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Introduction

Tehran, the largest metropolitan area of the country, com-
prises about 16% of the total population of Iran. There are 
22 regions in Tehran, some of which are economically 

more developed than others. Furthermore, there are substantial 
differences in many lifestyle characteristics between these regions 
that suggest possible disparities among leading causes of death in 

this diverse area. 
In recent years, the amount of attention given to spatial nature 

of many causes of death and diseases leads to strong motivation 
to develop models for geographic spatial analysis techniques to 
detect regions with elevated risk of mortality. These techniques 
aim to explore pattern and spatial distribution of death in the study 
regions.1–3 

Mortality mapping permits the exploration of spatial patterns4,5 
-

tality.6,7 Nowadays, important research effort has focused on the 
different clustering techniques to analyze spatial patterns,7,8 and to 
provide reliable mortality maps in spatial epidemiology.9 Spatial 
scan statistic introduced in 1997 by Kulldorff is the most common 
method for spatial cluster detection and used in this paper.

Complete and reliable death registration system provides valu-
able information about level and trend of mortality rates and 
distribution of cause of death.10 This information enables policy 
makers to lead health care system more effectively.11,12

The Institute for Health Metrics and Evaluation (IHME) has as-
sessed the causes of death globally for all countries including Iran. 
According to these results, the most important non-communicable 
causes of death are ischemic heart disease, stroke, hypertensive 
heart disease, stomach cancer and respiratory diseases in Iran.13–15 

study con-
ducted at smaller area units of Iran such as provinces, districts 
or regions of some megacities like Tehran. In a study conducted 
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by Rohani, et al. for investigating disparity in cancer incidence, 
the authors noticed substantial differences across various regions 
of Tehran.16 However, the spatial pattern of cause- -
talities is less understood and studied. This issue prompted us to 
investigate the spatial distribution and detect potential clusters of 
age-standardized mortality rates by sex and causes of death in 22 
regions of Tehran.

Materials and Methods

Study setting
Data of Tehran cemetery death registration system called Be-

hesht-e-Zahra has been used in this study, which is the most com-
prehensive source of causes of death by regions in Tehran. Essen-
tial variables consisting of age, sex, cause of death and residence 
region have been extracted from the registration system. 

We conducted a secondary analysis in order to explore the spa-
tial pattern of some leading causes of death. These
non-communicable causes of death are ischemic heart disease 
(I20-I25), cerebrovascular diseases (I60-I69), hypertensive dis-
eases (I10-I15), malignant neoplasm of stomach (C16), and dis-
eases of the respiratory system (J00-J99). According to this cat-
egory, we are going to cluster age-standardized mortality rates in 
22 regions in Tehran via a spatial clustering model by sex and 
causes of death.

Data preparation
The death registration systems suffer from many issues such as 

missing values, incompleteness of death registration system and 
problems also exist 

in Tehran cemetery death registration. Therefore, we had to deal 
with them before conducting any analysis. Understanding the fact, 
we decided to assume that the distribution of incompleteness and 

values in 
age, sex and region variables were imputed by multiple imputa-
tion approach using Amelia package in R statistical software.17 
For missing values of causes of death, with about 218 categories, 
Amelia package is not suitable and we used multiple imputation 
with mi command in STATA 12.0.18 Because of the nature of char-
acteristics of causes of death, a multinomial logistic link function 
was applied in this imputation model.

Cause of death is the key component in this study. Unfortunately, 
this variable was registered based on physician diagnosis. There-
fore, 
of Diseases (ICD) explored all registered causes of death and re-
coded them into 10th revision of the ICD. Non-valid underlying 
causes of death were recoded to missing values and then redistrib-
uted proportional to number of observed causes in the data set.19

To calculate mortality rates, we extracted the number of death 
by sex, age, region and causes of death. The at risk population for 
each region was extracted from the last Iranian population and 
housing census in 2011.20 The direct method of age-standardiza-
tion was used to adjust the effect of different age distribution in 
regions. Finally, the expected number of death for each cause in 
all regions was derived from age standardized death rate for males 
and females.

Spatial scan statistics clustering
Kulldorff spatial scan statistics is a statistical method to de-

tect spatial, temporal and space-time clusters. The method con-

structs zones by consecutively aggregating nearest-neighboring 
areas and  set of 
regions or points that maximize the likelihood ratio test. The test 

statistic  of the likelihood ratio test can be written as21:
    

where  is the least upper bound of log likelihood ratio test 

in zone z,  and  are the number of points and average rate in 

the study area, and  and are the number of points and aver-

age rate in each zone z.  is the likelihood function for rage in 
whole study area.. I(.) is the indicator function.

Given the observed number of causes of death, the likelihood of 
each zone is computed using distribution of outcome. This proce-
dure reports the zone, which has the most likely cluster to have the 

 clusters is tested via 
Monte Carlo sampling.

