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ABSTRACT
Objective To investigate and compare the main
determinants of overall inequality and wealth-related
inequality in under-5 mortality in 13 African countries.
Methods Data from Demographic and Health Surveys
conducted in 2007–2010 in African countries were
used. The study assessed the contribution of
determinants to (1) overall inequality in under-5
mortality measured by the Gini index and (2) wealth-
related inequality in under-5 mortality measured by the
concentration index. Techniques used were multivariate
logistic regression and decomposition of Gini and
concentration indexes.
Results Birth order and interval and region contributed
the most to overall inequality in under-5 mortality in a
majority of countries. A significant wealth-related
inequality was observed in five countries: DRCongo,
Egypt, Madagascar, Nigeria and Sao Tome & Principe.
Overall, household wealth, father’s occupation and
mother’s education contributed the most to this
inequality, though the ranking of the most important
determinants differed across countries.
Conclusions Assessing the contribution of
determinants to overall inequality and to wealth-related
inequality in under-5 mortality help in prioritising
interventions aiming at improving child survival and
equity.

INTRODUCTION
The global under-5 death rate has dropped from 88
deaths/1000 live-births in 1990 to 57 in 2010.1

However, despite substantial progress in reducing
average under-5 mortality, disparity in under-5
mortality remains high: children from rural, poorer
households and children of less-educated mothers
are more likely to die before their fifth birthday.
Tackling inequalities in health has become the new
challenge. The Commission on Social Determinants
of Health (CSDH) was initiated by WHO in 2005
to understand the social determinants of health,
how they operate and how they can be changed to
improve health and reduce health inequalities. One
of the overarching recommendations of CSDH was
to better measure and understand health inequality
problems—within countries and globally—as a vital
platform for action.2

The highest rates of under-5 mortality are
observed in sub-Saharan Africa, where 1 in 8 chil-
dren dies before age 5.1 Accelerating the decline in
under-5 mortality is possible by expanding inter-
ventions that target the most vulnerable children
(eg, removing financial and social barriers to acces-
sing basic services). Reaching the marginalised

subpopulations is therefore important not only
from the point of view of social justice but also
from a general public health perspective. For this
purpose, information on the several dimensions of
social and geographic stratification is needed.3

Once health inequalities have been observed in a
population, a logical step towards guiding interven-
tions aimed at reducing health inequalities is to
understand the observed differences, for example,
why do children from poor households have higher
mortality? Specific analytical tools, such as a
decomposition analysis,4 are then needed in order
to analyse the determinants of these health inequal-
ities. Such tools allow an understanding of how a
determinant affects inequality: through its more
unequal distribution across the population (eg, illit-
eracy is more prevalent among poor mothers) or
through its greater association with the health
outcome (eg, mother’s illiteracy is associated with
infant mortality).4 5

Policy actions can be defined differently depend-
ing on whether the aim is to address the improve-
ment of average health levels or whether it is to
reduce health inequalities.6 The aim of the study
was to investigate the main determinants of overall
inequality in under-5 mortality and of
wealth-related inequality in under-5 mortality in 13
African countries.

METHODS
Study site and population
Data from the Demographic and Health Surveys
(DHS) were used. All African countries with a
standard DHS completed between 2007 and 2010
were included: DRCongo, Egypt, Ghana, Kenya,
Lesotho, Liberia, Madagascar, Malawi, Nigeria, Sao
Tome & Principe, Sierra Leone, Tanzania and
Zambia. Egypt was the only non-sub-Saharan
country selected, but was still included to allow a
study of inequalities in a low under-5 mortality
country. The analysis was restricted to children
born alive within 5 years before the interview.
Details on survey sampling, data collection and
data processing can be found on the countries’ final
reports, available from the Measure DHS website.7

Data and measures
The outcome variable was under-5 (0–59 months)
death. This information was obtained from the
birth history of interviewed women aged 15–49.7

The determinants investigated were: skilled birth
attendance (whether or not birth was attended by a
doctor, a nurse or a midwife), sex of the child,
birth order and interval between births (categorised
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as: first birth; birth order 2–4 after a short (<24 months) birth
interval; birth order 2–4 after a long (≥24 months) birth inter-
val; birth order ≥5 after a short-birth interval; birth order ≥5
after a long-birth interval), mother’s age at birth (<20 years old
or not), type of residence (urban or rural), region, parents’ edu-
cation level (none or primary and above), parents’ occupation
(categorised as: household/domestic, not working, unskilled
manual; agriculture; other) and household wealth index (low:
quintiles 1–2 or high: quintiles 3–5). The wealth index, com-
puted by DHS, comprises household assets (type of flooring,
water supply, sanitation facilities, electricity, persons per sleeping
room, ownership of agricultural land, domestic servant and
other assets). The choice of determinants and categories was
based on results from previous studies assessing the determi-
nants of under-5 mortality.8–16 The categories of variables were
willingly large to avoid analytical problems (multicollinearity
resulting from the very small number of cases in several categor-
ies) that occurred in some countries.

