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Abstract
Background: Urbanization increases the risk of non-communicable diseases including colorectal cancer by creating changes in
lifestyle.
Objectives: We seek, in this study, to create urbanization levels based on various factors affecting urbanization and to investigate
its relationship with the colorectal cancer incidence in Iran.
Methods: Using information from census 2011, we collected data on 33 indicators related to urbanization in 31 provinces in Iran.
To rank the provinces, we used density-based hierarchical clustering scheme. In order to determine similarities or differences between the provinces, we used the square of the Euclidean distance dissimilarity coefficient; Ward’s algorithm was used to merge
the provinces to minimize intra-cluster variance. The data obtained from the National Cancer Registry System in 2009 were used to
determine the colorectal cancer incidence rate in Iran. One-way ANOVA was used to investigate the association between colorectal
cancer incidence and urbanization levels. All statistical analyses were performed, using SPSS (Version 23) software.
Results: Using clustering method, the researchers divided the provinces into 4 different urbanization levels. The results of the
ANOVA test indicates a correlation between colorectal cancer incidence and urbanization levels, with a level of significance (P =
0.001) for both genders, (P = 0.001), for men, and (P = 0.002) for women. The findings indicate a difference between the 1st and 4th
levels as well as between the 2nd and 4th levels.
Conclusions: The results of this study showed that considering the lifestyle of people living in higher urban areas, which includes
low activity and the use of fast and processed foods, we may claim that residents of these areas are more exposed to the risk factors of
this cancer. On the other hand, a higher level of awareness of the residents of these areas and their greater access to health facilities
contribute to their further admissions for screening, which can lead to an increase in the number of identified cases of the disease
in these areas.
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1. Background

and Singapore, in which the incidence rate colorectal cancer has increased by 2 to 4 times over the past decades (6).

Colorectal cancer is the third most common cancer
and the 4th leading cause of cancer- related death worldwide (1). According to the latest figures provided by the
International Agency for Research on Cancer in 2012, the
incidence of this cancer has been reported to be 20.6 and
14.3 per 100 000 people for men and women, respectively
(2, 3). The highest incidence rate of this cancer is in North
America, Western Europe, Australia, and South America,
while its lowest incidence rate has been reported in Asia
and Africa (2, 4). The incidence rate of this disease is decreasing in the United States and Europe (5), but increasing in Asian countries such as China, Japan, South Korea,

Colorectal cancer in Iran was reported in 2012 to be the
4th most common cancer with an incidence rate of 11.1 per
100 000 people, that is, 6% to 8% of all cases of cancer. The
incidence rate was reported to be 11.6 and 10.5 per 100 000
people for men and women, respectively (2, 7). The incidence rate of this cancer in Iran is close to that in other
Middle Eastern countries, but much lower than that in the
Western countries (8). Colorectal cancer is primarily the
disease of developed countries with western culture. In
fact, more than 63% of the cases of this disease occur in
developed countries (9). Studies conducted over the past
3 decades have shown that the incidence rate of colorectal

Copyright © 2018, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited

Enayatrad M et al.

cancer between 1970s and 2000 has increased by about 80%
to 100% in Iran (10-14). A study on populations living in urban areas has shown that factors affecting the urban life affect the etiology of various cancers. Many of these studies
have reported higher incidence and mortality rates in urban areas than in rural ones (15).
The proportion of population living in world urban areas has increased from 14% to over 50% since the beginning of the 20th century (16), and the number of people
living in urban areas was first estimated in 2010 to be more
than 50% of the world’s total population (17). It is estimated that more than 70% of the world’s population will
be living in urban environments by 2050 (18). These demographic changes are associated with many other changes,
including improved public health, improved environmental health, increased access to health care, increased income, changes in the workforce structures, and changes
in patterns of food-related and physical activities (19, 20).
The major drawback of these studies is the lack of a uniform definition of urban and rural areas. Many studies
have used population density as an indicator for urban and
rural areas (21, 22).
One of the major problems in urban studies is the lack
of a global standard for the classification of urban environments. In fact, the difference between urban and rural
populations among countries is used in the definition, and
there are cases of the change of this definition even in one
country in the course of time (23).
Urbanization is influenced by many factors and has
broad dimensions. Since measuring variables related to
different dimensions is not easy or reliable, other factors
should be used instead. A measurement based on only one
factor can lead to unreliable and instable results. Therefore, the better idea is to combine some of these factors
together (23). This is why researchers use several underlying components of urban life, including economic conditions, access to educational and health services, educational levels, employment rates in each economic sector
and existing facilities in the urban area, population density
and size, access to facilities such as water, electricity, gas,
etc., and indices related to communications (telephone, internet, etc.) in order to reduce the problems related to classification between urban and rural areas and the leveling
of areas based on urbanization (24-27).

