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Abstract
Background and aims. Kidney cancer is among the cancers that have the
highest growth rate in all age and racial groups in the world and is as the most deadly
type of urinary tract cancer. Since awareness about this cancer incidence status and
mortality is essential for better planning, this study aimed to investigate the incidence
and mortality rate of kidney cancer and its relationship with the development index in
the world in 2012.
Method. This study was an ecological study conducted based on GLOBOCAN
project of the World Health Organization (WHO) for the countries in the world. The
correlation between Standardized Incidence Rates (SIRs) and Standardized Mortality
Rates (SMRs) of kidney cancer with HDI and its components was assessed using
SPSS18.
Results. In total, 337,860 incidence cases (213,924 were men and 123,936
women) and 143,406 deaths (90,802 cases in men and 52,604 in women) of kidney
cancer were recorded in 2012. A positive correlation of 0.731 was seen between SIR
of kidney cancer and HDI (p≤0.001). Also, a negative correlation of 0.627was seen
between SMR of kidney cancer and HDI (p≤0.001).
Conclusion. The incidence and mortality rate of kidney cancer is higher
in developed countries. A significant positive correlation has been seen between
the standardized incidence and mortality rate of kidney cancer with the Human
Development Index and its components. We need more studies to examine variation in
incidence and mortality of kidney cancer and its related factors in the world.
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Introduction

With an annual incidence of 14 million new cases
and about 8 million deaths, cancer is a global problem
and is responsible for 13 percent of deaths worldwide [1].
Kidney cancer is one of the many types of this disease, with
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an annual incidence of 338 new cases and 144 thousand
deaths equal to 1.7% of all deaths worldwide; it is known
as the most deadly urinary tract caner [2,3].
More than 90 percent of all kidney tumors are
associated with renal cell carcinoma (RCC) that occurs in
adults of both sexes and is the twelfth most common cancer
in men and the second most common cancer in women,
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generally [4]. This cancer is responsible for 2.4% of total
cancer burden worldwide [2]. Its incidence is higher in
men than in women and also increases with age [5]. The
highest incidence of kidney cancer is for North America,
Australia, New Zealand and East Europe countries. The
lowest incidence rate is for South Africa, desert countries,
the Pacific Island and India, its incidence rate in Africa is
less than 1.5% per one hundred thousand population [2,6].
Generally, a huge difference exists in incidence of (RCC)
in the world, being 15 times higher in the areas with the
highest rates than in those with the lowest rate [6].
Various factors affect the incidence and mortality
of cancer between different ethnic and geographical
areas in the world including: the screening rate done in
order to manage the risk of kidney cancer, accidental
diagnosis, genetic and environmental risk factors and
socio-economic status [7-9]. Although the pathogenesis of
renal cell carcinoma is unclear [10], potential risk factors
such as genetic factors, chronic kidney disease, a history of
kidney cancer in first degree relatives, known birth defects,
previous kidney stones, smoking, obesity, high blood
pressure, occupational exposures including exposure to
trichloroethylene (TCE), cadmium and asbestos may have
an important role in kidney cancer detection [11-18]. On
the other hand, it seems that moderate alcohol consumption
is associated with decreased risk of RCC [19,20].
One of the causes of the difference in incidence
and mortality in different regions is difference in access to
knowledge (based on a combination of the adult literacy
rate and enrollment rates of primary education), having a
long and healthy life (based on life expectancy at birth) and
good standard of living (based on GDP per capita due to
purchasing power parity) that are mentioned as the Human
Development Index (HDI). HDI is the arithmetic average
of three mentioned indices that is a number between zero
and one [21].This indicator is one of the indicators used
for evaluation of diseases and deaths between countries
and is considered as a useful classification to compare
cancers at a global level [22-25]. It seems that this index
and its components have a correlation with kidney cancer
incidence and mortality, thereforethe results of various
studies indicate a relationship between the incidence and
mortality of this cancer and the development index [26,27].
In view of the fact that awareness about kidney cancer
incidence and mortality can be useful for health programs
and research activities and considering the possible role of
the Human Development Index, this study was performed
with the aim of investigating the incidence and mortality of
kidney cancer and its relationship with development index
and its components in the world in 2012.

