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ABSTRACT
This thesis addresses three objectives: (1) assess spatial dependence of
stunting in children (2) examine the effects of neighbouring mothers’
education on child health, and (3) investigate differences in the neighbourhood
effects of the correlates of stunting. Data from the last round of the
Demographic and Health Surveys of Ghana and 29 other Sub-Saharan African
countries are used. The Moran’s I statistic and the Local Indicator of Spatial
Association statistic are computed to assess the extent of spatial dependence of
stunting rates. Spatial Lag and Spatial Error models are used to ascertain the
cause of spatial dependence and the effect of neighbourhood mothers’
education on stunting. Structural Equation Modelling is used to ascertain the
effect of socioeconomically advantaged neighbourhoods on stunting and
wasting in Ghana. Multilevel logistic regressions are employed to examine the
neighbourhood effects of the correlates of stunting. The results of the spatial
analysis show that 17 districts with high rates of stunting are clustered in the
north-eastern part of Ghana. The study found that the effect of stunting in
adjacent neighbourhood districts is 19 per cent as large as it is in the focal
district in Ghana. The Structural Equation Model shows that children living in
advantaged neighbourhoods have better health outcomes. Achieving a target
of at least 75 per cent of mothers obtaining secondary education and higher
could bridge the rural-urban gap in stunting in Sub-Saharan Africa. Improved
water reduces a child’s probability of being stunted by 1 per cent in a rural
area and 4 per cent in urban. Initiatives to address stunting should be
broadened to cover districts with the likelihood of contributing to poor child

health outcomes in adjoining settlements.
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CHAPTER ONE

INTRODUCTION

Background of the Study

The first 59 months of life are critical for the trajectories that affect a
child’s development. A lot of vital developments occur during this period.
These include physical and emotional growth, the ability to socialise and
behaviour. Research shows that the first five years are notably crucial for the
development of the child’s cognitive abilities which contributes to their
learning achievements at school and productivity at work (Grantham-
McGregor et al., 2007).

Even though children are expected to experience their full
development with minor or no complications, this is not the case where there
are child health and well-being problems. The issue of child health and well-
being, therefore, has been an issue of public health concern for decades (De
Groot et al., 2017) considering its long-term implications and recent
distribution patterns. According to Bramlett and Blumberg (2007), patterns of
health, well-being and socioeconomic status in childhood have marked
implications for future outcomes including but not limited to education levels,
family status and overall health and well-being. The patterns of ill health,
morbidity and mortality among children have raised concerns about the public
health implications (Bhutta, 2004; Earls & Carlson, 2001; Maggi et al., 2010).
In 2004, it was reported that an estimated 11 million children below the age of
5 died every year (Bhutta, 2004).

Malnutrition in children has contributed immensely to these deaths,
and according to De Pee et al. (2009) about 3.5 million of these deaths of

1
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children under-five years (every year) are preventable and arise from the
problem of malnutrition. Such problems are thought to arise from a range of
different factors, including health inequalities emanating from varying patterns
of distribution of the different determinants of health (Maggi et al., 2010;
Priest et al., 2013).
Global Child Malnutrition

One of the main indicators for public health assessments in the
determination of the health and nutritional status of specific populations is
child growth and development (de Onis & Bléssner, 2003; Wojcicki &
Heyman, 2010). An issue of concern is that of childhood malnutrition and the
short-, medium- and long-term implications of the problem (Menon et al.,
2018). Public health nutrition problems in children include a group of
problems emanating from the excessive consumption of required nutrients and
food groups, resulting in overweight and obesity (Black et al., 2008). They
also include under-nutrition, which is a term encompassing issues such as
stunting, wasting and underweight (Black et al., 2008; de Onis et al., 2000;
Kerac et al., 2014; Kraak et al., 2012). Assessment of the severity of
malnutrition in any individual is facilitated by using anthropometric indices
including “weight-for-height”; “height-for-age” and “weight-for-age” ratios
(de Onis & Blossner, 2003, p. 32). According to the literature, these indices
can be expressed in terms of z-scores, percentiles, or percentages of the
median, which enable the comparison of a child or a group of children with a
reference population. In addition, children’s growth rates relative to
recognised averages for age and gender can also be used to assess child

development.
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Stunting, which refers to a height-for-age z-score less than two
standard deviations of the World Health Organization (WHQO) child growth
standard median, is also known as chronic malnutrition (WHO, 2006). It is
often associated with a poor quantity and quality of protein in children’s diets
and is assessed using the length or height of the child in comparison to
recommended averages for their age and gender as recommended by the
WHO’s own Child Growth Standards (de Onis & Branca, 2016). Stunting, a
widely used index for depicting the prevalence of malnutrition in early
childhood and its long-term consequences include adverse effects on cognitive
development, education outcome and economic productivity in adulthood,
which results in lower incomes and maternal reproductive outcomes (Dewey
& Begum, 2011; Victora et al., 2008). Zere and Mclntyre (2003) reported that
the most common form of malnutrition in children in most parts of Africa was
stunting. Ahmed et al. (2012) further highlighted this with their reports of
marked increases in occurrences of stunting and chronic malnutrition among
children in Africa, with relatively high numbers of children also suffering
from chronic stunting in Asia.

Although the recent years have seen a notable decline in stunting in
most parts of the world, the prevailing rates are still above globally desired
rates and therefore a cause for profound worry. Globally, there has been a
decline in stunting rates from 32.7 per cent in 2000 to 22.2 per cent in 2017.
Asia saw a 39 per cent decline — from 38.1 per cent in 2000 to 23.2 per cent in
2017. However, within the same period, Africa recorded a 20.9 per cent

decline from 38.3 per cent to 30.3 per cent (UNICEF, 2018).
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An estimated 7.7 per cent — or 52million children under the age of 5 —
suffer from wasting as indicated by a low weight-for-height ratio as well as a
relatively low mid-upper arm circumference, with up to 18.7 million suffering
from severe wasting in 2016 (UNICEF, 2018).

Currently, at least one in three children under 5 years is stunted, wasted
or overweight. In 2018, about 540 million children under five suffered from
malnutrition. Around 149 million were stunted (with the most significant
numbers of affecting children residing in Sub-Saharan Africa), almost 50
million wasted, 40 million overweight and at least 340 million suffering from
deficiencies of essential micronutrients, including vitamins and minerals
(UNICEF, 2019). Although these numbers depict an amelioration of child
health conditions, the number of children with a poor health condition in the
21t century is an unpleasant surprise. It is stated that this prevalence in
developing countries is a reflection of the fact that children’s diets in these
areas are often highly dependent on commonly available staple foods (e.g.
cassava and maize) that are relatively poor sources of the required amino acids
(Semba, 2016).

According to the WHO, the problem of malnutrition is one of the main
factors contributing to recent increases in global ill health, morbidity and
mortality among children (Kerac et al., 2014; Wojcicki & Heyman, 2010). In
addition to the increased risk of mortality that is associated with poor
anthropometric measures, it is also recognised that there are problems of poor
mental development and intellectual ability associated with poor growth in

children (de Onis & Bldssner, 2003; Semba, 2016). Other problems include
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increased susceptibility to health conditions like diarrhoea and varied
infections (de Onis & Bldssner, 2003).

Furthermore, while it is acknowledged that the treatment and active
management of malnutrition can significantly improve the health of the
targeted populations; it is also recognised that it is not always possible to
identify malnutrition as one of the key underlying causes of morbidity or
mortality in individuals (Jackson et al., 2006). However, it must be noted that
the use of uniform anthropometric measurements and scales — as developed by
organisations like the WHO — helps significantly with the identification of the
problem and facilitates the development, implementation and maintenance of
measures that can contribute to significant improvements in general nutrition,
health and well-being of children within a specific region (Ahmed et al., 2012;
Semba, 2016).

Traditionally, interventions targeting nutrition were often focused on
two main determinants: health status and levels of food intake by targeted
populations (De Groot et al.,, 2017). However, it is now increasingly
recognised that in the first 2 years of a child’s life, linear growth rates could be
greatly influenced by potentially amendable factors in their surrounding social,
economic, cultural and other environments. (Bernard et al., 2007b; de Onis &
Branca, 2016; Earls & Carlson, 2001; Maggi et al., 2010). De Groot et al.
(2017) highlight the fact that maternal health and well-being, household
earning power and resources as well as changes in the wider economic
environment can potentially influence malnutrition in children. This occurs
through the interactions between these different determinants and as a result of

factors like the relationships within families, children and their peers as well
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as other environments (schools, churches, daycare) that the children engage
with on a routine basis (Maggi et al., 2010). For any specific location,
therefore, it is important to develop insights into the main factors contributing
to patterns of malnutrition as a means of facilitating the development and
implementation of suitable interventions. This leads us to the question of the
role of neighbourhood or place in child growth and nutrition, which is the
focus of this study.
Statement of the Problem

The ineluctable role of location and spatial interaction on health status
in social science and health literature is well established (O'Campo et al.,
2015; Cummins et al., 2007). Studies have also shown spatial variations in
factors that drive health outcomes (Bissonnette et al., 2012). The empirical
investigation of this study is classified into three chapters. The first uses a
range of statistical methods to ascertain child health inequalities and
disparities in Ghana and the neighbourhood’s effect on child health. These
methods include logistic regression, multilevel logistic regression, ordinary
least squares (OLS) regression, spatial data analysis (exploratory spatial data
analysis (ESDA)) and spatial regressions (Spatial Lag Model, Spatial Error
Model and spatial cross-regressive model). The second empirical chapter uses
structural equation modelling for the measurement of spatial effects on child
health in the absence of spatial weights. The third considers a broader
perspective by using data from 30 Sub-Saharan African countries to look at
disparities. These methods are intended to fill certain gaps in literature while
taking into account the role of location on child health. The following,

therefore, are the gaps in the literature for each empirical chapter.
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With regards to the first empirical chapter, the existing literature on
child health in Ghana has ignored the spatial factor. It has concentrated on
factors which do not address the issue of disparities. These studies have
focused on individual-level factors such as dietary diversity (Frempong &
Annim, 2017), household nucleation (Annim et al, 2015), the child’s age, the
number of children in the household and mother’s age (Darteh et al., 2014).

However, there is a growing body of works from different parts of the
world that have identified a significant association between the place of
residence and health in addition to individual-level factors (Diez Roux, 2001;
Humphreys & Carr-Hill, 1991). This relationship has been examined for
variations in health outcomes such as overall health outcome (Tabb et al.,
2018), stunting in children (Adekanmbi et al., 2013), childhood morbidity
(Kandala et al., 2007) and birth defects or congenital disabilities (Rushton &
Lolonis, 1996; Wu et al., 2004). The concept of place has also been considered
in criminology studies in which the spatial patterning of homicide rates were
studied (Messner et al., 1999).

In conceptualising the relationship between health and place, some
studies consider the externality of information through social networks or
social interactions (Topa & Zenou, 2014) and the differences in the
distribution of resources (Bernard et al., 2007b). Bernard et al. (2007) combine
Gidden’s structuration theory (Giddens, 1991) and Godbout’s theory of
informal reciprocity (Godbout & Caille, 1998) to provide a framework for
explaining the mechanisms by which resource availability varies, resulting in
differential benefits for different people and contributing to health inequalities.

The framework explains the accessibility of health-related resources through
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five main domains: “physical”, “economic”, “institutional”, “local sociability”
and “community organisation”. This also adopts the concept of social
networks and further distinguishes between two related uses: mobilization for
pursuing collective goals (community organisation) and procurement of
individual benefits, particularly information and social support (local
sociability). However, it is prudent to examine child health inequalities with
regards to place, premised on the concepts of externalities, social capital,
geographical proximity and, most importantly, Tobler’s First Law of
Geography, which postulates that “everything is related to everything else, but
near things are more related than distant things” (Tobler, 1970).

Given the paucity of research related to this problem in Ghana, the first
chapter intends to examine the district and cluster-level spatial patterns of
under 5 childhood stunting in Ghana and find the level of spatial dependence.
The chapter sets itself apart from other studies on malnutrition in children in
Ghana, since several econometric tools were used to deal with variations in
stunting across areas and by incorporating spatial dependence in the models.

The second empirical chapter explores an alternative way of measuring
spatial dependence or spatial effect on child health in the absence of unique
locations for individual observations. Despite evidence in the literature of the
need to apply spatial econometric models to measure spatial dependence in
health and other social studies (Anselin, 1988, 1990, 2017; Messner et al.,
1999), this has over the years become almost impossible empirically,
especially with health studies at the individual level. Most internationally
recognised and nationally representative survey data, like the Demographic

and Health Surveys (DHS) assure and protect respondents’ anonymity. These
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data thus provide no unique locations of respondents which are key in spatial
analysis and spatial econometric models. With respect to DHS datasets, GPS
locations exist for only groups of households (called ‘clusters’) and not for
individual respondents or households. In the absence of this data, most
empirical studies on child health analysed at the individual level pay little or
no attention to spatial dependence and do not apply spatial econometric
models (Annim et al., 2015; Darteh et al., 2014; Frempong & Annim, 2017).
Studies that had considered spatial dependence on health and used spatial
econometric tools studied cluster-, state- or district-level effects (Adekanmbi
et al., 2013; Aheto et al., 2017).

In the second empirical chapter, the study uses the latent variable
approach to modelling spatial dependence devised by Oud & Folmer (2008),
where the observed values of key neighbouring and environmental variables
are indicators. This approach provides a more informative and flexible
presentation of spatial dependence than the conventional approach by using a
weight matrix. The chapter also uses a full information maximum likelihood
estimator, where coefficients of key variables of interest are estimated by
means of a simultaneous equations model framework and interactions among
variables are taken into account.

Concerning the third empirical chapter, several studies underscore
improved water as a useful intervention to improve child health (Dangour et
al., 2013; Fink et al., 2011; Taylor et al., 2015). However, there is conflicting
conclusions on the effect of such interventions (Bain et al., 2012; Godfrey et
al., 2011; Headey & Palloni, 2019; Shaheed et al., 2014). According to these

studies, improved water may not always be safe due to factors like
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contamination associated with storage and pollution. It is acknowledged that
most of these papers that examine the effects of improved water on child
health fail to consider the dissimilarities in areas (concerning water shortages,
environmental characteristics) that mediate the effect of improved water. This
therefore calls for further research on the effect of improved water on child
health with appropriate models that take into account the varying

characteristics of location.

Objectives of the Study
Generally, the study seeks to examine the effect of spatial dependence
on early child health with specific focus on neighbourhood mothers’
education, WHO’s improved water and the methodological shortfalls of
excluding neighbourhood effects. Specifically, the study seeks to:
1. Assess spatial dependence of stunting in children.
2. Examine the effects of neighbouring mothers’ education on child
health.
3. Investigate differences in the neighbourhood effects of the correlates of

stunting.

The first two objectives constitute the first and second empirical
chapters and focus on Ghana. With a clear methodological distinction, the
second empirical chapter further examines the effect of socioeconomically
advantaged neighbourhoods on child health and pathways through which
neighbouring mothers’ education affects child health. The third objective is
based on Sub-Saharan Africa and makes the third empirical chapter. It looks

into the extent to which the neighbourhood effects of the correlates of
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stunting, specifically, proportion of mothers’ education and improved water on
stunting varies.
Hypotheses
Given the objectives, the study hypothesises that:
1. Stunting in a district or cluster or an individual is positively influenced
by their neighbours’ observed and unobserved characteristics.
2. Neighbouring mothers’ education reduces stunting over and above own
mother’s education.
3. The neighbourhood effects of the correlates of stunting (mothers’
education and improved water) are not homogenous.
The first two hypotheses, test the objectives for the first empirical chapter at
the district- and cluster-level. These are tested again in the second empirical
chapter at the individual level, using alternative method and considering the
pathways through which the correlates of malnutrition indicators jointly
affects an individual. The third hypothesis is the main hypotheses for the third
empirical chapter.
Significance of the Study
The findings of this study will provide benefits to public health
practitioners, policymakers and other researchers considering the challenges
posed by health inequalities and the critical role of neighbouring
characteristics. The persistence of differences in health status or distribution of
health resources explains the need for more explicit studies into health
inequalities. With the application of appropriate models and more robust
techniques, this study provides information on districts and areas with high-

risk incidence of stunting, which would assist in area-specific interventions.
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This can, in turn, contribute to the attainment of the Sustainable Development
Goal (SDG) 3, which seeks to ensure healthy lives and promote well-being for
all.

The main categories of health, social group and geographic inequalities
which sometimes affect health differences across individuals are considered
holistically in the models used, providing a convenient way of understanding
the complexity of child health and its associate disparities.

Scope of the Study

The study examines the impact of neighbourhoods or place of
residence on child health outcomes in Ghana and Sub-Saharan Africa with a
particular focus on neighbourhood mothers’ education and neighbourhood
wealth status. It employs the recent Ghana DHS data (2014 survey year) to
estimate neighbourhood effects at the individual-, cluster- and district-level.
Due to the year of the survey data used in the first and second empirical
chapters, this study limits all administrative areas in Ghana to the numbers
created as at 2014. The study, therefore, considers ten (10) regions and two
hundred and sixteen (216) districts (New Districts and Nominated DCEs,
2013).

The study also employs the most recent DHS datasets from thirty (30)
countries from Sub-Saharan Africa with survey years ranging from 2010 to
2016. The study applies spatial analysis, multilevel modelling and structural
equation modelling to achieve its outlined objectives. The sample understudy

is 59-month- old children and below.
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Contribution to Literature

The present study contributes to the existing literature on child health
inequalities and neighbourhood effects in Ghana and Sub-Saharan Africa. This
section presents the contributions made in the empirical chapters of the study:
(1) spatial clustering and neighbourhood effects of stunting in Ghana; (2) a
structural equation modelling approach to examining the effect of
neighbourhoods on child health in Ghana; and (3) multilevel and spatial
analysis of child health in the Sub-Saharan context.

The first empirical chapter provides a fundamental reflection of the
distribution of stunting in Ghana. It provides evidence of apparent health
inequalities by presenting specific high-risk areas and districts in Ghana. The
chapter looks beyond the simplicity of examining child nutritional outcomes
(stunting) with standard econometric tools on individual-level risk factors. It
pushes against the treatment of spatial dependence and spatial heterogeneity —
which are common in geographic or cross-sectional data — as nuisance
(Anselin, 2003), to incorporating spatial factors in the understanding of the
context of health inequalities. The study argues for the need to explicitly
account for the interaction of economic agents that leads to spatial dependence
in examining child health inequalities.

The second empirical chapter makes essential methodological and
empirical contributions to the study of health by incorporating the concept of
spatial dependence (also termed neighbourhood effects) into a structural
equation model. It provides an alternative to measuring spatial dependence in
the absence of individual-level unique geographic information. For each

observation, the study generates neighbouring factors within the same cluster
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without the observation itself to model relationships between observed
variables and the underlying latent factor (spatial effect). In modelling child
health outcomes (height-for-age and weight-for-age ratios), the study
incorporates Anselin's (1988) standard spatial lag model in its structural
equation model (Oud & Folmer, 2008) to simultaneously examine the unequal
spatial factors and a system of interrelating risk factors. The operationalization
of this study through the lens of intersectionality allows for a more practical
specification where different social determinants of health intersect to
influence an individual’s health. Most importantly, the study brings to bear the
substantive effect and possible pathways of neighbourhood characteristics,
such as neighbouring mothers’ education and neighbours’ wealth.

The study reiterates the importance of mothers’ education on child
health — which has been extensively researched — premised on the SDG 4 to
“ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all” and SDG 5 to “achieve gender equality and
empower all women and girls”. However, unlike other studies that have
looked at child health and the importance of an individual’s own mothers’
education, this study provides a greater perspective on the importance of
women’s education by examining neighbouring mothers’ education in addition
to an individual’s own mother’s education. The study thus extensively
positions the importance of the education of women, which does not just
benefit their own offspring but also that of children who live close by or in the
same community. The findings show further evidence of the effect of mothers’
education on child health and succinctly provide insight into the salience of

this association, which is often overlooked in research.
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In the era of ‘big data’ where ‘large’ studies have proven to be more
reliable than small ones (Pence, 2014) and crucial for government
organisations (Richards, 2017), the third empirical chapter contributes to the
existing literature on health inequalities by considering Sub-Saharan Africa
with a sample of 245,426 children below the age of 5 years. The study again
identifies specific stunted clusters in Sub-Saharan Africa. Unlike other studies
on child health and the effect of improved water sources, the study uses a
more efficient random slope model, thereby positing that the effect of
improved water on child health varies across neighbourhoods.

Limitations of the Study

The study contributes to the developing literature on child health
inequalities and the role of neighbourhood and socioeconomic conditions on
child health. Nevertheless, two main potential limitations are noted regarding
some components of the overall strategy adopted to address the research
objectives, with respect to data and methods.

A primary limitation of the study is the non-availability of unique
locations or geographical coordinates of households or residence of individual
children in the data. The DHS data only provides unique geographical
information on clusters and not on households or individuals. This required
that all analysis involving spatial regressions are restricted to cluster and
district level since spatial regressions necessitate the use of a unique location
for each observation. Be that as it may, results obtained with other models,
including the multilevel regression models used in the study, show spatial

variations of health outcomes and the role of neighbourhoods on child health.
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The study employed a cross sectional design with the most current
survey data used from 2016. Hence, the analysis did not consider any potential
differences with time. Nonetheless, several econometric analyses and methods
were employed to sufficiently show the effect of neighbourhoods or locations
on child health, which has little to do with time.

Organisation of the Study

The study consists of eight extensive chapters. The following is an
overview of the structure and content. The next chapter provides an overview
of trends and policies with regards to child health in Ghana. Chapter three
reviews the pertinent literature both on the theoretical and empirical
relationship between neighbourhood characteristics and health. A description
of the data used and the empirical strategy are presented in Chapter four. The
first empirical study and its estimated results on spatial analysis of child health
inequality in Ghana is presented in Chapter five. In Chapter six, the study
proposes and estimates a structural equation model to examine the effects of
neighbourhoods on child health outcomes for the second empirical chapter.
The seventh chapter considers a broader horizon by examining the effects of
neighbourhood contexts using thirty (30) countries in Sub-Saharan Africa.
Chapter eight concludes the study and presents a summary and

recommendations.
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CHAPTER TWO
OVERVIEW OF CHILD HEALTH IN GHANA AND SUB-SAHARAN

AFRICA

Introduction

This chapter provides an overview of trends in child health since 1988,
and the policies and issues of inequality in Ghana. It also provides a brief
review with regard to Sub-Saharan Africa. The analysis on trends is based on
all rounds of the GDHS (I-V1). Six rounds of the survey have been conducted
so far. The first was conducted in 1988, the second was in 1993 and the third,
fourth, fifth and sixth were conducted in 1998, 2003, 2008 and 2014
respectively.

