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Abstract
Introduction: Income related health inequalities
have been estimated for various groups of
individuals at local, state, or national levels. Almost
all of theses estimates are based on individual data
from sample surveys. Lack of consistent individual
data worldwide has prevented estimates of
international income related health inequalities.
Methods: This paper uses the (population weighted)
aggregate data available from many countries
around the world to estimate worldwide income
related health inequalities. Since the intra-country
inequalities are subdued by the aggregate nature of
the data, the estimates would be those of the intercountry or international health inequalities. As well,
the study estimates the contribution of major
socioeconomic variables to the overall health
inequalities.
Results: The findings of the study strongly support
the existence of worldwide income related health
inequalities that favor the higher income countries.
Decompositions of health inequalities identify
inequalities in both the level and distribution of
income as the main source of health inequality along
with inequalities in education and degree of
urbanization as other contributing determinants.
Discussion: Since income related health inequalities
are preventable, policies to reduce the income gaps
between the poor and rich nations could greatly
improve the health of hundreds of millions of people
and promote global justice.
Readers unfamiliar with the Concentration Index
may consult page 31 of this article for a sidebar
written by the author entitled: “Understanding
Measures of Health Inequality And the
Concentration Index
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Background
Health inequalities are increasingly recognized
as an important public health issue throughout the
world, more so in Europe and other industrialized
countries than in other parts of the world1. This
international attention was first expressed in the
Declaration of Alma-Ata in 1978, where delegates
found health inequalities politically, socially, and
economically unacceptable2. Soon after, the
influential Black Report from UK brought health
inequality to international spotlight and triggered
subsequent studies on health inequalities in many
other countries3. Significant intellect was devoted to
the study of the underlying processes and causes of
such inequalities by the research community,
leading to the development of the social
determinants of health paradigm, where social is
defined broadly to include economic, political, and
cultural domains. In this paradigm, health is
determined by the quantity and quality of a variety
of resources that a society makes available to its
members. These resources include – but are not
limited to – conditions of childhood, income,
education,
availability
of
food,
housing,
employment and working conditions, social
cohesion, cultural values, and health and social
services4,5. The policy implications of such a
paradigm are quite significant and have been
brought to the forefront of health policy debates in
many countries. Over the past couple of decades, the
World Health Organization (WHO) has initiated a
number of international venues to raise international
awareness about health inequalities6-8. The most
recent effort by the WHO was launching the
Commission on Social Determinants of Health in
March of 2005 in Santiago, Chile to bring together
the experts in the field to search for potential policy
interventions to reduce health inequalities9. The
Commission has held subsequent meetings in Egypt,
India, and Iran. It is working with partner countries
to incorporate a Social Determinants of Health
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perspective into national policies across the
Americas and in the Portuguese-speaking countries
of Africa10,11. Many countries, especially in Europe,
have already programs and policies in place to
address health inequalities12-16.
The complexity of the relationships among
societal resources and health outcomes and the
difficulty of measuring some of these resources e.g. social cohesion or cultural values17 - has
directed significant research towards the links
between income and health. Income is considered as
a proxy for command over resources, or as a
measure of socio-economic status. There is already
a vast literature that documents health inequality
along the income dimension18-26, 4, 5, 27-29.
Income related health inequalities have been
estimated for various populations in different
countries at local, state, or national levels. There are
few studies that include multiple country analysis
for comparative purposes30-35. However, estimates of
income related health inequalities are predominantly
based on individual data obtained from sample
surveys that measure health as perceived by
individuals themselves (self rated health), or by
some instrument - e.g. Short Form (SF36) or Health
Utility Index (HUI). Exceptions include a few
studies that have used aggregate data at the regional
level for Brazil36 and at the country level for the
countries of the Americas37,38 to estimate social
inequalities in health. The lack of a consistent set of
such individual data for the world population has
impeded estimations of income related health
inequalities at the global level. The latter has also
been affected by the lack of due attention to global
health inequalities by the wealthy nations, and to a
lesser extent by international organizations. The
recent attempts by the WHO to raise awareness
about global health issues and the role of
socioeconomic factors in this regard recognizes the
importance of health inequalities worldwide. The
world cannot afford to ignore global health
inequalities in the wake of pending pandemics and
the immense sufferings worldwide which threatens
to undermine world security and peace.
This paper contributes to the income related
health inequality literature by using the aggregate
data available from 160 countries around the world

