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↑What is “already known” in this topic: 
Coronavirus Disease 2019 (COVID-19) has resulted in a 
considerable number of deaths worldwide. Factors such as older age 
(> 65 years old), being male, and having comorbidity and underlying 
medical conditions could put infected individuals at greater risk of 
death.   
 
→What this article adds: 

This ecological study explored the relationship between COVID-19 
hospitalization and mortality with smoking, obesity, and underlying 
conditions in Iran. Provinces with a higher prevalence of obesity 
(IRR: 2.75), cigarette smoking (1.81), hypertension (1.88), and 
diabetes mellitus (1.74) had a higher likelihood of COVID-19 death 
rates. Inequality in COVID-19 hospitalization and mortality was 
observed in provinces whose populations had underlying diseases.  
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Abstract 
    Background: Coronavirus Disease 2019 (COVID-19) has resulted in a considerable number of deaths worldwide. This ecological 
study aimed to explore the relationship between COVID-19 hospitalization and mortality with smoking, obesity, and underlying 
conditions in Iran. 
   Methods: Provincial-level COVID-19 data were obtained from the official reports. Two outcomes were assessed: the total number 
of hospitalizations and deaths. Data on underlying health conditions, cigarette smoking, and obesity were obtained from national 
surveys. Negative binomial regression was used to report incident rate (IRR) ratios. 
   Results: As of April 22, 2020, a total number of 43 950 lab-confirmed COVID-19 hospitalizations and 5391confirmed COVID-19 
deaths were officially reported. Adjusting for underdetection to cover the number of clinically-confirmed COVID-19 cases, a total of 
76 962 additional hospitalizations (ie, total lab- and clinically-confirmed hospitalizations = 120 912; 175% increase) and 7558 
additional deaths (ie, total lab- and clinically-confirmed deaths = 12 949; 140% increase) were estimated during the same period. 
Provinces with a higher prevalence of obesity (IRR: 2.75, 95% CI: 1.49, 5.10), cigarette smoking (1.81; 95% CI: 1.01, 3.27), 
hypertension (1.88; 95% CI: 1.03, 3.44), and diabetes mellitus (1.74; 95% CI: 0.96, 3.16) had a higher likelihood of COVID-19 death 
rates.  
   Conclusion: Inequality in COVID-19 hospitalization and mortality was observed in provinces whose populations had underlying 
diseases, in particular, obesity, cigarette smoking, hypertension, and diabetes.  
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Introduction 
The Coronavirus Disease 2019 (COVID-19) was first emerged in Wuhan, China, in late 2019 and has rapidly 
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spread to other parts of the world (1, 2). On January 30, 
2020, WHO identified COVID-19 as an international pub-
lic health emergency and declared it as a pandemic (3). In 
Iran, the first confirmed cases were officially reported in 
February 20, 2020. The disease has circulated quickly 
throughout the country, such that by April 20, 2020, more 
than 8000 confirmed infected cases and 5209 confirmed 
deaths were reported. However, it is expected that both the 
total number of infected and deaths could be higher than 
the official reports, as the clinical symptoms of the disease 
are not specific and a large portion of the infections are 
asymptotic. Moreover, the capacity of the country to test 
and identify the whole cases has not been enough, particu-
larly at the beginning of the epidemic (4). 

The global cases fatality rate of COVID-19 is reported 
around 2%, with substantial variations across different 
subpopulations (5). Factors such as older age (> 65 years 
old), being male, and having comorbidity and underlying 
medical conditions (eg, diabetes, hypertension, chronic 
obstructed pulmonary disease (COPD) ,and obesity) could 
put infected individuals at greater risk of death (6). Geo-
graphical variations in case fatality have also been report-
ed (7), such that some countries could have a higher fatali-
ty rates relative to some other countries. The evidence 
indicates that a part of the variabilities in case fatality 
rates could be due to the higher extent of the comorbidi-
ties; for example, the higher fatality rate of the infection in 
Italy compared to China could be associated with the 
higher prevalence of the obesity among adults in Italy (8). 

