmed cases based on the WHO case definition. All
diagnosed and dead cases were registered in the Vice
Presidency Department of Health of AUMS. This study
was approved by the Ethics Committee of AUMS (Ethic
Code: IRRARAKMU.REC.1398.335).

Variables

All participants who had polymerase chain reaction (PCR)
on oropharyngeal /nasopharyngeal swab specimens, in
viral transport media, were referred to the Specialized
Virology laboratory of Emam Reza clinic (AUMS, Arak,
Iran). Viral RNA was extracted using the QlAamp DSP
Virus Kit (Qiagen, Hilden, Germany) in QIAcube extractor
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machines (Qiagen), based on the standard protocol
of the manufacturer. Reverse-transcription real-time
PCR (RT-qPCR) assays were performed using the
2019-nCoV Nucleic Acid Diagnostic Kit (Sansure biotech,
Changsha, China), according to the manufacturer's
protocol.!

The study variables included the age group (<5,
5-15, 16-45, 46-60, 61-70, and =70 years old), sex
(male/female), coronary heart diseases (CHDs) (yes/no),
diabetes Type 2 (yes/no), symptoms at admission
fever (yes/no), dry cough (yes/no), dyspnea (yes/no),
fatigue (yes/no), skeletal pain (yes/no), sore throat
(yes/no), diarrhea (yes/no), headache (yes/no),
and chest pain (yes/no). The data were collected by
self-reported forms from the patients and for dead
patients from the nearest surrogate relatives. The
outcome variable (death) was determined based on
death certificates.

Statistical analysis

The statistical analyses of the study were done by
STATA 12.0. Frequency distributions and percentages
were calculated for all the study variables. The logistic
regression was applied for univariate analysis. The
adjusted odds ratio (OR) and 95% confidence interval (CI)
were obtained by unconditional logistic regression. The
criteria for inclusion in the final model were based on a
P <0.2. In order to determine the regression line of death
number by days from the *t day of the epidemic (February
20, 2020 until May 9, 2020. Regression coefficients
and the related figures were also observed [Figure 1].
Furthermore, the ASMR (per 100,000) of COVID-19 was
obtained. The direct method was applied to calculate
ASMRs. The ASMRs of COVID-19-related death per
100,000 population were adjusted to the world standard
population.®®! ASMRs with 95% CI estimations were
obtained by the provided command in STATA 12.0.[%°!
The significance level was assigned as a P < 0.05.

order_date

95% CI
L Dead

Fitted values

Figure 1: Trend of COVID-19 related death in Arak university of medical sciences,
Iran, 2020

Journal of Education and Health Promotion | Volume 10 | May 2021



Moradzadeh, et al.: COVID-19 mortality rate

Results

The analysis was conducted on the probable and
confirmed cases of COVID-19 from February 20 to May
9, 2020. A total of 3050 cases of COVID-19 infections
were included. In this time period, 208 COVID-19-related
deaths occurred in the study region. There was no
statistically significant difference in the number of
COVID-19-related deaths between males (n = 114)
and females (n = 94) (P = 0.314). The mean age of dead
patients was 70 years (standard deviation 15 and range
17, 99). The majority of dead patients (56.3%, n = 117)
were over 70 years of age, and no death was observed in
the patients who were 16 years old or younger. Mortality
rates per 10,000 population in the different cities of
the study region were 7.94 (Delijan), 4.01 (Tafresh),
3.33 (Khondab), 2.89 (Mahalat), 2.76 (Farahan),
2.47 (Komijan), 2.45 (Ashtian), 1.53 (Shazand), and
1.42 (Arak).

COVID-19 fatality rate in the population was found to be
6.8% in the study region: Mahalat (10.8%), Delijan (10.2%),
Khondab (9.5%), Komijan (9.2%), Shazand (7.5%),
Tafresh (7.5%), Arak (5.3%), Farahan (5.2%), and
Ashtian (4.5%). Furthermore, in the category of age group,
the case fatality rates (CFRs) were 16.4% (over 70 years
old), 8.9% (61-70 years old), 5.6% (46—60 years old), and
1.3% (1645 years old).

The number of COVID-19 deaths decreased in the study
period time. From the 1** day of the epidemic onward, a
statistically significant decrease (P = 0.001) was observed
in the number of deaths [Figure 1]. According to Table 1,
the calculated ASMR of COVID-19 for the population was
12.9 (C195%: 11.2,14.8). In addition, it was observed that
ASMR was higher among males (14.8 [C1 95%: 12.2,17.9]
per 100,000 population) than among females (11.1 [CI
95%: 8.9, 13.7] per 100,000 population).