Materials and methods

This study was a global ecologic study for assessing
the correlation between age-specific incidence and
mortality rate (ASR) with HDI and its components such

as life expectancy at birth, mean years of schooling, and
Gross national income (GNI) per capita. Data about the
age-specific incidence and mortality rate (ASR) for every
country in 2012 were obtained from the global cancer
project available at http://globocan.iarc.fr/Default.aspx
[28] and HDI from Human Development Report 2013
[29], that includes information about HDI and its details
for every country in the world in 2012.
Method for estimating the age-specific incidence
and mortality rates in global cancer project by
international agency for research on cancer
Age-specific incidence rate estimate
The methods of estimation are country specific,
and the quality of the estimation depends upon the quality
and on the amount of the information available for each
country. In theory, there are as many methods as countries,
and because of the variety and the complexity of these
methods, an overall quality score for the incidence and
mortality estimates combined is almost impossible to
establish. However, an alphanumeric scoring system which
independently describes the availability of incidence and
mortality data has been established at the country level. The
combined score is presented together with the estimates for
each country with an aim of providing a broad indication of
the robustness of the estimation. The methods to estimate
the gender- and age-specific incidence rates of cancer for
a specific country fall into one of the following broad
categories, in priority order:
1. Rates projected to 2012 (38 countries); 2. Most
recent rates applied to 2012 population (20 countries);
3. Estimated from national mortality by modeling, using
incidence mortality ratios derived from recorded data
in country-specific cancer registries (13 countries); 4.
Estimated from national mortality estimates by modeling,
using incidence mortality ratios derived from recorded
data in local cancer registries in neighboring countries (9
European countries); 5. Estimated from national mortality
estimates using modeled survival (32 countries); 6.
Estimated as the weighted average of the local rates (16
countries); 7. One cancer registry covering a part of a
country is used as representative of the country profile (11
countries); 8. Age/gender specific rates for “all cancers”
were partitioned using data on relative frequency of
different cancers (by age and gender) (12 countries); 9. The
rates are those of neighboring countries or registries in the
same area (33 countries) [28].
Age-specific mortality rate estimate
Depending on the degree of detail and accuracy of
the national mortality data, six methods have been utilized
in the following order of priority:
1. Rates projected to 2012 (69 countries); 2. Most
recent rates applied to 2012 population (26 countries);
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3. Estimated as the weighted average of regional rates (1
country); 4. Estimated from national incidence estimates
by modeling, using country-specific survival (2 countries);
5. Estimated from national incidence estimates using
modeled survival (83 countries); 6. The rates are those
of neighboring countries or registries in the same area (3
countries) [2].
Human Development Index (HDI)
HDI is a composite measure of indicators along
three components, including life expectancy, educational
attainment, and command over the resources needed for
a decent living. All groups and regions have seen notable
improvement in all HDI components, with faster progress
in low and medium HDI countries. On this basis, the
world is becoming less unequal. Nevertheless, national
averages hide large variations in human experience. Wide
disparities remain within countries of both the North and
the South, and income inequality within and between many
countries has been rising. According to HDI, countries
in the world are divided into four categories as follows:
countries with very high HDI (HDI≥=0.80), countries with
a high HDI (0.80>HDI>0.710), medium HDI countries
(0.710≥HD≥0.535), and countries with a low HDI
(HDI<0.535) [29].

The age-standardized incidence [ASIR] of kidney
cancer in the world
Standardized incidence rate of kidney cancer in
the world was 4.4/100,000 population people, 6/100,000
population in men, and 3/100,000 population in women.
The incidence of kidney cancer in very high HDI countries
was 9.1 per 100,000 population, in countries with HDI
4.7/100,000 population, in countries with moderate HDI
2.5/100,000 population, and in countries with low HDI
1/100,000 population. Five countries with the highest ASIR
included: Czech Republic with 16.7/100,100 population,
Lithuania with 13.2/100,100 population, Slovakia with
12.5/100,100 population, USA with 12/100,100 population
and Estonia with 11.7/100,100 population, respectively.
Five countries with the highest ASIR in men include
Czech Republic with 24.1/100,100 population, Lithuania
with 20.5/100,100 population, Estonia with 17.6/100,100
population, Slovakia with 17.5/100,100 population, and
Latvia with 16.4/100,100 population, respectively. Five
countries with the highest ASIR in women included: the
Czech Republic with 10.5/100,100 population, Slovakia with
8.7/100,100 population, USA with 8.5/100,100 population,
Lithuania with 8.2/100,100 population and Belarus with
7.9/100,100 population, respectively (Figure 1).

Statistical analysis
In this study, we used correlation bivariate method
for assessment of the correlation between age-specific
incidence and mortality rate (ASR) with HDI and its
details, which include life expectancy at birth, mean years
of schooling, and GNI per capita. Statistical significance
was assumed if P<0.05. All reported P-values are twosided. Statistical analyses were performed using SPSS
(Version 15.0, SPSS Inc.).

