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Abstract

Whereas child mortality has been decreased globally in the last 20 years, high levels

persist in Sub-Saharan Africa. This paper analyzes child mortality in 25 sub-Saharan

countries based on household survey data. We employ a new multilevel approach

with structured additive predictor within the Bayesian framework. This allows us to

take into account the hierarchical data structure and use the heterogeneity within

and between countries as well as to assess non-linearities in the relationship between

child mortality and socio-economic determinants. We find that household’s economic

well-being, mother’s education and age, and geographical regions strongly influence

child mortality risks.

Keywords: Child mortality, sub-Saharan Africa, multilevel STAR models, Bayesian

inference.

JEL-Codes: C11, I12

1 Introduction

Child mortality varies among world regions but the highest prevalence is concentrated in

Sub-Saharan Africa where mortality of children under five decreased from 177 in 1990 to
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98 deaths per 1,000 live births in 2012 (UNICEF, 2013). Despite the overall decline in

the prevalence of child mortality, it remains still at unacceptably high levels. About half

of all deaths of children under five has been concentrated in Sub-Saharan Africa in 2012

(UNICEF, 2013). Hence, the need to reduce child mortality is one of the major challenges

in improving child health, in particular in Sub-Saharan Africa.

Child health a↵ects health in adulthood and socioeconomic status. Investments in child

health made during critical periods of child development result in larger returns; conversely,

failure to invest can lead to severe long-term economic consequences at both the household

and the macro-economic level. A growing evidence of the long term benefits of investing

in children exits highlighting their importance to improve the well-being of the child (e.g.

Almond and Currie, 2010; Bhalotra and Rawlings, 2011; Case et al., 2005; Currie, 2009).

Causes of deaths di↵er substantially from one country to another and within countries

between regions, which highlight the need to expand understanding of the determinants of

child health at a country level (and within countries between regions) rather than simply

focusing on geopolitical regions.

Analyzing the socio-economic determinants of child mortality is not new. A broad body

of literature has investigated the determinants of child mortality in developing countries

during the last 30 years. Generally, economic research analyses the underlying causes of

child health outcomes by evaluating constraints in individual’s opportunities related to

child health (Schultz (1984); Mosley and Chen (1984)). The mechanisms of how di↵erences

in individual endowments a↵ect child health outcomes are complex and factors influencing

child health outcomes di↵er across regions, countries and within countries across population

subgroups. Although no distinct factors can be identified that are generally applicable to

all situations, summarizing the existing empirical literature reveals a general pattern of

underlying factors of child health in developing countries.

At the individual and household level the socioeconomic status as well as environmental

factors are identified to be important determinants of child health outcomes. Several single-

country studies based on micro data have shown the impact of individual’s or household’s
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endowments of resources (e.g. income, assets, land) as well as access to safe drinking water,

food, energy, and improved sanitation on infant and child mortality (Kembo and Van

Ginneken (2009) (Zimbabwe); Mesike and Mojekwu (2012) (Nigeria); Gemperli et al. (2004)

(Mali); Nuwaha et al. (2011) (Uganda); Manda (1999) (Malawi); Kandala and Ghilagaber

(2006) (Malawi); Adeyemi et al. (2008) (Nigeria); Adebayo and Fahrmeir (2005) (Nigeria);

Ogunjuyigbe (2004) (Nigeria); Wang (2003) (Ethiopia). For example, using demographic

and health survey (DHS) data from Kenya, Mutunga (2007) shows strong positive impacts

of socioeconomic and environmental factors on child survival. He also investigates the

relative importance of socioeconomic endowments and environmental factors by the age of

the child. While birth spacing and breastfeeding are found to be relatively more important

for the survival probability during the period of infancy, socioeconomic variables and

environmental factors such as access to save water, improved sanitation, or indoor air

pollution are relatively more important with increasing age of child. Similar results are

found by Kyei (2012) for South Africa. The e↵ect of maternal factors such as the age of the

mother is found to be limited to infant mortality, while socioeconomic variables are found

to be more important with increasing age of child. Also, Kembo and Van Ginneken (2009)

show for Zimbabwe that the socioeconomic status and access to sanitation is relatively

more important for child survival whereas increases of birth spacing and accessibility to

health infrastructure and family planning are relatively more important for infant survival

than for child survival.

Maternal and parental education has also found to be strong determinants of child health

outcomes. More education is not only associated with higher socioeconomic status (e.g.

Caldwell (1979), 1989; Caldwell and McDonald (1982); Caldwell et al. (1983)) but it is

also a determinant of treatment factors of illness (e.g. Ojikutu (2008) and Ojikutu (2010)).

Furthermore, empirical evidence exists showing the impact of health and population

policies on the availability and accessibility of public and private services. For example,

Becher et al. (2004) find strong evidence for the importance of the accessibility to health

care in Burkina Faso. Also Armstrong-Schellenberg et al. (2002) show for Tanzania that

3



the household environment including accessibility of health care and individual care reduce

the risk of child mortality. Similar results are found by Adeyemi et al. (2008) for Nigeria.

Other researchers provide cross-country evidence on the importance of socioeconomic

and environmental factors and access to public and private health infrastructure across

countries using multiple standardized household survey data. For example, Bicego and

Boerma (1993) use DHS data for 17 developing countries and find that maternal education

has a strong positive impact on child health and survival. Also using DHS data for five

developing countries, Harttgen and Misselhorn (2006) find that socioeconomic factors such

as the asset ownership of the household as well as the accessibility to community health

infrastructure positively influence child and infant survival rates. Using the world fertility

surveys (WFS) Hobcraft et al. (1984) find that the education of mothers and husbands are

important for child health outcomes linking the education of parents to their occupation

and their socioeconomic status. Kazembe et al. (2012) use census data from Rwanda,

Senegal, and Uganda and identify environmental factors, urbanization, bio-demographic

characteristics, and socioeconomic status as the most important determinants of child

survival.