In order to determine of COVID-19 death-related
factors in univariate analysis, the statistically significant
associations were observed between COVID-19
death and age (P = 0.001), having CHD (P = 0.001),
having diabetes (P = 0.001), having shortness of
breath (P = 0.001), having headache (P = 0.003), and
having chest pain at admission (P = 0.019) [Table 2].

Table 1: Age-standardized rate (per 100,000) for
coronavirus disease 2019-related death in Arak, Iran,
2020

Sex Number Number of Crude ASMR (95% CI)
of death population rate

Female 94 703,724 134 11.1 (8.9-13.7)

Male 114 725,751 15.7 14.8 (12.2-17.9)

Total 208 1,429,475 14.6 12.9 (11.2-14.8)

ASMR=Age-standardized mortality rate per 100,000 population, Cl=Confidence
interval
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In the multiple logistic regression analysis, first, all
variables were included in the model; next, the variables
with P > 0.2 were excluded. Finally, in the final model,
the odds of death in the age group =60 were 10.87
(CI95%: 6.30,18.75) and in the 45-60 age group were 4.38
(2.38, 8.08) times more than the <45 age group (P = 0.001).
Males showed a positive association with COVID-19
death after adjusting the effects of other including
variables (OR = 1.23, 95% CI: 0.92, 1.65, P = 0.16).
Diabetes patients had a statistically significant increase
in the odds of COVID-19 death (OR =1.45, C195%: 1.02,
2.06, P = 0.036). Assuming adjustment for the studied
variables, determining the association of having dyspnea
atadmission and COVID-19-related death, OR was found
tobe 1.33 (95% CI:0.99,1.78, P = 0.057). Having headache
atadmission was also associated with a decreased odd of
COVID-19 death (OR =0.59, 95% CI: 0.33, 1.07, P = 0.081).
Finally, it was revealed that COVID-19 patients who had
chest pain at admission were significantly more likely to
experience death compared to those who did not have
chest pain at admission (OR = 1.89, CI 95%: 1.05, 3.39,
P =0.033) [Table 3].

Discussion

The results of the study showed that the ASMRs of
COVID-19 were relatively higher in males than in
females. The infection fatality rate was 6.8%. Moreover,
age, diabetes, and chest pain had significant impacts on
the odds of COVID-19 death. However, the dyspnea
was an important symptom by considering the odds of
COVID-19 death, but headache had a protective factor on
the COVID-19 death. The other studied factors, including
CHD, sex, fever, dry cough, fatigue, skeletal pain, sore
throat, and diarrhea at admission, were not significantly
associated with COVID-19-related death.

Liet al." indicated that some CHD-related factors, such
as hypertension, cardiac injury, and hyperglycemia,
were associated with death in patients with severe
COVID-19. However, in this study, CHD-related factors
were not associated with COVID-19 death. One of the
potential reasons may be our applied analysis among all
patients with severe and nonsevere forms of COVID-19,
whenever, Li et al.'% reported the same findings only
among severe types of the disease. Although, in this
study, we analyzed the subgroups of severe and
nonsevere patients, the sufficient sample size was not
available in the study region. Furthermore, Li et al.l'’]
reported that male sex is an important factor for death
resulting from COVID-19. Likewise, in our study, the
calculated ASMR of COVID-19 in males was higher
than in females, but in adjusted analysis for the OR, a
statistically significant association was not observed.
In addition, similar to this study, having diabetes has
been emphasized as an important variable for the
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Table 2: Univariate analysis of the included variables
for coronavirus disease 2019-related death in Arak
University of Medical Sciences, 2020