The review begins with trends and analysis of child health in Ghana
from 1988 through to 2014 using a sample of children aged 0 to 59 months.
This is followed by a review of the fight against child malnutrition and ill
health in Ghana, with focus on the policies that have been adopted over the
years to help mitigate the problem. Finally, despite the strides made, the
chapter looks at some failures with regards to regional disparities and rural-
urban disparities. The chapter will conclude with a brief overview of child

health in Sub-Saharan Africa.

Trends and Analysis of Child Health in Ghana

Policymakers, public health practitioners and researchers continue to
place emphasis on the nutritional status of children as a key contributor to the
overall health of a child. This is due to the fact that nutritional status defines

an individual’s health, which is a pertinent issue in the SDGs’ agenda, through
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SDG 3 and also because it is closely related to several targets in the other
goals. Malnutrition constitutes about 45 per cent of deaths in children under 5
years old and hinders their full development (WHO, 2019). According to the
WHO’s Commission on Information and Accountability for Women’s and
Children’s Health, aligned with the indicators of the Millennium Development
Goals (MDGs) and still accepted today, stunting, wasting and underweight
constitute the core impact indicators of neonatal and child health (WHO,
2013). Children suffering from stunting may never grow to their full potential,
starting their lives with disadvantages that can include learning difficulties at
school and barriers to participation in their communities. West Africa has 31.4
per cent of stunting rate, accounting for half of the stunting rates in Africa.
There were 4 million cases more of stunted children in West Africa in 2016
than in 2000 (WHO et al., 2017). Meanwhile, children suffering from wasting
have weakened immunity, are susceptible to long-term developmental delays
and face increased risk of death. In West Africa, the United Nations had
estimated that 8.5 per cent of children suffering from moderate to severe
wasting.

In Ghana, malnutrition rates (stunting, wasting and underweight)
among children less than 5 years have declined significantly since 1988.
Figure 1 presents trends of malnutrition in children less than 5 years old
according to the six rounds of the GDHS. The graph shows that the rate of
stunted children has declined steadily over the years. In 1988, the country
recorded that 34 per cent of children were stunted, 23 per cent were wasted
and 9 per cent were underweight. The prevalence of stunting continued to

decline from 33 per cent in 1993 to 31 per cent in 2003 and then 28 per cent in
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2008. As of 2014, the prevalence of stunting had declined to 19 per cent,
lower than the 2014 global prevalence of stunting of 24 per cent (UNICEF et
al., 2020). The prevalence of underweight also decreased appreciably from
1988 through to 2014. Although there was no change from a rate of 23 per
cent in 1988 to 1993, the proportion of children under 5 who are underweight
declined in 1998 with a rate of 20 per cent, and then 18 per cent and 14 per
cent in 1998 and 2003 respectively. In 2008, there was about 22.2 per cent fall
and a further fall in 2014 to 5 per cent, which is also significantly less than the
average prevalence rate of developing countries. However, the national
prevalence of wasting shows a different trend. In 1993, Ghana’s under 5
wasting prevalence had risen to 14 per cent from 9 per cent in 1988. It then
began to fall in 1998, recording 10 per cent and further decreasing in 2003
with a prevalence rate of 8 per cent. While this shows an improvement over
the period after 1993 and ending 2003, wasting worsened afterwards. The
prevalence of wasting increased to 9 per cent in 2008 and 11 per cent in 2014

— less than the 8.9 per cent average for developing countries.
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Nutritional Status of Children Under-five years in
Ghana
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Figure 1: Nutritional Status of Children under 5 in Ghana from 1988 to 2014
Source: Agyen (2020)

Ghana has undoubtedly shown improvement with respect to
malnutrition indicators (stunting, wasting and underweight). For the purpose
of comparison, Figure 2 presents the prevalence of stunting for 29 Sub-
Saharan African countries, including Ghana. The graph shows that Ghana

performed well against other Sub-Saharan African countries.
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Proportion of Stunted Children by Countries in Sub-Saharan Africa
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Figure 2: Distribution of Stunted Children across Sub-Saharan African
Countries as at 2016

Source: Agyen (2020).

The country also performed well against several other Sub-Saharan
African countries with respect to the prevalence of wasting (see Appendix A)
and underweight (see Appendix B).

The regional office of the WHO in Ghana reported that neonatal
mortality makes up 71 per cent of infant mortality and 48 per cent of under 5
mortality (WHO, 2018b). According to the UN Maternal Mortality Estimation
Inter-Agency Group (2015) and the GDHS (2014) the indicators of maternal
and child health include the following: skilled delivery childbirth between 50
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per cent to 74 per cent; neonatal tetanus prevention, 74 per cent; neonatal
mortality rate 29/1,000 live births; infant mortality rate, 41/1,000 live births;
under 5 mortality rate, 60/1,000 live births; contraceptive prevalence of 22.2
per cent; and adolescent pregnancy rate, 14 per cent (MMEIG, 2015). Further
indicators of child health in Ghana included in the Nutrition Landscape
Information System (NLiS) indicate that low birth weight (<2500g) in Ghana
is 14.2 per cent and anaemia in children below 5 years old (Hb <110g/L)

reaches up to 66. 9 per cent (Abarca-Gomez et al., 2017).

Nutrition-Related Policies in Ghana, 1992 - Present

Several policies have been implemented in the fight against child
malnutrition and ill health in Ghana. The Nutritional Landscape Information
System (NLiS), first published in 2010 and the Global Database on the
Implementation of Nutrition Actions (GINA), provide a catalogue of nutrition

policies and interventions across the globe, including Ghana (WHO, 2010b).
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Table 1: Nutrition Policies in Ghana from 1995 to 2014

Policy Title Start Year
National Nutrition Policy 2014 - 2017 2014
Health Sector Medium-Term Development Plan 2014 - 2017 2014

Strategy for the Management, Prevention and Control of
Chronic Non-Communicable Diseases in Ghana 2012

Medium-Term Development Policy Framework, Ghana Shared

Growth and Development Agenda (GSGDA, 2010 - 2013) 2010
Health Sector Medium Term Plan 2010
Under Five's Child Health Policy 2007 - 2015 2007
Creating Wealth through Health 2007
National Health Policy: Creating Wealth through Health 2007
Growth and Poverty Reduction Strategy (GPRSII) 2006
Imagine Ghana Free of Malnutrition 2005
Integrated Anaemia Control Strategy 2003
National Reproductive Health Service Policy and Standards 2003
Breastfeeding Promotion Regulations 2000, L11667 2000
Vitamin A Policy 1998
Breastfeeding Promotion Regulations 1995
Food and Drug Law and Amendments: Universal Salt lodisation 1995
National Plan of Action on Food and Nutrition 1995
Food and Drugs Act. 199 1992

Source: NLiS/GINA (WHO, 2018a)

In 1995, the Ministry of Agriculture adopted the National Plan of
Action on Food and Nutrition (NPAN). The overall aim was to improve the
quality of life for all Ghanaians and specifically to improve the nutritional
status of all. Although this policy was generic rather than child-specific, the 11
programs planned and implemented had some child-specific ones outlined.
The programs with regard to child nutrition focused on the promotion of ideal
breastfeeding practices and the promotion of appropriate weaning practices.

Some other programs under this policy that sort to improve health including
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that of children, involved improvements in household food security, increasing
food or nutrient intake for individuals, the promotion of good hygiene
practices and capacity building for food and nutrition related to education and
services (WHO, n.d.). In the same year, the Food and Drug Law and
Amendments adopted the Universal Salt lodisation, which was aimed at
eliminating iodine deficiencies (WHO, 2009).

The Breastfeeding Promotion Regulation was equally adopted in 1995
and revised later in 2000. The policy was intended to prohibit the sale of
selected products (for example, infant formulas and products presented as
breastmilk substitutes for feeding infants, not more than six months) in any
health care facility. Initially, feeding bottles and infant formulas and foods
were common items sold in hospital shops and clinics. The regulation
postulated that in addition to a restriction on sales, the advertising and
promotion of these products was also not permitted in any health care facility.
It also prohibited the manufacturing and distribution of products and
educational materials related to infant feeding or young children within the
scope of the regulations unless the material was first approved by the Food
and Drugs Board. The Ghana National Breastfeeding Promotion Regulation
Committee was set up and tasked with coordinating investigations into
allegations of violations of the regulations. The committee reported to the
Ministry of Health.

The National Vitamin A supplementation programme (NVAP) started
mass supplementation in the three most vitamin A-deficient regions of
northern Ghana (Northern, Upper East and Upper West) during 1997. A year

later, the vitamin A policy was adopted and the distribution was extended to
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all ten regions of Ghana. The Lancet’s nutrition series lists vitamin A
supplementation among the main interventions achievable at a large scale that
can prevent child death (Yawson et al., 2017).

The Ghana Health Service, in collaboration with local stakeholders and
the support of the United States Agency for International Development
(USAID), established a five-year Integrated Anaemia Control Strategy,
adopted in 2003. The project targeted pregnant women, preschool and school-
aged children with food-based interventions. Furthermore, the strategy
included interventions to control malaria and helminthic infection. Later, in
2005 the Director-General of Ghana Health Service (GHS) facilitated the
formulation of strategies and a concept paper titled ‘Imagine Ghana Free of
Malnutrition’. This paper was focused on addressing malnutrition in Ghana as
a development problem, using health as the entry point. The concept paper
aimed at analysing the role of the health sector and the GHS at gathering
together all relevant development partners, non-governmental organizations
(NGOs) and the private sector in order to address the high levels of
malnutrition in Ghana (GHS, 2005; 2016). This was a follow-up to the
previous 1995 NPAN. However, with the change of the Director-General, the
concept paper lacked support for its implementation, and the document
remained as a guiding policy for actions on nutrition.

The Ministry of Health indicated that the majority of child deaths in
Ghana are caused by conditions that are preventable or treatable with simple,
low-cost interventions. This was the fundamental reason behind the
development of the Under Five’s Child Health Policy 2007-2 015; to use such

interventions in the fight of child deaths. The policy included interventions to
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improve child health in different technical areas where some of such
interventions were delivered by different programmes and policies already
documented. The Child Health Policy referenced existing policies and
advocated for a ‘child-centred’ policy framework rather than a ‘programme
centred’ approach. The document highlighted that in order to improve the
health indicators, different programme areas needed to collaborate. The
technical interventions of the ‘continuum of care’ included four areas: (1)
pregnancy, (2) delivery and immediate post-delivery period, (3) neonatal
period, and (4) infants and children.

In line with pregnancy-related programs, the Under Five’s Child
Health Policy 2007-2015 pointed to interventions such as prenatal nutrition,
including iron and folate supplementation; at least two doses of intermittent
preventive treatment for malaria; promotion of insecticide-treated bed net
(ITN) use for pregnant women; detection and treatment of problems
complicating pregnancy as well as birth and post-birth preparedness. In the
second level of intervention, which is considered the immediate post-delivery
period, attention was drawn to the first hour after birth as well as skilled birth
care and emergency obstetric and newborn care (EmONC). During the
neonatal period (from birth to 28 days of life), the document highlights
exclusive breastfeeding, thermal care (including kangaroo mother care),
hygienic cord care, prompt care-seeking for illness, management of the sick
newborn (including sepsis, asphyxia and prematurity), prevention of mother-
to-child transmission (PMTCT) of the human immunodeficiency virus (HIV),
immunizations and screening for sickle cell anaemia. Finally, for infants and

children, interventions were divided into preventive and treatment. The
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preventive interventions included exclusive breastfeeding for 6 months,
continuous use of ITNs, continued breastfeeding to 2 years, complete
vaccination by 12 months (polio, diphtheria, pertussis, tetanus, Haemophilus
influence type [Hib], hepatitis B, measles, yellow fever and new vaccines as
per Expanded Programme on Immunization [EPI] policy), vitamin A
supplementation, and consumption of iodated salt. In the treatment
interventions the policy included anti-malarials, zinc for diarrhoea, antibiotics
and zinc for dysentery, antibiotics for pneumonia, vitamin A for measles and
the management of malnutrition.

The Ghana National Nutrition Policy (NNP) 2014-2017 was also
initiated to promote the integration of nutrition interventions within existing
facility and community-based maternal, newborn and child health services.
The NNP was to provide an overarching multi-sectoral framework for
attaining the ideal nourishment and mitigating issues of malnutrition for all
people in Ghana. To achieve this goal, the policy specifically outlined these
sub-objectives: (1) to increase coverage of high-impact nutrition-specific
interventions that ensure optimal nutrition of Ghanaians throughout their
lifecycle, with special reference to maternal health and child survival; (2) to
ensure high coverage of nutrition-sensitive interventions to address the
underlying causes of malnutrition; and (3) to reposition nutrition as a priority
multi-sectoral development issue in Ghana. In accordance with these
objectives, the policy measures included: (a) promotion of nutrition of women
of reproductive age and the newborn through food-based and micronutrient
interventions; (b) promotion of optimal nutrition during infancy and childhood

through support for exclusive breastfeeding, intake of micronutrients and
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diversified foods, and measures on maternity leave (implementation of six-
month maternity leave); (c) prevention and management of acute malnutrition
through the delivery and accessibility of quality health and nutrition services;
(d) ensuring the prevention of infectious diseases through water, sanitation and
hygiene (WASH) programs; and (e) on education; promotion of girls’
education, facilitating the integration of nutrition into school curricula and the
provision of school meals that meets the nutritional needs for targeted age
groups.

The NNP 2014-2017 policy also highlighted that its successful
implementation required effective multi-sectoral action, partnership and
coordination, involving key ministries, departments, and agencies (MDAS);
research institutions and academia; civil society organizations (CSOs); and the
private sector. These objectives and plans for implementation were premised
on some key guiding principles. First, the primary assertion was that adequate
nutrition is a universal human right. The right to access safe and nutritious
diets was maintained to fit in the fundamental basic right of all to be free from
malnutrition and associated disorders. It also indicated nutrition as a priority
issue for human development. In addition to the effective inter-sectoral
partnership and coordination, there was gender consideration and special
attention paid to the needs of all vulnerable groups. Next is the evidenced-
based and effective intervention principle. Implementation was to be based on
techniques and best practices that had been scientifically evaluated. Premised
on equality principles, the policy sought the decentralization of resources and
interventions. In order to achieve better outcomes for various communities,

nutrition interventions and activities were to be channelled through a
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decentralized governance system. Finally, community empowerment and
participation were adhered to in order to yield beneficial outcomes and
enhance community ownership and acceptance. The design was based on the
community collaboration and empowerment in the delivery of nutritional
information and resources.

The Ghana National Newborn Health Strategy and Action Plan 2014—
2018 was developed with the aim of decreasing neonatal mortality by ensuring
that national efforts placed adequate focus on protecting the health of
newborns. The intent of the plan was to guide leaders to develop and
implement activities within the existing Ghana MDG, Acceleration
Framework Action Plan, and the Ghana National Reproductive, Maternal,
Neonatal and Child Health framework. The principal goals were to reduce the
number of babies who die in the neonatal period from 32/1,000 live births in
2011 to 21/1,000 live births in 2018 (a 5 per cent decrease per year), and to
reduce institutional neonatal mortality by at least 35 per cent by 2018 (GHS,
2014).

As has been outlined in this section, current national efforts to reduce
nutritional deficiencies in Ghana have made progress over the past decade.
The effects are reflected in the 2014 GDHS. Infant mortality declined from
77/1,000 live births in 1988 to 41/1,000 in 2014; under 5 mortality declined
from 155 to 60 deaths per 1,000 live births over the same period (Yawson et
al., 2017). The improvements at the national level are important, but inequities
in malnutrition status still persist in certain geographical locations (districts

and regions) within the country (GSS, 2014).
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On the global front, the first Global Nutrition Policy Review (GNPR)
was undertaken in 2009-2010, and it served as a background paper for the
Comprehensive Implementation Plan on Maternal, Infant and Young Child
Nutrition adopted by the WHO Assembly in 2012. The second GNPR took
place in 2016/17 and was published in 2018 along with six global nutrition
targets to be reached by 2025. The targets included the reduction of child
stunting and wasting as well as reductions in maternal anaemia, low birth
weight, and increases in breastfeeding (WHO, 2018a). In 2014 the member
states committed to the Rome Declaration on Nutrition (in the Second
International Conference on Nutrition [ICN2]) in which a common vision for
global action was articulated, including the six global targets for 2025. These
initiatives have been undertaken in the context of the UN Decade of Action on
Nutrition (2016-2025).

In August 2019, a strategic plan to reduce malnutrition in Africa was
adopted by WHO member states. The plan which was adopted at the 69"
regional committee meeting for WHO Africa, outlined strategies to end
hunger and all forms of malnutrition by 2030. The plan included the
mobilization of resources to support research and advocacy for 90 per cent
coverage of investment into the ten highest impact nutrition interventions.

Despite the huge strides that have been made after these policies,
malnutrition rates are still high and of much concern to policy makers. One
pressing issue is the differences across subgroups, which are discussed in the

next section.
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Inequalities in Child Malnutrition in Ghana and Sub-Saharan Africa
The Ghanaian context

Ghana, like most Sub-Saharan African countries, has seen a
considerable decline in child malnutrition over the years. However, vast
disparities still persist even within regions with low prevalence. Despite the
relatively low prevalence of stunting in Ghana (compared to other Sub-
Saharan African countries), some regions of the country record considerably
higher rates. Figure 3 shows large variations across the regions of Ghana;
varying between 14 per cent in the opposite direction in the Northern region to
about 9 per cent in the Greater Accra region. In addition to regional
disparities, a comparison of rural-urban nutritional status of children also
reveals the existence of hidden within-country inequalities.

Regional Deviations of Child Stunting from
National Average
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Figure 3: Stunting deviation and regional inequalities in Ghana

Source: Agyen (2020)

About 70 per cent of stunted children in Ghana are found in rural areas,

while 30 per cent are from urban areas (see Appendix D). Figure 4 presents
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the distribution of stunted children across residential communities (rural and
urban) in Ghana. The graph shows that the prevalence of stunting is relatively
high in rural areas compared to urban areas. In fact, with the exception of the
Greater Accra and the Ashanti regions, which recorded relatively low
proportions of stunted children in rural areas (Greater Accra, 15 per cent and
Ashanti, 42.1 per cent) compared to their respective urban areas’ proportions
(Greater Accra, 87 per cent and Ashanti, 57.9 per cent), all the regions saw
higher proportions of stunted children in the rural areas compared to the urban
areas. This is evidence of rural-urban disparities with regards to stunting. The
exceptional case of the Greater Accra and Ashanti regions could be explained
by the significant difference in the proportion of children living and sampled

in urban areas compared to the rural areas in these regions (see Appendix C).
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Proportion of Stunted Children by Residence across Regions in Ghana
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Figure 4: Distribution of stunted children by regional residence (urban-rural)

across regions in Ghana

Source: Agyen (2020)

With regards to wasting, about 67 per cent of wasted children reside in rural
areas, while 33 per cent are found in urban areas. Again, Appendix D shows
that approximately 69 per cent of under 5 underweight children in Ghana

resides in rural areas, while 31 per cent reside in urban communities.

According to The Lancet’s series on nutritional interventions in Ghana,
geographical location and region are important determinants of child health
and nutrition (Yawson et al., 2017). Just like the regional and rural-urban
disparities in the prevalence of stunting, wasting and underweight, under-5
year mortality in 2014 ranged from 47/1,000 live births in Greater Accra to

111/1,000 live births in the Northern region (which is predominantly rural).
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Child mortality rates in Ghana are stabilising, but malnutrition in children
under-5 is still considerably high, and one of the major causes of death in
children (Aheto et al., 2015b). There is a considerable amount of evidence in
health literature suggesting that a child’s nutritional status is correlated with a
number of socioeconomic factors, including rural-urban residence, maternal
education, and access to health care services (Novignon et al., 2015). Having
difficulty in accessing health care services has been shown to be related to
considerably higher levels of child malnutrition (Novignon et al., 2015). The
aforementioned study, using evidence from the Ghana multiple indicator
cluster survey found statistically significant differences in child malnutrition
by place of residence (with rural areas counting for more than 70 per cent of
malnourished children); mother’s education (mothers with no education
accounting for more than 60 per cent of malnourished children); wealth status
(households with the lowest wealth quintile accounting for 53 per cent of
malnourished children); and by region (with the Northern region accounting
for more than 30 per cent and Greater Accra region less than 3 per cent)
(Novignon et. al., 2015).

Several other studies show that rural-urban disparities interact with
other variables such as poverty and maternal factors (like education), to
influence child nutritional status and infant mortality rates (Quansah et al.,
2016). In countries like Ghana, Senegal, Kenya, Benin and Cameroon, infant
mortality rates were lower in urban areas (Wirth et al., 2006), suggesting that
eliminating rural-urban disparities by increasing access to birth services and
improving water and sanitation services in rural areas would help to improve

child health status (Quansah et al., 2016).
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Ewusie et al. (2017) investigated malnutrition in preschool children in
Ghana across different geographic areas and socio-demographic groups, using
the 2008 GDHS. The overall estimates of malnutrition were 35.6 per cent,
which means 1.2 million children are stunted, wasted or underweight. The
prevalence of all forms of malnutrition across ages by where they lived
showed that both rural and urban areas have higher rates of stunting in
children aged 1 and older than wasting or underweight. Urban areas reported
stunting peaks for children 2 to 3 years (32.9 per cent); children aged 3 to 4
years old had the highest rate in the rural areas, which is almost 80 per cent
more than the rates found in their urban peers. When analysing the prevalence
by geographic region, the highest in stunting and underweight was found in
the Upper East region (36.8 per cent and 27.3 per cent respectively); and the
Northern region on the other hand, had the highest rate of wasting, with 13.8
per cent (Ewusie et al., 2017).
Inequalities in Sub-Saharan Africa

Evidence from 36 developing countries has shown that higher rates of
stunting and underweight children relate to residence in rural areas (Smith et
al., 2005). Fotso (2006) used multilevel modelling to analyse data from the
DHS of 15 Sub-Saharan African countries, concluding that rural-urban
differentials are substantially prevalent in all countries. Interestingly, they
have comparatively narrowed in most countries, primarily because of an
increase in urban malnutrition, and have widened in a few countries due to the
fast fall in urban malnutrition (Fotso, 2007).

