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Abstract – Objective: The aim of this study was to investigate the incidence and mortality of
colorectal cancer and its relationship with the Human Development Index (HDI) in 2018.
Materials and Methods: The present study is a descriptive-analytic study that is based on the
extraction of cancer incidence and mortality data from the GLOBOCAN 2018.
Results: The results showed that there is a positive and significant correlation between incidence (R= 0.722, p<0.0001) and mortality (R= 0.62, p<0.0001) of colorectal cancer with HDI. There
was found a positive and significant correlation between the incidence of cancer with GNI (r= 0.564,
p<0.0001), MYS (r= 0.732, p<0.0001), LEB (r= 0.706, p<0.0001) and EYS (r= 0.754, p<0.0001).
Conclusions: HDI can be important in reducing the incidence and mortality of colorectal cancer.
KEYWORDS: Incidence, Mortality, Colorectal cancer, HDI.

INTRODUCTION
Colorectal cancer (CRC) is the third most diagnosed cancer and is the fourth leading cause of
death worldwide. Around 1.4 million new cases and
nearly 700,000 deaths were recorded in 2012 due
to colorectal cancer1. In most countries, colorectal
cancer has increased2. Considering the demographic estimates, the global burden of CRC is expected
to increase by 60% and reaches more than 2.2 million new cases and 1.1 million deaths by 2030. The
distribution of CRC varies across parts of the world;
more than two thirds of all cases and about 60% of
all deaths occur in countries with high or very high
HDI3. In the countries of Eastern Europe, Asia and
South America with medium HDI, the incidence
and mortality of colorectal cancer is increasing.

While in the countries of the United States, Australia, New Zealand and several Western European
countries with a very high HDI level, the incidence
and morbidity of the disease have remained steady4.
This disease can be considered as indicator of socio-economic development, and in countries undergoing major change in development, their incidence
increases with a daily increasing HDI2. An increase
in prevalence is associated with changes in the generations, diet patterns, obesity and lifestyle factors
in developed countries, in which is also observed
that mortality increased, although further improvements in survival through adopting best practices
for its treatment and management 3,5. Therefore, the
aim of this study is to investigate the epidemiology
of incidence and mortality of cancer in 185 countries and its relationship with HDI index in 2018.
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MATERIALS AND METHODS
Incidence
The methods used to estimate the sex- and age-specific incidence rates of cancer in a specific country
fall into the following broad categories, were, in order of priority:
1. Observed national incidence rates were projected to 2018 (45 countries).
2. The most recently observed incidence rates (national or regional) were applied to the 2018 population (50 countries).
3. Rates were estimated from national mortality
data by modeling, using mortality-to-incidence
ratios derived from cancer registries in that
country (14 countries).
4. Rates were estimated from national mortality
estimates by modeling, using mortality-to-incidence ratios derived from cancer registries in
neighboring countries (37 countries).
5. Age- and sex-specific national incidence rates for
all cancers combined were obtained by averaging
overall rates from neighboring countries. These
rates were then partitioned to obtain the national
incidence for specific sites using available cancer-specific relative frequency data (7 countries).
6. Rates were estimated as an average of those from
selected neighboring countries (32 countries).

Mortality
The methods used to estimate the sex- and age-specific mortality rates of cancer in a specific country
fall into the following broad categories, were, in order of priority:
1. Observed national mortality rates were projected
to 2018 (81 countries).
2. The most recently observed national mortality
rates were applied to the 2018 population (20
countries).
3. Rates were estimated from the corresponding
national incidence estimates by modeling, using
incidence-to-mortality ratios derived from cancer
registries in neighboring countries (81 countries).
4. Rates were estimated as an average of those from
selected neighboring countries (3 countries)6,7

HDI
HDI is a compound index of three dimensions: life
expectancy, degree of studies, and dominance over
required sources for a proper sensible life. All the
groups and regions which have had a remarkable
progress in all HDI components have developed
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more rapidly in comparison with low or moderate
HDI countries. As showed by HDI, the world is unequal because national average hides most of the
different experiences in human’s life. There exit a
lot of inequalities in northern and southern countries. Income inequality has risen inside every country and also between many countries8-10.

Statistical analysis
In this study, the correlation bivariate method was
used to assess the correlation between the incidence
and mortality rates of colorectal cancer and HDI.
Linear regression models were also used to assess
the HDI effect on the incidence rate of colorectal
cancer. Signiﬁcance level was considered lower than
0.05. Data analysis was conducted by Stata software
version 14 (College Station, TX, USA).

