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Abstract 21 

Background: Disease mapping has a long history in epidemiology. Evaluating the spatial pattern of several 22 

diseases, as well as shared and specific risk factors in mortality, is considered as one of the applications 23 

of disease mapping. Stomach, esophageal, and lung cancers are among the five most common cancers 24 

among both genders in Iran, but no study is available on the spatial distribution of their mortality rate in Iran. 25 

The present study aimed to investigate the geographical distribution of the relative risk of mortality and to 26 

define the spatial pattern of shared and specific risk factors for the above-mentioned three cancers by 27 

sharing their mortality data at the county level in Iran. 28 

Method: This study analyzed the mortality data of stomach, esophageal, and lung cancers in Iran from 29 

March 2013 - March 2015. The Besag, York, and Mollie’s (BYM) model and Shared Component (SC) 30 

models were used for investigating the spatial changes of cancer mortality and determining the spatial 31 

pattern of their shared and specific risk factors. Data analysis was conducted using R and OpenBUGS 32 

software. 33 

Results: The number of deaths for the esophageal, stomach, and lung cancers in Iran from March 2013 -34 

March 2014, was 11,720 of which stomach and lung cancers were 50% and 30%, respectively. The spatial 35 

pattern of the stomach and esophageal cancer mortality was more similar to that of lung cancer due to the 36 

risk factors shared only between esophageal and stomach cancers. 37 

Conclusion: The effects of smoking on lung cancer mortality were higher than the other two cancers. The 38 

available data indicated that esophageal cancer mortality was more affected by nutritional factors than 39 

stomach cancer mortality in Iran. The effect of nutritional factors on stomach and esophageal cancer 40 

mortality in the northern half of Iran was higher than the southern half. As a result, the relative risk of these 41 

cancers mortality in the southern half was more affected by smoking than nutritional factors. 42 

Keywords: cancer mortality in Iran, stomach cancer, esophageal cancer, lung cancer, BYM model, shared 43 

component model. 44 

 45 

 46 
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 47 

Introduction 48 

With a long history in epidemiology disease mapping can identify risk factors and determine policies to 49 

reduce mortality through recognizing the spatial patterns and high-risk areas of disease in a population (1, 50 

2). Researchers have used univariate methods (single analysis for a single disease) and multivariate 51 

(combined analysis of several diseases) to estimate more accurate spatial pattern of diseases during the 52 

last few decades (3-5). 53 

The spatial changes of diseases may be related to the differences in their risk factors. Disease mapping 54 

allows us to evaluate the hypotheses about the cause of diseases (3). At the beginning, only univariate 55 

methods were used for disease mapping. Then, the simultaneous statistical modeling of several diseases, 56 

causing the identification of their shared and specific risk factors and more accurate results than single 57 

analyses, was considered by researchers (6). 58 

Evaluating the spatial pattern of several diseases, as well as shared and specific risk factors in mortality, is 59 

regarded as one of the applications of disease mapping (3, 6, 7). 60 

Cancer is one of the main public health problems in the world (8) and the second cause of mortality in Iran 61 

after cardiovascular problems (9). 62 

Identifying high-risk areas and the spatial distribution of risk factors is one of the required strategies for 63 

controlling and implementing preventive policies to reduce the above-mentioned cancers (10). Stomach, 64 

esophageal, and lung cancers are among the five most common cancers among both genders in Iran (9, 65 

11, 12), but no study is available on their mortality in Iran at the county level. The present study aimed to 66 

investigate the geographical distribution of the relative risk of mortality and determine the spatial pattern of 67 

shared and specific risk factors for the above-mentioned three cancers by sharing their mortality data at the 68 

county level in Iran. For this purpose, the model introduced by Besag, York and Mollie (BYM) (13) was used 69 

for analyzing each cancer and determining their spatial pattern. The BYM model is one of the most widely 70 

used disease mapping models where the spatial correlation of neighboring areas is considered. A 71 

hypothesis states that the areas close to each other behave similarly in relation to the disease (13). In 72 
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addition, shared components (SC) model (4) was used for highlighting the similarity and non-similarity of 73 

spatial patterns of stomach, esophageal, and lung cancers mortality in the counties of Iran due to shared 74 

and specific risk factors. Such a model has been used in several studies for determining the spatial changes 75 

of risk factors in some diseases (7, 14, 15). In this case, counts of stomach, esophageal, and lung cancers 76 

mortality refer to the variables of the model response with a shared risk factor (smoking (16-18)) and the 77 

other risk factor, i.e. nutritional factors (16-18) is shared only between esophageal cancer and stomach 78 

cancers. In this model, latent variables are used as substitutes for risk factors (4, 7). In addition, a random 79 

effect is used as a model predictor to consider the probable other risk.  80 

Materials and method 81 

Data 82 

In this study, the data of esophageal (ICD10 code C15), stomach (C16), and lung (C33-C34)  cancers 83 

mortality in 375 counties of Iran were considered from March 2013-March 2015 and  were collected by the 84 