Social Medicine (www.socialmedicine.info)

that comprise the entire global income spectrum to
estimate worldwide income related health
inequalities for the first time. Since the intracountry inequalities are subdued by the aggregate
nature of the data, the estimates would be those of
the inter-country or international health inequalities
proper. Pradhan et al39 use standardized heights for
young children as a measure of health status to
measure global health inequality and decompose it
into within and between country inequality. They
conclude that within country inequality is the main
source of total world inequality. It must be noted,
however, that they examine only 55 developing
countries. Moreover, almost 60% of their measured
within country inequality is contributed by two
countries, China and India as the two most populous
countries of the world. The present study, however,
decomposes the estimated income related
international health inequalities into their
contributing sources of socioeconomic health
determinants. It provides estimates of health
inequalities and their decompositions for ten
measures of population health including six
mortality rates and four life expectancies.
Methods
1. Measurement of health inequalities
Income related health inequalities have been
estimated using a variety of measures. Two of these
measures, the relative inequality index (RII) and the
Concentration index (CI) have been shown to meet
the three basic requirements of an index of
inequality in health, namely i) being reflective of the
socioeconomic dimension to inequalities in health;
ii) being reflective of the experiences of the entire
population; and iii) being sensitive to the changes in
the distribution of population across socioeconomic
groups40. A recent study on the welfare economics
foundation of health inequality measures41 questions
the arbitrariness and acceptability of the equity
weights implied in the CI. Nevertheless, I use the
CI as a popular measure to estimate global income
related health inequalities. The CI is defined in
terms of a concentration (Lorenz) curve. The curve
plots the cumulative proportion of the population
ranked by income status (beginning with the lowest
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income country) against the cumulative proportion
of ill health measured by a continuous index.
CI is defined as twice the area between the
Lorenz curve and the diagonal. It takes a value of
zero when there is no inequality (i.e. when the
Lorenz curve coincides with the diagonal), a
negative value when ill health is more concentrated
in lower income countries (i.e. when the Lorenz
curve lies above the diagonal), and a positive value
when ill health is more concentrated in higher
income countries (i.e. when the curve lies below the
diagonal). For weighted data, following van
Doorslaer and Jones33, CI is computed as follows
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The above formulations have been usually
applied to individual or grouped data. That is why
estimates of income related health inequalities have
been limited to populations within a given area or
country, where individual (or grouped) data are
obtained from sample surveys. If one had a
consistent set of sample survey data for various
countries around the world, it would be feasible to
estimate international health inequalities by pooling
the country samples together. Despite some attempts
by the WHO42, such individual data is not yet
available on a global basis.
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In the absence of individual data, the present
study offers an alternative approach to get around
this problem. It uses aggregate level data from
individual countries that are weighted by their
respective population sizes. This approach abstracts
from inequalities within the countries and focuses on
the between the countries or international health
inequalities along the income dimension.
Using (aggregate) population data also reduces
the concern about the standardization of data
(required for individual data to adjust for
demographic factors such as age and gender) to the
one that arises from any international differences in
demographic structures among countries. The
countries are ranked according to their average
income (real GDP per capita) starting from the
lowest income country. Each country’s health
outcomes (its measures of population health) are
then weighted by the relative size of its population.
Moreover, I use multiple regression models to
estimate the relationships between various
socioeconomic determinants (namely, income,
income inequality, education, and urbanization rate)
and population health outcomes. These estimates are
then used to decompose the overall income related
health inequalities in terms of inequalities in the
socioeconomic determinants of health and the
elasticities of health with respect to these
determinants. Following Wagstaff et al43, the overall
CI can be expressed as a weighted average of the
inequalities in the determinants of health as in the
following relationship
k