In the Sub-Saharan African context, rural-urban disparities are also

evident. In terms of aggregates, about 78 per cent of stunted children in Sub-
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Saharan Africa reside in rural areas. With regards to wasting, about 74 per
cent of under-5 wasted children reside in rural areas, while 26 per cent are
found in urban areas (see Appendix E). Again, the table shows that
approximately 79 per cent of under-five underweight children in Sub-Saharan
Africa reside in rural communities, while approximately 21 per cent reside in
urban areas. Figure 5 presents the distribution of stunted children in rural and
urban residences in Sub-Saharan Africa. The graph shows that with the
exception of Gabon that has a little more stunted children in the urban areas
compared to the rural areas, Sub-Saharan African countries have more stunted
children in the rural areas compared to their urban areas. More striking is the
rural-urban differences compared to the national average in countries like
Burundi, Malawi, Ethiopia, Rwanda and Uganda. In Burundi, the national
stunting prevalence is 55.3 per cent. However, 11.6 per cent of these stunted
children live in urban communities, while 88.4 per cent reside in rural areas.
The national prevalence for stunting in Malawi is 40.4 per cent, out of which
90.4 per cent reside in the rural areas and 9.6 per cent in the urban areas. In
Ethiopia, the rural-urban ratio of stunted children is 89.8 per cent to 10.2 per

cent respectively, against a national rate of 39.8 per cent.
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Proportion of Stunted Children by Residence of Sub-Saharan African Countries
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Figure 5: Distribution of stunted children by residence (urban-rural) of Sub-
Saharan African countries as at 2016
Source: Agyen (2020)

In Rwanda, the rural-urban distribution of stunted children is 89.2 per
cent and 10.8 per cent, respectively; the national prevalence is 40.8 per cent.
Uganda recorded a similar rural-urban disparity: while the national stunting
prevalence rate was 32.7 per cent, the country recorded about 88 per cent
residing in the rural areas and approximately 12 per cent living in the urban

areas.
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With respect to wasting, only Angola and Gabon have a higher prevalence in
the urban areas than in the rural (see Appendix F). Angola has a little more in
urban than rural (51.5 per cent, urban; and 48.5 per cent rural). Gabon, on the
other hand, recorded 60 per cent of wasted children from urban Gabon and 40
per cent from its rural residents. All other countries (including Ghana)
recorded a higher rate of wasting in children in rural areas than urban areas.
Appendix G also shows pertinent rural-urban disparities in the prevalence of
underweight. Again, with the exception of Gabon, which shows a slightly high
prevalence in urban areas (53.5 per cent compared to 46.5 per cent for rural),
all the Sub-Saharan African countries recorded a higher prevalence of
underweight in rural areas compared to urban areas. This shows the
persistence of rural-urban disparities in under-5 children’s nutritional
outcomes in Sub-Saharan Africa. Just like the prevalence of stunting, huge
rural-urban disparities were recorded in Burundi, Ethiopia, Malawi, Rwanda
and Uganda.

It is worth noting that, based on these analyses, decreases in national
malnutrition prevalence are not necessarily associated with declines or the
absence of malnutrition inequalities across subpopulations within a country.
This is consistent with findings from the WHO (2015) which state that — even
in countries with very low overall prevalence of stunting — disparities are
pronounced. This gives an indication of the significant contribution studies on
stunting inequalities and other child health inequalities would make in the
fight against malnutrition and poor health in children. The identification of

vulnerable areas and area-specific factors is the first step in designing area-
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specific health-related policies and strategies to help narrow the gap and

address health inequality problems.
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CHAPTER THREE

LITERATURE REVIEW

Introduction

This chapter surveys and reviews theoretical and empirical literature
related to the core issues in the current study. The chapter is divided into two
main parts: theoretical review and empirical literature review. The theoretical
review provides the basis of knowledge on child health, child health
inequalities, the concept of place and its effect on health. This will help to
establish the context for the current study within existing theory. The review
of the empirical literature, on the other hand, looks at other related research
studies and surveys that are based on actual observations and experiments.
Theoretical Review

This section examines the existing concepts and theories that underpin
the context of this study. Four key theoretical issues are addressed in this
section: (1) theoretical issues in the conceptualisation of health and health
disparities; (2) conceptualisation of place; (3) theoretical conception of health
and place (the concepts of social capital; proximity; the structuration theory;

externalities); and (4) intersectionality theory and the determinants of health.

Conceptualisation of Health and Health Disparities

Health is key to economic progress since healthy individuals in society
live longer and contribute immensely to productivity. This is why
policymakers and public health practitioners attempt to improve general health
for all devoid of geographical location, race or ethnicity, or other

socioeconomic factors (Arcaya et al., 2015a). However, there exist differences
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in health among individuals by social group or geographical area. This section
looks at the key concepts of health and health disparities and provides some

theories underlying health disparities.

The Concept of Health

The concept of health dates as far back as the 5™ century BC with
Pindar’s definition. Health, according to Pindar, is “harmonious functioning of
the organs”, considering the functionality of the physical body and the absence
of pain. Around that time, several great Ancient Greek philosophers such as
Plato, Aristotle, Democritus and Hippocrates made contributions to the
concept of health that are relevant even today, and serve as the basis for
overall health. In his Dialogues, Plato considered health to be the
harmonization of the mind and body. While Aristotle based the concept on the
social environment, Democritus linked health with behaviour, and Hippocrates
explained health regarding environmental factors and way of life (Svalastog et
al., 2017).

Today, health is not only considered as the absence of diseases but the
capability of an individual to have a sense of self-acknowledgement and self-
fulfilment which balances with human internal powers and potential outcomes
with the sentiment of delight or disappointment while relating with the
environment (Rutter, 1987). One globally accepted definition of health comes
from the WHO. The definition which was part of the organization’s
constitution (signed in 1946 and adopted in 1948) states that, “Health is a state
of complete physical, mental and social well-being and not merely the absence
of disease or infirmity” (WHO Constitution, 1948). With the recognition of the

relationship between health and the social environment and living and working
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conditions, the WHO definition acknowledges social welfare as an essential
constituent of health, in addition to physical and mental health.

With regard to child health, the National Research Council (US) and
Institute of Medicine (US), define child health as “the extent to which
individual children or groups of children are able or enabled to (a) develop and
realize their potential, (b) satisfy their needs, and (c) develop the capacities
that allow them to interact successfully with their biological, physical, and
social environments.” (2004, p.2) The concept of child health recognises that
children are not capable of attaining optimal health alone. They rely on adults
and the community to give them an environment in which they can learn and
develop their potential effectively. This is partly why there is the need not just
to observe an individual or a child’s health differently, but also that of the
community due to the interactions that take place there and our reliance on the
social environment.

Health Inequalities and Health Inequities

The difference in the health status of individuals or distribution of
health resources between different social groups of the population is called
health inequality (Kawachi et al., 2002). In this case, the attributes of the
differences are devoid of any moral judgement of unfairness.

However, health inequity is a form of health inequality, reflecting an
unfair difference which is called health disparity. Thus, health inequity
describes the differences that are systematically connected to being socially
disadvantaged (an example, being of a particular race, socioeconomic status or

religion) but could be avoided by reasonable means (Marmot et al., 2012).
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Health inequities or disparities were first put on the map for public
policy and academic study with the publication of ‘The Black Report’ in
1980, by the Department of Health and Social Security, now known as the
Department of Health and Social Care in the United Kingdom (Gray, 1982).
The report described an extreme inverse association between the social and
economic situation (referred to as ‘social class’) with mortality from a wide
range of diseases (Townsend et al., 1986). Despite the attention paid to this
public health concern over the last 40 years, remarkable health inequities still
exist between and within countries (Bartley, 2017). A vast body of evidence
strongly links this to socioeconomic disadvantages which eventually leads to
avoidable morbidity, disability, suffering, and premature death (WHO
Commission on Social Determinants of Health, 2008). Furthermore, the
degree to which socioeconomic factors impact on health has been shown to
differ by locality, town, district, region, state, and even country (Mackenbach
et al., 2008).

Ways of Operationalising the Concept of Health Inequalities and Health
Inequities

There are different ways of dealing with health inequities between or
within a population in a study. The standard way is to analyse the observation
of health outcomes at group levels (Arcaya et al., 2015). The WHO indicates
that “place of residence, race or ethnicity, occupation, gender, religion,
education, socioeconomic status and social capital are relevant stratifiers that
can be used to define the groups” (WHO, 2013). This approach is known as
the group-level approach, and it is useful for identifying social inequalities in

health.
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Another approach is to concentrate on individual differences in health,
depicting the variability of an operational measure over the population
(Murray et al., 1999). This method has been used to study income across
different countries, shedding light on the unequal distribution of resources
around the world (Milanovic, 2010). Some critics argue that taking into
account the general health of a population is beneficial since social groupings
are defined differently and have varied meanings depending on country and
place (Murray et al., 1999).

In research, there are different approaches to putting people into
defined social groups. The composition of such groups could be based on
membership (for example, ethnicity, “religion” or “race”) though others are
grouped based on “ordered” or “continuous” variable levels such as education
or income. Although researchers need to make decisions about group
definitions based on the research questions and hypothesis to be tested, clearly
defined categories based on theory and supported by some contextual
knowledge can facilitate health disparity examination (Arcaya et al., 2015).

Another theoretical issue to consider when studying health disparities
is the dose-response versus threshold effects of variables (Arcaya et al., 2015).
In this case, the focus is on the existence of a social gradient. A social gradient
corresponds to a positive association between a social variable and the level or
degree of health in a dose-response relationship (Marmot & McDowall, 1986).
Here, increasing social resources (such as income) will correspond to an
improvement in health levels. On the other hand, a threshold model is
considered where the effect of the resource or variable exists or differs above

or below a specific value (for example, poverty line).
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Similarly, the differences in absolute versus relative measurement of
variables is another critical issue to be considered by researchers for health
disparity studies, especially those related to poverty (Sen, 1983). The absolute
definition of the socioeconomic position has been dependant on a fixed
monetary threshold (poverty line) specified by year and country. However,
this approach ignores that societies can change the material needs for
participation in society (Arcaya et al., 2015). For example, in recent times,
access to phones, computers and cars have become factors for accessing work
positions, education facilities, and health care. Social epidemiologists have
offered some broad categories or potential reasons for health disparities across
social groups and geographies. These explanations include material,
psychosocial, behavioural and biomedical factors (Arcaya et al., 2015).

Another important consideration in the study of health inequality is the
distinction between contextual and compositional effects on health.
Compositional effects are the individual characteristics of people comprising a
unit, while contextual refers to the influence of the place (unit) on individuals
(Arcaya et al., 2015). Policies, infrastructure and support programs are key
examples of contextual variables that impact health. Hence, they are targets
for health interventions. The difference between the two effects is relevant
when making inferences about how places impact health (Arcaya et al., 2015).
In the following section, the conceptualisation of place or geographical
location and its corresponding health inequalities are discussed.
Conceptualisation of Place (Neighbourhoods)

According to the first foundations of urban sociology by Park and

Burgess in 1915, “a neighbourhood is a subsection of a larger community
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where a collection of people and institutions occupy a spatially defined area
influenced by ecological, cultural and political forces” (Park, 1915).
Communities were understood as areas that developed as a result of free-
market competition, suggesting that communities are composed not only of a
single unit but as a hierarchy of different residential groups (Suttles, 1972).
Researchers have subsequently become interested in different strategies for
defining neighbourhoods; for example, Grannis in 1998 critiqued the model as
it is based only on geographical proximity without considering the logic of
street patterns and social networks of neighbour interactions (Grannis, 1998).

In a more recent analysis of geography and health, there has been
growing interest in the importance of distinguishing between space and place
to explain the diverse means by which “geography” influences health (Arcaya
et al., 2012). According to Arcaya, space considers proximity and measures of
distance; for example, when considering the distribution of health risks and
protective factors depending on the location. On the other hand, place
indicates association to a political or administrative divisions, like states, cities
and districts. The latter is important when contextualising health-related issues
that are specific to these political and administrative units and their confines
(Arcaya et al., 2015).

In a review of residential contextual effects, Sharkey and Faber (2014)
suggested a flexible conception and measurement of neighbourhood. In the
review, it was emphasised that there is no unique definition of neighbourhood
and no specific operationalization of the concept that is sufficient to capture
the ways in which residential and place context influence the lives of its

residents (Sharkey & Faber, 2014). Studies require scales that are more
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specific to the types of interactions being studied. Sharkey and Faber argue
that, instead of seeking for a fixed definition of neighbourhood and how to
measure it, the broader focus should be on the social process that operates
within residential settings and the consequences for the individual, depending
on the research questions (Sharkey & Faber, 2014). In brief, the fundamental
construct of neighbourhood is the idea of place as a system of resources
relevant to health and social relationships that are within the geographical

borders (Curtis & Rees Jones, 1998).

Theoretical Conception of Health and Place

Differences in inherent biological factors, including differences in
hereditary susceptibilities across populations, may influence explicit health
inequalities. However, where inequalities in health exhibit a structured pattern
across geographical areas or socio-demographic factors, in most cases they are
determined by social disparities or social arrangements, policies and practices
than make certain groups more liable to certain health conditions than others
(Rose, 2001). As discussed in the previous sections, the efforts to understand
the underlying association between health and place on such structured health
inequalities has led to compositional and contextual explanations. The
compositional explanation considers shared characteristics of residents and the
contextual which has got to do with the existence of ecological attributes like
pollution that affects everyone in a geographically defined area. However, it
has been argued that this conceptualisation may be an oversimplification
(Bernard et al., 2007a). As De Koninck & Pampalon point out, distribution of
residences is neither random or totally intentional. It is influenced by decisions

or the absence of them and shaped by an interconnection between economic
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means, lifestyles, neighbourhood characteristics, resources, services, quality of
housing, reputation, history and social relationships (De Koninck & Pampalon,
2007).

Bernard et al., (2007) gave a detailed explanation of a conceptual
framework of the effects of neighbourhoods on health. The main approach to
understanding this relationship in their framework is through differences in the
distribution of resources. Their conceptualisation of neighbourhood has five
domains through which people may or may not acquire the resources needed

for producing and maintaining good health in daily life.

Conceptual Framework for Studying Health Disparities and Place

As stipulated by Bernard et al. (2007b) health inequalities can be
determined in relation to the accessibility of resources by individuals or social
groups. The authors argue that neighbourhoods may provide resources with
positive effects like quality schools, quality health centres and a
neighbourhood-watch committee; and others with adverse effects like
pollution and violence. These resources are not equally relevant for different
population groups, but they can play an important role. Bernard et al. (2007)
consider two different environments. First is the physical domain as ‘the
nature of its different components and by the rule of proximity’. It includes
natural resources such as air, climate and soil, and built resources; for
example, the quality of housing, presence of graffiti and parks. The other,
social environment comprises of four domains: economic, institutional,

community organization, and local sociability domain.
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Social Capital

Social capital, as defined by Coleman (1994), is a set of socio-
structural resources that make up some part of the social structure and aid the
activities of individuals in that structure. It looks at the resources that are
accessible to individuals due to their membership of a particular network.
Social capital constitutes the ecologic characteristic of the social structure,
including the individual, also known as the ego-centred and the collective or
socio-centred perspective (Alvarez & Romani, 2017).

In their study on insights into measuring social capital, Alvarez &
Romani (2017) highlighted the need for a comprehensive pathway through
which the varying resources and network characteristics affect individual and
collective health. Their study discussed in detail the two main schools of
thought: social cohesion and social networks in the study of social capital in
public health. Social cohesion describes the solidarity within groups and the
willingness of the members to cooperate as a result of a strong social bond.
Social networks, also called social support, maps relevant relationships
between individual actors within a specific network. Alvarez and Romani
describe four major pathways through which social capital at the
neighbourhood level has a contextual effect on individual health and well-
being; (1) the diffusion or dissemination of information on health-related
issues, (2) the sustainment of health-related norms by informal control, (3) the
accessibility of local services and amenities and, (4) the psychosocial
processes that provide mutual support. It is therefore essential to take into
account all these mechanisms while identifying the specifics relevant for the

exact context in which the research is conducted.
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Islam et al. (2008) classified social capital indicators into two
categories: proximal and distal. They view the proximal indicators as
outcomes of social capital constituting trust, networks and reciprocity, while
distal indicators are those linked indirectly with its major component. They
remarked that a unique feature of social capital is its complexity feedback
effects. According to the Productivity Commission (2003), the complex
feedback effect generally occurs between its sources or causes and its effect
which results in ‘virtuous cycles’ of social capital creation. For instance,
education is seen as a fundamental attribute of social capital at the individual
level. Likewise, access to social capital may provide educational prospects for
individuals and their children. The commission emphasises that society can
benefit from social capital through (1) reducing transaction costs, (2)
facilitating the dissemination of knowledge, information and innovation (3)
promoting cooperative and socially-minded behaviour to prevent self-interest
which provides no good for the society, and (4) through individual benefits

and associated social spillovers.

Proximity

With reference to Bernard et al. (2007), the pathway through which
neighbourhoods could affect health is accessibility and proximity influenced
by the social environment. The literature indicates that the effect depends on
how close individuals are to resources mediated by the interplay of economic
forces, institutional arrangements, and relations of informal reciprocity. The
quality and availability of resources such as quality schools, health centres,
and good drinking water have been associated with health and health
experiences or behaviours of individuals. For instance, van Lenthe et al.
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(2005) have shown how in the Netherlands residents of socioeconomically
disadvantaged neighbourhoods almost never engage in sports activities,
depicting an association between neighbourhood characteristics and physical
inactivity. LaVela et al. (2004) also indicate that, in the United States of
America, veterans with spinal cord injuries and disorders (SCI&D) visit a
Department of Veterans Affairs health care facility less frequently to check
their health when such facilities are farther away from their residence.
Evidence from New York City also shows that fire protection, sanitation and
disinvestment in municipal services in neighbourhoods affects the health and
safety of individuals in the neighbourhood.

Bernard et al. (2007) assert that resources, which should be made
available universally and equally accessible through institutional domain to all
members of the society according to their needs in an equitable society is in
fact not applicable in practice. They attribute this to a lapse in political
judgement and the imposition of opinions about the needs of people, leading
to unequal distribution of facilities and the enforcement of rules of access to
these facilities.

Structuration Theory

The role of neighbourhoods in determining the health outcomes of
their residents has become an area of interest in recent years. British
sociologist Anthony Giddens (1984) proposed a delicate recursive relationship
between structure and agency, in which structure refers to rules and resources
upon which action and interaction can be built, while agency depicts internal
motivations in society. In his theory of structuration, Giddens propounded

multilevel explanations on the relationships between structures and human
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experiences in explaining the health inequalities seen in an area of residence.
The role of structure, to him, could be both a constraining and an enabling
element for human action (Giddens, 1984).

As with any theoretical issue, the theory of structuration has two main
components; ontology and epistemology. Ontology connotes the existence of
some phenomenon, while epistemology emphasises the philosophical theory
of knowledge, recognising both its sources and limits (Cloke et al., 1991).
Giddens sought to prove the existence of a balance between structure and
agency: termed the ‘duality of structures’ with an emphasis on the balance
human actors play with their limited choices. The theory postulates that people
do not have the entire preference of their actions and, with restricted
knowledge, even so, they are the same elements that recreate the social
structure. In essence, structure and agency become united in human practices
(Craib, 1992).

Applied to health, the theory of structuration suggests that the health
practices of a group of people are as important as the absence or presence of
health facilities in explaining their health outcomes. This is to suggest that the
poor health outcomes of a given population can be accounted for by the
balance between the society’s structure by means of accepted norms and
values. The theory of structuration has been incorporated in medical sociology
and public health as a theoretical framework for bringing social theory into
health research, especially in understanding health inequalities in population
sub-groups and between different towns and cities (Bernard et al., 2007b;
Choby & Clark, 2014; Williams, 2003). In the study, the structuration theory

constitutes the key underlying theory.
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Externalities and Health

The decisions and interactions of individuals residing in a given
society may directly or indirectly affect others through market and non-market
activities (Islam et al., 2008). This effect on a third party, whether negative or
positive, is termed externality. The concept of externality has been
predominantly used in economics (Lucas, 1988; Marshall, 1890). As noted
above, social capital has been regarded as one of the significant factors of
health inequality (Alvarez & Romani, 2017; Coleman, 1994). There is,
however, debate concerning the mechanism through which social capital could
yield benefits or be detrimental to an individual. After Coleman (1994),
Glaeser et al. (2002) showed that social capital is a community characteristic
which develops from social interactions (rather than an individual
characteristic) while Anderson et al. (2004) showed that social capital has an
individual and community dimension. Social capital as a community attribute,
considers all cross-person externalities consisting of the individual social
capital produced in a society or community (Glaeser et al., 2002; Islam et al.,
2008).
Intersectionality Theory

The past few decades have witnessed the importance of overlapping
and intersecting identities and factors that affect an individual in research. This
approach, known as the intersectionality approach, is a body of normative
theory and empirical research which considers interconnections and
interdependencies between social categories and systems (Hancock, 2007b).
While the works of Truth (1851) conceptualise the notion of intersectionality,

the theory of intersectionality has predominantly been attributed to Crenshaw
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(1989). Crenshaw’s work was a critique of anti-discrimination laws which
considered gender and race separately and consequently left African-American
women and women of colour without justice.

Since its introduction, the approach has been adopted by many
disciplines, including sociology, business, political science and health, and
argues for the need move away from viewing social factors as mutually
exclusive categories to a causal complexity that emphasises on the existence
of multiple paths to the same outcome (Hancock, 2007a). According to
(Hancock, 2007b), the concept of intersectionality is premised on six main
assumptions: (1) the existence of multiple categories of difference; (2) the
multiple categories of difference are not mutually independent variables which
can be added together to comprehensively examine and answer a research
question; (3) the categories of difference constitutes the makeup of individual
and institutional factors and are simultaneously contested and enforced at the
individual and institutional levels; (4) each category of difference has within-
group diversity; (5) the examination of categories at multiple levels; and (6)
the intersectionality concept as a normative and empirical paradigm demands
both empirical and theoretical backing.

