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Abstract

Introduction: Liver cancer (LC) is one of the most common malignant tumors worldwide which have been a
major public health challenge worldwide. This study aimed to identify the global effect of HDI in the incidence
and mortality rates of liver LC. Material & Methods: Data about the incidence and mortality rate of LC for the
year 2012 was obtained from the global cancer project for 172 countries. Data about the HDI and other indices
were obtained for 169 countries from the United Nations Development Programme database in 2012. Linear
regression models were used for assessment of the HDI effect on LC occurrence rates. Inequality in the age-specific
incidence and mortality rates (ASR) of LC according to the HDI were assessed by using the concentration index.
Results: Linear regression model showed that increasing of HDI had a negative effect on the increase in both
incidence (B=-12.2, P=0.03) and mortality (B=-12.7, P=0.015) rates of LC. The mean of life expectancy at
birth, mean years of schooling, GNI per capita, percent of urbanization, and age-standardized obesity had also a
negative effect on increasing in both incidence and mortality rates. Conclusion: incidence and mortality rate of
LC are significantly concentrated in regions with medium and low HDI. The negative relationship between LC
incidence and mortality with HDI and its component can be considered as targets for prevention and treatment
intervention or tracking geographic disparities.
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Introduction

Liver cancer (LC) is one of the most common
malignant tumors worldwide which has been a major
public health problem in the world [1]. According to
GLOBOCAN 2012, it was estimated that 782,000
people were diagnosed with LC and that 746,000 people
died of this disease, accounting for 5.6% of all new
cancer cases and 9.1% of all cancer deaths worldwide,
making liver cancer the sixth most common type of
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cancer and the second leading cause of cancer-related
death [2]. LC has a high mortality rate; the geographic
distribution of mortality is similar to that of incidence.
Developing countries have the most burden of liver cancer,
where almost 85% of the cases occur [3]. The major risk
factors for LC have been identified as three categories:
1) the established factors are infection with hepatitis
B virus (HBV), hepatitis C virus (HCV), alcoholic
cirrhosis, dietary aflatoxins, and tobacco smoking; 2)
the likely factors are diabetes mellitus, inherited metabolic
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disorders-alpha antitrypsin deficiency, hemochromatosis,
porphyria cutanea tarda, cirrhosis of any etiology; and
3) the possible factors are decreased consumption of
vegetables, oral contraceptives, high parity, ionizing
radiation, and organic trichloroethylene solvent [4].
The family history of LC, genetic susceptibility or genetic
polymorphisms, economic status, and even negative life
events are also potential factors for the LC, especially
in the high-risk area. These factors, however, may not
account for the occurrence of all LC, and also may not
be necessary for any cases of the disease. Furthermore,
the differences in cancer incidence and mortality among
different ethnic groups may also illustrate distinctions
in risk factors for liver cancer in various countries or in
different ethnic groups [5]. Several studies showed that
the incidence and mortality disparities between countries
can be attributed to some factors such as differences in
life expectancy, education level, income level and access
to health care [6-7]. Human Development Index (HDI) as
akey socioeconomic determinant of health is composed of
three components including education, life expectancy and
gross national income [8]. The relation of different cancers
and levels of HDI at national and sub-national level is
studied and a possible inverse association is found [9-11].

It is necessary to get information on epidemiology
and inequalities related to the incidence and mortality of
cancer to use for planning and further research. This
study aimed to identify the role of human development
in the incidence and mortality rates of LC worldwide.

Materials and Methods

This ecological study was performed on the relation of
the age-specific incidence and mortality rate (ASR) of LC
and HDI. HDI has several main components including
life expectancy at birth, mean years of schooling, and
gross national income (GNI) per capita; and also some
ancillary indexes including percent of urbanization, and
age-standardized obesity (defined as BMI>30) in adults
(The weighted average of the age-specific obesity rate
among adults ages 20 and older). ASR is a summary
measure of the rate that having a standard age structure,
a population distribution would have since age has
apowerful influence on the risk of cancer, standardization
is necessary when comparing several populations that
differ with respect to age.

Data about the incidence and mortality rate of LC for
the year 2012 was obtained from the global cancer project
for 172 countries [2]. Data about the HDI and other indices
were obtained for 169 countries from the United Nations
Development Programme (UNDP) database [8].