A third strand of empirical research used aggregated macro data to study the determinants

of child health outcomes. For example, Hanf et al. (2013) show, based on a longitudi-

nal study for 193 countries using annual data between 2000 and 2009 from the World

Development Indicators, that GDP per capita, access to safe drinking water, improved

sanitation, and public health expenditure per capita increases the probability of child

survival. Pelletier and Frongillo (2003) analyze the e↵ect of undernutrition on child survival

using longitudinal data at the national and subnational level between 1966 and 1996. Their

results indicate that undernutrition has a strong negative impact on child survival that

is independent from socioeconomic and policy changes. Pritchett and Summers (1996)

analyze the impact of income of child health outcomes across country and over time for

a period between 1980 and 1990. Using an instrumental variables approach to capture

the pure income e↵ect they find a long run income elasticity of infant and child mortality
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between -0.2 and -0.4.

In sum, existing studies have shown that child mortality is influenced by individual, house-

hold (e.g. education, wealth), and community or regional conditions (e.g. infrastructure,

climate, disease, environment) that directly and indirectly determine proximate or intimi-

date input variables for child health outcomes (e.g. water and sanitation, hygiene nutrition,

medical care (Mosley and Chen (1984); Schultz (1984); Wolpin (1997)). However, evidence

on why high levels of child mortality persist in Sub-Sahara is still limited and open and

the question is still for debate. Furthermore, no study exists that analyzes the association

between child mortality and socioeconomic characteristics using various household survey

data from several countries and years simultaneously, taking into account the clustered

data structure of the survey data and analyzing non-linearities in the relationship between

child mortality and socioeconomic characteristics.

In this paper, we analyze child mortality as an (reverse) indicator of child health. The

main objective of our study is a better understanding of underlying causes of child mor-

tality and variations in child health outcomes in Sub-Saharan Africa. Two features of

the analysis in this study contribute to a better understanding of determinants of child

health. First, the study uses the largest available, nationally representative, and mutually

comparable repeated cross-sectional samples on as many as 315,721 children born to 91,688

mothers in 25 countries from 62 surveys in the period of 1992 to 2009. Using a pooled

large-scale household survey sample provides us with exceptional heterogeneity within and

between countries to analyze the association between child mortality and socio-economic

characteristics. In addition, this allows us to analyze general patterns in the determinants

of child mortality in Sub-Saharan Africa as well as to make inter-regional comparison

within countries. The focus on Sub-Saharan Africa is hereby relevant because child health

is still at the lowest level in Sub-Saharan Africa compared to all other regions of the world.

Second, we employ a multilevel approach with structured additive predictor within a

Bayesian framework. This approach has two important advantages. First, the multilevel

approach takes into account the hierarchical structure of the household survey data. Chil-
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dren/households (level-1) are nested within regions (level-2) and regions are in turn nested

within countries (level-3). The multilevel approach explicitly takes into account this data

structure correcting for the bias in the parameter estimates resulting from the nested data

structure, because each level is represented by its own sub-model, which expresses the

association between child mortality and explanatory variables within that level. Moreover,

regional heterogeneity in covariate e↵ects is explicitly modeled and uncovered within the

multilevel approach. Second, the modeling framework allows assessing non-linearities in

the relationship among child mortality and socio-economic characteristics. The estimation

of our models is done by using the R package BayesR (Umlauf et al., 2013b).

The rest of the paper is organized as follows: Section 2 provides a description of the data

and of the conceptual framework for our empirical approach as well as descriptive statistics.

Section 3 is devoted to the representation of the modelling framework, Section 4 shows

the results and finally, Section 5 concludes.

2 Data and Descriptive Analysis

We use nationally representative Demographic and Health Surveys (DHS) for this study.

DHS are standardized surveys that have been undertaken by Macro International Inc.,

Calverton, Maryland (usually in cooperation with local authorities and funded by USAID).

Established in 1984, more than 200 standard DHS from around 70 countries have been

conducted. For most countries more than one survey (up to seven) is available. The average

sample size is about 5,000 to 30,000 households. The DHS provide detailed information

of women, men, children and households on population, health, nutrition, and education

as well as on household’s durables and quality of the dwelling. Within each sampled

household the household roster was taken and women eligible for a more detailed interview

were identified. For each eligible woman between 15 and 49 birth histories were recorded.

From these birth histories, information on child mortality and age at death are provided.

Our sample covers all African countries. The study sample consists of 62 surveys from
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25 countries resulting in information on 315,721 children born at least five years before

the survey. A detailed list of the number of children per country and survey year can

be found in the appendix A.1. Figure 1 shows a map of Africa with grey coloured areas

representing the countries being part of our analysis. These areas show the countries in

the study sample, which cover two regions in Sub-Saharan Africa: western and eastern

Sub-Saharan Africa. In addition, the DHS present a selected sample of more successful

African economies, because countries that are in serious economic troubles, or even face

civil conflict, are unlikely to be able to field a DHS. Countries within these two regions

show within and between country variations in mortality and socioeconomic characteristics

reflecting no structural di↵erences between these two geographical regions that could bias

our results.

[INSERT FIGURE 1 ABOUT HERE]

The underlying theoretical framework for the choice of the dependent and independent

variables to study child mortality and undernutrition, i.e. classification of child, parent

and household characteristics into socioeconomic and demographic factors, closely follows

the analytical framework proposed by Mosley and Chen (1984) to study child survival.