In this study, we used spatial scan statistics to locate clusters 
of regions  

 in 
comparison with other regions. Therefore, we examined the as-
sumption
outside each cluster. 

For spatial clustering, we used SaTScan software version 9.3.1.22 
We considered Poisson distribution for number of death in each 
region. In addition, we set 50% of the whole population at risk 
as the maximum size of scan window. Finally, when the high or 
low risk clusters were
was run using Monte
illustrated by R statistical software version 3.1.2.

Result

A total of 13,328 persons -
ble causes of death in Tehran during 2011. Theses causes of death 
were responsible for more than one in four deaths in Tehran in this 
year. Among studied causes, respiratory disease had the highest 
percentage (11.32) and malignant neoplasm of stomach had the 
lowest percent (1.38%) among all causes of deaths. Table 1 dis-
plays mortality rates of these underlying causes of death.

 Table 2 summarizes the result of the detected clusters and re-
gions belonging to them using spatial scan statistics. In this table, 
log likelihood ratio (LLR) is the statistical criterion for testing 
whether 
the chance of death due to each of these causes inside the cluster 
compared to the outside the cluster.

The results of spatial scan statistics clustering showed that the 
distribution of each cause of death was different among regions of 
Tehran (Figure 1). Two high-risk and two low-risk clusters were 
detected for each cause of death. The results showed all these 

 0.05 P value 
level. Mapping these clusters showed substantial differences in 

For most causes of death, the high-risk clusters concentrated 
in the southern half of Tehran and low-risk clusters were in the 
northern half of Tehran.
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Cause of death
Mortality rates per 100,000

Female Male

Ischemic heart disease 14.53 30.75

Cerebrovascular diseases 47.24 54.12

Hypertensive diseases 11.32 12.75

Malignant neoplasm of stomach 5.65 11.46

Respiratory Disease 56.71 83.32

Table 1.

Sex Female Male

Diseases Death rate Clusters 
(Regions of Tehran) RR LLR* P-Value Clusters

(Regions of Tehran) RR LLR P-Value

Ischemic heart 
disease

Highest 12, 14, 15, 16, 20 1.70 6.71 0.014 12, 16, 19, 20 1.91 60.59 <0.01

High 9, 17, 18, 19 1.52 3.70 0.019 9, 10, 17 1.48 9.23 <0.01

Low 2, 3, 5, 6 0.64 6.16 0.029 5, 21, 22 0.63 6.11 0.016

Lowest 1, 4, 8 0.73 10.36 <0.01 1, 2, 3, 4, 7, 8 0.76 35.06 <0.01

Cerebrovascular 
diseases

Highest 9, 16, 17, 18, 19, 20 1.43 9.47 <0.01 9, 16, 17, 18, 19, 20 1.72 79.33 <0.01
High 14, 15 1.21 5.26 0.02 15 1.15 25.33 <0.01
Low 5, 21, 22 0.65 7.72 <0.01 5, 21, 22 0.78 7.46 <0.01

Lowest 1, 2, 3, 4, 6, 7, 8, 13 0.79 27.15 <0.01 1, 2, 3, 4, 6, 7, 8, 13 0.82 69.73 <0.01

Hypertensive 
diseases

Highest 10, 11, 12, 13, 14, 15, 16, 
17, 19, 20 1.62 8.93 <0.01 9, 10, 11, 12, 15, 16, 

17, 19, 20 1.67 56.26 <0.01

High 22 1.23 5.24 0.043 13, 14 1.36 32.66 <0.01
Low 2, 5 0.58 5.48 0.042 2, 5 0.47 9.28 <0.01

Lowest 1, 3, 4, 6, 7, 8 0.62 8.19 <0.01 1, 3, 4, 7, 8 0.61 15.30 <0.01

Malignant 
neoplasm of 

stomach

Highest 15, 16, 19, 20 3.85 19.30 <0.01 12, 16, 17, 19, 20 1.85 17.20 <0.01
High 9 2.30 8.85 <0.01 9, 18 1.21 11.26 <0.01
Low 2, 5 0.46 6.76 <0.01 2, 5, 6, 7, 10, 11 0.72 4.26 <0.01

Lowest 1, 3, 4, 6, 7, 8, 13, 14 0.69 10.35 <0.01 1, 3 0.83 8.65 <0.01

Respiratory
Disease

Highest 12, 16, 19, 20 1.71 46.75 <0.01 12, 14, 15, 16, 17, 
19, 20 1.5 72.61 <0.01

High 9 1.61 7.153 <0.01 9 1.12 2.36 <0.01
Low 4, 8 0.75 8.15 <0.01 10, 11 0.8 5.16 <0.01

Lowest 2, 3, 5, 6 0.78 15.265 <0.01 1, 2, 3, 4, 5, 7, 8 0.73 40.13 <0.01

Table 2.