+

GCI

μ

ε

(3)

where β k is the measure of association between
health determinant k and health in a linear
regression, xk is the mean value of health
determinant k, and μ is the mean value of health.
The term in the bracket is the elasticity of health to
health determinant k, and is the weight applied to
the income related inequality (CI) in health
determinant k. The last term in the above equation is
the generalized CI, or the “unexplained” inequality
attributable to any omitted variable(s) and the error
term ε.
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2. Data sources
The most recent cross sectional data available
from 160 countries that account for over 95% of the
world population are used in our initial analysis. The
population health data are taken from the WHO
2005 Health Report44. They include infant (less than
a year) mortality rate (IMR), child (under five years)
mortality rates for males and females (CMRm,
CMRf), maternal mortality rate (MMR), and adult
mortality rates for males and females (AMRm,
AMRf); as well as life expectancies at birth for
males and females (LEBm, LEBf) and healthy life
expectancies at birth, again for males and females
(HLEm, HLEf). The healthy (health adjusted) life
expectancies at birth is most easily understood as
the equivalent number of years in full health that a
newborn can expect to live based on current rates of
ill-health and mortality45.The data for MMR is for
the year 2000, and those for HLEm and HLEf are
for the year 2002. The rest of the data are for the
year 2003.
Data on socioeconomic determinants of health
were needed to estimate the relations between health
outcomes and such determinants. These estimates
are used to decompose measured income related
health inequalities. The socioeconomic determinants
considered in this study are income, education,
income inequality, and the rate of urbanization. Data
for income (real GDP per capita in PPP dollars),
education (education index between 0 and 1),
income inequality (Gini index between 0 and 1)
urbanization rate (proportion of population living in
urban areas), along with population data are taken
from the United Nations Human Development
Report 200546. These data all belong to the year
2003.
The education index measures a country’s
relative achievement in both adult literacy and
combined primary, secondary, and tertiary gross
enrolment. It is a weighted average of two indices:
the index for adult literacy, and the index for
combined gross enrolment. The first index is given a
weight of two-thirds, and the second is given a
weight of one-third47. Table 1 provides a summary
description of health data for the countries in our
sample.
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Table 1 shows substantial variations in all
population health measures across the world. The
extent of variation is different for various measures
of health, however. Judged by the Coefficients of
Variation (as given in the last column of the above
table), mortality rates (especially infant, child, and
maternal) show greater variation than life
expectancies. These variations should not surprise
us given the fact that countries around the world
have vast differences in their socioeconomic,
environmental and institutional structures.
In order to get a sense of the links between
income and health outcomes, Table 2 presents the
average health outcomes for groups of countries
classified into seven income categories. The number
of countries in each income category is roughly
equal.
Fairly consistent gradients along the income
dimension are observed for various health outcomes
as shown in Table 2. Mortality rates decline as one
goes up the income ladder step by step. The only
exception is adult mortality rates for the income step
(category) $4500-6499, where they show an
increase from the previous step. On the other hand,
life expectancies consistently improve with higher
incomes. Such patterns of variation in health data
and income suggest income related health
inequalities exist and they seem to favor the
countries with higher incomes.
The following section reports the estimated
income related health inequalities, followed by
decompositions of these inequalities into their
contributing sources.
Results
1. Estimates of health inequalities
Estimates of income related health inequalities
using the CI indices for ten measures of health
outcome using equation (2) above are given in Table
3 below. These estimates are provided for a group of
122 countries for which the socioeconomic data
were available. The latter are needed for
decompositions of health inequalities.
To avoid any biases in inference that may result
from heteroskedasticity, the White’s Hetero-
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Table 1. Summary description of health data
Health Measure