In research, intersectional approaches significantly vary, from unitary
and multiple approaches (Hancock, 2007b). While one variable of interest
from a social position is considered in a unitary approach, the multiple
approach, although takes into account several social categories or variables,
regards numerous marginalisations or benefits as individual classifications that
can be layered under an additive assumption (Hancock, 2007b). Conversely,

the intersectional approach presumes that a person's exposure, health and well-
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being, are not just achieved by adding together their various parts, but rather
may be comprehended in a more prominent multifaceted nature through
intercategorical ways to deal with intersectionality (McCall, 2005). The effect
of gender on health, for example, may be established through cultural
meanings and social processes, which may be negative or positive.
Intersectionality of the Determinants of Health

According to Bowleg (2012), intersectionality is considered a
substantive theoretical framework for public health. With its primary tenet that
social categories such as race, socioeconomic status and gender are multiple,
interdependent and mutually constitutive, but not independent and
unidimensional, Bowleg advocated for a more noteworthy attention to
intersectionality in public health. He affirmed that intersectionality provides a
theoretical framework for more directive public health theory, research and
policy.

The theory has not only been used in feminist research, it has been
explicitly incorporated in health research too, and mostly within qualitative
studies. For more than two decades, the theory has received recognition for its
ability to explain health inequalities through varying instituted social factors of
health and determinants of health inequalities (Bauer, 2014; Hankivsky et al.,
2017; Hankivsky & Christoffersen, 2008; Kapilashrami & Hankivsky, 2018;
Kelly, 2009; Nygren & Olofsson, 2014). Although studies on specific
biological and social determinants of health have proven to be very important,
they often neglect the provision of practical evidence that directs population or
local-level strategic policy interventions within the geographic and

socioeconomic context. Unlike such unitary and multiple approaches,
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intersectionality provides specific intersectional associations of varying factors
of health (Bauer, 2014).

Due to the implicit complexity and multiplicity characteristic of
intersectionality, it is quite challenging and daunting to carry out such research
quantitatively (Bowleg, 2012; McCall, 2005). As outlined by Bowleg (2012),
it is even more challenging to fully incorporate the theory in population health
research fully. Bauer (2014) presented seven main challenges and possible
solutions to better explain health inequalities. Among these is the lack of well-
defined methodology for incorporating intersectionality in quantitative health
research. Several studies have proposed statistical methods including
hierarchical class analysis (Stirratt et al., 2008), multilevel modelling (Black &
Veenstra, 2011) and latent class analysis (Garnett et al., 2014). Bauer (2014)
proposed that, there is a need for a disaggregated terminology to avoid mixing

similar concepts and provide a clearer understanding.

Review of Empirical Literature

This section reviews the extant literature on child health and the effects
of neighbourhood characteristics. The focus of this empirical review is on four
main subjects related to the three empirical chapters: spatial variations and
child health; modelling and measurement of place or neighbourhood effects;
role of mothers’ education on child health and empirical issues on the effect of

improved water on child health.

Spatial Variations and Child Health
The extant studies that have been conducted on child health have been

in relation to demographic, maternal and social factors at the individual level.
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However, much has not been unveiled in regard to the relationship between
spatial determinants and child health. This section reviews literature that
identifies the relevance of spatial influences in child health through an analysis
of spatial variations of child health studies conducted in different countries;
from a global perspective to Sub-Saharan Africa and finally, look at the
Ghanaian context.

From a global perspective, conventional spatial variation analysis on
child health have been conducted by studies (Burstein et al., 2019; Lim et al.,
2012; Reiner et al., 2020). Reiner et al. (2020) employed Bayesian model-
based geostatistics to estimate geographical inequalities in the burden of
under-5 diarrhoea in low and middle-income countries (LMICs). They used
data from 466 surveys in 94 LMICs and found substantial variation within
countries with most of the burden of diarrhoea and the highest mortality risk
from Sub-Saharan Africa and South Asia. Their results also indicated the
persistence of geographical inequality in countries, including those with
relatively low burdens of diarrhoea. Burstein et al. (2019) also analysed and
quantified spatial variations in neonatal, infant and child deaths using
geostatistical survival models and data from 99 LMICs. The study identified
high mortality clusters and patterns of geographical inequalities within these
countries. Lim et al. (2012) estimated exposure distributions of the risk factors
of childhood communicable diseases. The authors found that the biggest risk
factors in most Sub-Saharan African countries are childhood underweight,
household air pollution from solid fuels, discontinued breastfeeding and non-
exclusive breastfeeding. Though these three studies are commendable for

clarifying some geographical inequality concerns with huge datasets, it
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appears that the aim of these studies was focused on quantifying geographical
inequalities rather than the analysis of the inevitable role of geographical
locations. For example, Lim et al. (2012) failed to explore the possibility of
the effect of household air pollution from solid fuels on members of other
households in close proximity.

Khan and Mohanty (2018) used univariate and bivariate local indicator
of spatial association (LISA) maps, spatial lag and spatial error models, and
found that malnutrition (stunting, wasting and underweight) is spatially
clustered across the districts of India. The authors found that a substantial
number of districts from poorer states in India have high prevalence a of
stunting and underweight.

A study by Kandala et al. (2011) on spatial variations in under-5
malnutrition showed significant geographical differences in the Democratic
Republic of Congo (DRC). This study used a geo-additive semiparametric
mixed model based on the Markov Chain Monte Carlo techniques. It was
argued that childhood malnutrition is spatially structured, with the most
vulnerable children located in the poorest households in rural areas.

Gayawan et al. (2017) used Bayesian semiparametric quantile
regression to investigate the geographic patterns of malnutrition among
Nigerian children under the age of five. The study observed geographic
patterns of child health at the state and local government levels. The results
from this study show striking malnutrition (stunting, wasting and
underweight) variations at the state and local government level in Nigeria. The
authors observed higher stunting rates in the northern parts of Nigeria, and

pockets of higher rates of both stunting and wasting in some states in the
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south. However, the study could not account for the variations across
geographical locations and speculated that it could be explained by the
diversity in sociocultural and ethnic structure in Nigeria.

In the Ghanaian context, Aheto et al. (2015) investigated the
geographical variations of malnutrition in under-5s across Ghana. The study
used a random intercept multilevel regression model to examine the risk
factors of malnutrition. The focus, however, was on the examination of
household-level differences in childhood nutritional outcomes (weight-for-
age, height-for-age and weight-for-height ratios). The study found that
malnutrition varies significantly across households in Ghana, giving an
indication of geographical differences in the factors that drive malnutrition in
Ghana. Although the study presented commendable findings, it was unable to
identify specific administrative areas and policy variables to help target
interventions. The authors therefore suggested the need for the identification
of risk factors of malnutrition that account for the variations observed.

Aheto et al. (2017) also aimed at modelling and forecasting spatial
variations of malnutrition in under-5s in Ghana with data for the 1993, 1998,
2003 and 2008 GDHS. The authors used individual-level covariate data from
the four survey years to present individual-level variability with the
assumption of a homogeneous distribution of observations over space. The
study found substantial spatial variations in chronic malnutrition (stunting)
across Ghana, with higher prevalence in some parts of northern Ghana and the
Western region. However, the assumption of homogeneity of space is

practically not optimal because of the presence of geological predisposition
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(Floch & Marcon, 2018) as a result of combining several survey years in the
same space. This may lead to biased estimates and predictions.

In Ghana, though there are quite a lot of studies on child health and its
social and demographic correlates, these have been at the individual and
household level. Very little is known about the spatial variation of child health
— especially stunting across districts.

Modelling and Measurement of Place, Area or Neighbourhood Effects
Neighbourhood Effects and Measurement of Place

Recent years have seen a growing interest in the effect of
neighbourhood or area characteristics on individual health outcomes. The
relationship, mainly considered between place of residence and health, beyond
individual-level risk factors, has been observed for a variety of health
outcomes including child nutrition (Liu et al., 2015), tobacco consumption and
smoking initiation, adolescent risk behaviours (Tam & Freisthler, 2015),
obesity (Hoyt et al., 2014), cardiovascular diseases (Costache et al., 2015),
lung and colorectal cancer (Hines et al., 2014; Johnson et al., 2014), infectious
diseases (Ford & Browning, 2014), child mortality (Adekanmbi, 2015),
general mortality and other health problems in a wide range of countries
(Abdul-Sattar & Abou ElI Magd, 2017). A major subject of concern for the
execution of these studies is how to measure place or neighbourhood effect.

Two main measures of neighbourhoods are the supposed ‘objective’
and ‘perceived’ measures. The objective measure assumes distinct features of
the social and physical environment, such as prevalence of vices and
availability amenities/services in a defined area (district, census tracts)

(O’Campo & O’Brien Caughy, 2006). According to empirical evidence, the
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objective measure provides more conclusive phenomena relating to health
outcomes which informs policy and intervention (Yakubovich et al., 2020).
However, it is argued that the neighbourhood environment captured through
this measure does not reflect experiential context, which forms part of the
neighbourhood effects (Cummins et al., 2007a; O’Campo & O’Brien Caughy,
2006; Sampson et al., 2002). The objective measure’s concept of
neighbourhoods seldomly represents individuals’ own conceptions and
experience of neighbourhoods (Basta et al., 2010; Chaix et al., 2012; Diez
Roux, 2001; Sampson et al., 2002). Perceived measures of neighbourhoods, on
the other hand, allow for individuals to report on how they conceive or
experience the physical component of their neighbourhoods. The challenge
here is that the perceived measures are virtually impossible to use in a
secondary data analysis, for example planning for interventions based on
individuals’ perceptions of a particular area (Basta et al., 2010; Chaix et al.,
2012; Haynes et al., 2007). The perceived measures of neighbourhoods may,
therefore fail to capture aggregated confounding effects of neighbourhoods
(Chum et al., 2019; Sampson et al., 2002).

The pathways for both the objective and perceived measures of
neighbourhood are reasoned to vary over time. However, the extent of
variation is contingent on social factors at the individual level and the point in
time of measurement (Yakubovich et al., 2020). Both measures with respect to
accessibility also indicate proximity to amenities and community services or
facilities though the objective measure gives more substantial indication of
accessibility to the facilities than the subjective or perceived measure (Nyunt

etal., 2015).
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Sampson et al. (2002) assessed and synthesized the cumulative results
of the literature on neighbourhood effects, examining the social processes
related to health outcomes. They found that studies in this area included three
categories:

1. Neighbourhood-level studies with neighbourhood-process measures
where the dependent and independent variables are expressed as
aggregate scales, counts, or rates across ecologically defined areas,

2. Multilevel studies with neighbourhood-process measures, in which
sample participants are within a defined neighbourhood, the dependent
variable is measured at the individual level, and the independent
variables include both individual-level factors and aggregate-level
measures of neighbourhood characteristics (both structure and
process),

3. Multilevel studies with proxy neighbourhood-process measures,
identical to the last category but with social processes measured at the
individual level.

One of the most important findings in these studies is the confirmation
that community-based surveys can generate reliable measures of social and
institutional processes within a neighbourhood. However, the methodology
needed to evaluate these measurements wasn’t widespread at the time. Hence,
Raudenbush and Sampson (1999b) suggested moving toward a ‘science of
ecological assessment’ called ‘ecometrics.” The authors suggested the
development of systematic procedures for directly measuring neighbourhood
mechanisms which could be treated as ecological. Examining the multitude of

operational definitions, the empirical findings and theoretical orientations,
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they came up with four classes of neighbourhood mechanisms: 1) social ties
and interactions; 2) norms and collective efficacy; 3) institutional resources
(quality, quantity and diversity of institutions in the community); and 4)
routine activities (Sampson et al., 2002).

Despite the progress, there are still methodologically complex
challenges in measuring neighbourhood effects. The differentiation of an
individual into units, the indirect pathways of neighbourhood effects, and bias
still present difficulties for researchers. For example, the most used strategy in
the multilevel research is to estimate a direct effect model, taking individual
variables as controls along with place-of-residence characteristics; however,
this model may be partitioning out relevant variance and pathways of
influence (Sampson et al., 2002). As suggested by Cook et al. (1997), the
universal use of the phrase ‘neighbourhood effects’ can be problematic for the
methodological point of view and should be analysed with care, since
neighbourhoods may be internally heterogeneous and not as uniform as may
be perceived.

Sampson et al. (2002) provide five directions for designing research on
neighbourhood contexts where they are considered as social processes (thus,
as ecometrics): (1) redefining neighbourhood boundaries in the context of
social interactions, (2) collecting data on the neighbourhood’ physical and
social properties, (3) considering the spatial interdependence between
neighbourhoods, (4) analysing the neighbourhood social processes and how
they change in time, and (5) collecting scale data on neighbourhood social

processes.
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Role of Mothers’ Education on Child Health

Mothers’ education has gained considerable attention over the years
among the potential social attributes of child health due to its policy
implication attributes. Although empirically there is a modest contention
among researchers on the effect of mothers’ education and child health
regarding the appropriate level of education, there is a consensus from the
theoretical perspective on the effect of mothers’ education on child health.
Most studies on mothers’ education restrict the scope of the importance of
mothers’ education to individual mothers and their offspring. Drawing on
empirical studies, this section reviews the pathways through which maternal
education may affect child health.

A major pathway through which a mother’s education may affect child
health is through socioeconomic factors (Alemayehu Azeze & Huang, 2014;
Frost et al., 2005; Grépin & Bharadwaj, 2015; Keats, 2018). Evidence from
Zimbabwe suggests that increased education levels lead to improved economic
opportunities for women (Grépin & Bharadwaj, 2015). Keats (2018) found
that women who are more educated are likely to get better jobs and increase
household wealth. It is also evident that, uneducated people, often find jobs in
the informal sector, while people with more education are placed in the formal
sector and earn higher incomes (El Badaoui & Rebiere, 2013).

In line with the channel relating to socioeconomic status, education
may promote empowerment and autonomy (Jejeboy, 1992). Education has
been proven to afford women relatively better positions in the household
(Thomas, 1990). Behrman (2015) indicated that education enhances women’s

abilities to participate in decision making processes.
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Other studies (Basu & Stephenson, 2005; Desai & Alva, 1998) have
identified personal illness control and attitude towards healthcare as the
pathway. Basu and Stephenson (2005) argue that maternal education
significantly affects healthcare-related behaviours, such as seeking and
receiving prenatal care through pregnancy and seeking medical care for the
treatment of a child’s fever or cough. Evidence from Uganda also shows that
children are more likely to receive immunization shots and vitamin A
supplements to support healthy immune systems and prevent blindness (Desali
& Alva, 1998; Keats, 2018). Prickett and Augustine (2016) found that higher
levels of maternal education are related to more beneficial health investment
behaviours at each phase of the early development of a child, thereby
improving health and well-being of the child.

Another pathway through which maternal education can affect child
health is the adoption of modern attitudes and practices towards health. As
outlined by Andriano and Monden (2019), education facilitates the acceptance
of rational explanations of illness and the adoption of modern medical
treatments and practices. Women who are educated, therefore, are more likely
to find effective health care for treatment of diseases for their children (Basu
& Stephenson, 2005; Glewwe, 1999). Evidence from Bolivia shows that
education reduces the usage of some traditional and harmful curative
practices, such as withholding fluids during diarrhoea (Bicego & Boerma,
1990).

Glewwe (1999) asserted that formal education confers health
knowledge on future mothers in addition to acquiring skills in diagnosing and

treating some common child-related diseases and being more receptive to
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modern medicine. Education thus improve mothers’ health knowledge on the
use and effectiveness of contraceptives (Rosenzweig & Schultz, 1989), how
HIV spreads and its preventive measures (Aglero & Bharadwaj, 2014) and the
most appropriate prenatal practices (Basu & Stephenson, 2005; Grossman,
1972). In Ghana, Frempong and Annim (2017) found that mothers who have
at least primary education are more likely to feed their children with a
diversified diet that improves their health compared to those with no
education.

Another way that maternal education might influence child health
outcomes is through environmental variables (Andriano & Monden, 2019;
Emina et al., 2009). The authors argued that educated women tend to live in
more environmentally clean areas. Such women are mindful of the implication
of poor sanitation and hygiene practices and are therefore successful at
mitigating the incidence of diseases such as diarrhoea (Andriano & Monden,
2019; Hatt & Waters, 2006; Hobcraft, 1993). Desai and Alva (1998) indicated
that women with higher educational attainments purposefully choose to live in
communities with improved amenities and good medical facilities.

Chen and Li (2009) examined whether the maternal education effect on
a child is a nurturing effect. The authors found that, compared to their own
children, the effect of a mother’s education on adopted children (who are
genetically unrelated to the mother) show no differential effect, suggesting
that a mother’s education has mostly post-natal nurturing effect on child
health.

Premised on these substantive pathways and arguments, several studies

from Ghana (Addai, 2000; Benefo & Schultz, 1996; Greenaway et al., 2012;
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Kanmiki et al., 2014; Nakamura et al., 2011), Sub-Saharan Africa (Caldwell &
McDonald, 1982; Casale et al., 2018; Fadare et al., 2019; Yaya et al., 2019)
and other parts of the world (Emamian et al., 2014; Garcia et al., 2013;
Stamenkovic et al., 2016) also found a significant effect of mother’s
education on child health. However, these studies only considered the effect of
an individual mother’s education on their offspring — overlooking the salience
of social capital and externalitics that may broaden the effect of mother’s
education on other children in close geographic proximity through the sharing
of health-related knowledge with other mothers and copycatting of good

health behaviours and practices by other mothers.

Other (Non-Health) Effects of Neighbouring Mothers’ Education

Other research has looked at the impact of neighbouring mothers’
schooling on children who live in close geographic proximity that are not
necessarily related to health. Kamanda et al. (2016) found that higher
education attainment of mothers within a community increases the secondary
school attendance of children in that community regardless of the child’s own
mother’s education. The authors also found that an increase in mothers’

education in a household enhances primary school attendance.

Poor Neighbourhoods and Child Health

Empirical evidence has shown that residential neighbourhoods
influence their sense of well-being (Ludwig et al., 2012). Sampson (2012) and
Ludwig et al. (2012) described a randomised housing mobility experiment,
‘Moving to Opportunity’ carried out in five different cities in the United States

in the mid-1990s. The experiment was said to have given housing vouchers to
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some residents of poor neighbourhoods, only to be used to move to less poor
neighbourhoods. The authors 10 to 15 years later used this data and found that
after controlling for income, the group of individuals who moved experienced
significant improvements in their well-being compared to those who didn’t.
This corroborated Aber et al. (1997), who argued that a middle-income
family’s wealth may mean little or may have little influence if that family is
‘trapped’ in a poor community. They further argued that such households
would be exposed to the same environmental risk and use the same medical
services as their poor neighbours. Such neighbourhood effects ultimately
affect a child’s health outcomes.

In Ghana, Annim et al. (2012) found that spatial inequality is
significant on household poverty at the district level. The authors indicated
that the signs of the effect differ based on the economic activities of the
particular district. This suggests a varying and significant effect of location on

household poverty which is an important determinant of child health.

Empirical Issues of the Impact of Improved Water on Child Health

Over a decade, several studies have shown the importance of improved
water on child health (Dangour et al., 2013; Fink et al., 2011; Taylor et al.,
2015). For most of these studies, improved water sources are positively
associated with child health. Other empirical studies on the other hand, have
underscored differing results (Bain et al., 2012; Godfrey et al., 2011; Headey
& Palloni, 2019; Shaheed et al., 2014).

The impact of improved water on child health however is likely to be
mediated by the neighbourhood or place of residence, since some areas
although might have improved water sources may not have associated
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microbial safety (Shaheed et al., 2014). For some areas or communities, the
water available might not be enough (in terms of quantity) for sufficient basic
health needs; it also might not be affordable or be guaranteed as safe for use.
This could explain the inconsistencies in the results regarding improved water
and child health.

Dangour et al. (2013) conducted a meta-analysis at the study and
individual-level to evaluate the effect of interventions to improved water
among other factors on the nutritional status of children. The study found a
statistically significant effect of improved water on height-for-age z-scores,
but indicated that none of the 14 studies reviewed reported on differential
impacts such as socioeconomic differences which are relevant to the issues of
inequality. This was corroborated by Taylor et al. (2015), who also conducted
a systematic literature review to investigate the impact of WASH interventions
on malaria control. They acknowledged the distinct gap in literature and
reiterated the need for the most appropriate intervention for a given context
and/or target group.

Fink et al. (2011) noted that improved water is contributes to better
child health, but that the effect is relatively small. This study used data from
171 surveys of the DHS from LMIC for the period 1986 to 2007. They used
logistic models to examine the effect of access to water and sanitation on
infant and child stunting, diarrhoea and mortality. The use of this model
ignores the possibility of environmental attributes (like water shortages and
pollution) that affects groups of the population, resulting in similar

characteristics among individuals in these groups. This situation therefore
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violates the assumption of independence of observations and may lead to
biased parameter estimates and false indications of significance.

Headey and Palloni (2019) used a large, subnational panel on
difference-in-difference regression models to examine the effect of long-term
changes in access to water on child health (morbidity, nutrition and mortality).
They constructed a panel of 442 subnational regions from multiple rounds of
the DHSs of 59 countries. Their results showed that access to improved water
does not significantly affect most health outcomes. The study, however,
employed fixed-effects models that consider systematic effects as fixed or
non-random. This approach falsely assumes that the effect of access to
improved water is the same across different neighbourhoods or locations.

A 2012 study on a comparative assessment of burden of diseases by
the authors of The Lancet’s Global Burden of Disease series (Lim et al., 2012)
found that access to an on-plot pipe water supply does not significantly reduce
an individual’s risk to diseases. The study investigated the effect of water and
sanitation interventions on the risk of diarrhoeal diseases by conducting a
review of experimental and quasi-experimental epidemiological studies. The
authors further found that the magnitude of the effect of improved water on
communicable diseases in children has changed substantially and varies across
regions. Subsequently, Engell and Lim (2013) followed up with a reanalysis
of the experimental and quasi-experimental studies and discovered that both
unimproved water and sanitation account for only 0.9 per cent of the global
burden of disease in 2010, compared to 6.8 per cent in 1990 and 3.7 per cent
in 2000. They again indicated that there are no additional effects of on-plot

water or piped water on health compared with other water supply
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improvement. Consequently, Shaheed et al. (2014) argued that not all
improved water sources — including piped water — are safe, since they are
susceptible to contamination. They further argued that some sources of piped
water (for example) may be untreated or unsafe. Some households may need
to store their water once collected, due to intermittent supply and therefore
may be easily contaminated. That is to say that, availability or access to
improved water sources is not a guarantee of consistent use of these same

sources over sustained periods.

Review of the Other Determinants of Child Health
This section briefly reviews the determinants of child health (stunting)

and the relationship between variables.