RESULTS
Based on the results of cancer recordings in 2018,
18078957 cases of cancer were recorded in both sexes, of which 1849518 (10.2% of all cancers) were related to colorectal cancer. According to the results,
9555027 deaths due to cancer were recorded in 2018,
of which 880792 (9.2%) were related to colorectal
cancer. Therefore, colorectal cancer was identified
as the third most common cancer and the second
cause of death due to cancer in 2018 (Figure 1).
The highest incidence of colorectal cancer in the
Asia continent was 957896 cases (51.8%) and the
lowest incidence was related to the Oceania continent with 22332 cases (1.2%). Also, the highest mortality rate was in Asia with 461422 cases (72.4%)
while the lowest was in Oceania with 8066 cases
(0.92%) (Figure 2).
Results showed that the highest incidence of colorectal cancer was in male (41.7 per 100,000) and
female (32.1 per 100,000) in Australia and New
Zealand. The lowest incidence of colorectal cancer
in males (1.6 in 100,000) and in female (3.8 out of
100,000) is in South-Central Asia (Figure 4).
Based on the reported results for cancer in 2018,
the highest incidence (30.6 per 1,000,000) and mortality (11.1 per 100,000) of colorectal cancer are related to very high HDI areas (Figure 5).
The results of the variance analysis showed that
the highest mean incidence (29.4% in 100,000) of
colorectal cancer was related to very high HDI and
the lowest incidence (6.7 out of 100,000) was related
to low HDI. The mean differences were statistically
significant (p<0.0001). The highest rate of mortality
(11.5 out of 100,000) was related to very high HDI
and the lowest mortality (5 out of 100,000) of colorec-
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Fig. 1. Pie charts present the distribution of cases and deaths for the 7 most common cancers for both sexes in 2018 in worldwide
in all age (source: GLOBOCAN 2018).

tal cancer was related to medium HDI; p<0.0001 was
considered as statistically significant (Table 1).
The results showed a positive and significant
correlation between the incidence rate (R= 0.722, p
<0.0001) and mortality (R = 0.62, p <0.0001) of colorectal cancer with HDI (Figure 6).
The results showed that there is a positive and
significant correlation between incidence of cancer with GNI (r=0.564, p<0.0001), MYS (r=0.732,
p<0.0001), LEB (r=0.706, p<0.0001) and EYS
(r=0.754), p<0.0001). Investigating the mortality
rate results it was showed a positive and significant
correlation between mortality with GNI (r=0.425,
p<0.0001), MYS (r=0.624, p<0.0001), LEB (r=0.579,
p<0.0001) and EYS r=0.608, p<0.0001) (Table 2).

The linear regression model showed that the
increase in MYS [B=1.02, CI95% (0.1, 1.8)], EYS
[B=1.3, CI 95% (0.3,2.2)] and LBE [B=0.32, CI95%
((0.007,0.6)] significantly increases the incidence
of colorectal cancer. In the studying of mortality
rate, the results of regression analysis showed that
increased MYS [B=0.43, CI 95% (0.07,0.7)] significantly increased mortality rate (Table 3).

DISCUSSION
The relationship between the incidence and mortality of cancers with HDI index was investigated.
One of the strongest positive relationships observed

Fig. 2. Pie charts present the distribution of cases and deaths of colorectal cancer by continent in 2018 for both sexes and all
age (source: GLOBOCAN 2018).
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Fig. 3. Global map presenting (a) incidence and (b) mortality rates by world countries for colorectal cancer in both sexes in
2018 (source: GLOBOCAN 2018).

between incidence and HDI index is related to colorectal cancer. Incidence in the very high regions
was six to seven times higher than low HDI areas
because of lifestyle and environmental changes2,3,5.
The results of the present study showed that the
highest incidence of colorectal cancer in the world
was related to the countries of Hungary (51.2 per
100,000), Republic of Korea, (44.5 per 100,000) and
Slovakia (43.8 per 100,000). There was a positive
and significant correlation between the incidence
rate (R=0.722, p<0.0001) and mortality (R=0.62,
p<0.0001) of colorectal cancer with HDI index. The
linear regression model showed that the increase
in MYS [B=1.02, CI95% (0.1, 1.8)], EYS [B=1.3,
CI95% (0.3, 2.2)] and LBE [B = 0.32, CI95% ((0.007,
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0.6 )] significantly increased the incidence of colorectal cancer and the increase in MYS [B=0.43,
CI 95% (0.07, 0.7)] significantly raise mortality rate.
Different populations around the world have a different incidence rate, and this rate varies over time.
In some countries, the incidence rate of the disease
has been declining. But in some other regions such
as Eastern Europe, it has increased in both sexes11,12.
The incidence rate of cancer in the high economic levels and high-income countries that have been
recently transferred from a low-income economy,
such as Japan, Singapore and Eastern European
countries, is increasing rapidly13. Previous global
studies have shown that colorectal cancer is more
common in European countries14.
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Fig. 4. Bar chart of region-specific incidence rates colorectal cancer by world area for males and female in 2018 (source: GLOBOCAN 2018).

