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Abstract
Background: Reducing health inequalities is an important part of the agenda of
health policymakers globally. Studies of health inequalities have revealed large
variations in average health status across social, economic, and other groups.
However, no studies have been conducted on the distribution of the risk of ill-health
across individuals.
Methods: We use an extended beta-binomial model to estimate the distribution the
risk of death in children under the age of two in the 50 developing countries where
data from a Demographic and Health Survey are available. Inequality in these
distributions is measured by the WHO health inequality index.
Findings: At the same level of average child mortality, inequality in the risk of death
across children can vary considerably across countries. Representing the entire
distribution of risk with an inequality measure involves normative choices that we
delineate and formalise with quantitative measures. The results are not very sensitive
to the choice of measure. Liberia, Mozambique and the Central African Republic have
the largest inequalities in child survival, while Colombia, the Philippines and
Kazakhstan have the lowest among the 50 countries measured.
Interpretation: Inequality estimates should be routinely reported alongside average
levels of health, as they reveal important information about the distribution of health
in populations. Measuring inequality with individual level data, rather than
quantifying differences in average levels of health across social groups, enables
meaningful comparisons of inequality across countries and analyses of the
determinants of inequality. This approach should be extended to the measurement of
inequalities in healthy life expectancy.
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I. Introduction

Health inequality has become prominent on global policy agendas as researchers have
come to regard average health status as an inadequate summary of a country’s health
performance (1,2). Almost all health inequality studies have documented differences
in average health status only across groups of people.  Those with an economic focus
have measured differences in average health status across income groups (3,4).
Researchers with a sociological focus have examined inequalities across social classes
(5,6).  Other scholars have focused on differences in average health status among
racial or ethnic groups or by educational attainment or occupation (7-15).
Demographers have long studied differences in average health status, particularly in
children, across age, sex, education and racial groups(16-18). And most researchers
consider differences across political entities such as countries or local governments.

This paper complements the group difference approach with estimates of health
inequality from what may be viewed as more of a purely public health perspective.
That is, we document basic levels of health inequality across individuals because
public health policy should be targeted at reducing inequalities across individuals, in
addition to reducing disparities in average health status across groups in society.

Research on health inequality has focused mostly on developed countries, partly
because of the high level of interest in the remarkable disparities observed in countries
that have achieved high average levels of health, and also because of the shortage of
comparable data on socio-economic indicators in developing countries (4,19). The
individual-level approach to health inequality does not suffer from these limitations,
as comparable data on health status for individuals are available for a large number of
developing countries.

Ultimately, we need to quantify inequality in healthy life expectancy, the number of
years in full health an individual born today can expect to live (20), but for this paper
we begin with measures of inequality in the probability of child survival.   Survival
from birth to two years of age is only one aspect of health, but it is a useful place to
start since it is a critical part of health status, particularly in developing countries (4).

This paper also discusses the normative principles involved in choosing a measure of
inequality. Instead of making an arbitrary choice, we use a measure consistent with
the results of a survey of normative preferences of over 1000 health professionals
conducted by WHO and used in the World Health Report 2000 (21). Comparisons
with applications of other popular measures of income inequality to health are
addressed.

II. Data

We analysed data in 50 countries where a Demographic and Health Survey (DHS) had
been conducted and where the data were readily available (22). DHS collect
information on complete birth histories and a number of health, demographic, and
social characteristics for nationally representative large samples of women of
reproductive age, as well as other variables of interest. All DHS are administered by
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the same company, following a standard set of questionnaires and similar sampling
designs in all countries.

Birth histories are collected by in-person interviews of all women of reproductive age
in each household. Women are asked a set of questions for each live birth, including
the date of birth, sex of the child, whether the child was still alive at the time of the
interview, the age at death if any, and birth order. From the information provided,
other variables of interest, such as the interval elapsed between births (known as birth
interval) can be calculated. DHS also include a range of information about the
mother’s characteristics, such as her age, and educational attainment.