Data analysis was restricted to 169 countries that
both the epidemiologic data from the GLOBOCAN
database and the HDI were available. These countries
categorized into four categories including 1) Very
High Human Development (27 countries); 2) High
Human Development (37 countries); 3) Medium
Human Development (89 countries) and 4) Low Human
Development (16 countries). In this study, we used
the correlation bivariate method for assessment of

the correlation between the incidence and mortality rate
of LC and the HDI. We also used linear regression models
for assessment of the HDI effect on LC occurrence rates.

We defined inequality in the age-specific incidence and
mortality rates (ASR) of LC according to the HDI by using
the concentration index. The value of the concentration
index is ranged from -1 to +1; the negative value is
indicating that the health variable is more concentrated
in the poor population and the positive value indicates in
rich population.

The significance level of 0.05 was considered.
Distributive Analysis Stata Package (DASP) for estimating
concentration index. Data were analyzed by Stata computer
software version 12 (StataCorp, College Station, TX, USA).

Results

In 2012, LC was estimated to have affected
atotal of 782,000 individuals (crude rate: 25.9 per 100,000
individuals) and caused 746,000 deaths worldwide (crude
rate: 22.5 per 100,000 individuals). The highest HDI
values belonged to privileged countries such as USA,
Canada, Australia, and Western Europe and lowest was in
Africa countries (Figure 1). As shown in Figure 2, High
incidence region was Eastern and South-Eastern Asia and
lower rate were in Northern Europe.

According to Table 1, the highest age-standardized
incidence of LC was seen in medium and low developed
regions, also the highest age-standardized mortality of LC
belonged to medium and low developed countries. More
specifically, in high or very high developed regions of
the world, the highest value of LEB, MYS, GNI, and
total HDI was estimated to be 80.2, 11.7, 40, and 0.89;
respectively.

The negative value of concentration index in Table 2
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Figure 1. World Map Indicating The Categories Of HDI
by Countries (Based On Data 2013)
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Figure 2. Incidence Age-Standardized Rates per
100,000 of LC in Both Sexes in the World in 2012
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Table 1. Liver Cancer Incidence and Mortality and HDI Component in Different HDI Regions in 2012

Region LC Incidence LC Mortality HDI Component

CR ASR CR ASR LEB MYS GNI HDI
Very High Human Development 53 3.6 4.1 3 80.2 11.7 40,046 0.89
High Human Development 10.4 59 8.1 4.2 74.5 8.1 13,231 0.74
Medium Human Development 10.6 14.3 9.9 13.5 67.9 5.5 5,960 0.61
Low Human Development 3.9 7.1 3.7 6.7 59.4 42 2,904 0.49
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 -

LC, Lung cancer; CR, Crude Rate; ASR, Age-Standardized Rates per 100,000; HDI, Human Development Index; LEB, Life Expectancy at Birth;
MYS, Mean years of schooling; GNI, Gross national income per capita.

Table 2. Concentration Indexes for Inequality of Incidence and Mortality of Liver Cancer According to HDI

Cancer type  New cases diagnosed in Death form LC in 2012 Incidence concentration Mortality concentration

2012 (1,000s) (1,000s) index (95%CI) index (95%CI)
Liver 782 746 -0.1 (-0.17,-0.027) -0.1(-0.17,-0.03)
Cancer

Table 3. Effect of HDI Components and Demographic Variables on Liver Cancer Incidence and Mortality Rates

Variable

Liver cancer incidence

Liver cancer mortality

B P-value B CI P-value
Life expectancy at birth -0.16 (-0.03, 0.03) 0.1 -0.16 (-0.3,0.01) 0.07
Mean years of schooling -0.65 (-1.2,-0.1) 0.02 -0.67 (-1.2,-0.2) 0.01
Gross national income per 1000 capita -0.01 (-0.02, 0) 0.06 -0.01 (-0.02, 0) 0.03
HDI -12.2 (-23,1.2) 0.03 -12.7 (-23,-2.5) 0.015
Urbanization level (%) -0.07 (-0.15,-0.1) 0.047 -0.08 (-0.15,-0.1) 0.024
Age standardized obesity in adults -0.25 (-0.42,-0.1) 0.002 -0.24 (-0.39,-0.1) 0.002

for incidence and death from LC indicated that this cancer
in more concentrated in low HDI countries.