Minimum

Maximum

value

value

3

166

41.41

0.95

2

270

57.78

1.10

3

297

64.49

1.07

0

2000

317.17

1.33

45

839

209.03

0.84

73

912

287.22

0.61

36

85

68.00

0.19

33

78

63.14

0.18

29.9

77.7

59.01

0.20

27.2

72.3

55.83

0.19

Infant mortality rate
(per 1000 births) - IMR
Child mortality rate - female (per 1000
population) - CMRf
Child mortality rate – male
(per 1000 population) - CMRm
Maternal mortality rate
(per 100,000 live births) -MMR
Adult mortality rate - female - (per 1000
population) - AMRf
Adult mortality rate – male
(per 1000 population) - AMRm
Life expectancy at birth -female (in years) LEBf
Life expectancy at birth -male (in years) LEBm
Healthy life expectancy - female (in years) HLEf
Healthy life expectancy - male (in years) HLEm

Mean

Coefficient of
Variation

Table 2. Average health outcomes for countries in different income categories
Health Outcomes
IMR

CMRf

CMRm

MMR

AMRf

AMRm

LEBf

LEBm

HLEf

HLEm

Less than $1500

99.72

162.44

176.68

988.8

437.4

496.56

49.32

47.04

41.98

40.47

$1500-2499

73.39

102.61

114.43

548.26

291.91

368.22

59.39

55.61

50.08

48.11

$2500-4499

37.81

45.09

49.62

199.25

184.05

264.66

68.66

64.05

59.20

56.33

$4500-6499

31.28

36.66

43.05

156.47

193.57

289.24

69.76

64.14

60.32

56.63

$6500-9999

25.00

27.38

32.95

94.58

160.86

258.28

72.19

66.24

62.74

58.64

$10000-24999

12.90

16.50

19.38

79.33

121.38

215.96

75.73

69.27

66.27

61.76

$25000 or more

4.31

4.52

5.56

9.43

57.91

104.43

82.17

76.69

73.49

69.82

Income
Category
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Table 3. Estimates of income related health inequalities
Health Outcomes*

CI (γ)
estimate

“t” Ratio

Adj. R2

IMR

-0.1446

-11.71

0.966

CMRf

-0.1589

-13.67

0.968

CMRm

-0.1429

-13.68

0.973

MMR

-0.1599

-10.88

0.959

AMRf

-0.0538

-10.08

0.990

AMRm

-0.0306

-6.50

0.992

LEBf

0.0164

9.98

0.999

LEBm

0.0142

7.93

0.999

HLEf

0.0191

12.19

0.999

HLEm

0.0158

8.54

0.999

Mortality Rates

Life Expectancies

* Health outcomes are measured in log form.

skedasticity-Consistent standard errors have been
used. The estimated CI’s for all mortality rates are
negative as expected. Mortality rates, as ill health
rates, are concentrated in the lower income countries
(They favor the higher income countries). In
contrast, the CI’s for life expectancies are positive,
that is, life expectancies, as health rates, are
concentrated in the higher income countries. All the
estimated CI’s are statistically highly significant as
indicated by the high “t” ratios.
2. Estimates of socioeconomic effects on health
The estimated effects of socioeconomic health
determinants on various health outcomes are
reported in Table 4. These estimates are based on a
series of models that regress a health outcome as the
dependent variable (in log form) on a common set of
health determinants as independent variables. The
set of health determinants includes income (log of
GDP per capita), education (education index),
income inequality (Gini index), and urbanization
rate (in percentage form). Income and education are
well-known socioeconomic factors that have
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positive influence on health outcomes18-23, 26-30. The
Gini index captures the extent of income inequality
in a country. Greater income inequality has been
found
to
affect
health
adversely19,28,48,49.
Urbanization rate is included as a proxy for the
environmental factors (e.g access to safe water,
public health measures, transportation and other
amenities) that have bearing on population health.
Other potentially relevant socioeconomic variables
such as relative (to GDP) health expenditure, and
public health expenditure were considered. But they
did not appear to be statistically significant.
The socioeconomic variables appear to have the
expected influences on health. Income, education,
and urbanization rate have positive effect on health
by reducing mortality rates and increasing life
expectancies. In contrast, income inequality has
negative impact on health. Greater income
inequality increase mortality rates and reduce life
expectancies. The estimated effects are all
statistically significant, except for the effects of
urbanization rate on CMRm and MMR, and the
effect of education on AMRm.
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Table 4. Estimates of the effects of health determinants on health.
Dependent