One of the main important issues of emerging and 
reemerging outbreaks and pandemic is to explore what 
risk factors or determinants could be associated with their 
burden, such as the total number of cases, hospitalization, 
and deaths (9). Identifying these associated factors could 
help better manage the epidemics and reduce their burden. 
However, determining and identifying these factors could 
be difficult due to the lack of individual-level data. On the 
other hand, ecological studies that rely on group-level data 
could guide policymakers and researchers to generate hy-
potheses to evaluate the impact of these determinants (10). 
Unlike the individual-level data used for the identification 
of risk factors in other observational studies (eg, longitu-
dinal studies), ecological studies aim to obtain such asso-
ciations using the comparison of aggregate data. In this 
study we aimed to explore the association of some under-
lying conditions and health risk behaviors/factors with 2 
main COVID-19-related outcomes (hospitalization and 
deaths) in Iran using province-level data. To the best our 
knowledge, no study has been conducted with an ecologi-
cal design to address the risk determinants of the COVID-
19 outcomes in Iran. 

 
Methods  
Study population and area 
The study was conducted across all 31 provinces of Iran 

from the official onset of the COVID-19 epidemic (Feb 
19, 2020) through April 22, 2020. Due to the ecological 
nature of the study, the units of the analyses were provinc-
es. Thus, we used province-level data for 2 COVID-19- 
associated outcomes (eg, hospitalization and death rates) 

and the underlying medical conditions and risk factors. 
 
COVID-19-associated outcomes 
Two outcomes were examined: (a) The COVID-19-

associated hospitalizations, defined as the total number of 
individuals hospitalized due directly to COVID-19 divid-
ed by the total population, presented per 100 000 in each 
province, and (b) COVID-19 deaths, defined as the total 
number of confirmed and probable deaths due to COVID-
19 divided by the total population, presented per 100 000 
in each province. Reliance only on confirmed cases might 
be prone to underestimation of these 2 outcomes. Thus, 
we took into account 2 types of hospitalized and death 
cases: (i) only confirmed cases: patients whose polymer-
ase chain reaction (PCR) test results were positive for 
COVID-19; (ii) probable cases, who were those patients 
assumed to be clinically-confirmed COVID-19 cases. 
Given low sensitivity of laboratory tests, the number of 
probable (clinically-confirmed) COVID-19 hospitaliza-
tions and deaths was also considered in the analyses. Data 
for the lab-confirmed cases were obtained from the na-
tional COVID-19 reports from the Ministry of Health. The 
second type of cases (ie, probable cases) were assumed to 
be those patients who were diagnosed by the clinicians, 
but not using a PCR. Clinically-confirmed COVID-19 
cases were diagnosed using the examination results of the 
lung imaging features of the chest computed tomography 
(CT) scan showing ground glass pathognomonic features 
consistent with Coronavirus pneumonia (11), or based on 
the clinical judgment of the clinician about patient’s 
symptoms. Finally, we added the additional probable cas-
es to the total number of confirmed cases and used them 
as the final variable utilized for the statistical analyses. 

Morbidity or underlying medical conditions data 
Except for cancers, province-level aggregate underlying 

medical conditions data were obtained from the seventh  
large-scale cross sectional surveys according to the 2016 
STEPwise approach in surveillance of noncommunicable 
diseases risk factor. The study protocol and sampling 
methods are described elsewhere (12). In brief, STEPS is 
a simple, standardized approach for collecting, analyzing, 
and disseminating data in WHO member countries. Also, 
it has been designed to provide nationally and provincially 
representative estimates on several health risk factors and 
noncommunicable diseases of Iranians aged 18 years and 
older recruited from both urban and rural areas. Partici-
pants were sampled through using stratified random clus-
ter sampling, proportionate to the population size of each 
province. Overall, 31 050 individuals were recruited, of 
them 30 541 (98.4%) completed the first step (the ques-
tionnaire-based assessment) and 30 042 (96.7%) complet-
ed the second step (the physical measurement). For the 
third step of the survey (the biochemical measurement), 
only individuals aged 25 years and older were invited 
(89.3%), of whom 19 778 took part in this step (response 
rate: 71.3%). Weights to account for nonresponse bias 
were incorporated into the survey analysis. Data on having 
any types of cancers were obtained from the National 
Cancer Registration Program in 2015 (13).  
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Smoking and body mass index 
Cigarette smoking was defined as ever daily cigarette 