Network Management Center of Iranian Ministry of Health and Medical Education (19) and were classified 85 

by county. Also population at risk was used to compute expected number of cases for each county and 86 

cancer. 87 

According to the previous study about risk factors of the esophagus, stomach and lung cancers, we 88 

considered smoking as a common risk factor for these cancers and nutritional factor as common risk factor 89 

just for esophagus and stomach cancer in the model. This study was confirmed by the Ethical Committee 90 

of Isfahan University of Medical Sciences (IR.MUI.REC.1395.3.687). 91 

Model 92 

Assume yij represents the number of deaths for the i-th county (i=1,2,…,375) and the j-th cancer (j=1,2,3). 93 

In addition, assume that yij has a Poisson distribution with parameters Eijθij where Eij indicates the expected 94 

mortality rate in the i-th county due to the j-th cancer and θij represents a real relative risk (RR) unknown 95 

for the j-th cancer in the i-th county. 96 

The BYM model was used for fitting the spatial pattern of each cancer. This model is one of the most widely 97 

used models in disease mapping where the spatial correlation structure of data is considered for obtaining 98 

more reliable estimates. In this structure, the data of neighboring counties is shared. In this structure, two 99 
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counties that have at least one common border are considered neighbors. In the BYM logarithm model, the 100 

relative risk for the j-th cancer and the i-th county (θij) is modeled as follows: 101 

log(𝜃𝑖𝑗) = 𝛼𝑗 + 𝑢𝑖𝑗 + 𝑖𝑗        102 

where αj is the average mortality rate in all counties for the j-th cancer. For each cancer, ui and i are the 103 

random variables being given in the model to consider structured and unstructured spatial changes. It is 104 

assumed that 𝑢𝑖 follow a normal distribution with mean equal to the average of the neighbor's number and 105 

variance inversely proportional to the number of these neighbors and also 𝑖  has a normal distribution with 106 

mean zero and variance 𝜎2 (13). 107 

Then, the Bayesian shared component model was used to determine the distribution of risk factors (4). 108 

Based on the previous studies on the risk factors of esophageal, stomach and lung cancers, smoking (16-109 

18) was considered in this model as a shared risk factor for the three cancers and nutrition as a shared risk 110 

factor for both esophageal and stomach cancers. The SC model is a generalization of the BYM model and 111 

one of its advantages is using latent variables as substitutes for risk factors without having relevant data 112 

(7, 20). 113 

Similar to the BYM model, it is assumed here that risk logarithm is a function of random components: 114 

log(𝜃𝑖1) = 𝛼1 + 𝑢𝑠𝑖 × 𝑤1 + 𝑢𝑎𝑖 × 𝛿1 + 𝑖1       115 log(𝜃𝑖2) = 𝛼2 + 𝑢𝑠𝑖 × 𝑤2 + 𝑢𝑎𝑖 × 𝛿2 + 𝑖2       116 log(𝜃𝑖3) = 𝛼3 + 𝑢𝑠𝑖 × 𝑤3 + 𝑖3       117 

where α3 is defined like the BYM model. θi1, θi2, and θi3 represent the relative risk of esophageal, stomach, 118 

and lung cancer in the i-th county, respectively. usi and uai are the latent random variables being 119 

respectively substitute for the shared risk factor of three cancers (smoking) and the shared risk factor for 120 

esophageal and stomach cancers (nutritional factor) which both follow some conditional autoregressive 121 

(CAR) normal distribution to include the spatial correlation of the data.  122 

[𝑢𝑠𝑖|𝑢𝑠𝑗 , 𝑖 ≠ 𝑗, 𝑢𝑠]~𝑁(𝑢𝑠̅̅ ̅𝑖 , ( 𝑢𝑠 ∑ 𝑤𝑖𝑗𝑗 )−1) 123 
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[𝑢𝑎𝑖|𝑢𝑎𝑗, 𝑖 ≠ 𝑗, 𝑢𝑎]~𝑁(𝑢𝑎̅̅̅̅ 𝑖 , ( 𝑢𝑎 ∑ 𝑤𝑖𝑗𝑗 )−1) 124 

