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Abstract

This study aimed to quantify associations of the human development inequality (HDI) index with incidence, mortality,
and mortality to incidence ratios for eight common cancers among different countries. In this ecological study, data
about incidence and mortality rates of cancers was obtained from the Global Cancer Project for 169 countries. HDI
indices for the same countries was obtained from the United Nations Development Program (UNDP) database. The
concentration index was defined as the covariance between cumulative percentage of cancer indicators (incidence,
mortality and mortality to incidence ratio) and the cumulative percentage of economic indicators (country economic
rank). Results indicated that incidences of cancers of liver, cervix and esophagus were mainly concentrated in countries
with a low HDI index while cancers of lung, breast, colorectum, prostate and stomach were concentrated mainly in
countries with a high HDI index. The same pattern was observed for mortality from cancer except for prostate cancer
that was more concentrated in countries with a low HDI index. Higher MIRs for all cancers were more concentrated
in countries with a low HDI index. It was concluded that patterns of cancer occurrence correlate with care disparities
at the country level.
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Introduction

Cancer is one of the leading causes of death among
women population worldwide (Jemal et al., 2011). It is
estimated that cancer led to 13.2 million deaths with 20.3
million new cases by 2030 compared with an estimated 7.6
million deaths and 12.7 million cases in 2008 (Ferlay et al.,
2010). Over the past decades, the global patterns of cancer
incidence and mortality have been changed. The highest
incidence and mortality rates of many cancers were found
in more developed countries compared to less developed
countries (Porter, 2009; Jemal et al., 2010; Youlden et al.,
2012). Recently, one novel measure named Mortality to
Incidence Ratio (MIR) is introduced that can be used to
evaluate cancer mortality in relation to incidence. MIR
as proxy of survival can be a more sensitive measure to
availability cancer care including screening, diagnosis and
treatment previous studies found that developed countries
e.g. strong national health system had lower than expected
MIR (Hébert et al., 2009; Sunkara and Hébert, 2015).
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 healthcare (Coughlin
et al., 2007; Akinyemiju, 2012; Myers et al., 2015).
Human Development Inequality (HDI Index as a key
socioeconomic determinant of health is composite of
three components including education, life expectancy,
and gross national income. The relation of different
cancers and levels of HDI at national and sub national
level is studied and a possible inverse association is found
(Patel et al., 2012). To achieve a clear judgment about
a degree socioeconomic inequality in health variables
more sensitive measures such as concentration index is
needed. Concentration index is constant to multiplication
of the health variable by any scalar and whether health
variable is measured in terms per month or year. Using
the concentration index to clarify the HDI on cancer
measure, the aim was assess the HDI inequalities in
cancers measures including incidence, mortality and MIR
four eight common cancers with worldwide aggregated
data.
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Study design

Present ecological study used dataset regarding the
incidence and mortality rates of eight common cancers and
HDI in the world. Data of the incidence and mortality rates
of cancers was obtained from the global cancer project for
172 countries in year 2012. GLOBOCAN also provided
regional estimates for each continent [available at http://
globocan.iarc.fr/Default.aspx]. Data about the HDI 2013
were obtained from the United Nations Development
Programme (UNDP) database for 169 countries [available
at http://databank.worldbank.org/data/reports.aspx]

Measures

The data of three countries due to missing
observations in some variables were excluded. Hence,
the analysis was restricted to 169 countries. We
defined inequality in the age-specific incidence and
mortality rates (ASR) and mortality to incidence ratio
(MIR) of eight common cancers related to the HDI
inequality by using concentration index.

Data analysis

Concentration index provide a way to assess the degree
of health related economic inequality. The concentration
index defines as the covariance between cumulative
percentage of health variable (cancer measure) and the
cumulative percentage of economic variable as follow:

C= icov[hi,‘ri]

Where hi is the health variable, p is its mean, and ri =
/N is the fractional rank of individual i in the economic,
with i =1 for the poorest and i = N for the richest.

The value of concentration index is ranged from -1 to
+1, the negative value is indicating that the health variable
is more concentrated in the poor population (pro-poor) and
the positive value indicates in rich population (pro- rich).

Data were analyzed by Distributive Analysis Stata
Package (DASP) in Stata software version 12 (StataCorp,
College Station, TX, USA).