The idea of this framework is the assumption that social, economic, demographic, and

medical determinants, i.e. the proximate determinants, a↵ect the survival probability of the

children through a set of biological mechanisms (see also Sullivan et al., 1994; Majumder

et al., 1997). In this analysis, the Mosley and Chen (1984) framework is combined with

the conceptual framework to study the causes of child undernutrition proposed by the

United Nations Childrens’ Fund (UNICEF, 1990), which is based on assumptions similar

to the Mosley and Chen (1984) framework, and the subsequent extended model of Engle

et al. (1999), which implements also the provision of health care capacities of households

into the analysis of childrens’ welfare. Below, we will describe the variables used in our

case study as proximate determinants of child mortality, which are grouped at di↵erent

hierarchical levels, i.e. the individual/household, region, and country level.
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2.1 Explanatory Variables

Demographic factors

Measure for malnutrition of children and mothers

In this study, we focus on the anthropometric indicator height-for-age (stunting), which

provides information on chronic undernutrition at the time of interview. Besides height-

for-age, weight-for-age (underweight) and weight-for-height (wasted) are commonly used

anthropometric indicators. The value of the index for child i is related to a reference

population by median subtraction and standard deviation division, i.e. defining a Z-score

Z-score
i

=
ai

i

� ai

med;r

�

r

with ai

i

representing the anthropometric index of child i, ai
med;r indicating the median

anthropometric index and �

r

the standard deviation of the reference population. For

stunting, the Z-score is calculated by using the child’s height minus the median height

for that child’s age and sex in a reference population divided by the standard deviation

of this group in the World Health Organization reference population of health children

in developing countries (WHO, 2006).1 A child is then defined as stunted if the height

for age Z-score is less than minus two relative to children of the same sex and age in the

reference population.2 A child is defined as severely stunted if the height for age Z-score is

less than minus three. Unfortunately, we cannot analyze the impact of undernutrition at

the individual (child) level, because the data provides no information on anthropometric

indicators of children who have died. Therefore, we measure the impact of undernutrition

on child mortality at the next higher level by aggregating the means in stunting for each

geographical region within countries.

In order to measure the nutritional situation of adults another well known index has

been included in the analysis. The Body-Mass-Index (BMI) relates the weight of adult

i (measured in kilograms) to the squared height of adult i (measured in metres). The
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thresholds for underweight, normal weight and overweight are <18.5, 18.5-24.99 and � 25,

respectively (see WHO, 2000).

Additional child and mother characteristics

The gender of the child as well as the parity order (first born child) are taken into account.

Furthermore, we are interested if deaths of siblings in the past have an influence on

mortality under five. Besides the BMI of the mother, her age at the time of the interview

is of interest.

Socioeconomic factors

Household size

The household size generally includes the number of children ( 18 years) and the number

of adults (> 18 years). As already mentioned above, the age of the mother will be included

in the model. Since elder women might have more children, we exclude the number of

children living in the respective household and instead represent the household size by the

number of adults.

Literacy

An early reference for analyzing the e↵ect of maternal education on child mortality is

Caldwell (1979) who used Nigerian survey data. Since mothers are, in general, responsible

for child-rearing, the educational level of the mother is important for the well-being of the

child. The argument here is twofold. First, more educated women might be able to better

process information and to acquire skills in order to take care of the children, for example

in the case of illness, and second, better educated women are in a better position to earn

money. Several studies have shown evidence that children’s health status benefits from

mothers who are at least able to read (e.g. Blunch, 2013; Smith-Greenaway, 2013). Thus,

we include the variable mliterate in the analysis. In accordance with the DHS, a literate
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person has attended secondary or higher education or is able to read a whole sentence.

Place of residence

This variable indicates where the household is located, either in urban areas (cities, towns)

or in rural areas. In addition, we assume that the various e↵ects might di↵er across

regions or countries and thus include the variables region and country that assign the

di↵erent observations to a particular region and country. This (geographical) classification

of observations into groups is called clustering (see e.g. Jain et al., 1999). Accordingly, a

particular region cluster contains all observations that pertain to this specific region.

Measures for wealth

I.) Measure at individual level - Asset index

Unfortunately, household income or expenditures are not included, but available informa-

tion on household assets can be used to construct an asset index proxying the household’s

long-term well-being. In order to generate a measure for wealth on the individual (house-

hold) level to overcome the problem of missing income and expenditure data, Filmer

and Pritchett (2001) and Sahn and Stifel (2003) have proposed a one-dimensional index

based on household assets and other household characteristics as a proxy of long-term

material welfare. The proposed asset index has been widely used in the empirical literature

on poverty and inequality analysis as a proxy variable for the material welfare of the

household.3 We follow this approach and include the following assets: electricity, radio,

television, refrigerator, bicycle, motorbike, car, low floor material, no toilet facility, source

of drinking. For the estimation of the weights and for the aggregation of the index, we use

a principal component analysis as proposed by Filmer and Pritchett (2001), where the

first principal component is the asset index.
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II.) Measure at country level - Real gross domestic product per capita

The individual data from the Demographic and Health Surveys are merged with the real

gross domestic product per capita at 2005 constant prices from the Penn World Table 7.0

(2012).4 The unit of observation is the child, and children in the same survey (same country

and year) have the same GDP per capita which is representative of the national average. We

merged the Demographic and Health Surveys over survey year the DHS has been conducted.

Coding and Description

A list of variables with information concerning the coding, the hierarchy level as well as

the mean and relative frequency of the continuous and categorical variables can be found

in Table 1.

[INSERT TABLE 1 ABOUT HERE]

Child mortality is the variable of primary interest and yields information on the survival

status, e.g. dead or alive, of children who are born at least five years before the survey.

The response will be dummy coded, i.e.

dead5 =

8
>><

>>:

1, if the child is dead

0, otherwise.