use. We used body mass index (BMI) to measure obesity. 
BMI was calculated by dividing participants’ weight (kg) 
to the square of height (m2). Obesity was defined as BMI 
≥30 kg/m2. Measurements were implemented by standard 
operating procedures and performed by trained personnel 
(14). 

 
Underlying medical conditions 
Diabetes mellitus type II (DMT2) was defined as having 

an HbA1c ≥ 6.4%, or self-reported oral use of hypogly-
cemic agents, or taking insulin. Hypertension was defined 
as systolic blood pressure ≥ 140 mmHg or diastolic blood 
pressure ≥ 90 mmHg in the mean of 2 consecutive meas-
urements or self-reported use of antihypertensive medica-
tions. Having any cardiovascular diseases was defined as 
self-reported history of heart attack and/or stroke as 2 ma-
jor cardiovascular diseases. Having asthma and/or wheez-
ing were recorded based on conditions. Finally, the age-
specific rate (ASR, per 100 000 populations) of any type 
of cancers in both genders was obtained from the latest 
report. 

 
Statistical analysis 
Each province was treated as a single observation. The 2 

main study outcomes, the COVID-19-associated hospital-
ization rates and death rates, were mapped to show the 
geographical variations across the study provinces. Then, 
as per ecological studies, a correlation analysis using the 
Pearson’s correlation test was performed between the 2 
study outcomes and the underlying medical conditions and 
the 2 morbidities. To do this, the variables were dealt as 
continuous. Also, scatter plots were generated to visualize 
the pattern of these correlations. Second, given the nature 
of the study outcomes (both were count data), the negative 
binomial (NB) regression models were performed to esti-
mate the incidence rate ratio (IRRs) and their 95% confi-
dence intervals (CI). Negative binomial models were 
deemed appropriate because of the overdispersion of data 
for both COVID-19-associated hospitalization and death. 
For ease of interpretations, all the explanatory variables 
were treated as dichotomous: below the median (code 0) 
an above the median (code 1). We reported IRRs for the 
provinces above the median versus those below the medi-
an. In these models, the total population of each province 

was considered the offset. Statistical analyses were per-
formed in Stata v 14.0 (Stata crop, Texas, USA). P value 
less than 0.05 was considered significant, while P values 
between 0.05 and 0.10 were considered as borderline sig-
nificant.  

 
Ethical considerations 
Ethical approval for this research was obtained from the 

Research Ethic Committee, Kerman University of Medical 
Sciences (Code: IR.KMU.REC.1398.735). No written or 
oral consent form was needed to be obtained from the 
patients, as this study and its data relied on officially re-
ported administrative data. 

Results 
As of April 22, 2020, a total of 43 950 lab-confirmed 

COVID-19 cases were reported in all the 31 provinces of 
Iran, with provincial-level incidence rates ranging the 
lowest at Sistan-and-Baluchistan province, located in the 
southeast of Iran, and the highest in the Golestan province, 
located in the northeast of the country. We estimated a 
total of 76 962 additional COVID-19 hospitalizations, 
resulting in a total of 120 912 confirmed and probable 
hospitalizations together (~175% increase).  

In addition, 5391 lab-confirmed COVID-19 deaths were 
officially reported within the same period. Provincial-level 
rates were lowest in Boushehr province in the south of the 
country and highest in Qom province in the center. We 
assumed that 7558 additional deaths might have occurred 
due to COVID-19, considering those whose positive tests 
were diagnosed by the clinicians, but they did not have a 
PCR test result. The addition of lab-confirmed cases and 
clinically-confirmed cased resulted in a total of 12 949 
deaths (ie, ~140% increase).  

