
Int J Cancer Manag. 2018 August; 11(8):e68476.

Published online 2018 August 11.

doi: 10.5812/ijcm.68476.

Research Article

Association of Urbanization Levels and Colorectal Cancer Incidence in

Iran
Mostafa Enayatrad 1, Parvin Yavari 2, *, Koorosh Etemad 3, Soheila Khodakarim 4 and Sepideh Mahdavi 5

1Department of Epidemiology, Dezful University of Medical Sciences, Dezful, Iran
2Department of Community Medicine and Social Determinant of Health Research Center, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Department of Epidemiology, Environmental and Occupational Hazards Control Research Center, Faculty of Public Health, Shahid Beheshti University of Medical Sciences,
Tehran, Iran
4Department of Epidemiology, School of Public Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran
5Clinical Research Development Unit, Imam Hossein Hospital, Shahroud University of Medical Sciences, Shahroud, Iran

*Corresponding author: Parvin Yavari, Department of Community Medicine and Social Determinant of Health Research Center, School of Medicine, Shahid Beheshti University
of Medical Sciences, Tehran, Iran. Tel: +98-2122439936, Email: p.yavari-grc@sbmu.ac.ir

Received 2018 March 10; Revised 2018 May 16; Accepted 2018 May 21.

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 be-
tween 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

Colorectal cancer is the third most common cancer
and the 4th leading cause of cancer- related death world-
wide (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 de-
creasing in the United States and Europe (5), but increas-
ing in Asian countries such as China, Japan, South Korea,

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

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 inci-
dence 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
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cancer between 1970s and 2000 has increased by about 80%
to 100% in Iran (10-14). A study on populations living in ur-
ban areas has shown that factors affecting the urban life af-
fect the etiology of various cancers. Many of these studies
have reported higher incidence and mortality rates in ur-
ban areas than in rural ones (15).

The proportion of population living in world urban ar-
eas has increased from 14% to over 50% since the begin-
ning 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 esti-
mated that more than 70% of the world’s population will
be living in urban environments by 2050 (18). These demo-
graphic changes are associated with many other changes,
including improved public health, improved environmen-
tal health, increased access to health care, increased in-
come, 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 uni-
form 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 envi-
ronments. 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. There-
fore, the better idea is to combine some of these factors
together (23). This is why researchers use several under-
lying components of urban life, including economic con-
ditions, access to educational and health services, educa-
tional 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, in-
ternet, etc.) in order to reduce the problems related to clas-
sification 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 as-
sociation with the colorectal cancer incidence rate in Iran.

3. Methods

This is an ecological study conducted to determine the
association between urbanization levels and the colorec-
tal cancer incidence rate in Iran. To determine the urban-
ization levels, the researchers used the statistical yearbook
data of Iran’s provinces in 2012 as reported in the 7th gen-
eral consensus. They also used the data available in the Na-
tional Cancer Registry System extracted from the Ministry
of Health and Medical Education, Center for Disease Con-
trol 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 urban-
ization levels and the colorectal cancer incidence in Iran.
In order to determine the levels of urbanization, the sta-
tistical data of the provinces of the country, which was re-
ported 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 Ed-
ucation 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 lev-
els include demographic indices (Population size, popula-
tion relative density, average household size, urbanization
factor, and annual growth rate of population), the human
resource index (economic participation rate, unemploy-
ment 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 pop-
ulation, percentage of rural areas that have electricity, the
gas consumption rate per 1000 people, percentage of vil-
lages 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 ur-
ban services and development indices (road density, rail-
road density, ratio of vehicles per population, ratio of vehi-
cles 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 Na-
tional Cancer Registry System were extracted from the Min-
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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 col-
orectal cancer. In this study, the incidence rate (age- stan-
dardized rate [ASR]) of colorectal cancer for both men and
women in all provinces in 2009 was used. To get the stan-
dardized 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 stan-
dard population and the incidence rate was directly stan-
dardized.

The researchers also used hierarchical clustering in or-
der 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 agglomer-
ative 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 inte-
grated; this process continues and it is repeated until all
observations fall into a cluster. In order to perform the ag-
glomerative hierarchical clustering process, we can use dif-
ferent 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 Eu-
clidean squared distance to determine the similarities or
differences between the provinces. After clustering, they
used the Ward’s minimum variance algorithm so that in-
cluster variance could be minimized. Provinces, whose in-
trinsic 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 lev-
els. Moreover, they used the Tukey test in case of signifi-
cance 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 ur-
banization (Table 1). Provinces placed at the same level are
very similar in terms of the variables used. In this leveling,

Tehran and Alborz provinces are at the highest level of
urbanization, whereas Sistan and Baluchestan, Bushehr,
Kerman, South Khorasan, North Khorasan, and Hormoz-
gan 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 Azerbai-
jan 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 Azerbai-
jan (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 colorec-
tal cancer and urbanization levels, since the level of signif-
icance 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 signifi-
cant relationship between urbanization levels and colorec-
tal 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 inci-
dence rate of this disease for higher levels than lower ones.
The results of the Tukey test in Table 4 indicate a signifi-
cant 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 can-
cer.
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Table 2. The Incidence Rate (ASR) of Colorectal Cancer in the Provinces of the Country

Province
Cases ASR

Urbanization Level
Male Women Total Male Women Total

Ardebil 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 ur-
banization of Iranian provinces, but it is worth mention-
ing that these indices only help identify certain angles of

urbanization in a region, that is, some of its features are
left undiscovered due to limitations for access to statis-
tics and information as well as the weakness of the quan-
titative methods. Therefore, the new scale explains the
problems with the binary rural/urban classification and
clarifies the urbanization differences between communi-
ties that were not previously evident. Various studies have
also calculated the urbanization index in different ways.
Darren et al., who used various components for urban-
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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

P-value 0.001 0.001 0.002

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 1

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 2

Level 3 0.053 0.086 0.094

Level 4 0.002 0.003 0.007

Level 3

Level 4 0.167 0.190 0.324

ization, showed that a multi-component scale could bet-
ter show the city/village difference and detect changes be-
tween these two environments over time (24, 25).

The results of this study indicated a significant differ-
ence (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. Al-
though the lack of a unique definition for urban and ru-
ral areas may disrupt the comparison between different
studies, most of the previous studies have recorded simi-
lar risks in urban areas compared to rural ones. The inci-
dence 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 mor-
tality rate of colorectal cancer between the urban and non-
urban 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 afflu-
ent 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 fac-
tors, lifestyle, access to health services, and disease man-
agement (21, 39).

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 na-
ture 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 differ-
ence between the characteristics of rural and urban peo-
ple, which may affect the villagers’ response to this disease.
The data gathered from several studies have shown that ru-
ral 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 ac-
cess to public transportation (43).

Studies have shown that there is a difference between
urban life and rural life in terms of the incidence and mor-
tality rates of colorectal cancer (44). This difference may
be due to exposure to environmental and occupational fac-
tors, lifestyle, access to health services, and disease man-
agement (39, 45, 46). This inequality in the incidence rate
of colorectal cancer can be partly due to the interaction be-
tween race and diversity in lifestyle such as physical activ-
ity, 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 ac-
cess to statistics and data about the incidence rate of col-
orectal cancer in 2011 due to their lack of dissemination.
Therefore, this study used the latest available data dissem-
inated 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 popula-
tion, and in some others on pathology.

5.1. Conclusions

In summary, the results of this study indicated a signif-
icant 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
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these areas are more exposed to the risk factors of this can-
cer. 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 screen-
ing, which can lead to an increase in the number of identi-
fied cases of the disease in these areas.
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