𝑢𝑠̅̅ ̅𝑖 = 1∑ 𝑤𝑖𝑗𝑗 ∑ 𝑢𝑠𝑗𝑤𝑖𝑗     𝑗              ,       𝑢𝑎̅̅̅̅ 𝑖 = 1∑ 𝑤𝑖𝑗𝑗 ∑ 𝑢𝑎𝑗𝑤𝑖𝑗     𝑗     125 

𝑤𝑖𝑗 is the weight for the adjacency and 𝑤𝑖𝑗 = 1 if i  and j are adjacent and 0 otherwise. The adjacency is 126 

herein defined as having at least one common border (13, 21). In addition, the parameters λus and λua are 127 

precision parameters and are supposed to follow the Gamma (0.5, 0.0005) distribution function (22). 128 

w and δ are the unknown parameters being considered for estimating the effect of each risk factor on the 129 

relative risk of diseases and assuming that their logarithm has a normal distribution. 130 

ij represents the specific heterogeneity effects of disease and is included in the model to consider the 131 

probable changes which are not explained by the risk factors and are assumed to have a normal distribution 132 

(3, 4). 133 

In this study, WinBUGS software version 1.4.3 and MCMC method were used for obtaining the posterior 134 

distributions and estimates of parameters. In this method, the first 50000 repetitions were discarded and 135 

then 2500 samples of the subsequent 200,000 iterations were stored at the spacing of 80 iterations. 136 

Algorithm convergence was evaluated using the Gelman- Rubin test (23). Finally, the maps were drawn 137 

using version 3.6.1 of R software.  138 

Results 139 

The number of recorded mortality due to esophageal, stomach, and lung cancers in Iran during March 2013 140 

- March 2014 was 11,720 of which stomach and lung cancers were 50 and 30%, respectively. The results 141 

of the BYM model for single analyses are presented in Figure 1. Northeastern and northwestern regions 142 

were at higher risk for esophageal cancer mortality. However, the risk of stomach cancer mortality was high 143 

in the northern and western regions in addition to northeastern and northwestern regions. The dispersion 144 

of the relative risk of lung cancer mortality was higher than the other two cancers, so that other regions, 145 

except for the southeastern region, had almost an average risk. Single analysis maps indicated a shared 146 

spatial pattern for the relative risk of mortality by three cancers, especially in the northwestern and 147 
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southeastern regions which can be related to the shared risk factors between the three diseases (smoking). 148 

As observed, the similarity between the spatial pattern of stomach and esophageal cancer mortality was 149 

higher than that of lung cancer due to the shared risk factors between esophageal and stomach cancers. 150 

The relative risk for esophageal and stomach cancers was significantly higher in the northern half of Iran 151 

than the southern half. However, the dispersion of the relative risk of lung cancer was higher than the other 152 

two cancers. 153 

In addition, estimating the effects of shared and specific risk factors for the studied cancers is mapped in 154 

Figure 2. Smoking changes were more than nutritional factors and had the highest effect in the northwestern 155 

region and average effect in other regions except the southeastern regions. However, the effect of the 156 

nutrition was significantly higher in the northern half than the southern half. Accordingly, Iran was classified 157 

into two regions of low-risk and high-risk. The maximum effect of this factor was in the northeastern and 158 

northwestern regions and part of the north of Iran. 159 

Table 1 indicates the relative weight of each risk factor derived from the SC model. The posterior mean of 160 

scale parameters is related to the shared factor of smoking w1 = 0.72, w2 = 0.93 and w3 = 1.47. The 161 

values 𝑤2 𝑤1⁄ = 1.29, 
𝑤3 𝑤2⁄ = 1.58 and 

𝑤3 𝑤1⁄ = 2.04 indicated that the effect of smoking on stomach 162 

cancer is slightly more than esophageal cancer while its effect on lung cancer is more than stomach and 163 

esophageal cancers. In addition, the posterior mean for the parameters related to nutrition for esophageal 164 

and stomach cancers were obtained at 1.82 and 0.70, respectively. The available data indicated that 165 

esophageal cancer mortality was more affected by nutrition than stomach cancer mortality in Iran (δ1 δ2⁄ =166 2.6). 167 