The remaining categorical covariates will be e↵ect coded mainly for technical reasons. The

speed of convergence and the mixing of sampled parameters in Markov chain Monte Carlo

based Bayesian estimation of the models is improved compared to dummy coded covariates

(Umlauf et al., 2013a). Consider a covariate x with e.g. three categories of whom category
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2 represents the reference category. Defining an e↵ect coded variable x(1) is done as follows

x(1) =

8
>>>>>><

>>>>>>:

1, if x=1

�1, if x=2

0, if x=3.

The variable x(3) for category 3 is defined analogously. In contrast to dummy coding, e↵ect

coding produces new variables that are coded with �1 for the reference category yielding

a sum to zero constraint (Fahrmeir et al., 2013). In case of only two distinct values, the

e↵ect coded variable has the values 1 and -1 (see e.g. the variable gender in Table 1).

3 Statistical Modelling

3.1 Binary regression with linear and additive predictors

Since the variable of primary interest dead5 is binary, a natural class of regression models

are logit or probit models assuming (conditional on covariates) a Bernoulli distribution,

i.e. dead5
i

⇠ B(1, ⇡
i

), for the i-th observation dead5
i

with parameter or probability

⇡

i

= P (dead5
i

= 1) = E(dead5
i

). For a probit model as is assumed in this paper we obtain

⇡

i

= �(⌘
i

),

where �(·) is the cumulative distribution function of the standard normal distribution

and ⌘

i

is a suitable predictor that models the dependence of dead5
i

on the covariates.

Traditionally, a linear predictor is assumed, i.e.

⌘

i

= ⌘

lin

i

= �0 + �1 x1i + �2 x2i + · · ·+ �

p

x

pi

. (1)
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Here, x1i, . . . , xpi

are the covariates. A positive regression coe�cient �
j

indicates that the

predictor ⌘ and thereby also the probability ⇡ increases as x

j

increases. However, the

increase is nonlinear because of the nonlinear cdf �.

In most case studies the assumption of a strictly linear predictor (1) is not appropriate

because of possibly nonlinear relationships for the continuous covariates. This restriction

can be solved in modelling a continuous covariate e↵ect by a possibly nonlinear function f

as in

⌘

i

= �0 + �1 x1i + f(x2i) + . . . ,

where the e↵ect of x2 is assumed to be nonlinear with function f and all other e↵ects still

being linear. If the e↵ects of all covariates are assumed to be nonlinear while the additive

decomposition of covariate e↵ects is still pertained the model is a so-called additive model.

In our case, a possible predictor is given by

⌘

i

= �0 + f1(agemother

i

) + f2(adultsi) + f3(mbmi

i

) + f4(ai drmi

)+

�1genderi + �2fhhi

+ �3firstbchildi + �4deadsiblingi + �5mliterate

i

+ �6urbani

+

�7wave2i + �8wave3i + �9wave5i + �10wave6i.

(2)

The continuous covariates agemother, mbmi, adults and ai drm are assumed to a↵ect the

response in a nonlinear way, whereas for the e↵ect coded categorical covariates gender,

fhh, firstbchild, deadsibling, mliterate, urban and wave linear relationships are kept. The

time component is represented by the covariates wave
t

, that refer to the o�cial survey

wave of the DHS and that provide the information about the period when the survey was

conducted with t 2 {2, 3, 5, 6}.5 We do not use year fixed e↵ects (the year the survey was

conducted) to take into account that countries are not equally distributed across time and

that each country has only been surveyed once during each DHS wave. Due to the fact,

that for a majority of countries the survey has been conducted at the 4th wave, we use

the period from 1998 to 2005 (=wave4) as reference category.
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[INSERT FIGURE 2 ABOUT HERE]

The interpretation of a nonlinear relationship is best undertaken by plotting the estimated

function against the covariate values. This is done exemplarily for the nonlinear function f1

in Figure 2. The function is almost linearly decreasing until the age of 33 years indicating

that the probability of dying decreases for children with the age of the mother until the

threshold of 33 years is reached. Thereafter, the e↵ect is almost constant and thereby also

the probability of dying. The confidence intervals in Figure 2 can be seen as a measure of

uncertainty of the estimate. For instance, the uncertainty is higher at the left border of

the covariate domain.

Technically, a nonlinear function f is approximated by a linear combination of appropriate

basis functions, i.e.

f(x
i

) = �1 B1(xi

) + �2 B2(xi

) + . . .+ �

l

B

l

(x
i

). (3)

In the three panels of Figure 3 we illustrate the approximation for some artificial data.

First, the range of the covariate is divided in equally spaced intervals. Then the basis

functions are constructed such that within each interval f forms an arbitrary polynomial

of degree three and the polynomials are continuously connected6. The basis functions

are depicted in the left panel of Figure 3. Next, the unknown coe�cients �1, . . . , �l

are

estimated. Multiplying each coe�cient with its respective basis yields the scaled basis

functions in the second panel. Finally, adding the scaled basis functions leads to the

estimated e↵ect in the right panel.

[INSERT FIGURE 3 ABOUT HERE]

The approximation (3) transforms the nonlinear predictors into linear ones. In principle

the models could then be estimated using standard maximum likelihood methods for

binary regression models (see Fahrmeir et al., 2013, Chapter 5). However, the choice of

the number of knots (or intervals) to approximate the unknown nonlinear functions is a
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delicate issue in practise. A small number of intervals gives a tendency to underestimate

the complexity of some curves whereas a large number of knots often leads to relatively

wiggly estimates that are di�cult to interpret. Therefore, we use here a penalized likelihood

approach described in full detail in Fahrmeir et al. (2013), Chapters 8 and 9. Basically, the

main idea is to define a relatively large number of knots (the default choice is 20 knots)

to prevent underfitting and at the same time to introduce a roughness penalty for the

regression coe�cients to prevent overfitting. Details are beyond the scope of this paper

and can be found in the reference provided above.