Variables Death OR (95% CI) P
No Yes
Age, mean (SD) 51 (21) 70 (15) 1.05 (1.04-1.06) 0.001
Age group
0-45 1223 15
46-60 620 37 4.87 (2.65-8.93) 0.001
>60 999 156 12.73 (7.45-21.77)
Sex
Male 1455 114 1.16 (0.87-1.53) 0.315
Female 1387 94 1
CHD
No 2295 133 1
Yes 547 75 2.37 (1.76-3.19) 0.001
Diabetes
No 2504 157 1
Yes 338 51 2.41 (1.72-3.37) 0.001
Symptoms at
admission
Fever
No 1336 103 1 0.48
Yes 1506 105 0.9 (0.68-1.20)
Dry cough
No 1166 92 1 0.37
Yes 1676 116 0.88 (0.66-1.16)
Dyspnea
No 1592 90 1 0.001
Yes 1250 118 1.67 (1.26-2.22)
Fatigue
No 2300 159 1 0.12
Yes 542 49 1.31 (0.94-1.83)
Skeletal pain
No 2253 172 1 0.24
Yes 589 36 0.8 (0.55-1.16)
Sore throat
No 2324 178 1 0.17
Yes 518 30 0.76 (0.51-1.13)
Diarrhea
No 2710 200 1 0.6
Yes 132 8 0.82 (0.4-1.7)
Headache
No 2456 195 1 0.003
Yes 386 13 0.42 (0.24-0.75)
Chest pain
No 2732 193 1 0.019
Yes 110 15 1.93 (1.1-3.38)

OR=0d(ds ratio, Cl=Confidence interval

death of COVID-19 patients. It should be highlighted
that because of the noncomparability of the study
populations between this study and Li et al.’s study,"!
these interpretations should be interpreted with caution.

In line with the findings of this study, Zhou et al."!
reported that older age was a potential risk factor for
COVID-19-related death in Wuhan, China; moreover,
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Table 3: Factors related to death from coronavirus
disease 2019 in adjusted logistic analysis

Variables OR (95% Cl) P
Age group

<45 1

46-60 4.38 (2.38-8.08) 0.001

=60 10.87 (6.30-18.75) 0.001
Sex

Female 1

Male 1.23 (0.92-1.65) 0.16
Diabetes

No 1

Yes 1.45 (1.02-2.06) 0.036
Dyspnea

No 1

Yes 1.33 (0.99-1.78) 0.057
Headache

No 1

Yes 0.59 (0.33-1.07) 0.081
Chest pain

No 1

Yes 1.89 (1.05-3.39) 0.033

OR=0d(ds ratio, Cl=Confidence interval

they could not find any associations between CHD and
death in COVID-19 patients. In another study in China,
Duet al." demonstrated that older age and CHD-related
factors were predictors of mortality among the patients
suffering from COVID-19. Besides, according to the
study conducted in the U. S."¥ a small increase in PM 2.5
could increase the county’s COVID-19 mortality rate. On
the other hand, Arak is an industrial city and is exposed
to industrial pollutants including PM 2.5, and as seen in
this study, the mortality of COVID-19 in Arak was lower
than other cities where they have very low pollution.
Nevertheless, Arak has higher access to medical facilities,
such as medical care personnel, intensive care units,
hospital beds, and medical equipment compared to other
cities in the region; therefore, such facilities seem to be
one of the reasons for the lower mortality and infection
fatality rates of COVID-19 in Arak. Furthermore, Ji et al."!
emphasized the role of substantial regional disparities
in health-care resource availability and accessibility in
COVID-19-related death.

According to Jordan et al.," the CFR of COVID-19 could
be as high as 1%; in this study, it was calculated as 6.8%.
Considering severe and critical clinical symptoms for
categorized confirmed cases, it was estimated that the
infection fatality rates should be lower than 6.8%. In
the Italian population," the CFR was 7.2%, which was
near to the estimation made in this study. In agreement
with the findings of this study, the CFR was 16.3%
among Italian individuals who were 70 years old or
older.l' There were broad differences in estimated CFR
related to COVID-19 between and among countries

Journal of Education and Health Promotion | Volume 10 | May 2021
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and local levels. Furthermore, the estimated CFR may
be misleading. One of the reasons for this may be more
or less probability to find or report COVID-19 deaths.
Other reasons may be various policies for case finding
and PCR testing; because of insufficient accessibility and
financial limitations of PCR kit that under-reported the
number of cases or deaths. Moreover, accessibility to the
PCR test varied at different time lags. In addition, there
were many differences in the quality of provided swab
specimens in local levels. Therefore, the estimated CFR
may be overshadowed by these.['”]

This analysis supports the hypothesis proposed by
Bhopal and Bhopal® that the number of cases in males
versus women was not dissimilar, but the reason for the
difference between deaths could be leading to a range of
hypotheses, from lifestyles to differences in chromosomal
structure. In addition, according to Bhopal and Bhopal ¥l
it was indicated that differences in occupation, smoking,
alcohol use, medical comorbidities, or use of medications
and social and cultural factors between males and women
were more explanatory than genetic structure. Moreover,
Kadel and Kovats!"”! suggested that respiratory viral
infections are more prevalent among males than females.