Table 2 provides the ranking according the mean value RR of the counties of each province (each province 168 

includes several county, as shown in Figure 3) for each cancer. The highest mortality rate for esophageal, 169 

stomach and lung cancers were in Ardabil, Zanjan and West Azerbaijan provinces, respectively. 170 

Furthermore, Table 3 indicates the ranking of provinces based on the mean estimated effect of the two risk 171 

factors. The highest ranking in the effect of smoking and nutritional factors is related to West Azerbaijan 172 

and Ardabil provinces (northwestern Iran), respectively.  173 
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 174 

Figure 1. Maps of the estimated relative risk in the BYM model for Esophagus (A), Stomach (B) and Lung (C) cancer 175 
mortality in Iran.  176 
 177 
 178 
 179 
 180 
 181 
Table 1. Posterior median and 95% CIs for weights of three cancers in the shared component model 182 

95% CI Median Cancer Risk Factors 

0.43-1.23 0.72 Esophagus 

Smoking 0.57-1.42 0.93 Stomach 

0.79-2.33 1.47 Lung 

0.90-3.20 1.82 Esophagus 
Nutritional Factors 

0.36-1.27 0.70 Stomach 

 183 

 184 

 185 

Figure 2 Shared risk in three cancers mortality (Smoking) (A) and specific risk for Esophagus and Stomach cancers 186 

(Nutritional Factors) (B) from SC model, in Iran. 187 
  188 

 189 

 190 
Figure 3. The Provinces of Iran 191 

  192 
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Table 2. Relative risk of Esophagus, Stomach and Lung cancer in Iranian provinces. 193 

Province Esophagus Stomach Lung 

Rank High 

risk 

Some 

risk 

Low 

risk 

Rank High 

risk 

Some 

risk 

Low 

risk 

Rank High 

risk 

Some 

risk 

Low 

risk 

Alborz 19   * 17  *  15  *  

Ardabil 1 *   4 *   13  *  

Bushehr 27   * 27   * 18  *  

Chaharmahal Bakhtiari 26   * 15  *  25   * 

East Azerbaijan 3 *   2 *   2 *   

Fars 25   * 23   * 26   * 

Gilan 14  *  7 *   5 *   

Golestan 7 *   21  *  29   * 

Hamadan 18   * 13 *   11  *  

Hormozgan 30   * 29   * 28   * 

Ilam 15  *  9 *   23   * 

Isfahan 21   * 20  *  6  *  

Kerman 28   * 28   * 20  *  

Kermanshah 13  *  22  *  12  *  

Khorasan Razavi 6 *   5 *   3 *   

Khorasan North 4 *   11 *   21  *  

Khorasan South 10 *   18  *  9  *  

Kohgiluyeh 

Buyerahmad 

24   * 19  *  27   * 

Khuzestan 23   * 26   * 24   * 

Kurdistan 5 *   6 *   4 *   

Lorestan 12  *  12 *   19  *  

Mazandaran 8 *   8 *   8  *  

Markazi 20   * 10 *   10  *  

Qom 16  *  24   * 22   * 

Qazvin 17  *  14  *  16  *  

Semnan 9 *   16  *  14  *  

Sistan Baluchestan 29   * 30   * 30   * 

West Azerbaijan 2 *   3 *   1 *   

Yazd 22   * 25   * 7  *  

Zanjan 11  *  1 *   17  *  

 194 

  195 
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Table 3. Relative risk of smoking and nutritional factors in Iranian provinces. 196 

Province Smoking Nutritional Factors 

Rank High risk medium 

risk 

Low risk Rank High risk medium 

risk 

Low risk 

Alborz 14  *  19  *  

Ardabil 11  *  1 *   

Bushehr 19  *  28   * 

Chaharmahal Bakhtiari 22  *  24   * 

East Azerbaijan 2 *   4 *   

Fars 26  *  26   * 

Gilan 5 *   15  *  

Golestan 28   * 7 *   

Hamadan 12  *  18  *  

Hormozgan 29   * 30   * 

Ilam 20  *  10 *   

Isfahan 7  *  21  *  

Kerman 25  *  29   * 

Kermanshah 17  *  14  *  

Khorasan Razavi 3 *   5 *   

Khorasan North 23  *  2 *   

Khorasan South 10  *  13 *   

Kohgiluyeh Buyerahmad 24  *  23   * 

Khuzestan 27  *  25   * 

Kurdistan 4 *   6 *   

Lorestan 15  *  12 *   

Mazandaran 8  *  9 *   

Markazi 6  *  20  *  

Qom 21  *  17  *  

Qazvin 16  *  16  *  

Semnan 18  *  11 *   

Sistan Baluchestan 30   * 27   * 

West Azerbaijan 1 *   3 *   

Yazd 13  *  22   * 

Zanjan 9  *  8 *   

 197 

 198 

Discussion 199 

In this study, single analyses were used to obtain the geographical distribution of the relative risks for 200 