Ethical consideration
The study was based on data from the DHS programme. What
is done to maintain high ethical standards is described in ref. 17

Data analysis
Datasets were transferred to RGui (R V.2.14.2., The R founda-
tion for Statistical Computing) for analysis.

The concentration index (C)18 was used as a measure of
socioeconomic inequality: briefly, a relative concentration curve
plot on the x-axis, the cumulative proportion of children ranked
by household wealth, and on the y-axis the cumulative propor-
tion of the variable of interest (under-5 mortality or a determin-
ant). C is defined as twice the area between the concentration
curve and the diagonal (line of equality). In case of maximal
equality, the concentration curve lies on the diagonal and C
equals 0. If the curve is above the diagonal, C is negative and
the variable of interest is more prevalent among the poorer
households. The value of C ranges between –1 and 1. However,
the bounds of C for a dichotomous variable depend on the
mean of the variable.19 Given that, a normalised C (C*) pro-
posed by Erreygers was computed when comparing countries.

Univariate and multivariate analyses were performed by
country. Under-5 mortality was first computed across categories
of determinants, and proportions were compared using χ2 test.
Then, a multivariate logistic regression model was used.
Explanatory variables were: low household wealth, absence of
skilled birth attendance, male sex, birth order and interval cat-
egories, mother’s age at birth <20 years, rural residence, low
parents’ education and parents’ occupational categories.
Dummies were created for the categories of each variable and
the analysis was performed on dummies. As father characteris-
tics were included, analyses were restricted to children from
mothers who ever married/lived with a man (above 93% of chil-
dren in all other countries except in Liberia: 87% and Lesotho:
88%). Multicollinearity was checked and no variance inflation
factor was greater than 10. The criterion used for statistical sig-
nificance was α=0.01. No selection of models was carried out
as the objective was to study the contribution of all the determi-
nants included. Analyses were weighted (weights provided with
the DHS data) and adjusted for the cluster randomised sampling
frame (with cluster as the primary sampling unit and household
as the secondary sampling unit).

The decomposition analysis was performed on predicted (ln
odds) under-5 mortality given the observed values of the deter-
minants to satisfy the linearity assumption of the decomposition

method.20 The overall inequality in predicted under-5 mortality
measured by the Gini index (G)21 and the wealth-related
inequality in predicted under-5 mortality measured by C18 were
decomposed using Wagstaff ’s method.20 The method is
described elsewhere in detail.4 5 20 22 G is similar to C with the
socioeconomic variable being replaced by the health variable
itself. In other words, the cumulative proportion of predicted
under-5 mortality is used on the y-axis and the cumulative pro-
portion of children ranked by predicted under-5 mortality is
used on the x-axis. As the analysis is performed on predicted
under-5 mortality values having a negative mean, the value of G
ranges between 0 and −1. In addition, as an alternative method
for assessing the contributions of determinants to the overall
variability in under-5 mortality, the variance of predicted
under-5 mortality was decomposed using Shorrock’s method.23

Finally, contributions of determinants were ranked by import-
ance and median ranks across countries were calculated.

RESULTS
Countries’ profile: geographical inequalities in average
under-5 mortality
Figure 1 maps the national and regional proportions of under-5
deaths in the 13 countries. This figure highlights the differences
that exist between countries and within countries. Some coun-
tries have a uniformly distributed low (<6% in all regions in
Egypt, Sao Tome & Principe) or high (>8% in all regions in
Sierra Leone, Lesotho) under-5 mortality. But in other countries,
some regions stand out. For instance, the South West region of
Nigeria shows a relatively low figure compared with the rest of
the country (table 1, p<0.01), and the Nyanza region in Kenya
shows a relatively high figure compared with the rest of the
country (table 1, p<0.01).