Results

Of new cancer cases estimated in 2012, more than

60% incident cases occurred as result of eight common
cancers and lung cancer had the most proportion (13%).
Incidence and mortality geographic inequality of each
cancer varied in developed and under developed countries
by HDI so that most of cancer incidence was concentrated
in developed countries. MIR for all eight cancers was
concentrated in under developed countries. Concentration
index and %95 confidence interval for incidence, mortality
and MIR is presented in detail in Table 1.

Discussion

This study indicates that cancers incidence of liver,
cervical and esophagus has become more concentrated in
low HDI countries and in contrast, cancers incidence of
lung, breast, colorectal, prostate, and stomach are more
concentrated in developed countries by HDI. This pattern
was consistent for mortality expect for prostate cancer, it
is more concentrated in low HDI countries. Geographic
disparity of cancer MIR have been aggravate so that for
all studied cancers it was more concentrated in low HDI
countries.

It has been suggested that evidence about potential
association between macroeconomic determinants and
cancer incidence, mortality, and survival is lacking. One
of the best attempts to fill this gap was a study that aimed
to clarify the potential association of cancer burden
measures against HDI. It found that in high HDI regions
four cancers (breast, lung, colorectal and prostate) explain
half the overall cancer burden whereas in low HDI regions
four mentioned cancer along with esophagus, stomach,
and liver cancers account for about 62% of the burden
(Bray et al., 2012).

The more concentration cancers incidence in
developed countries may likely reflect higher rates of
screening programs, diagnostic modalities or even high
quality population based cancer registries that lead to
cancers more likely to be diagnosed (Hébert et al., 2009).
One important reason to high concentration of cervical
cancer incidence in less developed regions is high
prevalence of infection with human papillomavirus (HPV)
in these regions, in addition it shows in low HDI countries
screening program for cervical cancer is less likely to have
been with highly effectiveness (Forman et al., 2012). It is

Table 1. Concentration Index (95% CI) for HDI Inequality in Incidence Rate, Mortality Rate and Mortality to Inci-

dence Ratio of Eight Cancers

concentration index concentration index

Incidence rate Mortality rate Mortality to
Incidence Ratio
concentration index

(95% CI)

(95% CI) (95% CI)

new diagnosis cases New death
(%) in 2012 (1,000s)  cases (%) in 2012
Cancer type Total incidence (1,000s) Total
cases=14,067,894 death case=
8,201,575
Lung 1,825.0 (13.0) 1,590.0 (19.4)
Breast 1,677.0 (11.9) 521.0 (6.3)
Colorectal 1,361.0 (9.7) 693.0 (8.4)
Prostate 1,112.0 (7.9) 307.0 (3.7)
Stomach 952.0 (6.8) 723.0 (8.8)
Liver 782.0 (5.6) 746.0 (9.1)
Cervical 528.0 (3.7) 266.0 (3.2)
Esophagus 456.0 (3.2) 400.0 (4.8)

0.29 (0.23, 0.35)
0.24 (0.22, 0.28)
0.3 (0.26, 0.34
0.28 (0.22, 0.34)
0.08 (0.02, 0.14)
-0.1 (-0.17, -0.027)
0.2 (-0.25, -0.15)
-0.23 (-0.33,-0.13)

0.27 (0.22, 0.33)
0.05 (0.03, 0.08)
0.18 (0.15, 0.22)

-0.04 (-0.09, 0.01)
0.01 (-0.04, 0.06)
-0.1 (-0.17, -0.03)
-0.3 (-0.38, -0.25)

-0.25 (-0.36, -0.15)

-0.02 (-0.02, -0.01)
-0.17 (-0.19, -0.15)
-0.12 (-0.14, -0.1)
-0.22 (-0.26, -0.18)
-0.07 (-0.08, -0.05)
-0.14 (-0.18, -0.1)
-0.13 (-0.16, -0.1)
-0.03 (-0.04, -0.01)
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argued that HDI transitions lead to changes in the scale
and profile of cancer occurrence, e.g. it has identified that
in countries that have a transition towards higher levels of
human development (westernization effect) rapid declines
in the incidence of cervical cancer offset by concurrent
increases in female breast cancer (Bray et al., 2012). It
can be pointed that the two cancers intersect is a marker
of the extent of economic transition in a given country.