Results

Worldwide, about 337,860 cases of kidney cancer
occurred in 2012, among which 213,924 were men and
123,936 women. In very high HDI countries 183,867 cases,
in countries with high HDI 54,493 cases, in medium HDI
countries 89,465, and in countries with low HDI 9,896
cases occurred. The five countries with the largest number
of kidney cancer are: China with 66,466 cases, the United
States of America (USA) with 58,222 cases, The Russian
Federation with 19,313 cases, Germany and Japan with
19,615 and 16,830 cases, respectively. Five countries that
had the most cases of kidney cancer in men include: China
with 44,372 cases, the USA with 36,345 cases, Germany
with 11,353 cases, The Russian Federation and Italy with
10,921 and 7,681 cases, respectively. Also, five countries
that had the largest number of cancer in women include:
China with 22,094 cases, the USA with 21,877 cases, The
Russian Federation with 8,392 cases, Germany and Japan
with 7,262 and 5,689 cases, respectively.
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Figure 1. Distribution of standardized incidence of kidney cancer
worldwide (extracted from GLOBOCAN 2012).

world

The number of deaths from kidney cancer in the

In the world, 143,406 deaths from kidney cancer
occurred in 2012, 90,802 cases in men and 52,604 in
women. The number of deaths from kidney cancer in very
high HDI countries was 65,853 cases, in high HDI countries,
27,917 cases, in medium HDI countries 41,103 cases, and
in countries with low HDI 8,486 cases, respectively. Five
countries with the most cases of the deaths included: China
with 25,583 cases, the USA with 14,919 cases, the Russian
Federation with 9,025 cases, Japan and Germany with
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7,540 and 8,124 cases, respectively. Five countries with
the highest death rates in men included: China with 16,712
cases, the USA with 9,567 cases, the Russian Federation
with 5,601 cases, Japan with 5,177 cases, and Germany
with 4,713 cases. Five countries with the highest death
rates in women included: China with 8871 cases, the USA
with 5,333 cases, the Russian Federation with 3,424 cases,
Japan with 2,947 cases, and Germany with 2,827 cases.

Figure 2. Distribution of standardized mortality of kidney cancer
worldwide (extracted from GLOBOCAN 2012).

Age-Standard death rates [ASDR] of kidney
cancer in the world
In the world in 2012, age-standardized mortality rate
for kidney cancers was 1.8/100,100 population, 2.5 in men
and 1.2/100,100 population in women. ASDR in very high
HDI countries was 2.6/100,100 population, in countries
with high HDI 2.4/100,100 population, in medium HDI
countries 1.1/100,100 population, and in countries with low
HDI was 0.9/100,100 population. Five countries that had
the highest ASDR, respectively, include: Lithuania with
4.9/100,100 population, Czech Republic with 4.8/100,100
population, Latvia with 4.7/100,100 population, Estonia
with 4.6/100,100 population, and Uruguay with 4.4/100,100
population. Five countries with the highest ASDR in men
include: Lithuania with 8.5/100,100 population, Estonia
with 7.6/100,100 population, Latvia with 7.4/100,100
population, Uruguay with 7.2/100,100 population, and
the Czech Republic with 7.1 per cent thousand people,
respectively. Five countries with the highest ASDR in
women include: Mauritius with 3.1/100,100 population,
Czech Republic with 3/100,100 population, Latvia with
3/100,100 population, Turkey and Slovakia with 2.9 per
and 2.8/100,100 population, respectively.
Figure 3 shows the standardized incidence and
mortality of kidney cancer in different parts of the UN. As
it is evident, most of developed countries have a higher
standardized incidence and mortality of kidney cancer than
underdeveloped countries (Figure 1).

Figure 3. Standardized incidence and mortality of kidney cancer
in different parts of the UN (extracted from GLOBOCAN 2012).

The relationship between the standardized
incidence rate of kidney cancer and the human
development index
There is a statistically significant positive correlation
of 0.731 between standardized incidence of cancer and
the human development index (p<0.001). Components
of human development index, as well, had a positive
correlation with standardized cancer incidence, so that the
standardized incidence rate was positively correlated with
life expectancy at birth equal to 0.617 (p<0.001), with mean
years of education equal to 0.725 (p<0.001) and the income
level per person of population equal to 0.533 (p<0.001),
respectively (Figure 4).
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Figure 4. The association between standardized incidence of
kidney cancer and human development index.

The relationship between the standardized
mortality of kidney cancer and the human development
index
There was, as well, a statistically significant positive
correlation (0.627) between standardized cancer mortality
rate and the human development index (p<0.001). There
was also a positive correlation between human development
index components with standardized cancer mortality rates,
so that the relationship between the standardized mortality
with life expectancy at birth had a positive correlation
equal to 0.532 (p<0.001), with mean years of schooling
equal to 0.63 (p<0.001) and with income level per person
of population had a positive correlation of 0.395 (p<0.001),
respectively (Figure 5).

