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Abstract

Child mortality in Kenya is often associated with individual level factors including socio-economic status,
nutritional status, and poor access to health services. Geographical factors are less documented as
important predictors of child mortality in the country. Using a Bayesian geo-additive survival model, this
paper examines the factors associated with child mortality in two Nairobi slums, Korogocho and
Viwandani, accounting for spatial random effects. It uses longitudinal data for the period 2006-201 |
involving 30339 children aged below five years from the Nairobi Urban Health and Demographic
Surveillance System implemented in the two slums. In addition to determinants such as mother’s
education and age, size of the household and ethnicity, our findings show a certain spatial structure in
child mortality risk, with differences between some villages in Viwandani, while no spatial variations
were observed in Korogocho. The results call for specific efforts from policymakers to refine child
health interventions in Nairobi’s urban slums.
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Résumé

La mortalité infantile au Kenya est souvent associée aux facteurs individuels dont le statut socio-
économique, le statut nutritionnel et le faible acces aux services de santé. Les facteurs géographiques
sont faiblement documentés comme étant des prédicteurs de la mortalité infantile. Utilisant un model
bayésien géo-additif d’analyse de survie, cet article examine les facteurs associés a la mortalité infantile
dans deux banlieues précaires de Nairobi, Korogocho et Viwandani, tout en considérant les effets
spatiaux aléatoires. Il utilise des données longitudinales collectées entre 2006 et 201 | aupres de 30339
enfants agés de moins de cinqg ans et issus du Systeme de Surveillance Sanitaire et Démographique en
zone Urbaine a Nairobi mis en ceuvre dans les deux banlieues. En plus des déterminants tels que le
niveau d’éducation de la mére et son age, la taille du ménage et I'ethnicité, nos résultats montrent une
certaine structure spatiale du risque liée a la mortalité infantile, avec des différences notées entre
certains villages a Viwandani, tandis qu’a Korogocho aucune différence entre villages n’a été observée.
Ces résultats interpellent les autorités locales quant a la mise en ceuvre de stratégies spécifiques visant a
améliorer les programmes de survie de 'enfant dans les banlieues de Nairobi.
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Introduction

Child mortality rates in sub-Saharan Africa (SSA)
remain the highest in the world with under-five
mortality rate (USMR) estimated at 98 deaths per
1000 live births (UNICEF, 2014). Neonatal deaths
account for about a third of under-five deaths in SSA
(UNICEF, 2014). Although Western and Central
Africa have the highest mortality rates in the region
(with USMR of |18 deaths per 1,000 live births), the
rates in Eastern and Southern Africa are equally high
at 77 deaths per 1,000 live births (UNICEF, 2014).
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Childhood mortality has substantially declined in
Kenya although overall levels remain high. However,
available evidence indicates that Kenya is one of the
countries that did not make sufficient progress
towards attaining MDG 4 which aimed to reduce
under-five mortality by two-thirds by 2015
(Government of Kenya, 2013). For instance, infant
mortality declined from 77 per 1,000 live births
during the period 1998-2003 to 52 per 1,000 live
births during the period 2003-2008 (Central Bureau
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of Statistics (CBS) [Kenya] et al, 2004, Kenya
National Bureau of Statistics (KNBS) and ICF Macro,
2010). The corresponding figures for under-five
mortality were |I5 and 74 deaths per 1,000 live
births over the same periods (Central Bureau of
Statistics (CBS) [Kenya] et al., 2004, Kenya National
Bureau of Statistics (KNBS) and ICF Macro, 2010).
Under-five mortality rates are higher in rural than
urban areas (86 deaths and 74 deaths per 1,000 live
births respectively) (Kenya National Bureau of
Statistics (KNBS) and ICF Macro, 2010). However,
under-five mortality rates in Nairobi’s informal
settlements are higher than in rural areas of the
country. For instance, a 2014 study found that under-
five mortality rate in Nairobi’s slums was 104 deaths
per 1,000 live births for the period 2003-2010
(Kimani-Murage et al., 2014).

Child mortality has often been associated with a
number of factors including unfavorable socio-
demographic characteristics, retrogressive cultural
practices, low socio-economic status, poor child
nutritional status, and lack of access to basic health
services (O'Neill et al., 2012, Mwalali and Ngui, 2009,
Anyamele, 2009, Omariba et al., 2007). Several
studies have also documented urban-rural differences
in child mortality (Kimani-Murage et al., 2014,
Garenne, 2010). In addition, family and community-
level factors have been found to influence child
mortality (Bolstad and Manda, 2001).

However, geographical and environmental factors
are less documented as important predictors of child
mortality. A number of environmental and health
promotion theories hypothesize that social and
community support as well as the physical
environment influence health outcomes. For instance,
the socio-ecological model posited that health is
shaped by many environmental subsystems, including
family, community, workplace, economics, and the
physical and social environments (Bronfenbrenner,
1977).