Independent Variables (Health determinants)

Variables
(Health
Outcomes)*

Constant

Income*

Education

Income

Urbanization

inequality

rate

Adj. R2

Mortality rates
IMR

9.119

-0.6952

-0.6757

2.000

-0.5575

(16.75)

(-9.26)

(-2.16)

(4.13)

(-1.82)

9.981

-0.7369

-1.149

2.257

-0.6479

(19.32)

(-11.52)

(-3.77)

(4.68)

(-2.02)

10.05

-0.7517

-0.9026

2.141

-0.5313

(20.17)

(-12.55)

(-3.04)

(4.57)

(-1.68)

12.54

-0.9022

-2.308

3.861

-0.124

(18.10)

(-8.42)

(-4.55)

(6.80)

(-0.32)

7.45

-0.2695

-0.6132

2.148

-0.9489

(13.69)

(-4.35)

(-2.50)

(3.88)

(-3.41)

7.44

-0.2659

0.1354

1.152

-0.7224

(16.37)

(-4.99)

(0.58)

(3.33)

(-3.00)

†

CMRf
CMRm
MMR
AMRf
AMRm

0.834
0.885
0.880
0.866
0.758
0.644

Life expectancies
LEBf
LEBm
HLEf
HLEm

3.64

0.0492

0.3032

-0.6190

0.2688

(20.61)

(2.46)

(3.88)

(-3.28)

(2.67)

3.54

0.0614

0.1747

-0.5527

0.2539

(20.47)

(3.24)

(2.18)

(-3.02)

(2.40)

3.36

0.0604

0.3626

-0.5966

0.2485

(22.33)

(3.52)

(4.78)

(-3.61)

(2.79)

3.31

0.0708

0.2513

-0.5868

0.2225

(21.92)

(4.24)

(3.07)

(-3.58)

(2.35)

0.693
0.655
0.766
0.728

*

Dependent variables and income are in log form.
† Numbers in Brackets are “t” ratios.

3. Decomposition of health inequalities
The decompositions of health inequalities based
on equation (3) above are provided in Tables 5 and
6 below. Income related inequalities in the
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determinants of health have been estimated for each
of the four determinants along with the elasticity of
health with respect to each of these determinants.
These estimates are reported in Table 5.
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Table 5. Health determinants inequalities (CI) and health elasticities.
Health Determinants

Health Outcomes*

Income*
CI = 0.0612
SE = 0.0039
Elasticity

Education
CI = 0.1035
SE = 0.0092
Elasticity

Income inequality
CI = 0.0165
SE = 0.0202
Elasticity

Urbanization rate CI=0.1801
SE = 0.0179
Elasticity

Mortality rates
IMR

-1.878

-0.167

0.254

-0.095

CMRf

-1.878

-0.269

0.271

-0.104

CMRm

-1.831

-0.202

0.245

-0.081

MMR

-1.702

-0.400

0.343

-0.015

AMRf

-0.458

-0.095

0.172

-0.102

AMRm

-0.412

0.019

0.084

-0.071

Life expectancies

*

LEBf

0.100

0.057

-0.059

0.034

LEBm

0.127

0.033

-0.054

0.033

HLEf

0.127

0.070

-0.059

0.033

HLEm

0.151

0.049

-0.059

0.030

Health Outcomes and income are in log form.

The product of health elasticity and income
related health inequality for each of the health
determinants determines the share of each
determinant in the overall income related health
inequality. The relative share (contribution) of each

of the four determinants in the overall health
inequality (CI) is reported in Table 6. The last
column of this table shows the proportion of
“unexplained” or generalized inequality, which is
due to the error term.