Sex of Child

Several empirical studies suggest that male children are more likely to
have ill health — especially stunting than female children. These studies on the
relationship between gender and child health are accessible in the case of Sub-
Saharan Africa (Bork & Diallo, 2017; Espo et al., 2002; Ngare & Muttunga,
1999; Ukwuani & Suchindran, 2003; Wamani et al., 2004, 2007; Zere &
Mclintyre, 2003) and Ghana (Darteh et al., 2014; Frempong & Annim, 2017).
Although some studies attribute the differences in child health with respect to
gender to behavioural factors (Garenne, 2003) and dietary discrimination
(Leslie et al., 1997), Cronk, (1989) and Wamani et al. (2007) contest these
assertions and suggest Dbiological explanations. In  neonatology,
epidemiological studies also show that male children suffer higher morbidity

and mortality when compared to females, even after adjusting for gestational
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age and size of the child. These studies, carried out on cohorts of preterm
infants and children, attribute gender-related differences to sex-chromosome
factors that are associated in preterms and linked to ventilator and circulatory
support (Elsmén et al., 2004; Kilbride & Daily, 1998; Synnes et al., 1994).

These studies generally suggest that boys are more vulnerable than girls.

Age of Child

According to Darteh et al. (2014), the age of a child influences the
child’s susceptibility to being stunted. They further argued that children 24
months and above are more likely to be stunted compared to those younger
than 24 months. According to the Noguchi Memorial Institute for Medical
Research (as cited in Darteh et al., 2014) this could be attributed to
complementary feeding, which starts for most children between 4 months and
6 months. Some studies have also shown that the period of complementary
feeding is critical for child health because of the higher occurrence of
micronutrient deficiencies associated with this period (Higgins et al., 2011;
Qasem et al., 2015; Shrimpton et al., 2001). These studies and several others
in developing countries give the indication that the risk of stunting

significantly increases with age (Kang et al., 2018).

Size at Birth

An important factor that has been said to influence stunting in infants
and children is the child’s weight or size at birth (Christian et al., 2013; Espo
et al., 2002; Kroupina et al., 2015; Pedraza & de Menezes, 2014; Rehman et

al., 2009). Singh et al. (2017) found that children with an average or large
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birth size are less likely to be stunted than their counterparts who were smaller

in size at birth.

Mother’s Age

Research shows that maternal age is a critical factor that affects child
health. Empirical works on the relationship between maternal age and child
health indicate that younger mothers at childbirth (below 20 years) are more
likely to experience intrauterine growth restriction, preterm births, child
malnutrition and infant mortality (Alam, 2000; Borja & Adair, 2003; Conde-
Agudelo et al., 2005; DuPlessis et al., 1997; Fall et al., 2015; Gibbs et al.,
2012; Lawlor et al., 2011; LeGrand & Mbacke, 1993; Markovitz et al., 2005;
Paranjothy et al., 2009; Restrepo-Méndez et al., 2011; Sharma et al., 2008).
These are explained by biological, social and behavioural factors. Younger
mothers’ nutritional needs may compete with their foetuses during pregnancy
if these mothers are still growing, which ultimately affects foetus development
(Scholl & Hediger, 1993). LeGrand and Mbacké, (1993), and Wambach and
Cole (2000) indicate that younger mothers might breastfeed for a shorter
duration compared to older mothers. They also argued that younger mothers
may have an immature demeanour and consequently may not be able to take
care of the needs of their infants. These mothers are argued to be inclined to
have low education levels, less stable partnerships and lower socioeconomic
statuses. Older maternal ages (more than 35 years) are equally linked to
intrauterine growth restrictions, chromosomal abnormalities, stillbirths and
preterm births (Kenny et al., 2013; Newburn-Cook & Onyskiw, 2005; Ngowa
et al., 2013). These are attributed to several factors including higher parity and

higher risk of hypertension, diabetes, obesity and related pregnancy
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complications. Some other studies have further shown that older mothers may
have children with high blood pressure (Gillman et al., 2004; Lawlor et al.,
2004; Roberts et al., 2005; Whincup et al., 1989). According to Fall et al.,
(2015), a younger maternal age is common in LMICs compared to high-
income countries (HICs), and so younger mothers in LMICs may be

behaviourally and physically immature to care for their babies.

Mother’s Body Mass Index

Maternal Body Mass Index (BMI) is associated with undernutrition,
which contributes to foetal growth restrictions leading, to a high risk of
neonatal deaths and stunting for survivors by the age of 48 months (Black et
al., 2013). It is further argued that maternal overweight and obesity increases
the risk of infant mortality. Other studies show that a mother’s BMI

significantly affects a child’s underweight status (Khan et al., 2019).

Breastfeeding

The WHO recommends exclusive breastfeeding to children up to the
age 6 months. They further encourage continuous breastfeeding from 6
months to 2 years or beyond with safe, appropriate complementary feeding
(WHO 2020). This advocacy is premised on the fact that breastmilk provides
all the nutrients and energy required by infants and contains antibodies which
helps to protect them against most common childhood diseases. Breastmilk is
considered safe and clean and therefore an ideal food for infants. Evidence
from rural communities in Mexico shows that stunting is more evident in the
fourth month of a child’s life when breastfeeding declines. Aheto et al., (2015)

report that in Ghana, lower breastfeeding durations relates increased risk of
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malnutrition. Several other studies corroborate the assertion that breastfeeding
improves child health statuses (Matsungo et al., 2017; Oktaria et al., 2017;

Scherbaum & Srour, 2016; Walters et al., 2019).

Wealth Status

Poverty has been shown to have a negative effect on child health.
Ntshebe et al. (2019) argued that children who live in poorer households are
more likely to have poor health. Ambel et al. (2017) found in Ethiopia, using
concentrated curves for the years 2000, 2005, 2011 and 2014, that child health
outcomes over the period mainly improved for the rich. They also found a
considerable gap between the rich and the poor. These are explained along a
number of dimensions. Aber et al. (1997) distinguished two types of the state
of poverty and their associate cofactors to consider when modelling the
relationship between household wealth or poverty and child health. The first
are the transitory poor households who briefly fall into poverty due to income
fluctuations; the second are the persistently poor who are poor over a longer
period of time. Although children who are from persistently poor households
experience higher risk of adverse health outcomes, both transitory poor and
persistently poor families may face income fluctuations which may force them
to change their residence and/or causes emotional stress for parents, which can
make them more punitive or less nurturing to their children (Michaelis et al.,
1993). Other studies show that poverty results in difficulties in obtaining food,
limited access to health services and education, and unemployment (Bouvier
et al., 1995; Brown & Solomons, 1991; Delpeuch et al., 2000; Frongillo et al.,
1997; Kikafunda et al., 1998; Lipsk et al., 2016; Reyes et al., 2004; Ricci &
Becker, 1996; Rikimaru et al., 1998) which ultimately affects child health.
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Finally, evidence from Ghana also shows that poor households increase the

risk of poor child health (Aheto et al., 2015a).

Household Size

The composition of a household is critical for child health since each
member’s need compete on the available resources of the household.
Accordingly, larger households may not be able to fully satisfy their needs
compared to those with smaller size. Gang et al. (2002) found that increase in
household size is associated with poverty and attributed to increasing
household expenditure which eventually affects child health. Pedraza and de
Menezes (2014) corroborated this finding and found that children living in
households with six or more individuals are more likely to have poor health
than those in a household with less than six members. This is attributed to the

competing needs of the available resources.

Residence

The relationship between area of residence and child health, especially
stunting, has been explained by differences in beliefs, culture, values and
prevailing conditions existing among a subgroup (Van de Poel et al., 2007).
Several studies have shown that an individual’s residential location influences
their health and well-being. In a systematic review, Quansah et al. (2016)
found that place of residence (rural-urban disparities) is a critical factor in
determining child health and mortality across several Sub-Saharan African
countries. They found that lower rates of stunting and child mortality were
found in the urban areas in most Sub-Saharan African countries, including

Ghana.
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Altitude

According to Niermeyer et al., (2009) high altitude is associated with a
low-oxygen environment which affects child health. The authors argue that
children residing in mountainous areas have risk of several health conditions
including: hypoxeamia, acute lower respiratory infection, and high-altitude
pulmonary hypertension and oedema. The authors also observed an inverse
relationship between altitude and birth weight (which is associated with
intrauterine growth restrictions). They argue that poor oxygen delivery during
pregnancy hinders foetal development and results in low birth weight. Other
studies also argue that high altitude affects child health through inadequate
resources and health infrastructure, and that children living in these areas are
susceptible to growth retardation, poor nutrition conditions and respiratory

infections (Audsley et al., 2016; A. J. Khan et al., 2009).

Summary of Chapter

This chapter presented the theoretical and empirical contributions of
literature related to this study to help situate the study in relation to existing
knowledge. The theoretical literature explained the theories and concepts
underlying the research problem of this study through the following themes:
theoretical issues in the conceptualisation of health and health disparities
which looked at the concepts and ways of operationalising health inequalities;
conceptualisation of place; theoretical conception of health and place which
considered the concepts of social capital and proximity; and finally, a review
of the structuration theory, externalities, and intersectionality theory and its
determinants of health. The empirical literature reviewed related empirical
studies with emphasis on methodological contributions and shortcomings
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relating to neighbourhood characteristics including improved water and its

effects on child health, as well as other determinants of child health.
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CHAPTER FOUR
METHODOLOGY
Introduction
This chapter presents the research strategy and procedures applied to
achieve the objectives of the study. The next section presents the research
design describing the advantages and applicability to the present study. This is
followed by a description of the data used and sources. The succeeding
sections present model specifications, an explanation of variables and
estimation techniques for each of the empirical chapters. Finally, procedures

for post-estimation diagnostics are presented.

Research Design

According to some authors, being able to justify the decision to adopt
or reject a research philosophy should be part of the basis of conducting
research (Ryan, 2018). Having a clear understanding of the philosophy will
guide the researcher to evaluate the different methodologies, their limitations,
and how the selected methods would serve to answer a specific research
question (Crossan, 2003). The debate between quantitative and qualitative
research has been limited to a focus on methods rather than exploring the
underlying philosophy, which is more appropriate to understanding and
addressing the research objectives (Clark, 1998).

The present study adopts a positivist philosophy. This approach takes
the position that, there is a single version of reality, regardless of the
researcher’s perspective; hence, the only path to finding this ‘truth’ is the
collection of data to measure or observe independently of others factors.
Positivism is considered a progression of empiricism, according to Phillips
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and Burbules (2000). Empiricism believes that knowledge should be objective
and free from researcher bias. Until the beginning of the 20" century, all
philosophical research theories involved one single reality independent of that
of the researchers (Denzin & Lincoln, 2005). This means that the external
reality is discoverable through hypothesis and experimental testing using
deductive reasoning (Howell, 2012). The general implications of positivist
philosophy include that research is value-free, responds to causality,
operationalization, independence, and tends to be quantitative and reductionist
(Hughes, 1994).

While some authors declare that the research philosophy outlines the
values that guide the entire research — including the collection and analysis of
data — others, such as Johnson and Onwuegbuzie (2004), argue that the
differences in epistemological beliefs do not entirely dictate the specific data
collection and analytical methods to use, hence do not limit the use of either
qualitative or quantitative forms of research. Such is the case in the mixed
methods approaches.

When deciding on research design, there are several factors to be
considered, including the philosophical paradigm, the nature of the
phenomenon of interest, the level and nature of the research questions, the
main objective of the study and practical considerations regarding the research
environment and resources (Crossan, 2003; Shih, 1998). Consistent with the
research question of the present study, a quantitative approach was selected,
implementing multilevel regression analysis, spatial analysis and spatial

regressions.
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Research paradigms are generally distinguished in terms of
epistemology, or assumptions about how knowledge is generated. In this line,
the research design supports previous studies of the same theme from a
positivist perspective. Epidemiology, sociology and geography have been
successful in re-establishing the interest of neighbourhood and place effects in
shaping health and health disparities (Cummins et al., 2007). Some of the
relevant research has relied on conventional conceptions of space and place at
the individual level; however, Cummins et al. (2007) advocated for extensive
quantitative empirical and theoretical research on this subject. In this regard,
multilevel analysis has emerged as a new quantitative analytic strategy in
several fields, including public health, allowing examinations at the group and
individual level (Kawachi & Berkman, 2003).

Quantitative and qualitative  research  incorporate  different
methodologies, but are both structured, justified and evaluated under different
philosophical bases; hence, they are different paths of knowledge generation.
Both approaches have great value for answering research questions at different
levels. The possibilities that offer the positivist philosophy leading to a
quantitative methodology are the highly controlled procedures and quantifying
variables that make it possible to obtain results; continuity of the advances
already made in the topic by implementing recommendations from past
researchers; and a rigid control of variables leading to findings that could
apply to a wider population (Hughes, 1994). Conversely, a major criticism of
the positivist approach is that it does not provide an in-depth means to
examine human beings and their behaviours (Crossan, 2003); the need to

control variables often leads to a small unit of human behaviour being studied;
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and that scientific methods from the positivist approach may put the researcher
in a more dominant position than the participant which could influence
findings (Coolican, 2014).

In conclusion, different philosophies provide us with different paths to
generate knowledge in the same topics. However, depending on the nature of
the phenomenon of interest, the research questions and other practical
considerations, the researcher will select a suitable approach. The positivist
philosophy has been shown as essential to public health because of the nature
of specific research questions, which is why this study adopts the positivist

philosophy and the quantitative approach.

Data Description and Source
Data for the First Empirical Chapter

Data for the first empirical chapter was obtained from the 2014 DHS
for Ghana. This survey was carried out by the Ghana Statistical Service (GSS),
the Ghana Health Service (GHS), and the National Public Health Reference
Laboratory (NPHRL) of the GHS in 2013. DHS 2014 for Ghana is the sixth of
the DHS surveys in Ghana since 1988. These household surveys are conducted
at five-year intervals and provide reliable information on child and maternal
health that is representative of the administrative regions. A two-stage sample
design was employed to collect the data: the first, selected 427 sample points
(216 urban areas and 211 rural areas) called clusters, consisting of enumerated
areas defined for the 2010 Population and Housing Census; the second
randomly selected about 30 households from each cluster. In addition to data
on health status and its related characteristics among women and children, the
survey also recorded the geographic coordinates (latitudes and longitudes) of
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the clusters. These imply the various geographic locations of the clusters.
Figure 6 shows the study locations used in this paper. For the first empirical
chapter the study excluded four clusters with missing coordinates and also
supplemented the data with district shapefiles obtained from the GIS Remote

Sensing Department of the University of Cape Coast.

DISTRIBUTION OF SAMPLED CLUSTERS BY REGIONS WITH RESPECTIVE
POPULATION

Legend

GDHS

Pop2010/ none

| ] 702110.000 - 1046545.00
| | 2118252.00 - 2201863.00
I 2310983.00 - 2376021.00
P 2479461.00 - 2633154.00
I 4010054.00 - 4780380.00

- e iles
0 20 40 80

Enumerated areas, also
the sampled clusters from
GDHS 2014 used in the
current study

The map shows locations
of 423 clusters.

Figure 6: Sampled clusters for DHS, 2014 for Ghana

Source: Agyen (2020)
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The study combined these clusters with district-level shapefiles to run
estimates at the district level. Figure 7 describes the procedure used to select
samples at the individual level and aggregated at the cluster level. First, a total
of 83 children who lived in clusters with missing coordinates were excluded.
These clusters recorded 0 degrees longitude and O degrees latitude each — a
point located in the Atlantic Ocean. Therefore children from households

whose cluster locations are defined were retained.

All children less than 5 years
(weighted n=5,884)

clusters whose coordinates (locations)
are missing=(4 clusters; 83children)

Children belonging to households
whose cluster locations are defined
(5801)

outside range, and non response

Children with height-for-age Z-scores k

Aggregates and group means at
the cluster level for point
analysis(423)

Aggregates and group means at the district
level for district level ananlysis(216)

Figure 7: Procedure for sample selection

Source: Agyen (2020)

The study further excluded children whose height-for-age z-scores

were not recorded and those outside a range of -5 to 5. Finally, z-scores and
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variables of interest were aggregated at the cluster and district levels for

estimations.

Data for the Second Empirical Chapter

Data for the second empirical chapter was also sourced from the 2014
DHS for Ghana. Here, only children below 5 and whose height for age z-score
were recorded and within a range of -5 to 5 were sampled. The study also took

into account weight-for-age z-scores within the range -5 to 5.

Data for the Third Empirical Chapter

The study used the DHS datasets from 30 Sub-Saharan African
countries. Out of a total of 46 Sub-Saharan countries, DHS collects data from
41 countries. The study excluded seven countries with restricted datasets and
four without GPS data or location coordinates for all areas sampled from the
country. Table 2 shows the countries, survey years and the number of children
sampled for the study. The study excluded survey years that are more than 10
years ago. Madagascar was the only exception made. The study used the 2008
DHS data for Madagascar. However, this was only used in the spatial analysis
but not for other analysis. A sample of 245,426 children (72,544 from urban
areas and 172,882 from rural areas) below 5 was used in the spatial analysis,

while 233,314 were used in the multilevel analyses.
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Table 2: Countries, survey years and sampled under-5 children

Country Survey Sampled under 5
year Children

1 Angola 2016 9,582
2 Benin 2012 11,995
3 Burkina Faso 2010 6,380
4 Burundi 2011 3,588
5 Cameroon 2011 5,079
6 Chad 2015 10,680
7 Comoros 2012 2,739
8 Congo, Democratic Rep. 2014 7,776
9 Cote d'lvoire 2012 3,330
10 Ethiopia 2010 19,180
11 Gabon 2012 3,511
12 Ghana 2014 2,685
13 Guinea 2012 3,225
14 Kenya 2014 18,869
15 Lesotho 2014 2,940
16 Liberia 2016 5,283
17 Madagascar 2008 12,1121
18 Malawi 2016 10,344
19 Mali 2016 4,861
20 Mozambique 2016 9,715
21 Namibia 2013 1,902
22 Nigeria 2015 27,161
23 Rwanda 2015 7,685
24 Senegal 2015 9,980
25 Sierra Leone 2013 4,958
26 Tanzania 2016 15,516
27 Togo 2014 3,214
28 Uganda 2015 2,150
29 Zambia 2014 12,034
30 Zimbabwe 2015 19,064

Total 245,426

Source: Agyen (2020)

1 Only included in the spatial analysis.
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Figure 8 shows the locations of sampled clusters across countries in
Sub-Saharan Africa. A total of 15583 clusters were considered in the third

empirical chapter.

Map Showing Sampled Clusters across Countries

Figure 8: Map showing sampled clusters across countries in Sub-Saharan
Africa

Source: Agyen (2020)
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Theoretical Frameworks and Data Analyses Procedure

The sections that follow presents the theoretical frameworks and data
analyses procedures employed for each of the empirical chapters: (1) Spatial
Clustering and Neighbourhood Effects of Child Health in Ghana; (2) A
Structural Equation Modelling Approach to Examining the Effect of
Neighbourhoods on Child Health; and (3) Multilevel and Spatial Analysis of
Child Health in the Sub-Saharan Africa Context. For each of the three
empirical chapters, the study provides details of the model specification,

estimation technique, definition and measurement of variables.

Spatial Clustering and Neighbourhood Effects of Stunting in Ghana

The first empirical chapter addresses three of the objectives of the
study. These are (1) identify stunted clusters among children in Ghana (2)
examine spatial dependence of stunting in children and (3) determine whether

neighbouring mothers’ years of education reduces stunting in children.

Unit of Analysis

In addition to individual children, this study used districts and clusters
as the main units of analysis. The choice is attributable to two main factors:
(1) data and (2) policy. The geographic file in the DHS only provides locations
of clusters and not households or individuals. Since the nature of our analysis
requires precise and unique location for each unit of analysis, the study used
these clusters as the unit of analysis. From a policy perspective, the study
combined these clusters with district administrative shapefiles to draw

conclusions and make policy recommendations at the district level.
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Group means were used since the unit of analysis is at a seemingly
larger level. It is appropriate to use group means for research conducted at the
city, administrative district, state, national or international level (Barcikowski,
1981).

Measurements of Variables

The response variable is the prevalence of stunting at both the cluster
and the district levels. This is measured as the proportion of children between
0 and 59 months whose height-for-age z-score is less than -2 (HAZ<-2)
(WHO, 2007). Table 3 presents the definition and measurements of variables
used in the individual-level analysis, while Table 4 presents aggregated
measures of variables employed in the spatial analysis at the cluster and

district level.

Table 3: Definition and measurement of variables for individual-level

analysis (logistic and multilevel regressions)

Variable Definition Measurement
Child age Age of the child in Measured as 0 =< 6; 1 =6 — 8;
categories 2=9-11;3=12-17;4=24

—-35;5=36—-47;, 6=48-59

Sex of child Gender of child 0 =female; 1 = male

Mother’s age Age of the mother of the Measured in years. Ranges
child from 15 — 45 years.

Mother’s Mother’s highest 0 = no education; 1 = primary;

education educational attainment 2 = middle/JSS;

3 = secondary/higher
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Variable Definition Measurement
Wealth An index of the wealth 0 = poorest; 1 = poorer; 2 =
status of the household middle; 3 =richer; 4 =richest

Ethnicity Ethnic group 0 = Akan; 1= Ga/Dangbe;
2=Ewe; 3=Guan; 4=
Dagbani; 5 = Grusi; 6 = Gurma;
7 = Mande; 8 = Other

Size at birth Size of the child on 0 = very small; 1 = small;

Ever breastfed

Kids

Distance
problem to

health centre

Urban

delivery

Was child ever
breastfed?

Number of children in
the household

Does household have a
distance problem

accessing health centre?

Residence status of the

household

2 = average

yes=0;no=1

Count of Children below 5years

in the Household

0 =vyes; 1 = no problem

0 =rural; 1 = urban

Source: Agyen (2020)
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Table 4: Definition and measurement of variables for spatial analysis

Variable

Definition

Proportion of poor

people

Mother’s education

Proportion of children
living in rural areas
Children who had
fever

Size at birth

No improved water
source

No easy access to
health centre
Children who had
diarrhoea

Proportion Akan

Proportion Ga

Proportion Dagbani

A proportion of households below the middle
wealth quintile.

Wealth quintile is a composite measure of
household cumulative living standard and it is
calculated using the aggregate of households’
ownership of selected assets.

Average years of education of mothers in a
district.

For every district, the proportion of children who
are located in rural areas.