3.2 Multilevel structured additive regression

As already mentioned in the introduction, a key aspect of our analysis is the hierarchical

structure of our data: 315,721 children are nested within 324 regions and these regions are

in turn nested within 25 countries. This gives rise to a hierarchical or multilevel version of

our additive models. Adopting the hierarchical data structure to our application yields

the following two level predictor with individual level covariate e↵ects at the lowest level

of the hierarchy and region specific explanatory variables at level-2:

level-1: ⌘

i

= f1(agemother

i

) + f2(mbmi

i

) + f3(adultsi) + f4(ai drmi

)

+f5(regioni

) + x

>
i

�

level-2: f5(region) = f5,1(stunting rm

region

) + f5,2(countryregion)

The e↵ect coded categorical covariates in (2) are now subsumed in the term x

>
i

�. Besides

linear e↵ects and the continuous covariate e↵ects of agemother, mbmi, adults and ai drm

the level-1 equation now additionally contains an i.i.d. Gaussian random e↵ect f5(region) ⇠

N(0, ⌧ 2
R

) to cope with unexplained region specific heterogeneity. The region specific random

e↵ect is further decomposed in the level-2 equation. The nutritional situation of children

is quantified by the Z-score based on the anthropometric indicator height-for-age, i.e.

stunting. Data on stunting is only available for children still being alive. Thus, we include
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the average Z-score per region at the second level to model an external e↵ect. We control

for country specific di↵erences by incorporating another i.i.d Gaussian random e↵ect in the

level-2 equation, denoted by f5,2(countryregion). Table 2 gives an overview of the expected

e↵ects of the covariates on the response variable.

[INSERT TABLE 2 ABOUT HERE]

The model can be further extended by introducing additional country specific random

slope e↵ects for some covariates. Considering all covariates listed in Table 1 leads to the

following full model:

level-1: ⌘

i

= f1(agemother

i

) + f2(mbmi

i

) + f3(adultsi) + f4(ai drmi

)

+f5 (regioni

) + f6 (country) genderi + f7 (country) fhhi

+f8 (country) firstbchildi + f9 (country) deadsiblingi

+f10 (country)mliterate

i

+ f11 (country) urbani

+f12 (country)wave2i + f13 (country)wave3i

+f14 (country)wave5i + f15 (country)wave6i

+f16 (country) agemother

i

+ f17 (country) adultsi

+f18 (country)mbmi

i

+ f19 (country) ai drmi

level-2: f5(region) = f5,1 (stunting rm

region

) + f5,2 (countryregion)

level-3: f5,2(country) = f5,2,1 (rgdpcountry)

(4)

Compared to the previous model, model (4) now also includes country-specific random

slopes (denoted by the terms f

k

(country) for k = 6, 4, . . . , 19) as well as the real gross

domestic product per capita as an additional variable for wealth at country level. For model

choice we mainly rely on a Bayesian goodness of fit criterion, the deviance information

criterion (DIC) introduced by Spiegelhalter et al. (2002). The DIC shows a trade-o↵ between

model fit and complexity with an interpretation similar to the well known AIC. When
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comparing two models, a rule of thumb proposed by Spiegelhalter et al. (2002) indicates

a clear preference for one of the two models under consideration if the DIC di↵erence is

larger than 10 points whereas it is indecisive otherwise. In the latter case, we assist the

model selection by looking at the significances of the estimated e↵ects, i.e. we exclude

a parametric e↵ect from the optimal model if the 95% credibility interval contains zero.

For nonlinear e↵ects, we base our decision on simultaneous credible bands (Krivobokova

et al., 2010) and exclude nonlinear e↵ects if such a 95% credible band contains zero for all

observed covariate values. Performing a stepwise selection process we finally end up with

the following model:

level-1: ⌘

i

= f1(agemother

i

) + f2(mbmi

i

) + f3(adultsi) + f4(ai drmi

)

+f5 (regioni

) + x

>
i

� + f6 (country) firstbchildi

+f7 (country) deadsiblingi + f8 (country)mliterate

i

+f9 (country) urbani

+ f10 (country)wave2i

+f11 (country)wave3i + f12 (country)wave5i

+f13 (country)wave6i + f14 (country) agemother

i

+f15 (country) adultsi + f16 (country)mbmi

i

+f17 (country) ai drmi

level-2: f5(region) = f5,1 (stunting rm

region

) + f5,2 (countryregion)

(5)

For comparison we additionally estimated models for each country separately.

For full details on the technical aspects of the multilevel modelling framework applied in

this paper see Lang et al. (2014).
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4 Results

4.1 Nonlinear and fixed e↵ects

Figure 4 depicts the estimates of nonlinear e↵ects at level-1 and level-2 obtained from

Equation (5). Shown is the posterior mean together with 95% credible intervals. Beginning

with the largest e↵ect, the age of the mother (variable agemother), the probability of

dying considerably decreases for children below the age of five with the age of the mother

(Ojikutu, 2008). This e↵ect is particularly strong up to the age of the mother of about 33

years. Then, the e↵ect remains constant up to an approximate age of 40 years before the

probability slightly increases. For very young women, the probability of facing the death

of a child is considerably higher.

[INSERT FIGURE 4 ABOUT HERE]

The e↵ect of the household size (modelled by the number of adults, variable adults) seems

to be not significant as the 95% credible interval almost fully covers the zero line when

controlling for the socioeconomic characteristics of the household.

The most interesting new results are found for the e↵ect of the nutritional status of the

mothers. The e↵ect of the BMI of the mother (variable mbmi) on child mortality is not

linear, but it seems to follow an inverted U-shape (for the most relevant range between

18 and 27), contrary to our expectations. First, the probability increases up to a BMI

of 25 and then decreases. However, the inverted U-shape relationship of the BMI of the

mother is a frequent result in the analysis of the determinants of undernutrition, see e.g.