*LLR stands for Log Likelihood Ratio

Female Male

Figure 1. Spatial clusters for ischemic heart disease.
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Figure 2. Spatial clusters for cerebrovascular diseases.

Figure 3. Spatial clusters for hypertensive diseases.

Figure 4. Spatial clusters for malignant neoplasm of stomach.

Figure 5. Spatial clusters for Respiratory disease.
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Although the distribution of causes of death studied was differ-
ent in regions, in the most situations regions 2, 3 and 5 seemed 
to have lower rates of death compared with other regions. On the 
other hand, region 16, 19 and 20 were in the high rate clusters.

In this study, we made a comparison of age standardized mor-
tality rates between detected clusters for 
we calculated the weighted average of age-adjusted death rates 
(per 100,000 population) for all clusters and then the differences 
between the highest and the lowest values were considered as a 
measure of disparity. The results showed that the variations of 
rates for male were higher than females in stroke, IHD, and respi-
ratory diseases. The difference between males and females was 
13.97, 31.57, and 34.57 per 100,000, respectively. Variation of 
hypertensive disease was almost equal: 12.75 in males and 13.79 
in females. Finally, age-standardized rates in females were 17.68 
higher than males for stomach cancer. 

Discussion

population based 
study completed in Tehran. The study has assessed geographic 
clustering of causes of death and has described the relative risk of 
each cause by geographic clusters. Actually, this 
demonstrating the disparity of deaths regarding 
non-communicable causes of death in Iran. 

the relative -
cantly high or low. Diverse methods have been suggested to test 
for disease clusters. The most popular method for detecting spa-
tial clusters is circular spatial scan statistic developed by Kull-
dorff.23–25 In this study, we offer this frequentist approach, which 
uses maximum likelihood method to identify potential high or 
low risk clusters.   

The Global Burden of Disease (the GBD) study conducted by 
IHME has obtained death rates by causes of death in 2010. Based 

from isch-
emic heart disease to respiratory disease for both sexes in Iran.26 

mortality rank in 
our study, it consist of several diseases such as acute upper respi-
ratory infection, chronic lower respiratory disease, lung diseases 
due to external agents and etc. Therefore, we should not compare 

in GBD. Considering this 
issue, the result of Tehran death registration showed that ranking 
of causes of death in Tehran is almost similar with national level.

The current study indicated 
leading causes of death in Iran. For 

most of these causes, all regions with low-risk were concentrated 
in the northern part of Tehran and regions with high-risk were in 

been observed in the mortality rate for all of these causes of death.
International studies in geographic variations provide back-

ground information in which a disease may have a reasonably 
different incidence and resulting mortality as a function of area 
of residency.27–35

A number of risk factors can be responsible for the variation on 
regional level. Based on previous studies, Socio-Economic Status 
(SES) is one of the most important risk factors of death for differ-

been repeated across different 
geographical regions.36–40 major elements of 
health: health care, environmental exposure, and health behav-

ior.41 
Furthermore, growing evidence suggests that long-term expo-

sure to air pollution contributes to risk of cardiovascular disease 
and other causes of mortality.42–44 In addition, an inverse associa-
tion is seen between healthy lifestyle factors including non-smok-
ing and physical activity and the risk of all-cause mortality in a 
healthy Italian population during a 20-year follow-up study.45–47 
Previous studies suggested that these risk factors have a hetero-
geneous distribution in Tehran.48–51 The above-mentioned factors 
could be considered as possible causes of observed regional dif-
ferences 
variations can be assessed in future researches.  

Studies like this can provide information about health conditions 
in big cities like Tehran. 
have different distribution in regions of Tehran. This disparity 
might be an alarm of inequality in available health cares in these 
regions. So the results of this study can be used for policymak-
ers to set interventions and allocate resources more effectively by 
region.

Finally, there are some limitations in results of this study. Since 
there is no reliable estimate of the percentage of incompleteness 
for different regions of Tehran, we could not adjust these results 
according to accurate percentage of incompleteness for each re-
gion. However, incompleteness percentage of death registration 
system is not substantially different to confound the result of anal-
ysis. In addition, we have used an expert opinion to determine the 
correct causes of death based on ICD-10 codes for ill-
garbage causes of death and this can cause some type of bias in 
the presented results.

In conclusion, we have exhibited the main spatial clusters in 
Tehran based 
and 5 were low risk and 16, 19, and 20 
clustering model. Cluster detection is an important part of spa-
tial epidemiology because it may help suggest potential factors 
associated with disease and mortality.52–57 We only used data of 
year 2011 and spatial correlation in our analysis, so future studies 
can concentrate on temporal correlation in analysis and make a 
temporal or space time clusters for these data. In addition, in fu-
ture studies, the most important covariates should be considered 
to model each cause to determine their level in different regions 
and use these results to identify possible preventive strategies for 
these regions.
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