Table 6. Decompositions of health inequalities into contributing sources.
Health Outcome
Income

Education

IMR

79.48%

11.95%

Proportion of overall inequality (CI) due to:
Income
Urbanization rate Unexplained
inequality
CI
-2.90%
11.83%
-0.36%

CMRf

72.33%

17.52%

-2.81%

11.79%

1.17%

CMRm

78.41%

14.63%

-2.83%

10.21%

-0.42%

MMR

65.14%

25.89%

-3.54%

1.67%

10.84%

AMRf

52.10%

18.27%

-5.27%

34.14%

0.76%

AMRm

82.40%

-6.42%

-4.53%

41.79%

-13.24%

Mortality Rates

Life Expectancies
LEBf

37.32%

35.97%

-5.93%

37.33%

-4.69%

LEBm

59.73%

24.05%

-6.27%

41.85%

-19.36%

HLEf

40.69%

37.93%

-5.09%

31.11%

-4.64%

HLEm

58.49%

32.10%

-6.16%

34.19%

-18.62%
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Discussion
The estimates provided in Table 3 above clearly
show that all income related health inequalities for
all the six mortality rates are negative and therefore
mortality is distributed in favor of the richer
nations. At the same time, the CI estimates for all
four life expectancies are positive, also showing
that life expectancies are distributed in favor of the
richer nations. The estimated CI’s are all
statistically highly significant (They are all
significant at significance levels well below 1%).
The values of the CI estimates differ for
different health outcomes. The estimates for
mortality rates are numerically larger (ranging from
-0.0306 for male adult mortality rate to -0.1599 for
maternal mortality rate) than those for life
expectancies (that only range from 0.0142 for life
expectancy at birth for men to 0.0191 for health life
expectancy for women). The statistical significance
of these differences has been tested. The test results
strongly reject the equality (similarity) of the CI’s
for mortality rates and those for life expectancies.
Such differences are, in part, a reflection of greater
variation in mortality rates compared to life
expectancies as shown in Table 1 above.
Another interesting observation in Table 3 is the
greater inequalities for females. All gender specific
health inequalities are higher (in absolute terms) for
females, which could also be due to slightly greater
variation in the health outcomes for females. Here
too, tests results strongly reject the equality of the
CI’s for females and males for all health outcomes.
The estimated effects of health determinants on
various health outcomes in Table 4 show that all
mortality rates are negatively related to income.
That is, countries with higher income have lower
mortality rates. The same is true for education,
higher levels of education in a country lead to lower
rates of mortality, with the exception of AMRm.
Income inequality, however, has the reverse impact.
Greater income inequality increases mortality rates.
Urbanization, as well, appears to have a positive
influence on all health outcomes. Except for a few
cases (e.g. the effect of urbanization on CMRm and
MMR, and the effect of education on AMRm) all
the estimates effects are statistically significant.
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Turning to the results for the effects of health
determinants on life expectancies in the bottom
portion of Table 4, a complete reversal of the above
relationships is observed. Here, as expected, income
is positively related to life expectancies. At the same
time, education and urbanization contribute
positively to life expectancies. In contrast, income
inequality has a negative impact on life
expectancies. Overall, these regression results are
plausible. Adjusted R2 are relatively high, residuals
are well behaved, and parameter estimates for key
dependent variables are within very narrow ranges
as required by Leamer’s extreme bound analysis 50.
The details of the latter are available from the
author. Lack of consistent data on correlates of
income did not allow for the correction (e.g. by the
Two-Stage Least Squares method) of potential
endogeneity between health and income. A
correction based on the existing exogenous variables
in the model, had minor impact on the results.
The above findings are interesting and useful in
their own rights. However, they were used to
decompose the estimated health inequalities into
their contributing sources, that is, inequalities in
health determinants and health elasticities. As
shown in Tables 5, the CI’s for all health
determinants are significant (standard errors for
these CI’s are given below each CI in the top row of
the table). Elasticities of various health outcomes
with respect to health determinants are given in the
columns under each of the determinants. The CI’s
for income, education, and urbanization rate are
positive and statistically significant. Therefore, these
socioeconomic variables are concentrated in the
higher income countries. The CI for income
inequality is not statistically different from zero,
however. The CI’s for urbanization and education
are larger in magnitude than those for income and
income inequality. As expected, elasticities of
mortality rates are negative with respect to income,
education, and urbanization rate, but positive with
respect to income inequality. The opposite holds for
the elasticities of life expectancies. Health
elasticities with respect to income are significantly
larger than those for other determinants. They are
also larger for mortality rates than life expectancies.
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Such results translate to substantial contributions of
income to overall health inequality, more so for
mortality rates than life expectancies, as reported in
Table 6. A quick glance at Table 6 identifies income
as the major contributing factor to total (overall)
inequalities. In other words, a significant proportion
of health inequality is seen to be related to
inequalities in the levels of income across the
countries. This is the case for both mortality rates
and
life
expectancies.
Interestingly,
the
contributions of income to health inequalities are
consistently greater for men than women. Education
is the next major contributor to health inequalities,
especially for infant, child, and maternal mortality
rates. Contributions of education are greater for
females than males for all measures of health.
Urbanization takes over education as the second
major contributor for adult mortality rates and most
life expectancies.
The statistical significance of the above
contributions (decompositions) is not provided as
they are not straight forward to arrive at. However,
they may be obtained by a bootstrapping method.
The generally negative proportions of “unexplained”
inequalities imply that the underlying regression
models may have over-explained health inequalities.
This is particularly a problem with male adult
mortality rate and male life expectancies.