Kandala et al. (2009) and Bhalotra and Rawlings (2011). This finding indicates that the

magnitude of e↵ect of the mother’s nutritional status depends on the level of the BMI,

when controlling for other socio-economic characteristics. This shows that the depths

of undernutrition of women is important indicating that improvements in child survival

demand considerable improvements in the nutritional status of women.
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The standard of living is proxied by the asset index (variable ai drm) and modelled as

an individual-/household-specific deviation from the regional mean. Also the e↵ect of

the standard of living of the household on the probability of child mortality reveals some

interesting findings. The e↵ect of an asset index below the regional average on child

mortality seems to be almost constant. A household whose wealth reaches beyond the

regional average first exhibits a considerable decline in the probability of child mortality

before the e↵ect slightly levels o↵. This finding indicates that improvements in the material

welfare of the household can reduce child mortality emphasizing the need for policies

fostering economic (pro-poor) growth.

Finally, we obtained estimates for the fixed e↵ects of female headed household (variable

fhh) and sex of the child (variable gender). With respect to the latter, the results seem to

be in line with our expectations, i.e. male children seem to have a significantly higher risk

of dying before the age of five (pmean = 0.0317; 95% credible interval [0.0263; 0.0368])

(see also Harttgen and Misselhorn, 2006). For children living in a household with a female

head the survival chances are significantly lower as well (pmean = 0.0187; 95% credible

interval [0.0136; 0.0239]) (see also Kembo and Van Ginneken, 2009).

At the higher hierarchical level the e↵ect of the regional average of child undernutrition

rates (variable stunting rm) also show some interesting nonlinear e↵ects. As the regional

Z-score increases which means that the chronic malnutrition decreases, the probability of

mortality for children significantly declines. Therefore, high levels of undernutrition are

associated with higher rates of child mortality (see e.g. Klasen, 1996) indicating a close

relationship between the nutritional status of children and their survival probability. This

finding also has important policy implications. In particular, investments in the nutritional

status of children can also have positive e↵ects on their survival probability.
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4.2 Random e↵ects

Figure 5 depicts the random slopes of the continuous and categorical covariates. The

first four panels illustrate the e↵ects of the continuous covariates. The respective main

e↵ects f1 � f4 are denoted by black lines. The remaining curves (grey lines) provide

the 25 country-specific regression curves (main e↵ects plus random slopes). The e↵ect

of agemother with the strongest impact on mortality seems to be heterogeneous across

countries. Also the e↵ect of the BMI of the mother (variable mbmi) varies considerably

(note that the e↵ects are not plotted on the same scale). In some countries the slope

coe�cient is relatively high, i.e. the nonlinear e↵ect on mortality is relatively steep, while

in others the e↵ect is nearly zero. This is a very interesting finding with respect to the

formulation of policies to reduce child mortality. Although policies such as improvements

of the material welfare are important across countries, country specific heterogeneities in

the e↵ects of determinants of child mortality need also to be considered.

[INSERT FIGURE 5 ABOUT HERE]

The next four panels illustrate the random e↵ects of the categorical covariates. In doing so,

we plot the posterior means together with the 95% credible intervals in ascending order.

The credible intervals are defined by the lower and upper grey coloured bars. The e↵ects

are assumed to be significant if the credible interval does not contain zero. In case of

significance, the lower and upper bars are dark grey coloured, otherwise they are light grey

coloured. Furthermore, the country-specific random e↵ects of the categorical covariates

di↵er not only in magnitude and direction but also in significance. Whereas the e↵ects of

first born children (variable firstbchild), children with a dead sibling (variable deadsibling)

and place of residence (variable urban) seem to be relatively small and not significant in

some countries when controlling for the standard of living of the household, the opposite

is true considering the e↵ect of the literacy of the mother (variable mliterate). The latter

influences child mortality negatively, i.e. if the mother has attended secondary or higher
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education or is able to read a whole sentence the probability of mortality decreases.

In contrast to our expectations, first born children have a significantly lower risk of dying

in ten out of 25 countries. As anticipated deaths of siblings in the past increase the risk

of facing mortality under five. In almost two-thirds of the analyzed countries this e↵ect

is very similar but not significant. In Liberia, Madagascar and Nigeria the risk of facing

mortality is significantly higher for children who have already lost a sibling. The e↵ect of

urban is ambiguous: in Niger and several other countries children who reside in urban areas

are less a↵ected by mortality, whereas in Kenya the opposite seems to be true. The time

e↵ects modelled by introducing wave variables into the model and depicted in the following

three panels are not that clear. These panels only illustrate the results of countries that

have been part of the respective survey wave7. During the period from 1990 to 1992, child

mortality seems to be higher compared to the reference category, although this e↵ect is not

significant. Whereas the risk of child mortality seems to be (significantly) higher in periods

previous to our reference category (e.g. in Benin, Burkina Faso, Niger and Ghana during

wave3 ), child mortality seems to be (significantly) lower in periods afterwards (e.g. Niger

and Ghana). This might reveal the trend in declining mortality rates in some countries.

Finally, the remaining panel depicts the country random intercept estimates that show the

country-specific di↵erences in mortality. These intercept coe�cients di↵er considerably in

magnitude and variability from the slope coe�cients.
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5 Conclusion

The persistence of large levels of child mortality in Sub-Saharan Africa remains one of the

major concerns in improving health and development in this region. In this paper, we

employed a new multilevel approach with structured additive predictor within the Bayesian

framework to analyze determinants of child mortality. In particular, this paper analyzed

the determinants of child mortality as an (reverse) indicator of child health in using survey

data of 315,721 children under five in 25 sub-Saharan African countries. Each observation

was assigned to one out of 324 regions in 25 countries. This hierarchical structure and

the assumption of possibly nonlinear e↵ects leads to the use of the multilevel structured

additive regression approach of Lang et al. (2014).