Countries’ average under-5 mortality and wealth-related
inequality
Figure 2 compares the 13 countries in terms of wealth-related
inequality in under-5 mortality, measured by C*, and average
under-5 mortality. With the exception of Tanzania, Malawi and
Zambia, all countries showed a negative C*, under-5 mortality
being more concentrated among the poorer households. The
measure was significant (upper limit of the CI being below 0) in
five countries: DRCongo, Egypt, Madagascar, Nigeria and Sao
Tome & Principe. Under-5 mortality ranged from 2.48% in Egypt
to 11.14% in Nigeria. Across all countries, the median under-5
mortality was 8.25% (Interquartile range: 6.12%–10.29%).
Among countries with the lowest under-5 mortality, Sao Tome &
Principe had the highest level of inequality compared with Egypt
and Madagascar (C*=−0.032 (−0.052 to −0.013), −0.012
(−0.018 to −0.005) and −0.013 (−0.022 to −0.004), respectively).
Among countries with the highest under-5 mortality, DRCongo
and Nigeria had the highest level of inequality compared with
Sierra Leone and Lesotho (C*=−0.050 (−0.065 to −0.035),
−0.057 (−0.065 to −0.050), −0.007 (−0.027 to 0.013) and
−0.018 (−0.038 to 0.001), respectively).

Wealth related-inequality in under-5 mortality: patterns
Figure 3 plots average under-5 mortality by wealth quintiles in
the five countries where the concentration index was significant.
The obtained patterns illustrate the form of wealth inequity:
‘mass deprivation’—the entire population is affected except the
richest minority, ‘exclusion’—only the poorest minority is
affected or ‘queuing’—middle-income and upper-income groups
are better-off than low-income groups.24 For Nigeria, the curve
can be compared with the ‘queuing’ pattern of inequality:
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under-5 mortality exceeds 12% in the majority of the population
while children from quintile 4 and particularly quintile 5 have a
much better survival. The DRCongo and Sao Tome & Principe
patterns show a similar ‘queuing’ pattern except that in these two
countries quintile 3 seems less affected than quintile 4. Finally, in
Madagascar and Egypt, under-5 mortality follows a more linear
gradient across wealth quintiles.

Determinants associated with under-5 mortality in the
univariate and multivariate analyses
Under-5 mortality by determinants’ categories in each country is
presented in table 1, and CIs are presented in an online supple-
mentary appendix. Considering countries with significant differ-
ences across categories of determinants, under-5 mortality was
higher in children from poorer households; with no skilled
birth attendance; being male; with a short (<24 months) pre-
ceding birth interval; first or ≥5 in the birth order; living in
rural residence; from parents with a low education level; or
from parents working in the agricultural sector. In six countries,
under-5 mortality also differed by region. Regression coeffi-
cients of the multivariate logistic regression are presented in
table 2. When controlling for the other variables, in most coun-
tries, mortality was higher for male children; with a short pre-
ceding birth interval; or first in the birth order. The remaining
determinants showed heterogeneous effects across countries.

Determinants’ contributions to overall inequality
and to wealth-related inequality in under-5 mortality
The more a determinant is prevalent, associated with the
outcome and unequally distributed, the more it contributes to
inequality. The contribution of determinants to overall inequal-
ity and to wealth-related inequality in under-5 mortality is
shown in table 3. The first column shows the Gini index (above)
and the concentration index (below) for each country. The fol-
lowing columns show contributions by determinants, adding up
to 100%. For instance, in Egypt, birth order and interval con-
tributed to 35% of the overall inequality in under-5 mortality
and to 33.4% to wealth-related inequality in under-5 mortality.

First, overall inequality in under-5 mortality, measured by the
Gini index, was decomposed into its contributing determinants.
Birth order and interval was the most important determinant in
a majority of countries. But in Ghana, Kenya and Tanzania,
most of the overall inequality in under-5 mortality was
explained by regional differences. In Sao Tome & Principe, the
determinant contributing most to the overall inequality was
mother’s education. Among the remaining determinants, the
contributions exceeding 10% included: household wealth
(Egypt), skilled birth attendance (Lesotho), sex of the child
(Lesotho, Liberia, Malawi, Sao Tome & Principe), mother’s age
at birth (Lesotho, Liberia), type of residence (Nigeria, Sao Tome
& Principe), father’s education (Ghana, Kenya, Liberia),
mother’s occupation (Liberia) and father’s occupation (Egypt,
Ghana). Skilled birth attendance appeared to contribute less to

Figure 1 Proportion of under-5 deaths (%) in the 13 countries: national and regional levels, Demographic and Health Surveys 2007–2010.
Quantiles were calculated across all regions from the 13 countries.
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Table 1 Proportion of under-5 deaths (%) by determinant in the 13 countries (Demographic and Health Surveys 2007–2010)