 
Correlations and associations with COVID-19 hospital-

izations 
COVID-19 hospitalization had only a borderline signifi-

cant correlation with incidence of all cancers (r=0.35, 
p=0.057). The correlation of other explanatory variables 
with hospitalization was not statistically significant, even 
though obesity (r=0.13, p=0.475), diabetes (r=0.11, 
p=0.588), and asthma and wheezing (r=0.05, p=0.8.06) 
were positively correlated and smoking (r= -0.07, 
p=0.718) and cardiovascular diseases (r= 0-0.05, p=0.786) 
were negatively correlated (Table 1, Fig. 1). 

 
Table 1. Pearson correlation of the underlying medical conditions associated with COVID-19 hospitalization and deaths in Iran, 2020 
 
 
Underlying medical conditions and risk factors 

COVID-19-associated Hospitalization COVID-19-associated Death 
Correlation p Correlation p 

    
Obesity  0.13 0.475 0.26 0.156 
Smoking  -0.07 0.718 0.11 0.553 
Diabetes (HbA1C)  0.11 0.588 0.15 0.433 
Hypertension  0.00 0.999 0.06 0.734 
Asthma and Wheezing  0.05 0.806 0.31 0.092 
Cardiovascular diseases  -0.05 0.786 -0.14 0.446 
Cancers (any) 0.35a 0.057 0.15 0.433 
a Italic rows indicate correlations with borderline P values. 
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Fig. 1. The provincial-level correlation of COVID-19 hospitalization and death rates with the prevalence of obesity (A), diabetes mellitus type 2 (B), hypertension (C), smoking (D), asthma and 
wheezing (E) and cancer (F) (Iran, 2020).  
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The results of the regression analyses showed that prov-
inces whose populations had higher prevalence of the un-
derlying conditions had a higher likelihood of hospitaliza-
tion. Specifically, provinces with higher incidence of can-
cers (IRR=1.54, 95%CI: 0.93, 2.56; p=0.092) and preva-
lence of cardiovascular diseases (1.60, 95%CI: 0.97, 2.65; 
p=0.066) had higher likelihood of COVID-19-associated 
hospitalization rates, even though both were borderline 
significant. Provinces with higher prevalence of other ex-
planatory variables, including obesity, smoking, hyperten-
sion, diabetes, and asthma and wheezing are presented in 
Table 2. 

 
Correlations and associations with COVID-19 deaths  
We found that provinces with higher asthma and wheez-

ing prevalence were positively correlated with increases in 
COVID-19 death rates, with a borderline significance 
(r=0.31, p=0.092). The correlation between other explana-
tory variables with death rates was not statistically signifi-
cant, with obesity (r=0.26, p=0.156), smoking (r=0.11, 
p=0.553), and diabetes (r=0.15, p=0.443), hypertension 
(r=0.06, p=0.734), and cancers (r=0.15, p=0.433) being 
positively correlated, and cardiovascular diseases (r=-0.14, 
p=0.446) being  negatively correlated (Table 1, Fig. 1). 

Regression analyses showed that provinces with higher 
prevalence of the underlying conditions had a higher like-
lihood of hospitalization. Specifically, provinces with 
higher prevalence of obesity (IRR=2.75, 95% CI: 1.49, 
5.10; p=0.001), smoking (1.81, 95% CI: 1.01, 3.27; 
p=0.047), and hypertension (1.88, 95% CI: 1.03, 3.44; 
p=0.039) were significantly associated with higher death 

rates. Provinces with higher rates of other explanatory 
variables were not significantly associated with higher or 
lower rates of COVID-19 death (Table 2).  

 
Discussion 
This ecological analysis in Iran documented that the 

provinces with higher underlying medical conditions had a 
higher likelihood of COVID-19 burden. Moreover, greater 
prevalence of obesity, cigarette smoking, hypertension, 
and diabetes mellitus were significantly associated a high-
er likelihood of COVID-19 death rates. Weak statistical 
associations were found between hospitalization rates and 
underlying condition, particularly, with cancers and cardi-
ovascular diseases. While the same pattern of association 
was found when we used data only for lab-confirmed cas-
es (data not shown but available upon request) and clini-
cally-confirmed cases, the way we presented and correct-
ed the COVID-19 data could demonstrate a better picture 
of the actual burden of this disease in Iran.  