determinants. Consequently, income appears as the
major contributor to the overall income related
health inequalities, followed by education and
urbanization.
These findings show that the health of
populations in many poor and low income countries
are still far below those with higher incomes, and
that the health divide is still there despite efforts by
the WHO and other international organizations in
recent years. These inequalities are potentially
preventable and considered as inequitable.
Narrowing the global health divide as recognized in
the United Nations’ Millennium Development
Goals, calls for national and international policies to
raise incomes, expand education, and improve living
environments in the poor and low income countries.
Such policies (e.g. writing-off foreign debts, fair
trade agreements, and long term investments in poor
countries’ human and physical infrastructures, to
name a few) are more relevant today in the wake of
recent globalization that is widening the
socioeconomic gaps across the world.

Conclusions
The results of this study strongly support the
existence of income related health inequalities in
various measures of population health across the
countries worldwide. These inequalities are
substantially greater for mortality rates than those
for life expectancies. Moreover, the health
inequalities are consistently greater for females than
males. The results of the health regressions show
income, education, income inequality, and
urbanization as significant determinants of
population health. Decompositions of health
inequalities into (income related) inequalities in the
determinants of health and health elasticities show
that inequalities in urbanization and education
exceed those of income and income inequality.
Nevertheless, health elasticities with respect to
income are significantly greater than those for other
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Understanding Measures of Health Inequality
And the Concentration Index
Health inequalities have been measured using a
variety of indices. Three of such indices are defined
with reference to the so called Lorenz curve. The
Lorenz curve was originally developed to measure
inequalities or concentrations in the distribution of
wealth and income1. It plotted the cumulative
proportional wealth (income) against the cumulative
proportion of households in a given population,
where households were ranked from the lowest to
the highest wealth (income). It has been adapted to
measure inequality in other dimensions such as
health. The three measures of health inequality that
are related to the Lorenz curve are the Gini index
(GI), the Robin Hood Index (RHI), and the
Concentration Index (CI). The following figure
depicts a Lorenz curve and shows how each of
theses three indices are defined.

The Gini Index (GI), after the Italian Statistician
Corrado Gini2, is defined as twice the area
surrounded by the Lorenz Curve and the diagonal
(the line of perfect equality). It takes a value
between zero (perfect equality) and one (perfect
inequality). The GI has been extensively used in
studies of income distribution.
The Robin Hood Index (RHI), also known as
Pietra ratio, is defined as the maximum distance
between the Lorenz Curve and the diagonal.3 It is
roughly the proportion of health that needs to be
redistributed from the healthier half of the
population to the less healthy half. It is shown by a
broken vertical line on the graph. RHI can also take
a value between zero and one with similar
implications as the GI.