The proportion of children who had fever within
the last two weeks prior to the survey.

The average size of the children at birth.

The proportion of households with no access to
improved sources of water.

The proportion of households who find it difficult
to access a health centre due to distance.

The proportion of children who had diarrhoea
within the two weeks prior to the survey.

Proportion of children from the Akan ethnic
group.

Proportion of children from the Ga ethnic group.
Proportion of children from the Dagbani ethnic

group.

Source: Agyen (2020)
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Individual-Level Analysis (Logistic and Multilevel Regressions)

The study first employs multilevel analysis and compares the results
with a logistic model. The idea of multilevel analysis is basically to help
include area (cluster and district) effects after individual-level predictors have
been controlled for. With individual children as the unit of analysis, the
multilevel analyses allow simultaneous examination of the individual-level
predictors and variations within and between clusters and districts.

First, the study considered logistic regression at the individual level
where the response variable is binary; thus, 0 for a child aged between 0 and
59 months that is not stunted and 1 for a child aged between 0 and 59 months
that is stunted. Taken y as the response variable, the study refers to w as the
success probability, where obtaining a stunted child is considered a success;
that is, y-value is 1 and a y-value of 0 a failure. The logistic regression

estimated is expressed as:

T[.
log (1 _ln ) = [y + Pichild_age; + B,child_sex;
i

+ fsmothers_age; + [ymothers_educ;

+ Bswealth; + fgEthnicity; + B,size_at_birth ;

+ Bgever_breastfed; + Bohh_Kids;

+ + B odistance; + B urban; 1)
Where, ;/(1 —m;) is the odds that y = 1 and log{m;/(1 — m;)} is the log-
odds.

Considering a structure where a total of n children are nested within j

groups at the cluster or district levels, the response for individual i in group j

is denoted by y;; and an individual-level explanatory variable by x;;.
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A two-level random intercept model is then specified and estimated as

expressed below:

T[. .
log <1 _l;T > = Bo + Bichild_age;j + B,child_sex;;
ij

+ psmothers_age;; + pymothers_educ;;

+ pswealth;; + PeEthnicity;; + B,size_at_birth ;;

+ Pgever_breastfed;; + fohh_Kids;;

+ +podistance;j + B urban;; + u; 2
Where, u;j~N (0, 0;7). By is the log odds that the response is stunted when x =
o and u = 0. The exponential of 3, exp (B,) gives the odds that a stunted
response (y = 1) is obtained when x = o and u = 0. The S are the effects of
a unit change in x on the log odds that y=1 after controlling for the cluster or
district effect w. v; is the cluster or district effect and its variance var(u;) =

o2 is the between cluster or district variance adjusted for x. Equation 2 is

estimated for both cluster and district-levels.

Exploratory Spatial Data Analysis

The preliminary spatial analysis is based on exploratory spatial data
analysis (ESDA) which helps to examine the spatial clustering of stunting in
Ghana. Following Anselin (1998), the study employed ESDA which entails a
collection of techniques for the statistical analysis of geographic information.
This helped us to visualize the spatial distribution of stunting, identify spatial
outliers (if any), and discover patterns of spatial association, clusters or hot
spots. First, the data is visualized using choropleth maps to assess patterning.
We then applied ESDA to district-level child health outcomes in Ghana to lay

bare areas or administrative districts of higher risk. The ESDA techniques
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used in this paper helps to assess local patterns of spatial autocorrelation in
each district through the implementation of Local Indicators of Spatial
Association (LISA) statistics.

For each district, we tested if the stunting rate observed is similar to its
immediate neighbours, implying a positive spatial autocorrelation or
dissimilarity to that of the neighbours; in this case, a negative spatial
autocorrelation.

The first empirical chapter used the Moran’s I statistic to measure the
existence and extent of global clustering. It was assessed by testing the null
hypothesis that the spatial patterns of the DHS data used were random. A
rejection of the null hypothesis, therefore, means a non-random spatial pattern
which is also referred to as spatial autocorrelation. More specifically, positive
spatial autocorrelation indicates that similar values occur at adjacent locations;
whereas negative autocorrelation implies that high values appear next to low
values. Moran’s I ranges approximately from +1 (for positive spatial
autocorrelation) to -1 (negative autocorrelation), and its expected value in the
absence of autocorrelation approximates 0 (Anselin, 1998). The Local Moran
I, which helps to evaluate autocorrelation in each district is formally specified
as:

- (m— DX o wij i =D —9)
: = 7)? ®)

Where w;; is defined as the spatial weight between i and ;.

Global Moran I, on the other hand, measures spatial autocorrelation for

the entire study area:
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To reduce the impact of population heterogeneity on the estimates and

mapping, the study adopted the empirical bayes-based smoothing (Lemon &
Krutchkoff, 1969). This is to help reduce biases associated with varying size

of populations (Diehr, 1984).

Defining Neighbours

Queen’s case adjacency, a contiguity-base spatial weight which defines
a neighbour base on sharing a common boundary or vertex in all directions,
was used to define neighbour relationships. The neighbours of district i
include all districts sharing at least a corner with district i. For cluster-level
analysis the study created Theissen polygons where neighbours are polygons

that share same boundary, as shown in Appendix H.

Models and Estimation Techniques

The choice of multilevel and spatial regressions is attributable to the
fact that conventional methods and standard statistical tests strongly consider
the assumption of independence of observations. While these methods have
been used by several studies that have examined the same area of interest (i.e.
stunting in children) with the same dataset, such standard multivariate
analyses are potentially flawed. This is because the data was collected using a
two-stage sampling design, which makes the data structure, hierarchical. Due
to the possibility of ecological attributes of spatially defined areas that affect
whole groups or shared characteristics of people in the same

area/cluster/district, individual observations in such samples are generally not
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completely independent. The violation of the assumption of independent
observations results in smaller and clustered standard errors of conventional
statistical methods, which lead to spurious results. To this end, this study
considers the “spatial” nature of the data and incorporates it into the models to
avoid false indications of significance, biased parameter estimates and
misleading suggestions of fit (Anselin 1998; Cressie 2015; Messner et al.,

1999).

Spatial Lag Model
First, Ordinary Least Square (OLS) was constructed model where the
proportion of stunted children in each district is assumed to be independent of

all other districts across the country.

y=XB+s¢, (5)
Where y isan N x 1 vector of proportion of stunted children in a district (N =
216 districts). The independent measures are captured in X, which is a 216 x
k matrix, where k = 6, the total number of explanatory variables and g is a
6 x 1 vector of regression coefficients. We then incorporate spatial
dependence into the standard linear regression by adding the spatially lagged
dependent variable (Wy)as an additional independent variable which is

formally, expressed as

y=pWy+XB +e, (6)

Where p is a spatial autoregressive coefficient, € is a vector of error terms.

Spatial Error Model
Again, the OLS model is extended to include spatial dependence in the
regression disturbance term. This helps to verify by comparing with other
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models if spatial autocorrelation is attributable to spatial data. The model is

specified as

y=XL+AWs +e¢ (7

Spatial Two-Stage Least Squares
From the reduced form of the spatial lag model, the spatial lag term

(Wy)is evidently correlated with the errors:

y=U-pW)'XB+ (U -pW) e (8)

This raises endogeneity concerns, and so the need to treat the spatial

lag term as an endogenous variable. Instrumental variable or two-stage least
squares was used to do away with the endogeneity of the spatially lagged
dependent variable (Anselin, 1990, 1998; Kelejian & Prucha, 1998).
Following Kelejian and Robinson (1993) the study use the spatial lags of the

explanatory variables.

Spatial Cross-Regressive Model (SLX Model)

We estimated the effect of neighbourhood mothers’ education by
employing the spatial cross-regressive model (SLX model). We include the
lag of the average years of schooling of neighbouring mothers (WX3). The

model is thus specified as

y=Xf+WX¥x+e¢ 9)

More specifically,
Yy=a+ Li1x1 + Laxy + o+ Lrxp + Y2 Wx, + € (10)
where y is the dependent variable and y, the parameter of the coefficient of

W x,(lag of the average years of schooling of neighbouring mothers)
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A Structural Equation Modelling Approach to Examining the Effect of
Neighbourhoods on Child Health in Ghana

Owing to the complex and multi-faceted concepts involved in
achieving the objectives, the study employs structural equation modelling, a
general modelling framework that integrates several multivariate techniques. It
enables the estimation of a more complex system of relationships and
mediated effects rather than a multivariate regression model. The study also
employs this modelling framework to be able to examine the indirect or

mediated and direct effects of variables on child health.

Spatial Effect as a Latent Variable

The study adopted Folmer and Oud's (2008) approach of incorporating
and testing more information on spatial dependence by using latent variable to
represent spatial dependence or spill over effects rather than using weights.

The study introduced spatial effect as a latent variable in a structural
equation model. In this model, spatial effect is thought of as the underlying
cause of the observed variables; residence, distance to health centre, source of
drinking water, sanitation, neighbours’ wealth, and neighbouring mothers’
education. This is due to the fact that the concept of spatial effect is not

directly observable.

Justification of Observed Variables
Source of Drinking Water

Fresh water is important and an absolute necessity for subsistence and
the development of human society (Ballantine et al., 2012; Everard, 2002)

However, groundwater which stores the world’s fresh water takes hundreds of
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years to recharge once water is extracted from its aquifers (Oki et al., 2003).
More than 99 per cent of surface water which serves as the readily available
water resource to humans cannot be used by humans and many other living
things; merely 0.3 per cent is considered fresh (Society, 2012).

Unlike groundwater, which takes a long time to recharge, water
circulation systems can expeditiously replenish surface water (Kellogg, 1997).
However, an attribute of surface water is its uneven distribution (Dzhamalov
et al. 2015; Kanakoudis et al. 2016). Factors such as population growth
associated with pollution, economic development, changes in land use and salt
water intrusion affect the state of water in an area (You et al., 2018;
Kanakoudis, et al., 2017a, 2017b; Voérosmarty et al., 2000). To this end, the
study treats improved sources of drinking water as varying in space.

The study follows the WHO’s definition of improved water as water
from sources that are protected from contamination — especially from faecal
matter. These include piped, borehole, protected well, protected spring and

rainwater collection.

Sanitation

Improved sanitation is essential for reducing the risks of adverse health
outcomes (Andrade et al., 2009). Following the WHO definition, “improved
sanitation includes a flush toilet, septic tank, piped sewer system, flush to open
pit, compositing toilet, a ventilated improved pit latrine or a pit latrine with a
slab” (WHO & UNICEF, 2014). In addition to the stark disparities of
sanitation across regions and between rural and urban areas (WHO &
UNICEF, 2014), it has been found to demonstrate spatial effects (Jia et al.,

2016).
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Residence type

Residence defines the type of place in which the household of a child
is located. It is classified into urban and rural. Urban areas include large cities
with populations of over 1 million, small cities with populations over 50,000
and towns. Rural areas comprise of areas in the countryside (The DHS

Program, 2013).

Distance to Health Centre

This measures whether or not the individuals in a household face
difficulty with the geographic distance from the household to the nearest
health centre. The relationship through which space or neighbourhood could
affect health as proposed by Bernard et al. (2007) is proximity shaped by the

social environment.

Neighbours’ Wealth

Neighbours’ wealth here is characterised by the average of the wealth
status of all households that share the same cluster identity with an individual
household, excluding the household itself. The study followed spatial
regression techniques of defining spatial dependence (measuring the average
influence of neighbouring observations on observations of some variable) to
define the neighbours’ wealth and adopted Folmer and Oud's (2008) approach

of estimating this effect.

Neighbouring Mothers’ Education
Neighbouring mothers’ education measures the average years of

education of all mothers in the same cluster, other than the individual’s own
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mother. This helps to measure similarity relationships among mothers in the

same neighbourhood.

The Path Model

The study uses confirmatory factor analysis which uses a restricted model
presented in Figure 9. The specification of the model is based on a
combination of the intersectionality model, social capital and empirical results
from literature. The commission for the social determinants of health (CSDH)
framework? was adopted to identify the social and environmental conditions
and trajectories for child health (that is HAZ and WAZ). The conventions used
in the model are presented in Appendix | and the description of the variables

are presented in Appendix K.

child_male | |size_at_birth| [birth_interva child_age

mothers _agg

kidshh

— Child_HeaIth

hhh_age marital_status
@-- wealth_cat |

bmi_c mothers_edu_yr

i
9 spatial_effect @

Residence distZHC water sanitation | peighwealth_cal |neighmumsedu

© © © O 0 O

Figure 9: Pathways that connects neighbourhood effects and child health

outcomes

Source: Agyen (2020)

2 See Appendix J;: CSDH Conceptual Framework
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The study identifies neighbourhood effects termed spatial effects in
this model as determinant of child health, with the potential of influencing
individual-level characteristics. The model postulates that neighbourhood
effects intrinsically relates the indicator/observed variables; residence,
distance to health centre, source of drinking water, sanitation, neighbours’
wealth, and neighbouring mothers’ education. More specifically the model
seeks to help assess if the years of education of all other mothers in the same
cluster relates an individual’s own mother’s education which ultimately lead to
an increase in HAZ and WAZ scores. The link between neighbourhood
mothers’ education and a mother’s education may also lead to increase in

household wealth and a ripple effect in the neighbourhood.

The model considers relationships between the determinants of child
health. The study examines the relationship between mother’s education on
child health partly mediated by the mother’s BMI due to the increase in
storage of fats associated with age (Karolinska Institutet, 2019). It also
examines the relationship between mother’s BMI and spatial effect due to
clustering of obese women in Ghana (Dake, 2012); and the relationship
between the number of children in a household and the household wealth,
attributed to increased expenditure and competition on resources (Gang et al.,

2002).

Estimation Technique
The method for estimating the structural equation models used in this
study is maximum likelihood (ML) under the assumption of multivariate

normality as suggested by Tong and Bentler (2013).
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Goodness-of-Fit of the Model

In addition to the test of the coefficient estimates for each of the
individual parameters, the study used different indicators to assess the overall
goodness-of-fit of the model. The indicators used include adjusted chi-square
test (x2/degrees of freedom), the Tucker-Lewis Index (TLI), the comparative
fit index and the root mean squared error of approximation (RMSEA).
According to Bagozzi and Yi (1988); Hair, Black, Babin, and Anderson
(2010); and Hu and Bentler (1999), a model is considered as a good fit to the
data if the CFI and TLI values are close to 1 and the value of RMSEA is low,
preferably below 0.05.

Stability of the model was equally ascertained. A model is considered
stable, if the reported estimates are said to yield a stable model when the

stability index is less than 1.

Multilevel and Spatial Analysis of Child Health in the Sub-Saharan
Africa Context

This empirical chapter delved into neighbourhood effects using a
larger dataset and helped expose some basic shortfalls of employing the
traditional multivariate regressions. The hypotheses to be tested are:

i.  Mothers' with secondary and/or higher education in a
neighbourhood significantly improves a child’s health over and
above the child's own mother's education

ii.  The relationship between the proportion of mothers’ education
and child stunting is mediated by the residence of the child.

iii.  The effect of improved water on stunting differs across
neighbourhoods.
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The data have a clustered or hierarchical structure, and so observations
may tend to be more alike in their social characteristics. Thus, individual
children nested within geographical areas may have similar characteristics.
The study used multilevel models to recognise the existence of clustering in
the data. If the prevalence of stunting is clustered by geographical area, and
this is not taken into account in the estimation as in the traditional logistic
regression, the standard errors of the regression coefficients will generally be
underestimated (McNeish, 2014). To obtain correct standard errors, variation
among groups is allowed for in the analysis. Multilevel models provide
efficient means of controlling for clustering and allow for the residual
components at each level in the hierarchy as shown in equation 11.

A two-level model was used to allow for grouping of child health
outcomes within geographical areas to include residuals at the child level and
the geographical area (or neighbourhood) level. The dependent variable is
binary, where 0 is the response for a child who is not stunted and 1 is for
stunted.

Table 5: Definition and measurement of variables used in the third

empirical chapter

Variable Definition Measurement Abbreviation
Child age Age of the child in  measured as 0 =< 6; Child_age
categories 1=6-8;2=9-11;

3=12-17;4=18-3;
5=24-35;6=236—-47;

7=48-59
Sex of child Gender of child 1 =male; 2 = female Child_sex
Size at birth  Size of the child 0 = very small; Size_at_birth
on delivery 1 =small; 2 = Average
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Table 5, Continued

Variable Definition Measurement Abbreviation
Mother’s Mother’s highest 0 = No education; Mothers_educ
education educational 1 = Primary;
attainment 2 = Middle/Secondary;
3 = higher

Mother’s age  Age of the Mother Measured in  years. Mothers_age

of the child Ranges from 15 — 45
years
Improved Source of drinking 0 = not improved,; Imp_water
water source  water 1 = improved
Improved Improved toilet 0 = not improved, Imp_sanitation
sanitation facility 1 = improved
Wealth An index of the 0 =Poorest;1=Poorer; wealth
wealth status of 2= Middle; 3 = Richer;
the household 4 = Richest
Age of head Age of the head of measured in  years. Hhh_age
of household  household ranges from 15 years to
95years
Ever Was child ever yes=0;no=1 Ever_breastfed
Breastfed breastfed
Residence Residence status 1 =urban; 2 = rural; residence

of the household

Altitude Cluster’s elevation Measured in  meters. Altitude
in meters above Ranges from -92 to

sea level 3563meters
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Table 5, Continued

Variable Definition Measurement Abbreviation
Proportion of  Proportion of Aggregated individual Mothers_educ2
mothers with  mothers with at mothers’ secondary _means
secondary least secondary education at the cluster
levels of levels of level
education education in each

cluster
Proportion of  Proportion of Aggregated individual Mothers_educ3
mothers with  mothers with mothers’ higher _means
higher levels  higher levels of education at the cluster

of education education in each

cluster

Source: Agyen (2020)
Model specification
First, the multilevel model without contextual effect of the proportion

of mothers’ education is specified as:

TC:
log <ﬁ> N ﬁO + ﬁ1Ch,ild_ageij + ﬁzChild_Sexl'j
ij

+ Bssize_at_birth;; + pfymothers_educ;;

+ Bsmothers_age;; + fsimp_water;;

+ B;imp_sanitation;; + fgwealth;; + fohhh_age;;
+ Bioever_breastfed;; + 1 residence;

+ Bizaltitude; + poj (11)

The study then estimates two random intercept models introducing the
contextual effect of mothers’ secondary and higher education (equations 12 &

13 respectively). These are to test that neighbourhood mothers’ education

106

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

positively affects a child’s health status over and above the effect of his/her

own mother’s level of education:

T[. .
log <1 _l; > = Bo + Bychild_age;; + B,child_sex;;
ij

+ B3size_at_birth;; + fy,mothers_educ;;

+ Bsmothers_age;; + Bsimp_water;;

+ B;imp_sanitation;; + fgwealth;; + fohhh_age;;
+ Bioever_breastfed;; + f11residence;

+ Bypaltitude; + By3mothers_educ2_means; + py; (12)

1'[. B
log <ﬁ> = Po + Bichild_age;; + fchild_sex;;
ij

+ B3size_at_birth;; + f,mothers_educ;;

+ Bsmothers_age;; + fsimp_water;;

+ Byimp_sanitation;j + Pgwealth;; + fohhh_age;;
+ Bioever_breastfed;; + 1 residence;

+ Bizaltitude; + f13mothers_educ3_means; + uy;  (13)

The study further tests the interaction effect of residence and the
proportion of mothers with at least secondary education. Thus, equation 14
tests the main hypothesis that the relationship between the proportion of
mothers’ education (secondary education) and child stunting is mediated by

the residence of the child.
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log <1 T;i) = Bo + Bichild_age;; + B,child_sex;;
+ Bssize_at_birth;; + fy,mothers_educ;;
+ Bsmothers_age;; + Bimp_water;;
+ B;imp_sanitation;; + fgwealth;; + fohhh_age;;
+ Bioever_breastfed;; + 1 residence;

+ Bialtitude; + fi3mothers_educ2_means;

+ B1amothers_educ2_means#residence; + (14)

where, ;4 is the interaction effect of the proportion of mothers with

secondary education and residence.

Equations 15, 16 and 17 were used to test that the effect of improved
water sources on stunting varies across neighbourhoods. The study defined
improved water following the WHO and UNICEF (2014) definition as water
from sources that are protected from contamination. Included in this study are
“piped water into dwelling”, “piped into yard/plot”, “piped to neighbour’s
house”, “borehole with pump”, “protected well”, “protected spring” and
“bottled water”.

Equation 15 tests that the effect of improved water sources on stunting

depends on the altitude of the neighbourhood. This is specified as:
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T[. .
log <1 —l;r > = Bo + Bychild_age;; + B,child_sex;;
ij

+ Bssize_at_birth;; + fy,mothers_educ;;

+ Bsmothers_age;; + Bimp_water;;

+ B;imp_sanitation;; + fgwealth;; + fohhh_age;;
+ Bioever_breastfed;; + 1 residence;

+ Bialtitude; + fi3mothers_educ2_means;

+ Bisimp_water#altitude;; + uo; (15)

where ;4 in equation 15 is the interaction effect of improved water and the

altitude of the neighbourhood.

Equation 16 tests the hypothesis that the effect of improved water sources on
stunting depends on the residence (that is, rural or urban) of the child. This is

specified as:

71'. .
log <ﬁ> = Bo + Pichild_age;; + B,child_sex;;
i

+ B3size_at_birth;; + fymothers_educ;;
+ fsmothers_age;; + Bsimp_water;;

+ ﬁ7imp_sanitati0nij + ﬁgwealthij

+ Bohhh_age;; + Bioever_breastfed,;
+ Biiresidence; + fialtitude;

+ Bi1zmothers_educ2_means;

+ Braimp_water#residence;; + o (16)
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The study also use equation 16 to test the hypothesis that the effect of specific

improved water source (piped water) on stunting depends on the residence.

we test the random slope model as shown in equation 17:

T[. .
log ( n _‘;T > = fo + Bichild_age;; + B,child_sex;;
ij

+ B3size_at_birth;; + fymothers_educ;;

+ Bsmothers_age;; + Bsimp_water;;

+ B,imp_sanitation;; + Bgwealth;; + Bohhh_age;;
+ Bloever_breastfedij + ﬁllresidencej

+ Bialtitude; + Bi3mothers_educ2_means; + o

+ ugjimp_water;; @17

Equation 17 allows the relationship between improved water sources

and child health (stunting) to vary across neighbourhoods. The term ug; is
added to the model so that the effect of improved water now becomes S; =
Be + ugj. The neighbourhood level residuals now are p,; and ue;, which are

assumed to follow a bivariate normal distribution with mean vector 0 and
variance-covariance matrix € ,,.

qu _ 0 _ 0'50
(ua,-) ~MVN(0,Q,), 0= (6) Q, = ( o2

Ouoe

The subscript ‘6’ of the slope residual and its variance and covariance is
explained by the position of the variable, improved water in the model

(equation 17).
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Model Comparison

The study adopted the model comparison approach to hypothesis
testing. The likelihood ratio test is used for the comparison of models. The
likelihood ratio is the ratio of the likelihoods of the two models being
compared. Under the assumption that the less restrictive model is true, the
transformed likelihood ratio is given as —2 X log,(likelihood ratio). The
transformed likelihood ratio is asymptotically distributed as the x?
distribution. The degree of freedom used, is the difference in the number of
parameters between the two models under comparison (Prins & Kingdom,

2018).