stomach, esophagus and lung cancers mortality. Then, the shared component model was used for 201 

evaluating the pattern of shared and specific risk factors for stomach, esophagus and lung cancers. 202 

Estimating the effect of shared and specific risk factors on mortality, without having real data, is considered 203 

as one of the features of the SC model with latent variables (as substitutes to risk factors). 204 
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Based on the results, the effect of the shared risk factor (smoking) on lung cancer mortality was higher than 205 

the other two cancers. Smoking has a higher prevalence than nutritional factors and has a high effect in 206 

other places except in southeastern Iran. The effect of nutritional factors, which was considered as a shared 207 

risk factor between stomach and esophageal cancer mortality in this study, was higher than the effect of 208 

esophageal cancer on stomach cancer mortality. 209 

 The results indicated that the effect of nutritional factors on stomach and esophageal cancers mortality in 210 

the northern half of Iran was more than the southern half and the relative risk of mortality in the southern 211 

half was more affected by smoking than nutritional factors. East Azerbaijan and West Azerbaijan in 212 

northwestern Iran had a high ranking among the other provinces in terms of the effect of both risk factors. 213 

The above-mentioned two provinces had high rates of mortality from the three cancers, which can be 214 

attributed to the interaction of smoking and nutrition. 215 

The results obtained in this study are consistent with the results of previous studies (7, 24-27). Mahaki et 216 

al. (7) used the SC model to investigate the shared and specific risk factors for seven cancers at the 217 

provincial level. Although the present study had some similar results, it had some differences such as the 218 

distribution of smoking. Since each province includes several counties, estimates of the relative risk of the 219 

provinces are strongly influenced by counties with the very high relative risk or very low relative risk. In 220 

addition, the low consumption of fruits and vegetables was considered as a shared risk factor for stomach 221 

and esophageal cancers, while most high-risk areas had appropriate and easier access to fruits and 222 

vegetables than other places, especially the deserts of Iran. Therefore, nutritional factors were considered 223 

as a shared risk factor for these two cancers. Nutritional factors such as the low consumption of fruits and 224 

vegetables (28, 29), consumption of tea and hot food (29, 30), consumption of salty foods (29, 31), 225 

excessive consumption of red meat (27, 28), and Selenium deficiency (30, 32), can be regarded as one of 226 

the most significant factors in effective nutrition in the incidence of stomach and esophageal cancers. 227 

Regarding the limitations of the present study, the access to data about Tehran province was not plausible 228 

in this study. Thus, this province was excluded from the study. 229 

Conclusions 230 
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Based on the obtained data, no study was available on stomach, esophageal and lung cancers mortality in 231 

Iran. Using data at the county level instead of the province level in a multivariate spatial model was one of 232 

the significant advantages of this study over other studies dealing with the geographical distribution of 233 

diseases in Iran. Evaluating data at the county level provided more accurate and detailed data about their 234 

status than the provincial level and could help planning and making policies more effectively. Considering 235 

data on a larger scale sometimes ignores data at a smaller area and county level. In the present study, 236 

Isfahan province was identified as a low-risk province in terms of esophageal cancer mortality (Table 2), 237 

while Khor and Biyabank County in this province had very high esophageal cancer mortality.  238 
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Figures

Figure 1

Maps of the estimated relative risk in the BYM model for Esophagus (A), Stomach (B) and Lung (C)
cancer mortality in Iran. Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.

Figure 2

Shared risk in three cancers mortality (Smoking) (A) and speci�c risk for Esophagus and Stomach
cancers (Nutritional Factors) (B) from SC model, in Iran. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its



authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 3

The Provinces of Iran Note: The designations employed and the presentation of the material on this map
do not imply the expression of any opinion whatsoever on the part of Research Square concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. This map has been provided by the authors.