For each country we used the latest year of available data from a nationally
representative DHS, ranging from 1987 to 1997. For each mother surveyed we
calculated the number of children born and the number of those children who survived
to age 2. We used a ten-year observation period starting two years prior to the
interview year. Births in the two years preceding the interview were not included to
avoid censoring effects. Measuring survival to (or death by) age 5, which is often
referred to as “child mortality,” would involve a longer censoring period, would result
in older estimates of inequality, and would not differ much because most of the under
5 mortality occurs in the first two years of life (23). The number of months that each
child lived is available but as that information is considered much less reliable (23)
we base all analyses only on whether or not the child lived to two years of age.

To provide an independent validation on our DHS-based results, we also used
mortality data by municipality in Mexico(24) and Brazil(25) from independent data
sources. Data on socioeconomic variables(26) and on the political system(27) of each
country were also collected to help us explore possible causes of differences in
inequality.

III. Methods

The population of interest includes all children born alive in a country in a given time
period.  Ideally, we would measure the length of time each child is expected to live
from birth to two years and then use a measure of inequality to summarise the
distribution of these survival expectations.  Making the inference from our
dichotomous data on child survival to health inequality requires several
methodological steps.

Our first step is to estimate the distribution of the probability of death across children
in each national sample.  The chief methodological difficulty here is that for any one
child, we measure only the dichotomous variable of death or survival to two years of
age, and do not observe the probability of dying in that time period for each child.
One possibility would be to estimate these probabilities with a child-level logit or
probit model, but this would make our estimates heavily dependent on the quality and
choice of available covariates, and in some cases would underestimate the true
variability (28).



6

Our alternative is to model children with the same mother as having the same
independent probability of survival, with probabilities that vary across families, or in
other words as a binomial distribution.

The probability of death, π , for each child follows a binomial distribution. The total
number of dead children in a family, Y, is itself distributed binomially with
expectation nπ  and variance nπ(1-π), where n is the number of children in the family.

For each family i the binomial distribution can be parameterized as:
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Rather than assuming that the probability of a child dying, π, is constant across
families, we model the variability in the unobserved probabilities across families with
a two-parameter beta density, which allows the probabilities to vary even without
covariates (or within categories of the covariates).

We do this with a  beta-binomial model, allowing  the iπ s  to follow a beta
distribution. The probability iπ for all children belonging to the same mother is
modeled as if drawn independently from a common beta distribution. That is each
child of a mother, will have the same probability of dying, iπ  , but these probabilities
will vary across families, following a beta distribution.

The beta distribution is a flexible distribution,  bounded by 0 and 1. Conventionally,
the beta distribution is represented as:
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The  expectation of the beta distribution is π and γ is a dispersion parameter. The
variance of the beta distribution is:
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A population whose risk distribution followed a beta distribution, would have an
average risk of mortality of π  and a variance  of V(π). The actualization of this risk
distribution over the course of a time period (two years in the case of child survival) is

a binomial distribution where, approximately 
^

π  percent of children die.

Combining the within-family binomial distribution with the across-family beta
distribution produces the extended beta-binomial model  (29-31).  This model has
been widely applied in biomedical research, most commonly for modelling animal
littermate survival probabilities(32-34). It is often a reasonable approximation even
when children within the same family have heterogeneous survival probabilities or
dependent outcomes.

The simple extended beta-binomial model without covariates estimates one beta
distribution for each population, i.e. the most likely beta distribution from which the
observed distribution of deaths could have come from. The model estimates one π  and
one γ for each population.

Covariates can also be included in the model. This procedure allows different
extended beta-binomial distributions to fit each unique combination of values of the
covariates, making for a much more flexible overall model. We included covariates
for the mother’s age, number of children, level of education, and average birth
interval, all variables that have been shown to affect childhood survival probabilities
(35,36). We find that the basic model fits well, and adding covariates does not
materially affect our estimates of health inequality.

For Mexico and Brazil, the extended beta-binomial model was also applied to the
municipality-level mortality data sets to validate the model. The underlying
assumption is that small geographical areas include mostly homogeneous populations
in which the risk of death is similar. In both countries, the estimates of inequality from
the extended beta-binomial model did not materially differ between the two data sets
used.

The second step is to transform the estimated probability of death between birth and
age two for each child (2q0 in demographic notation) to the expected survival time in
the first two years of life, S.(37).  (We opted to measure inequality in survival time,
instead of probability of survival, as it is analogous to inequality in health expectancy
and is more interpretable.)