The selection of variables was primarily motivated by the proposal of Mosley and Chen

(1984) on the one hand and by the availability of those explanatory variables in the DHS

data.

The use of the multilevel approach and the introduction of a potential nonlinear relationship

between child mortality and its socio-economic determinants reveals interesting results that

help to better understand why high levels of child mortality exist in Sub-Saharan Africa.

First, we find that the living standard of a household plays a crucial role in reducing the

risk of mortality. Considering the e↵ect of wealth at household level proxied by an asset

index shows evidence of a decline in mortality with increasing wealth. This decline is

more pronounced as the household wealth reaches beyond the regional average. Second,

male children face a higher risk of dying than their female counterparts. Third, first born

children are less a↵ected by mortality. Fourth, the mother’s ability to read and write

may increase the survival chances of children. Fifth, urban areas exhibit a lower risk

of mortality. This is in line with some findings in the literature, e.g. Balk et al. (2003)

and van de Poel et al. (2009), who state that children living in urban areas face a lower

risk of dying due to e.g. improved infrastructure and sanitation facilities. In contrast,

Fay et al. (2005) accuse the pollution and crowding responsible for the higher mortality

22



risk of children living in urban areas. Similar results have been found by Adebayo and

Fahrmeir (2005) who analyzed child mortality in Nigeria, although the e↵ect seems to be

insignificant. Our results show that the e↵ects of determinants of child mortality are often

misleadingly considered to be linear, meaning that they are independent of the level of

determinants. We find interesting nonlinearities in the determinants of child mortality,

which are important for formulating policies to reduce child mortality.

Further research will address the analysis of structural di↵erences in nonlinearities in

the relationship between child mortality and socioeconomic characteristics between Sub-

Saharan African and other developing regions.
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A Appendix

A.1 Analyzed countries

Country ISO-Code Survey-Year Observations

Benin 204
2006 (5) 13,665
2001 (4) 4,823
1996 (3) 2,736

Burkina Faso 854
2003 (4) 10,067
1998 (3) 4,370
1992 (2) 4,299

Cameroon 120
2004 (4) 3,303
1998 (3) 1,872

Chad 148
2004 (4) 4,257
1996 (3) 5,280

Comoros 174 1996 (3) 954

Ethiopia 231
2005 (5) 5,031
2000 (4) 10,814

Ghana 288

2008 (5) 3,121
2003 (4) 3,666
1998 (4) 2,217
1993 (3) 1,862

Guinea 324
2005 (5) 3,528
1999 (4) 4,241

Kenya 404

2009 (5) 5,214
2003 (4) 4,321
1998 (3) 3,405
1993 (3) 4,398

Lesotho 426
2009 (6) 1,506
2004 (4) 1,478

Liberia 430 2007 (5) 4,885

Madagascar 450
2004 (4) 4,993
1997 (3) 2,993

Malawi 454
2004 (4) 8,347
2000 (4) 9,557
1992 (2) 3,068

Table A.1: List of countries with survey years and number of observations. The number in paranthesis
indicates the respective survey wave.
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Country ISO-Code Survey-Year Observations

Mali 466
2006 (5) 13,099
2001 (4) 11,750
1995 (3) 6,154

Mozambique 508
2003 (4) 8,352
1997 (3) 3,001

Namibia 516
2007 (5) 4,150
1992 (2) 1,996

Niger 562
2006 (5) 4,210
1998 (3) 4,598
1992 (2) 4,859

Nigeria 566
2008 (5) 24,604
2003 (4) 5,117
1999 (4) 2,221

Rwanda 646
2005 (5) 3,766
2000 (4) 6,184

Senegal 686
2005 (4) 2,611
1992 (2) 3,862

Tanzania 834
2004 (4) 6,928
1996 (3) 4,276
1992 (2) 5,140

Togo 768 1998 (3) 4,029

Uganda 800
2006 (5) 2,472
2000 (4) 5,200
1995 (3) 3,811

Zambia 894

2007 (5) 5,240
2001 (4) 5,765
1996 (3) 4,602
1992 (2) 4,114

Zimbabwe 716
2006 (5) 4,397
1999 (4) 3,039
1994 (3) 1,903

Table A.1 (cont.): List of countries with survey years and number of observations. The number in
paranthesis indicates the respective survey wave.
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950 < n < 6,000
6,000 ≤ n < 10,000
10,000 ≤ n < 14,000
14,000 ≤ n < 18,000
18,000 ≤ n < 22,000
n ≥ 22,000
not part of analysis

Figure 1: Map of Africa indicating the number of observations in each country.
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Variable Definition %, Mean (Sd) Level

dead5 1 = Child is dead 18 % level-1

0 = Child is alive 82 %

adults Number of adults 3 level-1

agemother Current age of the mother at the time of interview 32.8 (6.69) level-1

mbmi Body mass index of the mother 22.02 (3.35) level-1

ai drm Asset index (deviation from regional mean) -0.18 (0.78) level-1

gender Sex of child level-1

1 = Child is male 50.7 %

-1 = Child is female 49.3 %

fhh Female headed household level-1

1 = yes 47.01 %

-1 = no (male headed) 52.99 %

firstbchild Child is first born level-1

1 = yes 21.3 %

-1 = no 78.7 %

deadsibling Child has a dead sibling level-1

1 = yes 16.66 %

-1 = no 83.34 %

mliterate Mother is literate level-1

1 = yes 18.46 %

-1 = no 81.54 %

urban Place of residence level-1

1 = urban 23.18 %

-1 = rural 76.82 %

wavet Survey wave t level-1

wave2: 1990-1992 8.66 %

wave3: 1993-1998 19.08 %

wave4: 1998-2005 40.94 %

wave5: 2005-2009 30.84 %

wave6: 2009-2011 0.48 %

regid Identification code for regions (combination of country
code and number of regions)