2. Objectives

The aim of this study is to create urbanization levels
based on various factors affecting urbanization and its association with the colorectal cancer incidence rate in Iran.
2

3. Methods
This is an ecological study conducted to determine the
association between urbanization levels and the colorectal cancer incidence rate in Iran. To determine the urbanization levels, the researchers used the statistical yearbook
data of Iran’s provinces in 2012 as reported in the 7th general consensus. They also used the data available in the National Cancer Registry System extracted from the Ministry
of Health and Medical Education, Center for Disease Control and Management, in order to determine the colorectal
cancer incidence rate in Iran in 2010. This is an ecological
study conducted to assess the correlation between urbanization levels and the colorectal cancer incidence in Iran.
In order to determine the levels of urbanization, the statistical data of the provinces of the country, which was reported by the Statistical Center of Iran in 2011 according to
the 7th General Census of the country, was used. To obtain
the incidence of colorectal cancer, data from the National
Cancer Registry System of the Center for Disease Control
and Management at the Ministry of Health and Medical Education in 2009 were used.
In order to level the provinces in terms of urbanization,
the researchers used a series of variables based on their
application in different studies for urbanization levels (25,
28-32), their impact on urbanization, and their availability
when the study was being conducted. The variables were
classified for the provinces and classified into 7 groups of
indices, and totally included 33 variables.
The variables used to determine the urbanization levels include demographic indices (Population size, population relative density, average household size, urbanization
factor, and annual growth rate of population), the human
resource index (economic participation rate, unemployment rate, share employment in agricultural, industrial,
and services sectors), the communication index (Internet
penetration rate, penetration rate of mobile and landline
phones, and percentage of villages with communications),
the energy indices (the rate of electricity use per 1000 population, percentage of rural areas that have electricity, the
gas consumption rate per 1000 people, percentage of villages and cities that have gas, and the water consumption
rate per 1000 people), the health Indices (ratio of general
practitioners per 1000, ratio of nurses per 1000, ratio of
specialists per 1000, and ratio of fixed hospital beds per
1000), the human development index (life expectancy at
t birth), training index, GDP per capita index, and the urban services and development indices (road density, railroad density, ratio of vehicles per population, ratio of vehicles with identification number per population, per capita
green space, and the average area of residential buildings).
The data recorded for colorectal cancer cases in the National Cancer Registry System were extracted from the MinInt J Cancer Manag. 2018; 11(8):e68476.
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istry of Health and Medical Education, Center for Disease
Control and Management (33). Cancer is coded according
to the International Classification of Diseases for Oncology
(ICD-O) (second edition). The C18-21 code belongs to colorectal cancer. In this study, the incidence rate (age- standardized rate [ASR]) of colorectal cancer for both men and
women in all provinces in 2009 was used. To get the standardized incidence of colorectal cancer, the researchers
initially separated and classified the new cases by province
and gender. Subsequently, after removing duplicates, they
prepared the collected data for analysis and calculation of
the standardized incidence rate. The standard population
of the World Health Organization was considered the standard population and the incidence rate was directly standardized.
The researchers also used hierarchical clustering in order to level the provinces based on the variables. In this
method, the number of clusters is not known in advance
and the process is either agglomerative or divisive. Indeed,
clustering analysis is a method for ranking regions, towns,
and villages so that places located on the same level are
very similar to each other, but have significant differences
with places located at other levels (34). In the agglomerative method, firstly, every observation is placed within a
separate cluster and, then, clusters with the highest level
of similarity to each other or the least difference are integrated; this process continues and it is repeated until all
observations fall into a cluster. In order to perform the agglomerative hierarchical clustering process, we can use different algorithms, which are different from each other in
terms of their definitions, gap between two observations,
and ways of formation of clusters (35). They used the Euclidean squared distance to determine the similarities or
differences between the provinces. After clustering, they
used the Ward’s minimum variance algorithm so that incluster variance could be minimized. Provinces, whose intrinsic cluster variance was the lowest in terms of scale,
were found to be in the lowest cluster and provinces where
their intra cluster variance was greater, were found to be
in the highest cluster. They also used the analysis of the
one-way ANOVA to investigate the relationship between
the colorectal cancer incidence rate and urbanization levels. Moreover, they used the Tukey test in case of significance of the results in order to find the differences between
the levels. All statistical analyses were done in SPSS version
23. The significance level was considered less than 0.05.
4. Results
The hierarchical clustering results show that 31
provinces of Iran are placed in 4 levels in terms of urbanization (Table 1). Provinces placed at the same level are
very similar in terms of the variables used. In this leveling,
Int J Cancer Manag. 2018; 11(8):e68476.