Chapter Summary

This chapter outlines the methodologies used in this study. It justifies
the adoption of the positivist approach and the use of the quantitative approach
based on the problem statement, purpose, and research objectives of the
present study. Spatial analysis and spatial regression methods (spatial lag and
spatial error models) were adopted based on the inherent residential disparities
examined in the DHS data to examine the spatial nonrandomness in child
health. Multilevel logistic regression was adopted based on the dependent
variable which is binary to examine variations across subgroups.

The results and discussions from these methods are presented in the
next chapters. Insights into the determinants of child health and drivers of

child health variations are presented.
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CHAPTER FIVE
SPATIAL CLUSTERING AND NEIGHBOURHOOD EFFECTS OF
STUNTING IN GHANA

Introduction

This chapter provides an empirical analysis of child health inequality
in Ghana by examining two main objectives; to examine spatial dependence of
stunting in children in Ghana, and to determine whether neighbourhood
characteristics — especially, neighbouring mothers’ years of education — reduce
child stunting. The chapter identifies clusters of stunted children across
districts in Ghana. First, is a presentation of some descriptive statistics of
stunting across the regions and districts of the country. The empirical analyses

on the three objectives then follow in the subsequent sections.

Descriptive Statistics

This section provides some choropleth maps of stunting in Ghana from
(DHS, 2014). Figure 10 shows regional distribution of stunting. Consistent
with the 2014 GDHS report, Northern region had the highest prevalence rate
of 33 per cent followed by Central region, 22 per cent and Upper West 21 per
cent. Greater Accra, however, recorded the lowest rate of 10 per cent followed

by Ashanti and Upper East regions, each recording a rate of 14 per cent.
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DISTRIBUTION OF STUNTED CHILDREN BY REGIONS

Legend
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under Syears in Ghana
from GDHS 2014

Figure 10: Distribution of stunted children across regions in Ghana

Source: Agyen (2020)

The study further zoomed in to view the prevalence rate across districts
in Ghana. The results show that some districts in the eastern part of the
Northern region and the upper part of the Volta region recorded rates above
the current world prevalence rate of 22.2 per cent. These are clusters of higher
stunting levels indicating poor child health status. A more worrying
observation is the pockets of stunting rates in the southern part of the country,

especially parts of the Eastern, Ashanti, Western and Greater Accra regions,
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where higher rates are offset by districts with lower rates in the same region.
Although the Greater Accra region recorded the lowest rate, the Ledzokuku
Krowor municipal also in the Greater Accra region, recorded figures as high
as 30 per cent. There are 79 districts with rates above the national level of 19
per cent. Among these districts, 68 recorded rates above the current world
prevalence rate of 22.2 per cent and 11 recorded rates that fell between the

national and world rates.

Distribution of Stunted Children below 5years across District]

Legend

Stunting rate
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[ lo101-0.190
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150 200
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Figure 11: Distribution of under-5 stunted children across districts

Source: Agyen (2020)
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Individual-Level Estimation Results

The study analyses data on children with eligible z-scores for stunting.
At the individual level, the study used a multilevel logistic model to examine
the presence of variations in stunting at the cluster and district level. Estimates
of these multilevel logistic models are compared with the standard logistic

model to ascertain the best model. The results are presented in Table 6.

Table 6: Results for logistic versus multilevel models for stunting

Models

Stunting Logistic Multilevel (Cluster) Multilevel (District)
Fixed Effects: Odds Ratio Std. Odds Std. Odds Std.
Individual-level Error Ratio Error Ratio Error
Intercept 0.286*** (0.131) 0.261**  (0.125) 0.280** (0.133)
Child age (Base= Below 6)

6-8 1.148 (0.455) 1.135 (0.460) 1.280 (0.520)
9-11 1.568 (0.619) 1.561 (0.620) 1.701 (0.678)
12-17 2.763*** (0.804) 2.820**  (0.842) 2.864** (0.868)
18-23 5.137*** (1.502) 5.467***  (1.638)  5.644***  (1.709)
24-35 6.127***  (1.872) 6.548***  (2.047)  6.811***  (2.144)
36-47 4.015%**  (1.296) 4.204%%  (1.384)  4.323***  (1.433)
48-59 2.605** (0.857) 2.562**  (0.860) 2.761** (0.933)
Sex of child (Base = Female)

Male 1.372%* (0.143) 1.414**  (0.155)  1.426**  (0.155)
Mother’s age 0.988 (0.008) 0.989 (0.008) 0.987 (0.008)
Mother’s education (Base=No
education)

primary 0.755* (0.112) 0.767*  (0.123) 0.773 (0.123)
Middle/JSS 0.556***  (0.874) 0.559**  (0.094)  0.566**  (0.094)
Secondary/higher 0.234***  (0.074) 0.232***  (0.073)  0.230***  (0.071)
Wealth (Base=Poorest)

Poorer 1.046 (0.151) 0.999 (0.166) 0.962 (0.157)
Middle 0.789 (0.142) 0.705* (0.148) 0.706* (0.144)
Richer 0.700 (0.166) 0.617*  (0.155) 0.635*  (0.156)
Richest 0.431** (0.131) 0.367**  (0.121)  0.386**  (0.125)
Et hnicity (Base =Akan)

Ga/Dangbe 0.481* (0.168) 0.441*  (0.167) 0.437*  (0.163)
Ewe 0.634* (0.122) 0.642* (0.135) 0.651* (0.138)
Guan 0.863 (0.290) 0.827 (0.306) 0.788 (0.286)
Dagbani 0.731* (0.113) 0.696* (0.126) 0.667* (0.122)
Grusi 0.314*** (0.094) 0.278***  (0.100)  0.265***  (0.095)
Gurma 1.107 (0.212) 0.949 (0.235) 0.942 (0.226)
Mande 0.743 (0.352) 0.747 (0.372) 0.730 (0.357)
Other 0.892 (0.366) 0.931 (0.393) 0.904 (0.373)
Size at birth (Base=very
small)

Small 0.460** (0.115) 0.456**  (0.122)  0.469**  (0.124)
Average 0.363*** (0.074) 0.344***  (0.078)  0.358***  (0.080)
Ever breastfed(Base=yes)

No 1.248 (0.238) 1277 (0.253) 1286  (0.254)
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Logistic Multilevel (Cluster)  Multilevel (District)
Odds Ratio Std Odds Std Odds Std
Error Ratio Error Ratio Error

Kids 1.165** (0.067) 1.180**  (0.074) 1.164** (0.072)
Distance problem to health
centre (Base =problem)
Not a problem 0.918 (0.110) 0.867 (0.113) 0.836 (0.107)
Residence(Base=rural)
Urban 1.067 (0.162) 1.136 (0.197) 1.055 (0.171)
Random effects:Std deviation 0.548***  (0.110)  0.449***  (0.093)
Intra-class correlation 0.084** (0.031) 0.058** (0.023)
Groups 418 191
Observations 2,709 2,709 2,675
Log-likelihood -1173.95 -1168.48 -1150.74

+p<0.1; *p<0.05; **p<0.01; ***p<0.001

Source: Agyen (2020)

Table 6 indicates that the odds of being stunted for children above 12
months of age are higher than the odds for those below 6 months. For the
logistic regression model and the multilevel regression models, male children
were found to have higher odds of being stunted compared to females. We
also observed lower odds of being stunted with primary, secondary and higher
levels of education of the mother, compared to those from mothers with no
education. The results also show that wealth improves the health status of the
child. Ethnicity was found to be significant to child health in all models. There
was also evidence of significance of the size of the child at birth and the
number of children in a household.

Most importantly, there was significant cluster and district-level
variations in the multilevel regression analysis. After controlling for
individual-level explanatory variables, the study found that 8.4 per cent and
5.8 per cent of the variations in stunting are between clusters and districts
respectively. Though modest in size, such low intra-class correlations can be

misleading, since the square root of these values stands for the total estimated
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effect size (Raudenbush & Sampson, 1999). Significant variability across

district and clusters were observed (District: 0.548; cluster; 0.499)

The Spatial Autocorrelation of Stunting

Results for local test for spatial autocorrelation which measures the
degree to which child health outcomes are similar in neighbouring areas
(districts) are presented in Table 7 The results show categories of spatial
dependence at the district level: “high-high” and “low-low”. A high-high
category indicates clustering of high values of stunting rates, while a low-low
category indicates clustering of low values. These outcomes suggest that there
is a positive spatial autocorrelation. In addition, a high-low category indicates
that high values are adjacent to low values of unadjusted prevalence rates,
while a low-high category indicates that low values are adjacent to high
values. These outcomes also suggest a negative spatial autocorrelation. Lastly,
there were also areas of no statistically significant spatial autocorrelation. The
unadjusted LISA of stunting rates in (a) of Table 7 show that 17 districts with
high prevalence of stunting are adjacent to other districts with equally high
prevalence of stunting. All 17 districts are located in the north eastern part of
the country. The adjusted LISA by empirical Bayes-based smoothing of
stunting rates in (b) also indicates that these districts, with the exception of the
Central Gonja district, still have high prevalence of stunting — just like their

neighbours.
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Table 7: District level LISA of stunting rates

UNADJUSTED STUNTING RATES

ADJUSTED STUNTING BY

EMPIRICAL

BAYES-BASED SMOOTHING

LISA Cluster Map

(] Mot Significant (169)

B High-High (17)
B Low-Low (20)
[ Low-High (5)
[ High-Low (5)

b’ TR "

(a)

LISA Cluster Map

(1 Not Significant (171)

B High-High (17)
B Low-Low(17)
& Low-High (8)
[ High-Low (5)

(b)

UNADJUSTED STUNTING RATES

ADJUSTED STUNTING

BY EMPIRICAL

BAYES-BASED SMOOTHING

High-high

Low-low

High-high

Low-low

Chereponi(NR)**
*

Karaga(NR)***
Gushiegu(NR)***
Savelugu
Nanton(NR)*
Saboba(NR)***
Mion(NR)***
Sagnarigu*
Zabzugu**
Tamale Metro**

Cental Gonja*
East Gonja**

Nanumba
North***
Nanumba South*
Kpandai*

Nkwanta
South(VR)*
Krachi
Nchumuru(VR)*
Yendi  Municipal
(NR)**

Dormaa East(BA)*

Afram Plains South(ER)**
Ho West (VR)*
South Dayi(VR)*

Atwima Mponua(AS)*
Amansie West(AS)*
New Juabeng Mun.(ER)*
Akwapim North (ER)**
Ayensuano (ER)*

Ada East (GA)*
Akuapim South (ER)**

Adentan Mun(GA)**
Kpone Katamanso (GA)**
La Nkwantanang /Madina
(GA)*

Ga South Municipal (GA)*
Ga West Municipal (GA)*
Ga East Municipal(GA)*
Kumahu (AS)**

Ahafo Ano South (AS)*
Ashaiman Municipal(GA)*

Global Moran | = 0.42***

Chereponi(NR)***

Karaga(NR)**
Gushiegu(NR)**
Savelugu
Nanton(NR)*
Saboba(NR)**
Mion***
Sagnarigu*
Zabzugu**
Tamale
Metro(NR)*
East Gonja**
Nanumba
North***
Nanumba South**

Kpandai*
Krachi
Nchumuru(VR)
Jomoro (WR)*

Yendi
(NR)**
Nkwanta South*

Municipal

Techiman Mun (BA)*
South Dayi (VR)*

East Akim Mun (ER)*
New Juabeng Mun(ER)**
Suhum Mun (ER)*
Akuapim North (ER)**
Shai Osudoku (GA)*
Ayensuano(ER)*

Ada East (GA)*

Akuapim South (ER)**
Ningo Prampram*

Adentan Mun(GA)*

Kpone Katamanso (GA)***
Ga South Municipal (GA)**

Ga West Municipal (GA)*
Accra Metro*

Ashiaman Municipal*

Global Moran | = 0.24***

P-values *<0.05 **<0.01 ***0.001; NR is Northern Region; GA, Greater Accra; VR, Volta
Region; WR, Western Region; ER, Eastern Region; AS, Ashanti Region, BA, Brong Ahafo

Source: Agyen (2020)

118

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

The overall pattern depicts a cluster of high stunting rates in the north
eastern part of the country, and a cluster of low rates of stunting in some part
of the south. Put in context, this is not surprising, since most of the districts in
the north eastern part of the country are predominantly rural, while those in the
south are urban.

Table 8 gives Global Moran’s autocorrelation coefficients between
stunting rates and each explanatory variable. All Moran's coefficients are
significant at p < 0.001. From the table, the spatial autocorrelation with
regards to the two main policy variables — mother’s education and household
poverty are relatively high. The positive autocorrelation of the proportion of
poor households however, shows that the distribution of higher and lower
proportions of poor households is more spatially clustered, with higher rates
and lower rates of stunting respectively, than would be expected if the
underlying spatial processes were random. On the other hand, the negative
index of mother’s education reflects a dispersed pattern. It shows that
proportion of higher schooling years of mothers “repels” higher rates of
stunting. Thus, higher rates of mother’s education are adjacent to lower rates

of stunting.
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Table 8: Moran's indices of explanatory variables

VARIABLE MORAN INDEX
Proportion of Poor households 0.102
Mother’s Education -0.1
Proportion of children living in rural areas 0.04
Children who had fever 0.005
Size at birth 0.02
No improved water source 0.005
No easy access to health centre 0.079
Children who had diarrhoea 0.005
Proportion Akan 0.04
Proportion Ga -0.1
Proportion Dagbani 0.067

Source: Agyen (2020)

The regression results of the maximum likelihood estimations of the
OLS, SAR and SEM are presented in Table 9. The table presents the estimates
from these models with their respective model fits. In both the spatial lag
model and the spatial error model, the AIC of -197.0 and -199.4 respectively
improves over the standard OLS and the R?s also show an improvement of 27
per cent for both models. The SEM, however, indicates the best fit among the
three models. The spatial lag confirms a strong and positive spatial effect
coefficient (p = 0.194, p < 0.05). It is statistically significant and shows a
lesser spatial autocorrelation in residuals (Moran = 0.013, p < 0.001) than that
of the OLS (Moran = 0.252, p < 0.05). Intuitively, the results suggest that
the effect of adjacent neighbourhood districts for stunting is 19 per cent as
large as it is in the focal district. The spatial error effect (A = 0.229,p < 0.05)
is also statistically significant, indicating that there are some spatially

structured unobserved variables that affect stunting at the district level. The
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SEM shows that spatial autocorrelation in residuals (Moran’s I = 0.004, p<

0.001) is smaller compared to the SAR, and is approaching randomness.

Table 9: Results for OLS SAR and SEM

Spatial lag Spatial error
Explanatory variables OLS estimate estimate estimate
Proportion of poor 0.205*** 0.198*** 0.201***
households (0.041) (0.039) (0.040)
Mother’s education -0.010* -0.009* -0.010*
(0.005) (0.005) (0.005)
Proportion of children living 0.101* 0.099** 0.099**
in rural areas (0.039) (0.037) (0.037)
Children who had fever 0.152* 0.157* 0.173*
(0.084) (0.081) (0.081)
Size at birth -0.008 -0.008 -0.010
(0.015) (0.015) (0.015)
No improved water source 0.069* 0.065" 0.076*
(0.041) (0.39) (0.040)
No easy access to health 0.011 0.007 0.004
centre (0.021) (0.020) (0.021)
Children who had diarrhoea -0.093 -0.100 -0.100
(0.080) (0.076) (0.076)
Proportion Akan 0.077* 0.077* 0.083*
(0.036) (0.035) (0.039)
Proportion Ga -0.029 -0.016 -0.014
(0.062) (0.060) (0.065)
Proportion Dagbani -0.035 -0.034 -0.034
(0.042) (0.040) (0.044)
Spatial effects
Spatial lag (p) 0.194*
(0.090)
Spatial error (1) 0.229*
(0.097)
N 216 216 216
R? 0.245 0.266 0.269
AIC -194.77 -197.0 -1994
Log likelihood 109.4 1115 111.7
Moran | (error) 0.252 0.013 0.004

Standard Error presented in parenthesis; *p<0.1; *p<0.05; **p<0.01; ***p<0.001; AIC =
Akaike information criterion

Source: Agyen (2020)

Both SAR and SEM show that districts with higher proportions of poor
households, greater number of children living in rural areas and no improved
water source have higher proportions of stunted children, — indicating poorer

health statuses in children. Mother’s education was also found to be
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significant. The results show that higher mother’s years of schooling reduce
the rate of stunting.

The local indicator for spatial association results for the residuals of
the models are presented in Figure 12. Figure 12a presents the LISA cluster
map for the OLS model, while Figure 12b and Figure 12c present that of the
SAR and the SEM models respectively.

After controlling for the proportion of poor households, mother’s
education, residence, water sources, ethnicity and access to health centre,
among other key variables, the OLS still show significant spatial
autocorrelation. Eleven districts with high prevalence of stunting are clustered
at the north eastern part of the country. Figure 12a shows ten districts with low
prevalence of stunting adjacent to neighbouring districts with low prevalence,
suggesting a positive autocorrelation. Pockets of negative spatial
autocorrelation were also observed, with four districts showing a “low-high”
and five districts, a “high-high”. Relative to the OLS result, the residual map
of the SAR in Figure 12b shows only one district with a “high-high”, two
districts with a “low-low” and one district with a “high-low”. The SEM
residual map in Figure 12c equally shows less clustering compared to the
OLS. The map show 212 districts with no spatial autocorrelation, 2 districts
with a positive spatial autocorrelation and 2 others with a negative

autocorrelation.
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Figure 12: LISA maps of residual errors of models

Source: Agyen (2020)
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Effects of Neighbourhood Mothers’ Education on Child Health

The previous section shows the significant effect of neighbouring
attributes on stunting rates. Among the factors studied, the proportion of poor
households and mothers’ education had the highest and most significant
spatial autocorrelation. This section examines the hypothesis that chronic
malnutrition rates significantly fall if the number of years of neighbouring
mothers’ education increases.

LISA cluster maps of mother’s education and bivariate LISA of
stunting rates and mother’s education are presented in Figure 13. Across the
216 districts, there are clusters of lower averages of mothers’ years of
schooling (Figure 13a) in the north eastern parts of the country, indicating that

mothers here are less educated compared to those in the rest of the country.

(a) (b)
LISA Cluster Map BiLISA Cluster Map
] Not Significant (148) (] Not Significant (168)

B High-High (27) W High-High (2)

B Lowlow(31) B LowLow(6)
] Low-High (6) = Low-High (20)
1 High-Low (4) 1 High-Low (20)

T ¥
@iﬁ b i

Figure 13: LISA maps of a) mother's education and b) bivariate LISA of
neighbouring mother's education and stunting
Source: Agyen (2020)

In contrast, communities where mothers have more years of schooling
are clustered in some parts of the south. The Bi-LISA (Figure 13b) shows a
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negative relationship between neighbouring mothers’ education and stunting
indicating an improved health status where neighbouring mothers have
undergone more years of schooling.

Table 10 shows results for the effect of neighbouring mothers’
education and own mothers’ education on stunting in children. As indicated in
the methodology, neighbouring mothers’ years of schooling is captured by the
spatial weights of mothers’ years of schooling. The local sociability
explanation from Bernard et al. (2007b) drove the choice of this variable. The
concept explicates the idea where people are able to improve their health from
the knowledge of others through communication and community organisations
to help improve their health. The association between neighbouring mothers’
years of schooling and stunting is significant at the cluster and the district-
level. This is an indication that neighbouring mothers’ years of schooling are
important in explaining the stunting rate, and thus that more years of education
among neighbouring mothers’ reduces stunting in children.

We also observe that an increase in own mothers’ years of schooling
improves child health. The proportion of children living in rural areas, access
to health centre, lack of improved sanitation and the wealth status of
households also significantly affects stunting in children. Table 10 shows that,
rural clusters and districts are associated with high rates of stunting. Clusters
with a higher proportion of households that have difficulty accessing a health
centre, had high stunting prevalence rates. The results also show that stunting
prevalence decreases with wealth; that is, higher district and clusters average

wealth score reduces stunting rates.
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Table 10: Effect of neighbourhood mother's education on stunting in

Ghana

Explanatory variables SLX (Cluster-level)  SLX (District- —
level)
(Coeff) (Coeff)
Neighbourhood mother’s -0.092** -0.165**
Education (0.033) (0.075)
Mother’s education -0.065** -0.218***
(0.023) (0.055)
Proportion of children living in 0.135*** 0.165***
rural areas (0.019) (0.027)
Proportion of children under 5 in 0.099 0.417
the household (0.127) (0.316)
No easy access to health centre 0.112*** 0.907
(0.024) (0.555)
No improved sanitation 0.512** 0.927*
(0.195) (0.496)
No improved water source 0.196 1.192*
(0.168) (0.471)
Proportion of people with -0.388" -0.078
insurance (0.205) (0.053)
Average wealth score -0.426* -1.085*
(0.192) (0.503)
Proportion of male children 0.148*** 0.231***
(0.035) (0.026)
Children who had fever -0.009 -0.052
(0.305) (0.895)
N 423 216
R? 0.555 0.629
AIC 1350.78 878.91
Log Likelihood -663.392 -427.46

Standard Error presented in parenthesis; *p<0.1; *p<0.05; **p<0.01; ***p<0.001; AIC =

Akaike information criterion

Source: Agyen (2020)
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Finally, the table also shows that higher proportions of male children in
an area increase the prevalence of stunting in that area. This could be
attributed to biological factors associated with male children compared to

females (Bork & Diallo, 2017; Wamani et al., 2007).