DRCongo
2007

Egypt
2008

Ghana
2008

Kenya
2008/2009

Lesotho
2009/2010

Liberia
2007

Madagascar
2008/2009

Malawi
2010

Nigeria
2008

Sao Tome & Principe
2008/2009

Sierra Leone
2008

Tanzania
2009/2010

Zambia
2007

N (103) 9.0 10.9 3.0 6.1 4.0 5.8 12.4 20.0 28.7 1.9 5.6 8.0 6.4
All 11.0 2.5 6.1 6.3 10.3 8.2 5.6 8.6 11.1 4.6 10.3 6.2 8.9
Quintile of household wealth index
1 13.5 3.0 6.8 7.2 10.3 9.7 6.3 7.6 13.7 6.7 12.7 6.4 8.3
2 13.1 3.0 4.8 6.3 12.0 7.4 6.2 9.6 13.0 5.9 8.0 5.7 8.5
3 9.7 2.4 7.7 7.2 8.5 7.9 5.2 8.3 11.6 3.5 10.1 6.9 8.8
4 11.1 2.3 5.8 3.9 12.5 8.7 5.1 9.6 9.4 3.9 9.7 5.4 10.3
5 (richest) 6.4 1.6 5.2 6.7 7.8 7.2 4.6 7.6 6.4 2.7 11.0 7.0 9.1

Skilled birth attendance
Yes 8.4 2.4 5.8 6.3 9.0 7.7 4.7 8.3 8.5 3.4 8.5 6.0 9.0
No 12.1 2.9 6.1 6.1 12.4 8.2 5.9 8.9 11.9 2.7 10.2 5.9 8.6

Sex of the child
Female 10.2 2.1 5.7 5.6 8.3 7.5 5.3 7.5 10.5 1.9 10.5 5.4 7.9
Male 11.9 2.8 6.5 7.0 12.2 8.9 5.8 9.6 11.7 7.2 10.1 7.0 9.9

Birth order and preceding birth interval
First 12.5 2.4 6.0 5.8 9.5 9.8 5.4 9.6 10.4 2.4 12.1 7.0 10.2
2–4 short 14.0 4.4 6.4 9.0 14.8 10.8 5.8 12.4 15.1 5.4 14.6 8.4 13.4
2–4 long 8.4 1.7 4.9 5.4 8.7 6.5 4.3 7.1 7.9 4.0 7.4 5.9 8.0
5+ short 18.3 5.0 16.0 9.5 24.8 12.3 10.2 17.2 20.8 27.0 22.3 8.1 13.4
5+ long 9.2 3.6 6.9 6.2 13.8 7.9 6.2 7.5 11.3 5.8 9.2 4.9 7.0

Mother’s age at birth
20+ 10.8 2.3 6.3 6.7 11.5 7.4 5.9 8.8 10.7 5.7 10.0 6.0 8.4
<20 11.3 2.7 5.7 5.9 9.3 9.4 5.3 8.3 11.8 3.2 10.7 6.5 9.6

Type of residence
Urban 8.7 2.7 5.8 6.0 8.5 7.7 4.8 9.2 8.0 5.3 11.9 7.8 9.9
Rural 12.5 2.4 6.3 6.4 10.8 8.5 5.7 8.4 12.5 4.0 9.7 5.8 8.5

Mother’s education
Primary or

higher
8.5 2.4 5.0 5.4 9.5 8.0 5.1 7.8 9.0 3.1 9.5 6.1 8.4

No 13.0 2.6 7.2 7.4 12.1 8.3 5.8 8.8 13.0 5.5 10.4 6.4 9.3
Father’s education
Primary or

higher
10.2 2.3 5.1 5.6 9.4 7.4 4.9 8.4 9.7 4.0 9.1 6.3 8.4

No 12.5 3.0 8.4 8.6 10.7 9.4 5.8 8.8 13.2 5.3 10.6 5.9 9.9
Mother’s occupation
Other 8.9 2.7 5.5 7.1 11.7 8.6 4.6 8.9 11.0 3.5 9.8 6.4 9.4
Household 9.5 2.5 8.0 5.2 9.5 8.5 5.3 8.7 11.2 4.2 10.6 7.3 8.5
Agriculture 12.5 1.5 6.5 7.1 11.8 7.7 5.8 8.3 11.4 13.0 10.4 5.8 9.1

Father’s occupation
Other 8.8 2.2 5.1 5.6 9.8 7.7 4.9 8.5 10.3 3.8 10.0 7.4 8.9
Household 10.9 4.2 11.4 7.0 10.6 9.5 3.4 10.4 11.0 6.1 10.7 4.6 9.6