Expected survival time can be calculated as 
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survival time, and 02 m  is the mortality rate in the first two years of life. 02 m  can, in
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turn, be calculated from the probability of dying in the first two years of life, 02 q  :
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As an example, Figure 1 shows the estimated distribution of the probability of dying
before age 2 in Benin and the Central African Republic and the corresponding
distributions of expected childhood survival time (up to two years) for those countries.
We chose these two countries because they have very similar average probabilities of
death (0.13 and 0.12, respectively), and therefore very similar mean survival times
(1.86 and 1.87 years, respectively), but markedly different distributions of actual
survival time around these means and hence divergent levels of health inequality.  For
example, in the Central African Republic, about 25% of children born have a
probability of death lower than three percent. In contrast, Benin children have risks of
death more closely distributed around its mean, with only 4% of its children having a
probability of death lower than three percent.  Clearly at the lower end of the
distributions, Benin does worse, but it does much better at the higher extreme. For
example, in Benin less than 1% of children born have a probability of death greater
than forty percent, contrasted with the Central African Republic, where more than 4%
of children have that probability of death. This is merely one striking example of why
summarising health status by only mean levels is misleading.  (Because of the
covariates used, the densities in Figure 1 need not be beta distributions.)

Finally, since plotting and interpreting fifty densities like those in Figure 1 would be
unwieldy, we derive numerical summaries of health inequality.  To do this, we need to
choose among different normative criteria.  At least three general normative
dimensions are relevant (20).  First, measures of inequality range from absolute to
relative.  Absolute measures are independent of mean survival time, whereas relative
measures adjust for the mean.  If one believes that more variation in health states is
acceptable when average survival time is higher, then a measure close to the relative
end of the continuum would reflect that choice; on the other hand, if one believes that
a given discrepancy in expected survival across people should be considered in the
same way, irrespective of the mean survival time in that population, then an absolute
measure of inequality would be appropriate.  The second normative dimension is the
weight given to outliers.  One might believe that the majority of children is what
measures should be based on, or one might instead want to focus primarily on the
worst and best off.  The final dimension is whether individuals should be compared to
the average of their communities or to each of the individuals within their
communities separately.

We connect these normative dimensions to specific quantitative measures via the
following two expressions, which encompass or can be used to compute every popular
inequality measure used in the literature(20) and many others.  For a set of n children,
let
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where II is a measure of inter-individual inequalities and IM measures individual-
mean inequalities, 1>α  indexes the degree to which the measure of health inequality
depends on outliers ( 1=α  considers them minimally), and ]1,0[∈β  measures the
degree to which a measure is absolute ( 0=β  at most) or relative ( 1=β  at most).
Thus, the choice between the two equations and the particular values of the two
parameters index the three normative dimensions. However, the three dimensions are
not unrelated; for example, IM(2, β )=II(2, β ) for any β .

A range of measures of inequality that reflect many different normative positions
were developed, including measures used in quantifying income inequality, such as
the Gini index which can be represented as II(1,1) and the variance which corresponds
to IM(2,0). The other advantage of these general expressions, even without
generalizing them further, is that they convey how much larger the range of possible
measures is beyond the particular special cases most often used in the literature(20).

In our data these measures all gave reasonably consistent empirical results, with
pairwise rank order correlations between all the measures we considered never
dropping below 0.93.  For empirical analyses, the inequality index (II) we use was
derived from a survey of the normative preferences of over 1,000 health professionals
and other individuals with an interest in health systems (21).  The index is defined as
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− where si is the expected survival time between birth and

age two of individual i, and s  is the average expected survival time in the first two
years of life in the population. This index of inequality - which is logically between a
relative and an absolute measure, is based on comparing each child with every other
child in the population, and gives a large weight to the best and worst off - is the
measure used by WHO in the World Health Report 2000(1). The World Health
Report 2000 reports estimates of equality in child survival, which correspond to one
minus the inequality estimates presented in this paper.

The health inequality point estimates and confidence intervals reported below are
mean posterior estimates and 80% credible intervals, respectively, computed from the
extended beta-binomial model with flat priors and the traditionally used asymptotic
normal approximations (e.g. (38)).