Tehran and Alborz provinces are at the highest level of
urbanization, whereas Sistan and Baluchestan, Bushehr,
Kerman, South Khorasan, North Khorasan, and Hormozgan provinces are at the lowest level of urbanization. Most
of the provinces are in the 3rd level (14 provinces), while
the fewest of them are in the 1st level (2 provinces).

Table 1. Leveling the Provinces of the Country Based on Urbanization
Urbanization Level

Province

Level 1

Tehran, Alborz

Level 2

Esfahan, Khorasan Razavi, Khuzestan, Qom, Semnan,
Yazd, Qazvin, Azarbaijan East, Markazi

Level 3

Ardebil, Azarbaijan West, Golestan, Zanjan,
Mazandaran, Gilan, Fars, Lorestan, Ilam, Kohkilouyeh
and Boyerahmad, Chaharmahal and Bakhtiari,
Hamedan, Kermanshah, Kurdistan

Level 4

Bushehr, Hormozgan, Khorasan North, Khorasan
South, Kerman, Sistan and Baluchestan

According to the latest statistics reported in 2009, the
number of cases of colorectal cancer registered in Iran is
5 730 cases, of whom the following 5 provinces have the
highest number of cases, respectively: Tehran 1 836 cases,
Khorasan Razavi 438 cases, Isfahan 438 cases, East Azerbaijan 387 cases, and Fars 310 cases, which had 59.49% of cases
of colorectal cancer in Iran altogether with a total number
of 3 409 cases. The provinces with the highest incidence
of colorectal cancer in men are Tehran (16.78), East Azerbaijan (14.41), and Semnan (13.62), and the provinces with the
highest incidence rate of colorectal cancer in women are
Tehran (17.47), Semnan (14.80), and East Azarbaijan (12.82)
per 100 000 people (Table 2).
According to the results of the ANOVA test (Table 3),
on the correlation between the incidence rate of colorectal cancer and urbanization levels, since the level of significance for the incidence rate of both genders (P = 0.001)
is P = 0.001 for men and P = 0.002 for women, which is
less than 0.05, we can thus conclude that there is a significant relationship between urbanization levels and colorectal cancer incidence. The average incidence rate in the 1st
level provinces was 12.36 ± 5.18 and that in the 4th level
provinces was 5.3 ± 2.3, which indicates the greater incidence rate of this disease for higher levels than lower ones.
The results of the Tukey test in Table 4 indicate a significant difference between the 1st and the 4th levels in both
genders (P = 0.006), in men (P = 0.008) and in women (P
= 0.008), as well as between the 2nd and the 4th levels in
both genders (P = 0.002), in men (P = 0.003) and in women
(P = 0.007) in terms of the incidence rate of colorectal cancer.
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Table 2. The Incidence Rate (ASR) of Colorectal Cancer in the Provinces of the Country
Cases