Continued
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Table 1 Continued

DRCongo
2007

Egypt
2008

Ghana
2008

Kenya
2008/2009

Lesotho
2009/2010

Liberia
2007

Madagascar
2008/2009

Malawi
2010

Nigeria
2008

Sao Tome & Principe
2008/2009

Sierra Leone
2008

Tanzania
2009/2010

Zambia
2007

Agriculture 12.8 2.9 7.6 8.1 11.9 8.6 5.9 8.4 12.4 6.7 10.4 6.0 9.0
Region
1 6.7 3.4 3.9 6.5 8.2 6.5 5.2 7.8 10.3 5.6 8.8 4.4 7.7
2 11.1 1.7 8.4 6.3 12.6 9.1 7.5 8.3 12.8 2.8 10.3 4.7 7.7
3 9.4 2.9 4.8 5.9 8.2 10.5 4.1 9.0 13.5 3.6 10.9 2.9 10.3
4 12.7 2.4 3.0 5.3 10.3 8.5 5.8 11.1 2.6 11.6 6.3 8.0
5 10.7 5.8 10.6 10.3 8.2 5.0 9.8 7.7 10.3
6 7.9 6.5 3.7 11.0 8.0 4.7 6.6 4.7 10.6
7 14.3 4.3 7.0 11.1 8.9 7.0
8 12.3 9.4 6.5 9.2 8.1 7.8
9 15.1 3.5 9.5 5.2 8.4
10 12.0 11.8 9.9 3.5
11 10.2 8.6
12 6.2
13 3.3
14 5.8
15 6.3
16 7.8
17 5.4
18 6.6
19 5.7
20 12.3
21 2.9
22 5.2
23 6.9

Reference categories used in the multivariate regression model are italicised. Proportions differing significantly (p<0.01, χ2 test) are in bold.
Occupation other: Prof., Tech., Manag., Clerical, Sales, Services, Skilled manual, other. Household: Did not work, Household & Domestic, Unskilled manual, None. Agriculture: Agric-self-employed, Agric-employee.
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overall inequality in under-5 mortality, except in Lesotho,
Madagascar, Sao Tome & Principe and Sierra Leone where it
was still substantial (>5%). Results obtained by Shorrock’s
decomposition of the variance were similar.

Further, the decomposition of wealth-related inequalities in
under-5 mortality was applied to countries where C was signifi-
cant. Here, unlike in figure 1, C had positive values because it
measures inequality in predicted (ln odds) under-5 mortality,
which has a negative mean. But in Sao Tome & Principe, as
some children had a positive predicted value (a very high death
probability), G and C measures were corrected (the minimum
value was subtracted from all observations) and their sign is
therefore inverted. The major determinants of wealth-related
inequality in under-5 mortality differed in each country. In

Egypt, inequality was mostly explained by household wealth
itself, birth order and interval, father’s education and father’s
occupation. In Madagascar, birth order and interval contributed
mostly, followed by household wealth and skilled birth attend-
ance. In Nigeria, inequality was mostly explained by the type
and region of residence. In DRCongo and Sao Tome &
Principe, apart from household wealth, mother’s education and
father’s occupation were important determinants of
wealth-related inequality. Determinants with a negative contri-
bution (eg, rural residence, mother’s low education and some
regions) were more prevalent among poor households but nega-
tively associated with under-5 mortality, thereby decreasing the
wealth-related inequality.

Finally, determinants were ranked according to these contri-
butions and rankings were summarised by determinants in
figure 4. Considering the five countries together, determinants
contributing most to overall inequality in under-5 mortality
were: birth order and interval, region, mother’s education and
father’s occupation. Determinants contributing most to
wealth-related inequality in under-5 mortality were: household
wealth, father’s occupation and mother’s education.

DISCUSSION
In the context of increasing awareness about the role of socio-
economic determinants in shaping health and health inequal-
ities, the study investigated the relative contribution of
determinants to overall inequality in under-5 mortality and to
wealth-related inequality in under-5 mortality in a selection of
African countries. In almost all countries, birth order and inter-
val and region contributed the most to the overall inequality. In
the five countries where wealth-related inequality was signifi-
cant, household wealth, father’s occupation and mother’s edu-
cation were overall important contributors, though differences
were observed between countries.

The measure of C allowed the distinction of countries that
require a whole population improvement of child health:
Tanzania, Ghana, Kenya, Liberia, Malawi, Zambia, Sierra Leone
and Lesotho and those that would also benefit from the addition
of more poor-targeted interventions: Egypt, Madagascar, Sao
Tome & Principe, DRCongo and Nigeria. C of under-5 mortal-
ity was reported for preceding DHS—Ghana 2003, Kenya
2003, Madagascar 1997, Malawi 2000, Nigeria 2003, Tanzania
2004 and Zambia 2001—by the World Bank.25 In this report,
Madagascar, Zambia, Kenya, Malawi and Ghana had a signifi-
cant negative C. Though wealth-related inequality in under-5
mortality may have decrease since the last DHS, the difference
in significance with results reported here can result from sample
size: under-5 mortality was assessed until 10 years before the
survey, whereas in the study at hand it was restricted to a 5-year
period. A study using 1990–1999 DHS data from 60 countries
showed a negative association between the level and inequality
in under-5 mortality; countries with the highest level of under-5
mortality had a lower inequality.26 In the study at hand, no sig-
nificant relation between C* and average under-5 mortality was
observed, possibly explained by only using a limited set of
African countries with most of these not showing under-5 mor-
tality inequalities.