In line with the existing literature indicating the associa-
tion of obesity and smoking with COVID-19 burdens, we 
also found a significant association of these two factors 
with COVD-19-associated mortality. Inequality in 
COVID-19 mortality in older adults in Italy compared 
with China was explained by the higher prevalence of 
obesity among Italians (8). Severe obesity, in addition to 
causing a number of chronic diseases, increases the risk of 
severe forms of COVID-19 and often causes serious 
breathing problem called acute respiratory distress syn-
drome (ARDS) (15), as well as reduces expiratory reserve 
volume and functional capacity (8). The growing body of 

Table 2. The negative binomial regression analyses of the underlying medical conditions associated with COVID-19 deaths in Iran, 2020 
 COVID-19 Hospitalization COVID-19 Death 
 IRR 

(95% CI)a 
p IRR 

(95% CI) 
p 

Obesity     
Below median (from 11.7% to 19%) Ref  Ref  
Above median (from 19.1% to 29.6%) 1.58 

(0.91, 2.77) 
0.110 2.75 

(1.49, 5.10)c 
0.001 

Smoking     
Below median (from 7.6% to 13%) Ref  Ref  
Above median (from 13.1% to 20.7%) 1.08 

(0.65, 1.84) 
0.748 1.81 

(1.01, 3.27) 
0.047 

Hypertension     
Below median (from 17.7% to 22.4%) Ref  Ref  
Above median (from 22.5% to 29.5%) 0.95 

(0.56, 1.64) 
0.876 1.88 

(1.03, 3.44) 
0.039 

Diabetes (HbA1C)     
Below median (from 4.7% to 8.8%) Ref  Ref  
Above median (from 8.9% to 15.3%) 1.31 

(0.78, 2.21) 
0.295 1.74 

(0.96, 3.16) 
0.066 

Asthma and Wheezing      
Below median (from 3.3% to 7.4%) Ref  Ref  
Above median (from 7.5% to 17.5%) 1.16 

(0.67, 2.01) 
0.580 1.48 

(0.78, 2.79) 
0.224 

Cancers (any)     
Below median (from 73.4 to 146) Ref  Ref  
Above median (from 146.1 to 203.5) 1.54 

(0.93, 2.56) 
0.092 0.91 

(0.49, 1.69) 
0.774 

Cardiovascular diseases     
Below median (from 3.7% to 8.5%) Ref  Ref  
Above median (from 8.6% to 13.5%) 1.60 

(0.97, 2.65) 
0.066 1.03 

(0.55, 1.91) 
0.918 

a IRR: incidence rate ratio, CI: confidence intervals.  
b Italic rows indicate estimates with borderline P values, while bold rows indicate estimates with significant P values at 5% level. 
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evidence has also highlighted the negative association of 
smoking with COVID-19 outcomes. A recent systematic 
review showed that smoking is presumably related to the 
negative progression and adverse outcomes of COVID-19, 
such that smokers relative to nonsmokers were 1.4 times 
more likely to have severe symptoms of COVID-19, and 
approximately 2.4 times more likely to be admitted to an 
ICU, need mechanical ventilation, or die (16). Such an 
association was also found for infectious respiratory ill-
nesses. For instance, previous studies have shown that 
smokers are twice more likely than nonsmokers to have 
influenza and develop more severe symptoms, while 
smokers were also noted to have higher mortality rates 
from the Middle East respiratory syndrome Coronavirus 
(MERS-CoV) outbreak (17, 18). Smoking is additionally 
detrimental to the respiratory system and its responsive-
ness to infections, making smokers more prone to severe 
forms of infectious diseases (16). The severity of COVID-
19 disease is associated with smoking and leads to the 
overexpression of the virus-receptor-converting enzyme 
angiotensin 2 (ACE2), which may increase COVID-19 
loading among smokers (19).  