level-2

stunting rm Z-score stunting (regional mean) level-2

country ISO-code (classification 3166-1 numeric) level-3

rgdp Real gross domestic product per capita at 2005 con-
stant prices (source: PWT 7.0 2012)

level-3

Table 1: List of variables. Source: Demographic and Health Surveys, Penn World Tables; calculation by
the authors.
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Figure 2: E↵ect plot of f1(agemother).
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Figure 3: Illustration of the approximation of a nonlinear relationship using Penalized splines.
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Variable Description Type Expected e↵ect

gender Sex of child discrete +

fhh Female headed household discrete o

firstbchild Child is first born discrete +

deadsibling Child has a dead sibling discrete +

mliterate Mother is literate discrete �
urban Place of residence discrete �
wave2 Survey wave 1990 - 1992 discrete +

wave3 Survey wave 1993 - 1998 discrete +

wave5 Survey wave 2005 - 2009 discrete �
wave6 Survey wave 2009 - 2011 discrete �

agemother Current age of the mother at the time of inter-
view

continuous U-shaped

adults Number of adults in household continuous monotonically increasing

mbmi Body Mass Index of Mother continuous U-shaped

ai drm Asset Index (deviation from regional average) continuous monotonically decreas-
ing

stunting rm Z-score stunting (regional average) continuous monotonically decreas-
ing

rgdp Real gross domestic product per capita continuous slightly decreasing

Table 2: Expected e↵ects of the explanatory variables on child mortality. The e↵ects are expected to
be: positive (+), negative (�) or no strong assumptions (o) in case of discrete covariates. Regarding the
nonlinearly modelled continuous covariates we expect: U-shaped, monotonically increasing or monotonically
decreasing relationships.
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Figure 4: E↵ects of age of mother, number of adults in household, BMI of mother and asset index
at level-1 and stunting at level-2. The covariate at level-2 represents the regional mean of the Z-score
(stunting). The shaded area depicts the 95% pointwise credible intervals.
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Figure 5: Country random e↵ects of continuous and categorical covariates. In case of continuous
covariates we depict the main e↵ect (black line) as well as the 25 country-specific regression curves (grey
lines). In case of categorical covariates, we plot the posterior means as black bars in ascending order
together with the 95% credible intervals defined by the lower and upper grey colored bars. The e↵ects are
assumed to be significant if the credible interval does not contain zero. We indicate significance by dark
grey colored, insignificance by light grey colored bars.
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Notes

1Before the new growth standard (WHO, 2006) anthropometric indicators were based

on the Health Statistics/World Health Organization (NCHS/WHO) growth reference that

had been recommended for international use since the late 1970s (WHO, 1995). The data

to construct the reference standard came from a longitudinal study of children of European

ancestry from a single community in the USA where children were measured every three

months. The limitations of the NCHS/WHO reference standard to adequately represent

early childhood growth led to the construction of a new early childhood growth standard

(de Onis and Yip, 1996; de Onis and Habicht, 1996). The data used to construct the new

WHO (2006) growth standard comes from six countries: Brazil, Ghana, India, Norway,

Oman and the USA, which makes the standard applicable for international comparisons.

Within these countries the healthy population is selected for the study to minimize the

impact of environmental variations.

2Similarly, underweight is defined as a Z-score less than minus two for weight relative

to children of the same sex and age in the reference population. Wasting is defined as a

Z-score less than minus two for weight-to-height relative to children of the same sex and

age in the reference population. Biologically impossible values are defined by the WHO

for height (stunting) as Z-scores <-6 or >6; for weight (underweight) as <-6 or >5; and

for weight for height (wasting) as <-5 or >5.

3For example, there is a large body of literature that uses an asset index to explain

inequalities in child malnutrition (e.g Sahn and Stifel, 2003; Tarozzi and Mahajan, 2005),

child mortality (e.g. Sastry, 2004) when data on income or expenditure is not available,

or educational outcomes (e.g. Ainsworth and Filmer, 2006; Bicego et al., 2003), health

outcomes (e.g. Bollen et al., 2002; Schellenberg et al., 2003). Further, asset indices are

used to analyze changes and determinants of poverty (Harttgen et al., 2013a,b; Stifel and

Christiaensen, 2007; World Bank, 2006).
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4The Penn World Tables provide data for GDP per capita that is comparable across

countries and time as this measure of income per capita accounts for Purchasing Power Par-

ity using 2005 International Comparison Program prices as the benchmark and adjustments

for exchange rate variation.

5DHS wave 1 is from 1985 to 1990, DHS wave 2 is from 1990 to 1992, DHS wave 3 is

from 1993 to 1998, DHS wave 4 is from 1998 to 2005, DHS wave 5 is from 2005 to 2009,

and DHS wave 6 is from 2009 to 2011. Since no information on anthropometric indicators

is available before 1990, DHS wave 1 is dropped from the sample.

6More formally, f forms a polynomial spline of degree three, which is a polynomial in

each interval and two times continuously di↵erentiable at the interval boundaries or knots.

7For details see Table A.1 in the Appendix.
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Abstract
Whereas child mortality has been decreased globally in the last 20 years, high levels
persist in Sub-Saharan Africa. This paper analyzes child mortality in 25 Sub-Saharan
countries based on household survey data. We employ a new multilevel approach
with structured additive predictor within the Bayesian framework. This allows us
to take into account the hierarchical data structure and use the heterogeneity wi-
thin and between countries as well as to assess non-linearities in the relationship
between child mortality and socio-economic determinants. We find that household’s
economic well-being, mother’s education and age, and geographical regions strongly
influence child mortality risks.
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