The regression analysis identified already known determinants
of under-5 mortality in sub-Saharan Africa: household wealth,
region, type of residence (rural/urban), parent’s education, birth
order and preceding birth interval and skilled birth attend-
ance.8–15 In addition, the analysis revealed an independent
effect of the sex of the child; mortality was higher in males in
Lesotho, Malawi, Nigeria and Sao Tome & Principe. This effect,

Figure 2 Wealth-related inequality in under-5 mortality versus
average under-5 mortality in the 13 countries, Demographic and Health
Surveys 2007–2010. *Erreygers’ corrected concentration index.19

Figure 3 Trends in wealth-related inequality in under-5 mortality in
DRCongo, Egypt, Madagascar, Nigeria and Sao Tome & Principe,
Demographic and Health Surveys 2007–2010.
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already observed at the univariate level in the respective DHS
reports,7 was also shown in a study assessing individual and commu-
nity level effects on child mortality in 28 sub-Saharan African coun-
tries.27 An excess male infant mortality was previously observed in
high-income countries.28 This male disadvantage was most likely
explained by biological factors such as a lower resistance to infection,
a higher risk of premature birth and a larger average body size and
head circumference leading to difficult labour. A community-based

cohort study performed in rural Malawi documented a twofold mor-
tality risk among 1-year-old to 2-year-old boys compared with girls
of the same age.29 In this subpopulation, possible explanations
tended more towards biological (eg, malnutrition or sex-specific dif-
ferences in vaccine effects) than behavioural (eg, preferential care)
assumptions.

The analysis of the contribution of determinants to overall
inequality in under-5 mortality allowed the determinants to be

Table 2 Multivariate logistic regression of under-5 mortality: regression coefficients and significance in the 13 countries, Demographic and
Health Surveys 2007–2010

DRCongo
2007

Egypt
2008

Ghana
2008

Kenya
2008/
2009

Lesotho
2009/
2010

Liberia
2007

Madagascar
2008/2009

Malawi
2010

Nigeria
2008

Sao
Tome &
Principe
2008/
2009

Sierra
Leone
2008

Tanzania
2009/
2010

Zambia
2007

N (10³) 8.3 10.7 2.7 5.4 3.5 4.6 11.3 19.4 26.9 1.8 4.9 7.6 5.6
Low household
wealth

0.07 0.38 −0.58 0.02 0.02 0.09 0.07 −0.03 0.10 0.51 0.18 0.18 −0.20

No skilled birth
attendance

0.20 0.01 −0.23 −0.13 0.34 0.02 0.13 0.07 −0.03 −0.57 0.31 0.06 0.00

Male 0.24 0.30 0.08 0.32 0.36 0.20 0.05 0.29 0.13 1.28 −0.17 0.29 0.20
Birth 2−4 short 0.00 0.61 −0.50 0.22 0.09 0.23 0.13 0.12 0.44 1.66 0.09 0.24 0.15
Birth 2−4 long −0.51 −0.24 −0.44 −0.27 −0.53 −0.26 −0.16 −0.50 −0.28 1.07 −0.56 −0.25 −0.46
Birth 5+ short 0.42 0.80 0.78 0.01 0.49 0.41 0.80 0.41 0.82 2.96 0.71 0.08 0.00

Birth 5+ long −0.40 0.47 −0.30 −0.36 −0.35 −0.03 0.22 −0.54 0.13 0.87 −0.25 −0.40 −0.67
Mother’s age at
birth <20

0.03 0.15 0.08 −0.30 −0.44 0.27 0.12 −0.20 0.25 −0.09 0.19 −0.10 −0.18

Rural residence 0.09 −0.07 0.19 0.00 0.13 −0.02 0.05 −0.12 0.33 −1.28 −0.51 −0.28 −0.35
Mother low
education