Province

Ardebil

ASR

Women

Total

Male

Women

Total

29

34

63

6.95

7.03

6.94

3

Alborz

87

74

161

8.56

7.95

8.25

1

Azarbaijan East

222

165

387

14.41

12.82

13.69

2

Azarbaijan West

97

99

196

8.15

9.18

8.64

3

Bushehr

25

25

50

6.21

8.39

7.17

4

Chaharmahal and Bakhtiari

27

20

47

6.91

6.20

6.57

4

Esfahan

253

185

438

13.29

12.08

12.70

2

Fars

172

138

310

9.39

8.66

9.05

3

Gilan

118

90

208

12.82

10.03

11.45

3

Golestan

48

66

114

7.94

10.48

9.18

3

Hamedan

54

44

98

7.76

7.23

7.54

3

Hormozgan

20

19

39

2.62

3.55

2.98

4

Ilam

13

13

26

5.47

6.76

6.19

3

Kerman

69

67

136

5.57

6.85

6.22

4

Kermanshah

100

67

167

11.56

10.34

11.17

3

Khorasan North

20

8

28

6.76

2.77

4.75

4

Khorasan Razavi

257

181

438

11.10

8.62

9.83

2

Khorasan South

21

16

37

8.40

6.94

7.67

4

Khuzestan

142

115

257

7.72

7.48

7.60

2

Kohkilouyeh and
Boyerahmad

23

7

30

7.53

3.11

5.50

3

Kurdistan

43

38

81

7.11

7.76

7.37

3

Lorestan

41

35

76

5.74

5.91

5.86

3

Markazi

51

52

103

9.08

11.00

10.05

2

Mazandaran

82

88

170

7.22

7.99

7.59

3

Qazvin

43

48

91

8.42

11.29

9.80

2

Qom

33

23

56

7.32

5.87

6.68

2

Semnan

36

26

62

13.62

14.80

14.20

2

Sistan and Baluchestan

38

25

63

3.52

2.54

3.05

4

Tehran

912

763

1675

16.78

18.20

16.47

1

Zanjan

26

17

43

7.13

4.80

6.05

2

Yazd

49

31

80

10.95

9.53

10.39

2

5. Discussion
Various components have been used in this study for
the leveling of provinces in terms of urbanization. The
number of indices used for this purpose includes 7 indices
and 33 variables. Attempts have been made in this research
to use indices that have a significant impact on the urbanization of Iranian provinces, but it is worth mentioning that these indices only help identify certain angles of
4

Urbanization Level

Male

urbanization in a region, that is, some of its features are
left undiscovered due to limitations for access to statistics and information as well as the weakness of the quantitative methods. Therefore, the new scale explains the
problems with the binary rural/urban classification and
clarifies the urbanization differences between communities that were not previously evident. Various studies have
also calculated the urbanization index in different ways.
Darren et al., who used various components for urbanInt J Cancer Manag. 2018; 11(8):e68476.
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Table 3. Relationship Between the Incidence Rate (ASR) of Colorectal Cancer and
Urbanization
Urbanization Level

Mean CRC in Levels of Urbanization
Total

Male

Women

Level 1

12.36 ± 5.81

12.67 ± 5.81

13.07 ± 7.24

Level 2

10.54 ± 2.57

10.65 ± 2.67

10.38 ± 2.78

Level 3

7.79 ± 1.88

8.02 ± 2.02

7.51 ± 2.13

Level 4

5.30 ± 2.03

5.51 ± 2.13

5.17 ± 2.51

Total

8.40 ± 3.10

8.60 ± 3.16

8.25 ± 3.45

0.001

0.001

0.002

P-value

Table 4. Determination of the Difference Between Levels in Terms of Incidence Rate
(ASR) of Colorectal Cancer
Urbanization Level