IV. Results

Table 1 lists our estimates of child survival inequality for each of 50 countries, ranked
from most unequal (Liberia) to least unequal (Colombia). To get a sense of the
uncertainty in estimation, Figure 2 plots the inequality estimates with 80% confidence
intervals for each country (the size of the confidence intervals is mostly a function of
the sample size in each country).  These are the kinds of basic data on which health
professionals could use to base further research and eventually public policy.

Figure 3 presents an exploratory view of the relationship between our measure of
health inequality and five plausible explanatory variables, interacted with the type of
government. (These graphs are descriptive only.  Estimating causal relationships will
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require considerable future research.) Each of these indicators might plausibly help
account for the differences in inequality across nations.  Among these, GDP per
capita, health expenditures per capita, and the percent of the population earning less
than one international dollar per day are all negatively correlated with health
inequality. As with average level of mortality, the relationship between health
inequality and GDP per capita and health expenditure per capita is very strong at low
levels of income and expenditure, and the effect is smaller at higher levels. The
relationship between health inequality and absolute poverty appears to be more linear,
with considerable variation in inequality at each given level of poverty. More
surprisingly, health inequality seems entirely uncorrelated with income inequality (as
measured by economists’ most commonly used measure, the Gini coefficient).

Additionally, inequality in childhood survival is positively related to mean probability
of death (2q0), but at a given level of mortality there is significant variation in
inequality.  This confirms the expected relationship and also emphasises that
traditionally reported measures of average levels of health are not sufficient to
summarise the health experience of a population.  Finally, each point in each graph
also codes the type of political system.  The graphs seem to indicate that full
democracies (represented as diamonds) tend to have lower values of inequality than
partial democracies (squares) or autocracies (triangles).  (Partial democracies include
countries that have adopted some democratic practices, such as popular elections to
legislatures with limited powers, but most have not completed the transition from
autocratic practices.)  However, and perhaps surprisingly, health inequality is
otherwise unrelated to the type of political system either directly or in interaction with
any of the five potential explanatory variables.

We have emphasised that the individual-level approach to conceptualising and
measuring health inequality complements the group-level approaches.  To show that
the measures indeed produce different results sometimes, we compare our results to
those of Wagstaff (4) and Brockerhoff and Hewett (39).  Wagstaff calculated income-
related inequalities in child mortality in 7 countries, measured by a concentration
index.  Brockerhoff and Hewett measured ethnic differences in 11 countries via odds
ratios. Both studies used some of the same DHS datasets used in our study.

Figure 4 plots of the ranks of our individual-level measure by each of these group-
level measures (with rank 1 assigned to the country with the largest inequalities).
Clearly our measure is tapping into different concepts as the two pairs are not even
positively correlated.  For example, the Central African Republic and Rwanda have
large individual-level inequalities in child survival, but relatively smaller inter-ethnic
group inequalities.  (These results do not contradict, but rather imply that there is
considerable intra-ethnic group inequality.)  In contrast, Kenya has less individual-
level health inequality relative to other sub-Saharan African countries, but more
ethnicity–related inequalities. Similarly, Brazil and Nicaragua have large differences
in child mortality levels across income groups, but less inequality than Pakistan and
Cote d’Ivoire.  These different results establish that individual-level measures are
indeed measuring different concepts and uncovering different findings than the
existing group-level approaches.
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V. Discussion

This paper includes the first overall measures of health inequality for children based
on the distribution of risk of death in a population. We have tried to approach the
issue purely from the perspective of public health and have measured inequalities in
risk of death across individuals in populations. We believe that this approach of
measuring health inequalities is an important complement to existing group-level
approaches in the venerable literature on health inequalities among groups. Our
approach produces estimates of inequality that capture the entire distribution of risk of
death in the population and that are directly comparable across countries.

At the same average level of mortality, countries can achieve widely varying levels of
health inequality.  Since measuring and communicating this type of information
seems essential to making informed public policy, we believe inequality should be
measured and reported together with average levels of health status.