This paper examines the spatial variations in the
risk factors associated with child mortality in two
urban informal settlements in Kenya - Korogocho and
Viwandani. Each of the slums has seven geographical
entities, called villages, with regular boundaries and
administrative units established by the Government
of Kenya for purposes of conducting censuses.
Households living in a particular village co-reside with
those from neighboring villages as a community with
the same physical infrastructure such as health
facilities and schools. As a possible consequence of
that co-residence, health determinants and outcomes
in a particular village might be closely related to
conditions in neighboring villages according to
propositions of the socio-ecological model
(Bronfenbrenner, 1977). In particular, child health
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status in a given village is assumed to be associated
with factors within the village as well as random
effects  of  neighboring  villages/communities.
Neighboring random effects can be defined based on
geographical structure, cultural/traditional likenesses
and global health status. This paper explores the
socio-demographic correlates of child mortality
taking into account the specific area of residence
(village) and spatial random effects of neighboring
villages.

A few studies have included spatial variations
among possible predictors of child mortality in sub-
Saharan Africa. Exploring child health inequities in
Accra, Ghana, Weeks et al. (2006) found notable
spatial and ethnic variations in child mortality using a
spatial index of dissimilarity as a global measure of
residential segregation. In South Africa, spatial
random effects of HIV/TB child mortality were
modeled using the Stochastic Partial Differential
Equations (SPDEs) (Musenge et al., 2013). The study
identified child age and birth weight as important
factors associated with HIV/TB child mortality risk
but did not clarify the influence of the spatial random
effects on the outcome.

Studies in the Democratic Republic of Congo also
demonstrated provincial disparity in child health and
survival because of precarious hygienic, social, and
economic conditions, using a Bayesian geo-additive
mixed model (Kandala et al., 2014, 201 1). Although
several studies have documented the determinants of
child mortality in Nairobi’s informal settlements,
most of them used conventional regression models,
which did not consider the role of spatial random
effects in influencing child mortality in these settings.
This paper examines the correlates of child mortality
in Nairobi’s informal settlements using a Bayesian
inference which is based on Markov chain Monte
Carlo (MCMC) simulation techniques (Geyer, 201 1).
This approach enables us to determine the extent to
which spatial patterns of child mortality are driven by
socioeconomic variations between geographically
distinct units.

METHODS

Data

Data for this paper come from the Nairobi Urban
Health and Demographic Surveillance System
(NUHDSS), implemented by the African Population
and Health Research Center to investigate the
linkages between migration, urbanization, poverty,
and health dynamics. The NUHDSS has been in
operation since 2002, and covers two informal
settlements in Nairobi - Korogocho and Viwandani.
The two study sites are located approximately 10
kilometers from the city center and about 7 km from
each other (Emina et al, 2011) (see Figure 1I).
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Korogocho has 7 villages and less mobile population
compared to Viwandani, while about a quarter of its
residents aged |2 years and above were born in the
slum (Emina et al., 201 I). By contrast, Viwandani has
the same number of villages as Korogocho but a
more transient community which attracts a youthful
and highly mobile population seeking job
opportunities in the nearby industries (Emina et al.,
2011).

Households in the NUHDSS are visited 3 times a
year to capture information on vital events—births,
deaths and migration. In addition, information on
household characteristics and socio-economic status
is collected from all households in the study sites

Figure 1: Maps of Nairobi, Korogocho and Viwandani

once every year. All women aged [5-49 years
respond to questions related to pregnancy
irrespective of whether they are pregnant or not.
Any pregnancy that is reported is followed to term
and the outcome recorded. Live births are recorded
in the system and followed over time. The survival
status of all household members is recorded during
the quarterly round visits.

In this paper, we draw on data collected for all
under-five children living in the two slums between
2006 and 20I1. In total, 30339 children were
observed until they reached the age of five years,
migrated out of the study site or died.
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Techniques of analysis

The paper uses different analytical techniques. First,
frequencies and percentages are used to describe the
distribution of the study population and the number
of deaths by key social and demographic
characteristics. Second, we estimate a Cox
regression model using STATA |3 to determine the
factors associated with under-five mortality,
especially those at village level. Cox regression model
is suitable since this is a longitudinal study in which
under-five children were prospectively followed over
time until they died, survived past age five, moved
out of study sites or were lost to follow-up.
However, one limitation of the conventional
regression models like the Cox models is that, they
assume the random components at the contextual
level (village in our case) are mutually independent. In
practice, villages that are close to each other are
more similar than villages that are far apart because
of socio-cultural, political and contextual factors. In
other words, the independence assumption leads to
poor estimates as neighboring villages are more likely
to have similar characteristics. In order to overcome
this challenge, we further estimated a Geo-additive

reiression model using BayesX (Brezger et al., 2005,
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