P-Value
Total

Male

Women

Level 2

0.766

0.731

0.604

Level 3

0.077

0.088

0.058

Level 4

0.006

0.008

0.008

Level 1

Level 2
Level 3

0.053

0.086

0.094

Level 4

0.002

0.003

0.007

Level 4

0.167

0.190

0.324

Level 3

ization, showed that a multi-component scale could better show the city/village difference and detect changes between these two environments over time (24, 25).
The results of this study indicated a significant difference (P = 0.001) between the incidence rate of colorectal
cancer and urbanization levels, and a higher incidence rate
of colorectal cancer in higher levels of urbanization. Although the lack of a unique definition for urban and rural areas may disrupt the comparison between different
studies, most of the previous studies have recorded similar risks in urban areas compared to rural ones. The incidence rate of cancer is higher in urban areas than in rural
areas in various countries (36). A study in the United States
showed that there is a difference in the incidence and mortality rate of colorectal cancer between the urban and nonurban areas (37). Another study conducted by Coughlin et
al. (38) in the United States showed that the incidence rate
of colorectal cancer was lower in rural areas than in affluent cities in terms of all subgroups of the study, including
age, gender, ethnicity, and race. These differences may be
due to exposure to environmental and occupational factors, lifestyle, access to health services, and disease management (21, 39).
Int J Cancer Manag. 2018; 11(8):e68476.

The previously conducted studies have reported the
proportion of urban people with colorectal cancer to be
higher than those living in the countryside. Due to the nature of their occupation, the inhabitants of villages have
more physical activity, and low level of physical activity
is one of the risk factors for cancer. Their special diet,
which usually contains vegetables and fresh fruits, also
vaccinates them against this disease (40). There is a difference between the characteristics of rural and urban people, which may affect the villagers’ response to this disease.
The data gathered from several studies have shown that rural people are less concerned about their health problems
and that they are less likely to accept the role of a patient
in comparison with urban people (41). The villagers’ lower
income may also limit their access to health care (42). As
compared with urban people, villagers are older, poorer,
and less educated. They usually have to travel in order to
receive health care services and they usually have less access to public transportation (43).
Studies have shown that there is a difference between
urban life and rural life in terms of the incidence and mortality rates of colorectal cancer (44). This difference may
be due to exposure to environmental and occupational factors, lifestyle, access to health services, and disease management (39, 45, 46). This inequality in the incidence rate
of colorectal cancer can be partly due to the interaction between race and diversity in lifestyle such as physical activity, diet, and colorectal cancer screening. Moreover, there
is a lower level of the screening of this cancer among the
men and women living in rural areas than that those living
in urban areas (22, 47). People living in less developed areas
or regions with less access to health facilities may have less
access to screening for cancer (22). Various studies have
shown that living in places of low urbanization levels has
an inverse relationship with preventive behaviors (47).
One of the limitations of this study is the lack of access to statistics and data about the incidence rate of colorectal cancer in 2011 due to their lack of dissemination.
Therefore, this study used the latest available data disseminated by the Ministry of Health and Medical Education in
about the colorectal cancer in 2010. Another limitation in
the recorded data is related to different reporting between
provinces, which is based in some provinces on population, and in some others on pathology.
5.1. Conclusions
In summary, the results of this study indicated a significant difference between the urbanization levels and the
incidence rate of colorectal cancer, and a higher incidence
rate of this cancer in higher levels of urbanization than in
lower ones. Considering the lifestyle of people living in
higher urban areas, which includes low activity and the use
of fast and processed foods, we may claim that residents of
5
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these areas are more exposed to the risk factors of this cancer. On the other hand, a higher level of awareness of the
residents of these areas and their greater access to health
facilities contribute to their further admissions for screening, which can lead to an increase in the number of identified cases of the disease in these areas.
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