Estimating the underlying distribution of risk is useful for understanding the nature
and possibly the causes of health inequality using observed dichotomous outcomes
such as survival and death. This or a related approach will prove useful for examining
the risk of ill-health for all age groups, such as in measures of the inequality of health
expectancy.

Considerable future research needs to be conducted into health inequality.  First,
efforts should continue to measure inequalities in child survival outside of the fifty
countries analysed here.  Second, the normative underpinnings of popular measures of
health inequality should be further clarified.  Similarly, other measures that formalise
richer normative principles should be developed.  Further efforts need to be made to
measure what types of people, policymakers, and democratic electorates prefer one
normative position rather than another. We also need to understand preferences over
inevitable trade-offs that will occasionally arise, such as whether society should
maximise average health status or minimise individual or group levels of health
inequality when all cannot be achieved. Third, and perhaps most importantly, new
data bases need to be created and statistical methods developed that enable
researchers to expand measures of inequality in child survival in the first two years of
life to inequality in health expectancy in general.  Finally, considerable research
should be conducted into the determinants of inequality.  We need to understand not
only how average levels of health status of populations can be raised but also how
health inequalities can be reduced.

Some of the potential implications of this article include a new research program
devoted to developing and improving measures of health inequality, a substantial
change in data collection efforts by public health authorities internationally, and even
ongoing changes in national and international public policy as a result.  All this
possible activity takes nothing away from the important existing focus on differences
in average health levels across groups, but measuring and reporting individual health
inequality adds an important new perspective as well.
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Figure 1. Distribution of probability of death between birth and age two (2q0, in the
left graph) and distribution of length of survival between birth and age 2 (in the right
graph), for Benin (solid line) and the Central African Republic (dashed line). The
curves are density estimates and the vertical lines are the average 2q0 and average
length of survival, respectively, for each country.
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Table 1. Inequality in child survival for 50 countries, estimates and 80% confidence intervals.
Country Inequality

Index
80% CI Country Inequality

Index
80% CI

Liberia .76 .65 - .87 Comoros .37 .27 - .47
Mozambique .74 .65 - .84 Egypt .36 .26 - .49
Central  African Rep. .70 .60 - .80 Uganda .35 .31 - .40
Nigeria .66 .59 - .74 Burkina Faso .35 .27 - .43
Malawi .62 .51 - .74 Kenya .34 .27 - .42
Rwanda .56 .48 - .65 Ecuador .32 .28 - .40
Niger .54 .46 - .63 Benin .32 .23 - .41
Pakistan .54 .48 - .61 Bangladesh .31 .23 - .40
Cote d'Ivoire .53 .45 - .61 Bolivia .28 .24 - .38
Mali .51 .45 - .58 Tunisia .26 .21 - .34
Namibia .47 .35 - .66 Morocco .25 .19 - .33
Tanzania .47 .37 - .57 Brazil .24 .19 - .31
Togo .47 .39 - .55 Guatemala .24 .18 - .30
Zambia .47 .39 - .53 Senegal .23 .19 - .29
Madagascar .46 .38 - .56 Peru .22 .17 - .29
Yemen .44 .37 - .54 Zimbabwe .22 .19 - .25
Nepal .41 .38 - .51 Dominican Rep. .21 .15 - .29
Cameroon .41 .34 - .49 Nicaragua .20 .15 - .28
Sudan .41 .32 - .50 Trinidad & Tobago .16 .16 - .25
Burundi .40 .34 - .48 Thailand .16 .09 - .23
Indonesia .40 .29 - .50 Mexico .14 .10 - .22
India .40 .36 - .44 Paraguay .13 .09 - .19
Haiti .40 .38 - .42 Kazakhstan .11 .08 - .18
Ghana .39 .30 - .50 Philippines .11 .01 - .22
Uzbekistan .37 .29 - .49 Colombia .09 .05 - .13
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Figure 2 WHO inequality index and 80% confidence intervals for 50 countries.
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Figure 3 – Inequality in child survival, plotted against five economic and demographic
indicators by type of government.
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Figure 4. Country rankings of child mortality inequality: comparing the WHO
individual-level health inequality index with existing indices of income- and
ethnicity-related inequalities in child mortality.  A rank of 1 on all scales indicates the
highest levels of inequality.
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