Linear regression model showed that increasing of
HDI had a negative effect on the increase in both incidence
(B=-12.2, P=0.03) and mortality (B= -12.7, P=0.015)
rates of LC. The mean of life expectancy at birth,
mean years of schooling, GNI per capita, percent of
urbanization, and age-standardized obesity had also
a negative effect on increasing in both incidence and
mortality rates (Table 3).

Discussion

Our results showed that in 2012, 782,000 cases of
LC worldwide has been identified that was associated
with 746,000 deaths from this cancer. Therefore, it is
the fifth most common cancer in men (7.5% of the total)
and the ninth in women (3.4% of total). The results
showed that the incidence of LC and its mortality rate
are significantly concentrated in regions with medium
and low HDI. According to the results of this study,
there was a significant negative correlation between
the HDI with the incidence and mortality of LC. So
that an increase in this index, incidence and mortality
rate of LC were significantly decreased. This significant
negative relationship is also true for each of the main
components of HDI and ancillary indexes including;
the level of urbanization and age-standardized obesity
in adults, but this negative relationship between life

expectancy and LC mortality was not significant. This
finding is consistent with results of other studies that have
examined the relationship between HDI and LC [9-12].
The most ASR for incidence and mortality of LC occurred
in countries with medium HDI, countries that fall into this
category are in transition towards industrialization; this
transition affects all aspects of people’s lives including
health-related aspects such as lifestyle, diet, smoking,
alcohol consumption and sexual behavior, on the other
hand, LC is one of the infection-related cancers [13] and
this despite the fact that all of these factors are involved
in causing cancer [14].

Forasmuch as HDI composed of main components that
include: life expectancy at birth, mean years of schooling,
and gross national income (GNI) per capita, the role of
each of these components can be examined in this findings.
Life expectancy, as one of the most important indicators of
health, differs widely between countries and regions
[15]. Regional differences in life expectancy and other
health indicators are explained not only by individual and
behavioral factors but also by the social and environmental
characteristics of communities [16], including levels of
social capital and cohesion, access to health services,
access to green-blue spaces and environmental pollutants.
However, many of these factors are effective in reducing
the risk of the incidence and mortality of LC.

Increasing mean years of schooling will also increase
the level of health literacy; in previous studies, the role of
health literacy has been proven in reducing high-risk
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behaviors such as smoking, alcohol consumption, sexual
behavior, physical inactivity, and poor lifestyle, which
cause cancer. On the other hand, illiterate people pay
more attention to health messages and will follow cancer
prevention and control programs [17].

Income is another factor that affecting the change
in lifestyle, particularly nutritional status. Results of
other studies have shown that people with low incomes
consume more tobacco and alcohol, and eat fewer fruits
and vegetables than those with higher incomes [18].
Poor nutritional status and low intake of fresh fruits and
vegetables will lead to malnutrition. The malnutrition
accounts possible factors for LC development [4].

According to our results, increasing the level of
urbanization is associated with reducing the incidence
and mortality of LC. People who live in urban areas
have better living conditions and socio-economic status;
as a result, they have greater access to infrastructure
and health services such as hygienic water, varied and
healthy food [19]. Urbanization may also lead to increased
levels of education and income that the role of these
factors in reducing the incidence and mortality of LC
was mentioned.

The role of obesity as a risk factor in cancer has been
shown in several studies [20-21)] that are not consistent
with the findings of our study. Given that obesity is
associated with urbanization [22] that is unavoidable in
regions with high HDI, so in this study, obesity considers
as a confounding factor in conjunction with the HDI.

One limitation of this study is impossible to generalize
the results to small communities; it is recommended that
similar studies be done at the national level and smaller
communities in different countries. It also recommended
that in future studies, other aspects related to EC to be
surveyed.

In Conclusion, incidence and mortality rate of LC are
significantly concentrated in regions with medium and low
HDI. The negative relationship between LC incidence and
mortality with HDI and its component can be considered
as targets for prevention and treatment intervention or
tracking geographic disparities.
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