Furthermore, air pollution is an important risk factor
influencing COVID-19.12"! The region covered by
AUMS is exposed to air pollution due to petrochemical
industries and road traffic.!! In addition, population with
chronic exposure to high levels of air pollution, such as
Arak, the center of Markazi province, are susceptible to
develop respiratory infections that may be a potentially
indirect or direct risk factor to affect COVID-19.

Similarly with this study, findings of a systematic
review and meta-analysis®?!! were indicated that older
age and male gender were most prone to death related
to COVID-19; likewise, diabetes Type 2 significantly
increased the risk of mortality of COVID-19. Furthermore,
in line with the findings of this study, headache had a
negative association with mortality due to COVID-19.
Similarly, diabetes patients had a 3-fold risk of mortality
of influenza.?"! One of the reasons for this finding
may be the importance of glycemic control in diabetes
Type 2 patients, other reasons may be insufficient
immunity due to a decrease in T cell counts, release
of inflammatory mediators, especially, interleukin-1 3
and tumor necrosis factor o, which stimulates insulin
resistance and -cell damage, and higher levels of various
inflammatory factors./#!

Based on our findings of the importance of diabetes
and the risk of COVID-19, people with diabetes are
recommended to regularly control glycemic values
and to have pneumococcal and annual influenza
vaccinations.?! Valid and reliable measurements of

Journal of Education and Health Promotion | Volume 10 | May 2021

cause-specific mortality is an important principle in
epidemiologic studies.”! As COVID-19-related deaths
are increasing, mortality analysis can potentially
be susceptible to information bias, including
nondifferential and differential misclassification
bias.?>?¢l Therefore, these considerations were the
limitations of this study. Furthermore, the definition
of COVID-19-related death may be different among
countries, and hence any comparisons should be made
cautiously.'® Moreover, it considered probable cases as
COVID-19-related deaths because we could not run an
RT-PCR test for dead patients. One of the strengths of
this study, however, was a registry system recording
deaths in the study area. In other words, the findings
were population-based, whereas in another study,?!
the delay of ascertainment of COVID-19 deaths was a
challenging problem. In the estimation of the mortality
studies related to COVID-19, there are some limitations
that they should be considered in the interpretation
of the findings and even may be a source of potential
biases. At the beginning of an outbreak, severe and fatal
death cases are more likely to detect and report, and
any delay in reporting of deaths may underestimate the
CFR. Moreover, some deaths occurring in epidemic may
attribute to other causes." It is possible to record and
report incorrectly all deaths that it led to information
bias; this information bias may be adjusted by the use
of methodological considerations on simulation of
estimations. This requires knowing the sensitivity and
specificity of the surveillance system in reporting of
deaths.1?5%!

Thus, it is recommended that the findings of this study
be updated in future months. Moreover, it is necessary to
conduct more studies on survival analysis and the impact
of other factors on the COVID-19 death in this area to
optimize our understanding. The quality of the data
collection procedure is the most important issue that is
recommended to the health policymakers be considered.

This study indicated that some background characteristics
such as age, gender, diabetes, other diseases and so on
are effective on COVID-19 burden of disease and death.
These factors are those that Primary Health Care (PHC)
system of Iran have worked on them for more than
4 decades and has readiness to provide educational,
preventive, referring, and follow-up patients to final
recovery. This system has the required infrastructures,
skilled human resource, equipment, and above all is
widespread around the country from the farthest villages
to cities and from the most mountainous places to
deserts, and in the other words, from everywhere people
live and work. So utilization of this system can reduce
the burden of COVID-19 and decrease the number of
severe cases visiting hospitals. 27!
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Conclusion

It was concluded that the ASMRs of COVID-19 were
relatively higher in males than females. The COVID-19
fatality rate was relatively high. We found that older age,
diabetes, and having chest pain and dyspnea have had an
impact on the death of COVID-19 patients, but the headache
was a protective association with COVID-19-related death.
The factors associated with mortality-related COVID-19
found in this study may help policymakers to consider them
in future preventive strategies in order to support and more
attention to the health status of the high-risk groups. These
strategies can be focused on primary, secondary, and tertiary
prevention levels to diminish mortality-related COVID-19.
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