Figure 1. The Lorenz curve
1

Line of perfect equality

Cumulative
proportion of
health

RHI

Lorenz curve
0

1
Cumulative proportion of population:
Those of lowest wealth are on the left
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Both GI and RHI measure what is called total
inequality in health4. The Concentration Index (CI),
however, measures inequality in health which is
related to some socioeconomic conditions. As such,
it is considered to be measuring preventable health
inequality, once data are adjusted (standardized) for
demographic factors. It is measured similar to the
GI, except that the cumulative proportion of
population (on the horizontal axis) is ordered
according to the socioeconomic position of
populations, starting with the lowest socioeconomic
position (like income).
The CI is one of the only two measures of health
inequality that has been shown to meet the three
basic requirements of an index of inequality in
health, namely i) being reflective of the
socioeconomic dimension to inequalities in health;
ii) being reflective of the experiences of the entire
population; and iii) being sensitive to the changes in
the distribution of population across socioeconomic
groups5.The other measure satisfying those
requirements is the Relative Index of Inequality
(RII). However, unlike RII, CI has a visual appeal.
CI is quite versatile since it allows for the
measurement of socioeconomic position along
different dimensions such as education, income,
wealth, consumption, employment and so on.
The CI takes a value between -1 and +1.
Negative values for CI are obtained when the
Lorenz (concentration) curve lies above the
diagonal. This happens when ill health (e.g.
mortality) is concentrated in lower socioeconomic
individuals or groups. Positive values of CI are

Country i
Income
$1000
$2500
$3500
$5500
$8250
$12500
$25000

obtained when the Lorenz (concentration) curve lies
below the diagonal. This is the case when health
(e.g. life expectancy) is concentrated in people with
higher socioeconomic ranking. CI takes a value of
zero when the concentration curve and the diagonal
coincide, where there is no inequality.
CI can be measured in different ways. For
weighted data, the following formulation has been
provided by van Doorslaer and Jones5:

CI =

2

μ

N

∑w
i =1

where μ =

i

yi Ri − 1 ,

N

∑w
i =1

Ri =

1
N

i −1

∑w
j =1

j

i

+

yi ,
1
wi ,
2

and w 0 = 0
In the above formulations, yi is a measure of
health or ill health, wi is the (sampling) weight of
individual i, N is the size of the sample or
population (depending on the nature of data), µ is
the weighted mean, and Ri is the (weighted) relative
fractional rank of the ith individual. (w0 = 0)
The following example shows the calculation of
CI based on the above formulation. To keep it very
simple, let’s assume there are only 7 countries with
different average incomes, infant mortality rates per
1000 live births (yi), and population sizes (used as
weights) as given in Table 1.

Table 1. Hypothetical country data and calculations for CI
wi
yi
Ri
wi yi Ri
491
501
1568
1469
779
258
801
N=∑wi = 5867
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103
72
38
35
25
10
4
µ = ∑wi yi =222903
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0.041
0.084
0.306
0.569
0.761
0.850
0.941

2073.5
3030.0
18232.7
29255.1
14820.5
2193.0
3014.9
∑ wi yi Ri = 72619.7
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Using the results in Table 1, the CI can now be
easily calculated as:
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CI = (2/222903)(72619.7) -1 = - 0.348
This value of CI indicates a considerable degree
of ill health (infant mortality rate) inequality as
related to income. In other words, the low income
countries have higher infant mortality rates than
higher income countries.
In the above explanatory example, CI was
obtained by direct calculation. The CI’s for various
measures of health (ill health) in the paper, however,
are obtained from regression formulations discussed
in the paper. Also, they are based on log values of
health outcomes, rather than the original values as in
the above example. As estimates they are
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significance, the “t” ratio (See Table 3 in the paper).
This is the ratio of the estimated CI to its standard
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significance in this case. The adjusted R2s in the last
column of that table indicate the “goodness of fit”
for regression equations. A perfect fit would give an
R2 of 1.
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