0.34 −0.35 0.08 0.18 0.30 −0.25 −0.13 0.17 0.10 1.56 −0.10 0.00 0.12

Father low
education

−0.04 0.17 0.36 0.61 −0.10 0.32 0.02 0.02 0.07 −0.19 0.22 0.01 0.23

Mother
household

−0.02 −0.35 0.34 −0.36 −0.35 −0.19 0.17 −0.07 −0.14 0.05 −0.04 0.27 −0.11

Mother
agriculture

0.14 −0.84 0.14 −0.19 −0.24 −0.49 0.03 −0.10 −0.07 1.40 0.12 −0.27 0.12

Father household 0.24 0.58 0.93 0.19 0.11 0.31 −0.41 0.23 0.07 1.20 0.09 −0.51 0.06
Father agriculture 0.22 0.28 0.44 0.37 0.12 0.11 0.06 0.01 −0.02 0.77 0.08 0.12 0.05

Region 2 0.18 −0.76 0.38 −0.11 0.67 0.27 0.29 0.05 0.17 −0.73 0.06 −0.27 −0.24
Region 3 −0.08 −0.40 0.25 −0.31 0.11 0.46 −0.28 0.16 0.18 −1.10 0.28 −0.63 0.36
Region 4 0.17 −0.49 −0.38 −0.50 0.27 0.18 0.04 0.19 −0.65 0.34 0.16 0.03
Region 5 −0.17 0.54 0.32 0.36 0.41 −0.30 0.01 0.51 0.18
Region 6 −0.33 0.35 −1.02 0.29 0.40 −0.19 −0.29 0.11 0.28
Region 7 0.41 −0.04 −0.24 0.34 0.65 −0.20
Region 8 0.22 0.61 −0.85 0.22 0.78 0.02
Region 9 0.43 −0.17 0.14 0.34 0.00
Region 10 0.07 0.73 0.08 −0.39 −1.97
Region 11 0.02 0.85
Region 12 0.30
Region 13 −0.27
Region 14 0.29
Region 15 0.55
Region 16 0.54
Region 17 0.34
Region 18 0.58
Region 19 0.31
Region 20 1.30
Region 21 −1.07
Region 22 0.09
Region 23 0.29

Occupation other: Prof., Tech., Manag., Clerical, Sales, Services, Skilled manual, other. Household: Did not work, Household & Domestic, Unskilled manual, None. Agriculture:
Agric-self-employed, Agric-employee.
Significant regression coefficients (p<0.01) are in bold. To avoid overloading the table, CIs and exact p values are presented in an online supplementary appendix.
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classified by importance. The relative importance methodology
is increasingly used as a supplement to multiple regression ana-
lyses to better understand the role played by each predictor in a
regression equation.30 The analysis was performed by decom-
posing the Gini index. The same analysis was also performed by
decomposing the variance using Shorrock’s method,23 which
gave similar results. Results could guide interventions aiming at
reducing overall inequality in under-5 mortality by prioritising
its determinants at the national level. For example, high parity
and short-birth interval could be targeted through family plan-
ning in countries where birth order and interval explains most
of the overall inequality in under-5 mortality. Increasing health
promotion coverage and access to healthcare, for example,
through decentralisation of health services, could be envisaged
as a priority in countries where regional differences are the
most important.

This is, to our knowledge, the first study investigating socio-
economic determinants of wealth-related inequality in under-5
mortality in Africa. In countries where wealth-related inequality
was large, identifying determinants contributing the most to this
inequality may help in prioritising interventions aiming at redu-
cing socioeconomic inequality in under-5 mortality. Reducing
wealth inequalities, for example, through community loans,
would be relevant in countries where household wealth has a
major and direct effect on inequality. But in countries like Sao

Tome & Principe or DRCongo, where mother’s education
explained most of the wealth-related inequality, the priority
could be education and health promotion. The substantial con-
tribution of the type and region of residence in Nigeria, inde-
pendent of the other factors, may reflect inequality in healthcare
access and could be more investigated. The role of father’s occu-
pation in wealth-related inequality could also be more investi-
gated in countries where this determinant was important.

The study has a number of limitations. The transversal design
of the survey does not allow the order of events to be taken into
account (eg, the household was not necessarily in the same
wealth quintile or region at the time of the event). Information
of child death was collected retrospectively by interviewing
mothers and therefore relies on the mother’s will and ability to
communicate the information. Other determinants reported
elsewhere, for example, birth weight, breastfeeding, antenatal
care, ethnicity or religion10 31 32 were not included in models
for analytical reasons (multicollinearity or high number of
missing values). Age of children at the time of the survey was
not taken into account; however, regression coefficients
remained unchanged when adding theoretical age in the
models. Finally, the interpretation of global patterns merging
countries as diverse as Egypt and Nigeria in terms of national
income and under-5 mortality must be done being mindful that
the socioeconomic and political context plays a proximate role