Figure 5. The association between standardized mortality of
kidney cancer and human development index.
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Kidney cancer is among the cancers that have
shown highest growth rate for all age groups and races in
the world and is known as the world's sixteenth common
cause of cancer death [2,30,31]. In developed countries, the
age-standardized incidence and death rate of this cancer is
higher, so that 52 percent of deaths due to this disease occur
in developed countries of the world [2,32]. But it is predicted
that the number of patients with kidney cancer increases
year by year under the influence of aging and population
growth in next coming decades as its incidence is equal
to 62% in areas with low and middle income and reaches
to 39% in high and very high income areas by 2030 [33].
According to the findings of this study, the age standardized
incidence and mortality rate of kidney cancer is associated
with the Human Development Index and its components
in the world. The highest standardized incidence rate of
kidney cancer is related to countries with very high and
high Human Development Index, respectively. Results
of other studies have also shown that kidney cancer agestandardized incidence rates have increased about 23
percent (3.82 to 4.7) for both sexes between 1990 and 2013.
These rates are lower in developing countries with lower
HDI rates than developed countries with higher HDI. But,
their relative increase is the same. So that in these years,
it has had an increase rate of 34 percent (1.69 to 2.27) in
countries with lower HDI and 36 percent (7.15 to 9.71) in
countries with higher HDI. One possible explanation for
the similar incidence of kidney cancer in these countries
is that, even if the risk factors only for kidney cancer is
different with development status, the general pattern
of risk factors may compensate this difference [32]. But
for deaths of kidney cancer it is noteworthy that this rate
reached its peak in Europe union in early 1900s, generally
(4.8 per 100 thousand people in men and 2.1 per 100
thousand people in women) [34]. Then, a downward trend
was seen in several Central and Eastern European countries
with high HDI including France, Germany, Italy, Austria
and the Netherlands; this decreasing trend may be due to
improvements in diagnosis, treatment and reducing tobacco
consumption [35].
Among the dimensions of the Human Development
Index, we can point to life expectancy at birth that had a
significant positive relationship with standardized incidence
and mortality of kidney cancer in this study. The results
of other studies show that the highest incidence rate of
cancer is seen in elderly people and as the development of
new tools for better diagnosis and treatment of cancer was
targeted in 1990s, it is expected that the incidence rate of
cancer increases and death rate decreases [36,37]. Another
study showed that kidney cancer in elderly people is a real
challenge for oncologic urologists. With increased life
expectancy, incidence of renal cell carcinoma increases and
its mortality also increases due to higher invasiveness of
the disease and thus reduces survival chance [38]. Among
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other indicators of the Human Development Index is access
to knowledge that had a significant positive correlation with
standardized incidence and mortality rate of kidney cancer.
The level of education is used as a social level indicator in
such a way that a deep social difference between the highest
and lowest educational level has been observed in women
or men for some cancers [39]. The level of education can
reflect health literacy or a person's ability to manage his
disease [40]. Many chronic diseases such as kidney cancer
have more incidence and prevalence among groups with
lower educational levels [41,42]. This difference in high
and low level of education in age group 25-59 years was
more than in age group 60-79 and is caused by risk factors
related to this cancer such as smoking habits or other
factors such as consumption of alcohol which seems to
be a protective factor against kidney cancer in such a way
that alcohol consumption is higher in people with higher
education [42,43]. The results of one study conducted in
the Netherlands also revealed that patients with higher
levels of education have better 5-year survival and lower
mortality rates compared to those with lower education for
all cancers including kidney cancer [44]. Education level
may be related to behaviors, health conditions, access to
knowledge and resources, diagnosis, timeliness and type of
cancer treatment and psychological support level that have
direct or indirect effect on cancer survival and mortality
caused by it [45-51]. From other indicators of the Human
Development Index, we can point to appropriate income
level which is determined by Gross Domestic Product. In
our study, income level had a positive significant correlation
with standardized incidence and mortality rate of kidney
cancer. Other studies have shown that overall, social and
economic disparities are seen in morbidity and mortality
across Europe [52-54]. Regarding the incidence of kidney
cancer, it is higher in countries with higher income and
economic status than countries with lower economic
status and among the reasons we can mention increased
accidental diagnosis chance of tumors, higher prevalence
of obesity and hypertension in high-income countries such
as: the United States of America and the United Kingdom
compared to lower income countries such as Brazil and
China, as well as in urban areas than in rural ones and other
risk factors associated with this cancer [55-60]. Despite the
fact that the increased diagnosis at early stages of kidney
cancer leads to increased incidence, due to lack of efficacy
of treatment in early stages the mortality rates have not
been decreased [61].

Conclusion

The incidence and mortality rate of kidney cancer
is higher in developed countries. A significant positive
correlation has been seen between the standardized
incidence and mortality rate of kidney cancer with the
Human Development Index and its components. We
need more studies to examine variations in incidence and

mortality of kidney cancer and its related factors in the
world.
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