MIR as surrogate of cancer care disparities and
cancer survival (Hébert et al., 2009; Vostakolaei et
al., 2011) can be used to evaluate cancer mortality in
relation to incidence. In one global study in Economic
Cooperation and Development (OECD) countries using
the 2012 GLOBOCAN incidence and mortality statistics,
investigators argued that MIR can be indicator of cancer
screening and treatment internationally, in addition they
found low HDI countries that have lower health system
ranked by world health organization (WHO) the higher
colorectal cancer MIR is observed (Sunkara and Hébert,
2015). A consistent finding with former study, our study
showed that colorectal cancer MIR more concentrated in
low HDI countries. The more concentration of colorectal
cancer MIR in under developed countries may probably
explained by expensive treatment when diagnosed at a
later stage and in following a poorer survival.

We found MIR of gastrointestinal cancers overall is
concentrated in low HDI countries, a finding consistent
with other global study (Hu et al., 2013). In that global
study it has been proposed MIR of all gastrointestinal
cancers inversely is related with HDI. Present study
suggested in specific, the incidence and mortality of
colorectum and stomach cancers have been concentrated
in high HDI regions but for esophagus cancer in low
HDI regions. However important point is mentioned
association not have been constrain to gastrointestinal
cancers because other evidence suggest that given MIR
is related inversely with HDI, burden of different cancers
disparity would be worsen in developing countries (Patel
et al., 2012). For lung, breast, colorectum, and stomach
cancers the incidence and mortality are concentrated in
developed countries but MIR in under developed countries.
One reason to this come back to matter of MIR that is a
proxy of survival.

In a global study that have been looked to whether all
cancer MIR is related to country’s income level by Gross
Domestic Product (GDP). They categorized countries
by GDP > $15,000 and GDP < $15,000 as high-income
and middle/low-income respectively, their results shown
an inverse association between MIR and GDP so that
cancer MIR was higher in middle/low-income countries.
In addition their finding suggested that for middle/
low-income countries, given an inequality in healthcare
resources, increased health care expenditure may not
associated with improved national cancer MIR (Batouli et
al.,2014). To achieve valid results all-inclusive indicators
should be applied, here HDI including education, health,
and living standards more than per capita GDP express
complex profile of society development.

Our results showed that lung cancer MIR approached
to equality line. It suggested that lung cancer MIR can raise
above 0.80 and approached to 1, this can be as result of
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high fatality and relative lack of variability in survival in
different world regions (Kamangar et al., 2006; Hébert et
al., 2009). Our finding suggest lung cancer incidence and
mortality have nearly same concentration index, it means
the geographical patterns in mortality closely follow
those in incidence. In present study, also equality line and
same CI of incidence and mortality were observed for
esophageal cancer. An international study showed overall
cancer incidence rates of esophageal are higher in less
developed compared with more-developed geographic
regions and because of poor survival the mortality and
incidence close together (Kamangar et al., 2006).

The important limitation of present study should be
considered, ecological studies are potentially susceptible
to a phenomenon as “ecological fallacy”; biases that may
occur when an observed association between aggregated
variables differs from the true. Here the association
between cancer measures and HDI may have a different
patterns and interpretations within countries, anyway
our finding can be considered as extends knowledge
by different methodology in following already known
evidences. Our result showed that MIR for all studied
cancers are more concentrated in low HDI countries. This
conclusion should be interpreted with caution because
cancer is a notorious multi-causal multi-phase chronic
diseases. According to gene-environmental interaction,
only economic terms cannot explain the statistics even if
MIR might be a proxy of survival. Moreover to achieve
the fine these global inequality by HDI, it’s needed the
concentration index to be decomposed, which component
of HDI have most contribution in these inequality and
geographic disparity.

In summary, our distributive analysis shown cancer
MIR as more sensitive measure to geographic disparity,
cancer care disparity and survival is more concentrated
in underdeveloped countries by HDI. Clarifying
the contributions proportion of these HDI inequality in
cancer measures globally and even within a given country
is likely an appropriate goal to further knowledge.
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