Table 3 Relative contribution (%) of determinants to overall inequality (G) and to wealth-related inequality (C) in under-5 mortality in the 13
countries, Demographic and Health Surveys 2007–2010

G
Household
wealth

Skilled
birth
attendance

Sex
of
the
child

Birth
order
and
interval

Mother’s
age at
birth

Type of
residence

Mother’s
education

Father’s
education

Mother’s
occupation

Father’s
occupation Region

DRCongo −0.128 2.4 7.3 5.3 35.6 0.4 3.4 17.4 −0.7 5.8 9.1 14.0
Egypt −0.080 11.7 0.1 7.3 35.0 1.7 0.9 −2.4 2.8 3.0 12.2 27.9
Ghana −0.108 1.9 0.2 0.6 22.1 0.5 2.2 1.9 12.5 5.6 16.3 36.3
Kenya −0.129 0.1 0.2 5.8 7.2 1.9 0.0 3.0 15.8 5.7 7.5 52.6
Lesotho −0.117 0.4 14.9 16.6 18.3 10.6 2.3 10.7 −0.5 7.0 1.9 17.6
Liberia −0.082 1.4 0.2 7.4 30.2 11.2 −0.4 1.8 18.7 10.4 3.9 15.1
Madagascar −0.068 2.5 6.0 0.5 47.6 −1.3 0.9 −1.3 0.5 −0.1 5.0 39.7
Malawi −0.077 0.1 0.9 21.1 63.7 0.3 1.7 3.1 0.1 1.4 3.9 3.7
Nigeria −0.124 5.0 −1.3 1.7 46.9 4.2 16.2 5.0 2.9 −0.5 −0.6 20.5
Sao Tome &
Principe*

0.191 3.9 0.5 17.9 14.8 0.5 14.0 27.3 −1.0 6.6 8.9 6.6

Sierra Leone −0.109 3.7 8.2 3.8 57.0 4.7 8.9 0.1 3.5 1.4 0.5 8.2
Tanzania −0.102 −0.6 0.1 7.8 14.1 −1.0 6.7 0.0 0.0 8.9 4.3 59.8
Zambia −0.092 4.6 0.0 6.7 46.4 −2.7 9.9 2.0 6.5 2.5 −0.1 24.1

C
Household
wealth

Skilled
birth
attendance

Sex
of
the
child

Birth
order
and
interval

Mother’s
age at
birth

Type of
residence

Mother’s
education

Father’s
education

Mother’s
occupation

Father’s
occupation Region

DRCongo 0.057 13.1 11.3 −0.6 −1.2 0.4 12.5 33.1 −2.1 17.6 20.8 −4.9
Egypt 0.020 119.0 1.5 0.8 33.4 5.3 −13.8 −65.1 22.0 −25.3 49.5 −27.3
Madagascar 0.020 29.4 27.7 0.4 39.0 2.3 6.7 −25.4 5.0 −7.6 18.3 4.3
Nigeria 0.067 16.5 −3.2 0.3 11.1 4.9 33.5 11.6 6.9 −4.7 −2.3 25.4
Sao Tome &
Principe*

−0.045 60.9 −12.3 2.0 4.5 −1.2 −43.4 76.3 −9.4 14.5 40.2 −32.2

The relative contributions were calculated by decomposing G and C using Wagstaff’s method.20

*As some children had a positive predicted value (a very high death probability) in Sao Tome & Principe, G and C measures were corrected (the minimum value was subtracted from all
observations) and their sign is therefore inverted.
C, concentration index; G, Gini index.
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in the process to inequalities as illustrated in the conceptual
framework proposed by CSDH.6

CONCLUSION
Generally, the main determinants of overall inequality in
under-5 mortality were birth order and interval and region. The
main determinants of wealth-related inequality in under-5 mor-
tality were household wealth, father’s occupation and mother’s
education. At the national level, the identified determinants con-
tributing the most to either overall inequality or wealth-related
inequality in under-5 mortality could serve as targets to improve
both average child survival and equity.

What is already known on this subject?

▸ Despite substantial progress in reducing average under-5
mortality, disparity in under-5 mortality remains high.

▸ Understanding the underlying determinants is essential to
develop appropriate policy responses.

What this study adds?

▸ The relative contribution of several determinants to overall
inequality in under-5 mortality is given for 13 African countries.

▸ For five African countries with a significant wealth-related
inequality in under-5 mortality, the relative contribution of the
same determinants to this wealth-related inequality is given as
well.

▸ Interventions aiming at reducing either overall under-5 mortality
or socioeconomic inequality in under-5 mortality can therefore be
prioritised.
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