Consistent with previous studies, we also found a signif-
icant association between increased prevalence of hyper-
tension and COVID-19 mortality. Studies form Wuhan, 
China, where COVID-19 was emerged, hypertension was 
found to be associated with disease severity (20-25), such 
that hypertensive patients were 2 times more likely to 
demonstrate the severe forms of the disease (20). Zhou et 
al in a retrospective multicenter cohort study in Wuhan 
(191 COVID-19 patients) reported that almost half of the 
patients (48%) had at least 1 comorbidity, with hyperten-
sion being the most common (30%), followed by diabetes 
(19%) and coronary heart disease (8%) (22). In addition, 
our study showed that the provinces with higher preva-
lence of diabetes diseases had a higher likelihood of 
COVID-19-associated deaths, although its association was 
found to be borderline (P value = 0.066). Chinese studies 
have shown that the death rates in COVID-19 patients 
with diabetes increased by 5%, on average (26, 27), which 
is consistent with other studies showing an increased risk 
of death among patients with diabetes (24, 25, 28). Both 
diabetes and hypertension are found to be risk factors for 
severe clinical outcomes, including death, associated with 
MERS-CoV, another type of human Coronavirus (29). We 
could not find a robust significant association between 
asthma, cancer, and cardiovascular diseases with COVID-
19 outcomes using province-level data, while such an as-
sociation was observed in China where the overall case 
fatality rate was 2.3% (1023 deaths among 44672 con-
firmed cases). However, the mortality reached 10.5% in 
patients with underlying CVD (30). The mechanism of 
this association is not yet clear, but it may be due to the 
increased prevalence of cardiovascular disease in older 
people, functionally impaired immune system, and in-
creased levels of ACE2 or predisposition to COVID-19 
for cardiovascular patients (31). Other studies have also 
shown increased fatality rate among COVID-19 patients 
with cancer comorbidity (25, 32, 33). Data were limited to 
compare our findings with previous studies in Iran. To our 

knowledge, only 1 study examined the epidemiological 
characteristics of COVID-19 cases using individual-level 
data in a single-center study (11). This study showed that 
medical comorbidities increased case fatality rates (CFR) 
of COVID-19, such that CFR among patients without 
comorbidity (7.6%) was lower than that among patients 
with diabetes (9.7%), cardiovascular disease (10.8%), 
chronic respiratory disease (15.0%), hypertension 
(13.5%), and chronic kidney diseases (16.7%). In the 
same study, patients with any comorbidity were 53% more 
likely to die than those without any comorbidity (11).  

 
Limitations  
This study has some limitations. First, our finding from 

the cross sectional, aggregated data does not infer causali-
ty. Second, the “ecological fallacy” (an intrinsic limita-
tion) arising from the ecological studies is indeed possible 
to occur, such that factors that are correlated with the 
study outcomes using grouped data may not be correlated 
with the same diseases using individual-level data (34). 
However, this might be a serious issue in the current paper 
as the identified associations/correlations using an ecolog-
ical design were consistent with and supported by growing 
body of literature using data from individuals (for exam-
ple, (11)). Another methodological limitation is that due to 
the use of grouped aggregated data, we were unable to 
control the key confounders, such as health service and 
health professional capacities across the provinces. Due to 
the small number of analytic units (observation), even 
their availability could not help us control their role as this 
may lead to unusable estimates in the regression analyses.  

 
Conclusion 
Our ecological analyses, based on province-level data, 

show an inequality in COVID-19-associated mortality 
with health risk factors (ie, obesity and smoking) and un-
derlying medical conditions, particularly hypertension and 
diabetes. Indeed, further research is warranted to repeat 
these analyses using individual-level, observational data to 
support and understand the contribution of these factors to 
such variations, reduce the burden of the disease, and offer 
comprehensive approaches to better manage these com-
mon conditions during outbreaks from infectious diseases. 
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