The main reasons for the increase in the incidence
rate of colorectal cancer in some regions, such as
parts of Asia and Eastern Europe, may be the change
in diet, lifestyle changes, and the associated Westernization factors, such as smoking and obesity15.
Kamangar et al16 showed that the highest incidence rate of colorectal cancer for both sex was in
Oceania, North America and Europe and the stan-

dard incidence rate for this cancer in the same period for developed countries was higher than in developing countries.
Various studies have shown that the relationship
between risk factors for cancers types and other
chronic diseases is illustrated by HDI. Therefore,
one of the reasons for the high incidence of colorectal cancer in countries with a high HDI can be

Fig. 5. Distribution of incidence and mortality rates in colorectal cancer by HDI.
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Fig. 6. Correlation between HDI, incidence and mortality rates of colorectal cancer in the world in 2018.

the presence of risk factors for colorectal cancer in
these countries8,17,18. Colorectal cancer has been the
cause of 608700 deaths in 2008 [14]. Studies have
shown that deaths from colorectal cancer have declined significantly in some countries, such as North
America, New Zealand, Australia and Western Europe. But in some parts of Eastern Europe, deaths
have increased from 5% to 15%19.
In the study of Rafiemanesh et al20 based on six
WHO regions, the highest and lowest mortality rates

were in Europe and Africa. The standardized mortality rate, based on the HDI, showed a direct correlation with the highest mortality rates in countries
with high rates of HDI. Also, studies carried out
worldwide showed the link between cancer deaths
(such as breast and bladder cancer) and the HDI20.
The low mortality rate in countries with low HDI
can be for low colorectal cancer due to the lack of
proper diagnosis and lack of report and registration
of this cancer21-23. Another reason for the difference

TABLE 1. Colorectal cancer incidence and mortality in deferent HDI regions in 2018.
Incidence Rate		
HDI

ASR

Very high HDI
High HDI
Medium HDI
Low HDI
p-value (F-test)

61.4
24.1
6.35
3.6
p<0.0001

Mortality Rate

CR

ASR

29.4
17
8
6.7
p<0.0001

CR

27.1
13
3.9
2.75
p<0.0001

11.5
8.8
5
5.2
p<0.0001

Abbreviations: CR: Crude Rate; ASR, Age-Standardized Rates per 100,000.
TABLE 2. Pearson Correlation between HDI Component and Dependent Variable.
ASIR*		
r
Gross national income per 1000 capita
Mean years of schooling
Life expectancy at birth
Expected years of schooling
*Dependent variables: ASIR and ASMR.
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0.564
0.732
0.706
0.754

p-value
p<0.0001
p<0.0001
p<0.0001
p<0.0001

ASMR*
r
0.425
0.624
0.579
0.608

p-value
p<0.0001
p<0.0001
p<0.0001
p<0.0001
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TABLE 3. Effect of HDI components on colorectal cancer incidence and mortality in the world in 2018.
HDI components		
		
B

Incidence			

Mortality

CI 95%

p-value

B

CI 95%

p-value

HDI
Gross national income
per 1000 capita
Mean years of schooling
Life expectancy at birth
Expected years of schooling

-8.5
0.007

(-45, 27.9)
(-5.8, 0.009)

p>0.05
p>0.05

-1.7
0.008

(-17.2, 13.8)
(-0.002, 0.04)

p>0.05
p>0.05

1.02
0.32
1.3

(0.1, 1.8)
(0.007, 0.6)
(0.3, 2.2)

p>0.05
p>0.05
p>0.05

0.43
0.09
0.24

(0.07, 0.7)
(-0.04, 0.2)
(-0.1, 0.6)

p>0.05
p>0.05
p>0.05

Abbreviations: HDI, Human Development Index; LEB, Life Expectancy at Birth; MYS, Mean Years of Schooling; GNI, Gross
National Income per capita, EYS: Expected years of schooling

in the incidence and mortality of colorectal cancer
with the country’s development index is the existence and use of screening and diagnostic tests such
as sigmoidoscopy and colonoscopy24,25.
Studies have shown that the most important risk
factors for colorectal cancer are related to nutritional factors, if lifestyle changes and nutrition are appropriate, 30-50% of cases of colorectal cancer will
be prevented19.
These significant risk factors include alcohol
use26,27, inappropriate diet (low consumption of
fruits and vegetables and high consumption of red
meat/processed meat)28,29, obesity30,31, physical inactivity32 and cigarettes33-35. If under control, these
factors can decrease the incidence and mortality of
cancers, including colorectal cancer.
Physical inactivity can increase the prevalence
of obesity, which is a risk factor for colorectal cancer. Increased physical activity associated with reduced BMI appears to reduce the risk of colorectal
cancer36,37.
Findings from a case-control study38 in Northern
California showed that a decrease in physical activity associated with an increase in Body Mass Index
(BMI) is a justifiable risk factor for an increased
incidence of colorectal cancer. Colber et al39 also
showed that the risk of colorectal cancer in inactive
workers was significantly higher than that in workers with light or intense physical activity. Researches in Europe and the United States showed that the
risk of developing colorectal cancer in people with
physical activity is 16% lower than in those with no
physical activity40.

CONCLUSIONS
Considering that the incidence and mortality of colorectal cancer is higher in developed countries, attention to factors associated with the incidence of
this disease and lifestyle changes can be effective in
reducing the incidence and mortality of this disease.

The results of this study emphasize the need for
more screening in less developed regions by identifying cases of disease.
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