Discussion

The study set out to examine spatial dependence of stunting in children
in Ghana. The data only allowed for the analysis at the cluster and district
level. The study also examined the effects of neighbouring mothers’ education
on stunting prevalence also at the district- and cluster-levels. The study found
that although substantial spatial clustering could be attributed to differences in
the factors that drive stunting, a significant margin of spatial clustering still
remained in the residuals of the ordinary least squares. The SAR and SEM
best accounted for the clustering indicating that stunting and its attributed
factors of neighbouring districts and clusters affect stunting prevalence for a
particular district or cluster. Generally, districts with high prevalence of
stunting are clustered in the north-eastern part of Ghana and low prevalence in
some parts of the south. This clearly gives an indication of a spill over effect

and called for a spatial analysis of the correlates of stunting.

For the variable, mothers’ education, the study found a significant
spatial clustering. Low levels of mothers’ education in the areas with high
prevalence of stunting. An investigation of the effect of neighbouring mother’s
education showed a significant effect on adjoining districts and clusters. This
suggests that higher rates of neighbouring mothers’ education affect the rates
of stunting in a specific district or cluster negatively. This could possibly be

explained by the concept of social networks in the structuration theory.
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Through social networks mothers may interact and learn from each other
including best practices in taking care of their children. These interactions are
sometimes aided by the structure of the society or institutions for education
and healthcare which are not restricted to residents of a particular district or
cluster. This brings to bare the importance of social attributes in addition to

individual-level attributes of child stunting.

Chapter Summary

This chapter has presented findings and discussion on the study into
clustering of stunting in Ghana, the effect of neighbourhood characteristics on
stunting, and the effect of neighbouring mothers’ education on stunting.
Results from the first hypothesis suggest stunting is clustered across some
districts in Ghana. Some districts in the north eastern part of the country
showed similar attributes of high stunting prevalence, indicating a propensity
for nearby locations to influence each other. However, lower stunting
prevalence was clustered in some parts of southern Ghana, also showing
spatial dependence. The second hypothesis — estimated by spatial lag
regression and spatial error regression — also indicated that the presence of
spatial dependence in stunting is explained by behavioural diffusion as a result
of interaction and shared attributes at neighbouring locations (attributional
dependence). The third hypothesis, estimated by a spatial cross-regressive
model showed that neighbouring mothers’ years of education reduce stunting

rates.
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CHAPTER SIX
A STRUCTURAL EQUATION MODELLING APPROACH TO
EXAMINING THE EFFECT OF NEIGHBOURHOODS ON CHILD

HEALTH

Introduction

This chapter attempts to explore spatial dependence on child health at
the individual level, in the absence of unique geographical coordinates of
individual children. The chapter employs structural equation modelling to
estimate a more complex system of relationships and mediated effects on child
health. Although it is equally based on the theories and concepts of
structuration, externalities and social capital, this chapter draws more on the
intersectionality theory, which provides a lens for allowing intersectional
associations of the determinants of child health. Specifically, the chapter tests
that (1) Type of residence, neighbours’ wealth, neighbouring mothers’
education, distance to health centre, sanitation, and water sources are
indicators of neighbourhood or spatial effects; (2) socioeconomically
advantaged neighbourhoods improve child health; and (3) the relationship
between neighbouring mothers’ education and child health is moderated by
own mother’s education.

Methodologically, the chapter builds on identified weaknesses inherent
in the use of our dataset for examining individual-level spatial dependence.
The DHS data limitation in this regard relates to the absence of unique
geographical coordinates for individual respondents or households used to
create weights when examining spatial dependence and inequalities. The
chapter defies this snag and adopts Folmer and Oud's (2008) approach by
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using a latent variable to represent spatial dependence — of which some
household- and cluster-level variables are observed variables.

Confirmatory factor analysis was used to test the hypothesis of the
existence of a relationship between the observed variables (type of residence,
neighbours’ wealth, neighbouring mothers’ education, distance to health
centre, improved water source and improved sanitation) and the underlying
latent construct, spatial dependence. The measurement model in Figure 9,
therefore, tests the hypothesis that spatial dependence explains the common

variation among the observed variables.

Empirical Results

First, the section presents unstandardized and standardized estimates
for two main anthropometric measures Height-for-age (HAZ) and weight-for-
age (WAZ). The indirect and total effects of various mediations tested in the
model are then presented. The results of the structural equation modelling of
spatial dependence on child anthropometric indicators are presented in Table
11. Unstandardized results for HAZ and WAZ are presented in Appendix L
and Appendix M respectively, whiles standardized results are reported in

Figure 14 and Figure 15.

Type of Residence, Neighbours’ Wealth, Neighbouring Mothers’ Education,
Distance to Health Centre, Sanitation, and Water Sources as Indicators of
Neighbourhood or Spatial Effects

Confirmatory factor analysis was conducted to test the hypothesis that
the six-factor items are associated with the latent variable. The result is shown

in the measurement model in Table 11. It is evident that the hypothesized
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factors for spatial dependence (type of residence, neighbours’ wealth,
neighbouring mothers’ education, distance to health centre, improved
sanitation and improved water sources) are good indicators of the underlying
construct. This is observed in all the models (for both HAZ and WAZ).
Manifestly, it is observed in the standardized results, which show good factor
loadings in the representation of spatial dependence. Figure 14 and Figure 15
show that neighbouring mothers’ education and neighbours’ wealth status
have considerably strong associations with the latent variable, spatial effect,
with factor loadings of 0.76 and 0.91 respectively. Residence (whether urban
or rural) and improved water source also show good loadings of 0.72 and 0.65
respectively in representation of spatial effect. Although distance to health
centre and sanitation demonstrate quite weak correlations with spatial effect,
the factor loadings of 0.296 and 0.283 respectively are significant at 1 per cent
p-value. All these variables appear to indicate the overall vantage in a
neighbourhood.
Neighbourhood Socioeconomic Effects on Child Health

The second hypothesis for this chapter addresses the direct and indirect
effects of spatial effects or neighbourhood socioeconomic factors on child
health outcomes. The study found a significant positive association of spatial
effects on child health. With regards to the HAZ (p = 0.092, p < .001) and
WAZ (B = 0.069, p < .001). This shows that residing in a socioeconomically
advantaged neighbourhood improves a child’s health. This finding is
consistent with Quansah et al. (2016), who found that social factors such as
residence disparities (rural or urban) affect child mortality, nutritional status

and health seeking-behaviour.

131

Digitized by Sam Jonah Library



© University of Cape Coast

https://ir.ucc.edu.gh/xmlui

Table 11: Estimates of measures of child health outcomes (HAZ and

WAZ) from the structural equation model

HAZ WAZ

Structural Unstandardized Standardized Unstandardized Standardized

HAZ/WAZ <

Mother’s BMI 0.248*** 0.109*** 0.289*** 0.155***
(0.052) (0.023) (0.041) (0.022)

Mother’s 0.019** 0.066** 0.017** 0.073**

education (0.006) (0.021) (0.005) (0.021)

Spatial effect 0.336*** 0.092*** 0.206** 0.069**
(0.086) (0.023) (0.071) (0.024)

Child male -0.117** -0.045** -0.034 -0.016
(0.044) (0.017) (0.037) (0.017)

Size at birth 0.296*** 0.116*** 0.357*** 0.170***
(0.047) (0.018) (0.039) (0.018)

Birth interval 0.000 0.003 -0.000 -0.013
(0.001) (0.021) (0.001) (0.021)

Child age -0.018*** -0.236*** -0.007*** -0.106***
(0.001) (0.018) (0.001) (0.018)

Mother’s age 0.008* 0.043* 0.008* 0.054*
(0.004) (0.023) (0.004) (0.023)

Mother’s marital -0.060 -0.019 -0.075 -0.029

status (0.061) (0.019) (0.051) (0.020)

Children below 5 -0.063* -0.044* -0.040* -0.033*

in household (0.028) (0.020) (0.023) (0.019)

Age of -0.003 -0.026 -0.003 -0.031

household head  (0.002) (0.020) (0.002) (0.019)

Mother’s BMI<

Spatial effect 0.633*** 0.395*** 0.633*** 0.395***
(0.035) (0.018) (0.035) (0.018)

Mothers age 0.010*** 0.122*** 0.010*** 0.121***
(0.002) (0.019) (0.002) (0.019)

Mother’s

education&

Neighbouring 180N 0.430*** 1.773%** 0.431***

mothers’ (0.027) (0.020) (0.027) (0.020)

education

Neighbouring

mothers’

education&

Spatial effect 2.371%** 0.755%** 2.371%** 0.756***
(0.064) (0.011) (0.064) (0.011)

Household

Wealth status <

Mother’s 0.073*** 0.244*** 0.073*** 0.244%**

education (0.006) (0.024) (0.006) (0.024)

Children below -0.297*** -0.193*** -0.297*** -0.193***

Syearsin house  (0.027) (0.017) (0.027) (0.017)
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HAZ WAZ
Spatial effect&
Household 0.235*** 0.913*** 0.235*** 0.912***
wealth status (0.005) (0.008) (0.005) (0.008)
Measurement
Residence <  1(Constrained) 0.724*** 1(Constrained) 0.725***
spatial effect (0.013) (0.012)
Distance to 0.387*** 0.296*** 0.387*** 0.296***
health centre < (0.026) (0.018) (0.026) (0.018)
Spatial effect
Source of 0.802*** 0.654*** 0.802*** 0.654***
drinking  water (0.029) (0.014) (0.029) (0.014)
< Spatial effect
sanitation & 0.392*%** 0.283*** 0.392*** 0.283***
Spatial effect (0.028) (0.019) (0.028) (0.019)
Neighbouring L CER RS 0.910*** 3.314*** 0.912***
households’ (0.066) (0.008) (0.066) (0.008)
wealth status <
Spatial effect
Covariance  of 0.032*** 0.188*** 0.031*** 0.186***
residuals for (0.007) (0.032) (0.007) (0.033)
residence and
neighbouring
households’
wealth status
Covariance  of -0.017** -0.078** -0.018** -0.079**
residuals for (0.006) (0.028) (0.006) (0.028)
residence and
neighbouring
mothers’
education
Covariance  of 0.161*** 0.479*** 0.159*** 0.477***
residuals for (0.016) (0.025) (0.016) (0.025)
neighbouring
household wealth
status and
neighbouring
mothers’
education
Goodness-of-fit
RMSEA 0.048<0.05 0.048
CFI 0.943 0.944
TLI 0.929 0.929
Stability index 0.516 0.519
N 2,714 2714

Standard Error presented in parenthesis; *p<0.1; *p<0.05; **p<0.01; ***p<0.001; RMSEA is
Root Mean Squared Error of Approximation: CFl = Comparative Fit Model; TLI=Tucker-Lewis

Index

Source: Agyen (2020)
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Other Correlates of Child Health

The study considered several categories of correlates of child health in
addition to the neighbourhood characteristics. These included maternal
components, child-level characteristics and household characteristics.

Estimates from the path diagram presented in Table 11 show that a
child’s own mother’s education affects the child positively (HAZ: =0.019, p
< 0.01; WAZ: (B = 0.073, p < 0.01). This indicates that mothers with higher
education are more likely to have children with good health. In a developed
world context, Giines (2015) found that a mother’s completion of primary
school resulted in earlier preventive care initiation and good health care
behaviour, leading to improved child health. In the Ghanaian context,
Frempong and Annim, (2017) observed that mothers who have a primary,
middle or senior secondary education are more likely to feed their children
with more diversified foods which improve their health.

In addition to mother’s education, other key maternal factors include
the mother’s BMI and age. The results show that mother’s BMI significantly
correlates with HAZ (B = 0.248, p < 0.001) and WAZ (B = 0.289, p < 0.001).
This is consistent with the findings of Tigga and Sen (2016) and indicative of
a strong genetic drive relating maternal and child anthropometry. The age of
the mother shows a direct positively significant effect on child health (HAZ: B
=0.008, p < 0.1; WAZ: B =0.008, p < 0.05). This supports the argument by
UNICEF (2010) that children of younger mothers are more likely to have ill-
health, be stunted or even die.

With regard to the child-specific characteristics, a significantly

negative relationship is observed between the age of the child and the child’s
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health. The unstandardized HAZ and WAZ models show coefficients (p = -
0.018, p < 0.001) and (B = -0.007, p < 0.001) respectively. It implies that
additional age of under-5 children increases their risk to poor health. Another
significant child-specific variable is the sex of the child. The results show a
negative relationship between the male child and height-for-age. With B = -
0.117 and p < 0.01 for the unstandardized model, it suggests that a male child
may have a lower HAZ score and be more likely to be stunted compared to a
female. The size of the child at birth also shows a positively significant effect
on both HAZ and WAZ. This is corroborated by several studies, including the
results of Bork and Diallo (2017), who found that in Senegal, male children
had lower HAZ than females. The effect could be attributed to biological
differences between males and females in the early stages of life (Cronk,
1989; Garenne, 2003).

At the household level, the study examined the effect of the number of
children below 5 in a household on child health. It is observed that more
children in a household reduces a child’s HAZ and WAZ scores. This finding
corroborates Darteh et al.'s (2014) study, which observed that children from
households with between five and eight children are more likely to be stunted
compared to those between one and four children. This could be explained by
the ineluctable strain on household resources resulting from high consumption

(Adewara & Visser, 2011; Giroux, 2008).

Neighbouring Mothers’ Education

The study tests the hypothesis that the effect of neighbouring mothers’
years of education is moderated by a child’s own mother’s education. The path
linking neighbouring mother’s education and mother’s education was
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significant. The coefficients (unstandardized: B = 1.773, p < 0.001;
standardized: B = 0.430, p < 0.001) suggest that women found in
neighbourhoods that have higher education levels of other women are more
likely to have higher education too. This could be attributed to healthy
competition and the urge to fit in. Such mothers are often able to exchange
information and share ideas which ultimately improves their livelihoods and
their children’s health (Byrnes et al., 2011). The effect of neighbouring
mother’s education, in this case, is deemed to indirectly affect child health
status.

With regards to the relationship between neighbouring mothers’ years
of education and child health, the results show that children have better health
(higher HAZ and WAZ scores) when they reside in neighbourhoods with high
education among mothers other than their own. The indirect coefficients

(HAZ: B=0.052,p<0.001; WAZ: B =0.045, p <0.001) were significant.
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Figure 14: Standardized estimates of child health outcome (HAZ) from the

structural equation model
Source: Agyen (2020)
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Other Path Analysis and Mediating Effects on Child Health

The study sets out to examine the drivers of child health as a system
where factors drive child health through a causal complexity of multiple paths.
These pathways and factors are adapted from the CSDH conceptual
framework (WHO, 2010a) on the social determinants of health, underlined

with the concept of intersectionality.

Mother’s BMI «— Mother’s Age

Unstandardized results in Table 11 shows that the effect of a mother’s
age on the nutritional status of her child is partly mediated by the mother’s
BMI. For both HAZ and WAZ models, mother’s age significantly correlates
mother’s BMI (HAZ: § = 0.010, p < 0.001; WAZ: = 0.010, p < 0.001). The
correlation between mother’s BMI and mother’s age could be attributed to the
fact that many people, especially women, tend to have decreasing lipid
turnover with age. As mothers grow older, the rate at which lipids (fats) in the
fat tissue or cells is excreted is slower, as they are increasingly stored

(Karolinska Institutet, 2019).

Mother’s BMI « Spatial Effect

In each of the HAZ and WAZ models, the study simultaneously tests
the hypothesis that mother’s BMI is influenced by locational effect. This is
premised on the findings of Dake (2012), which found spatial variation in the
BMI of women in Ghana. The author indicated that overweight and obese
women are clustered in some parts of the country, which could be attributed to
locational and environmental factors that encourage high caloric intake and

discourage physical activity.
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The present study found that, for both standardized models (HAZ: B =
0.633, p < 0.001; WAZ: B = 0.633, p < 0.001) the location of mothers

influenced their BMI.

Household Wealth Status < Number of Children Below 5 Years in Household

Given that increases in household size are associated with poverty as a
result of increased household expenditure which eventually affects child
health (Gang et al., 2002), the study tested the hypothesis that increasing
numbers of under-5 children in a household reduces household wealth. The
results show that in both models the number of under-5 children in a
household negatively affects household wealth (HAZ: 3 = -0.297, p < 0.001;

WAZ: B =-0.297, p < 0.001),

Household Wealth Status «— Mother’s Education

The study concurrently tested the hypothesis that educated mothers are
able to contribute to household income. The results show that the HAZ and
WAZ models had a significant positive correlation between mother’s
education and household wealth (HAZ: B = 0.073, p < 0.001; WAZ: B = -
0.073, p < 0.001). This result corroborates evidence from Nepal, which found
that women’s education improves household wealth, hygiene and child

nutritional indices (Miller et al., 2017).

Neighbourhood effect «— household wealth

Globally, the rich and poor are clustered in respective areas (Kéllestal
et al.,, 2019). Most private institutions and some organisations, including
schools and hospitals, tend to establish in rich communities or areas, since

residents of these areas would be able to afford their services. The rich, on the
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other hand, prefer to live among other rich neighbours to be able to enjoy
these services. As suggested by Florida (2018), the rich moves to certain areas
— mostly urban — due to the concentration of high paying professional jobs.
They enjoy a cluster of high-end amenities such as cinemas, restaurants,
supermarkets and other venues peculiar to these areas.

The present study found that household wealth significantly influences
the location and its effect on individuals. The unstandardized models show the

coefficients (HAZ: B =-0.235, p < 0.001; WAZ:  =-0.235, p < 0.001).

Indirect and Total Effects

The aforementioned relationships were tested concurrently to extricate
and estimate the direct and indirect pathways to child health nutritional status.
Table 12 presents the indirect and total effects of the explanatory variables on
under-5s> HAZ and WAZ scores. Paths linking child characteristics, maternal
factors, household factors and spatial effects on child nutritional outcomes
indicate that these factors directly and indirectly affect under-5 nutritional
outcomes.

The result shows that neighbouring mothers’ education had an indirect
effect on nutritional outcome. The path coefficient from neighbouring
mothers’ education to mother’s education was significant. Significant direct
and indirect effects of mother’s education, mother’s age, spatial effects and

number of under-5 children in the household were observed (see Table 12).
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HAZ WAZ
Indirect  Total Indirect Total
Neighbouring mothers’ 0.052*** (.052*** 0.045*** 0.045***
education (0.002) (0.002) (0.002) (0.002)
Mother’s BMI - 0.248*** - 0.289***
(0.052) (0.0412)
Mother’s education 0.011*** (.029*** 0.009*** 0.025***
(0.001) (0.006) (0.001) (0.005)
Household wealth status 0.144*** (0.144*** 0.116*** 0.116***
(0.003) (0.003) (0.002) (0.002)
Spatial effect 0.279*** (0.615*** 0.290*** 0.496***
(0.010) (0.087) (0.011) (0.072)
Child male - -0.117** - -0.034
(0.044) (0.037)
Size at birth - 0.296*** - 0.357***
(0.047) (0.039)
Birth interval - 0.000 - -0.000
(0.001) (0.001)
Child age - -0.018*** - -0.007***
(0.001) (0.001)
Mother’s age 0.002*** 0.011* 0.003*** 0.011**
(0.001) (0.004) (0.001) (0.004)
Mother’s marital status - -0.060 - -0.075
(0.061) (0.051)
Children below 5years - -0.106*** -0.035*** -0.74**
in household 0.043*** (0.028) (0.005) (0.023)
(0.007)
Age of household head - -0.003 - -0.003
(0.002) (0.002)

Source: Agyen (2020)

Model Fit

With regards to the assessment of the goodness of fit, the results reveal

that the model is a good fit to the data with comparative fit index (CFl) =

0.943; root mean square error of approximation (RMSEA) = 0.048, and

Tucker-Lewis Index (TLI) = 0.929. Given the fit recommendations outlined

by Hu and Bentler (1999), the measurement model and structural model is

considered good enough for the data.
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Stability indices, 0.516 for the HAZ model and 0.519 for the WAZ
model are less than 1. This implies that the reported estimates yield a stable

model.

Chapter Summary

The determinants of child nutritional outcomes have been well
researched. However, these studies have concentrated on individual,
household and maternal factors. The effect of these variables on child
nutritional status has been looked at as sums of these variables. The present
study used structural equation modelling to disentangle the total effects of the
determinants of child health to direct and indirect effects in a multi-faceted
system of equations. Two models, one for HAZ and the other for WAZ were
tested. Part of the models (the measurement model) was used to test the type
of residence, neighbours’ wealth, neighbouring mothers’ education, distance
to a health centre, improved water source and improved sanitation as
indicators of spatial effects. The study found that spatial variations or
neighbourhood effects significantly underlie these observed variables.

The study also found that children residing in advantaged
neighbourhoods (neighbourhoods with wealthy neighbours, mothers’ with
higher years of education, no problems accessing or in close proximity to
health centres, improved water source, improved sanitation and urban areas)
have better health statuses than those living in disadvantaged neighbourhoods.
Neighbourhood wealth status was the most influential indicator of
neighbourhood effects, followed by neighbouring mothers’ education and
residence (rural or urban), respectively. Finally, mother’s education was found

to mediate the relationship between neighbouring mothers’ education and
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child nutritional status. Each of the models tested had a good fit and showed

the importance of spatial variations or neighbourhood effects in modelling

child health outcomes.
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CHAPTER SEVEN
MULTILEVEL AND SPATIAL ANALYSIS OF CHILD HEALTH: A
SUB-SAHARAN AFRICA CONTEXT

Introduction

This chapter provides an empirical analysis of the risk factors
associated with child health in Sub-Saharan Africa, and the assessment of the
neighbourhood effects or disparities of some key correlates on stunting. The
main hypothesis is that the neighbourhood effect of the correlates of stunting
are not homogenous. More specifically, this chapter tests the hypotheses that:
(1) mothers' with secondary and higher education in a neighbourhood
significantly improves a child’s health over and above the child's own mother's
education. (2) the effect of the proportion of mothers’ education on stunting
varies across neighbourhoods, and (3) the effect of improved water on stunting
varies across neighbourhoods. The chapter uses data from 30 Sub-Saharan
African countries on both spatial, fixed effects and random effect models to
address the objectives. The next section presents the descriptive analysis of
child health outcomes and individual, household and neighbourhood

characteristics.

Descriptive Findings

Table 13 presents the results of the bivariate analysis, testing the
association between the independent variables and health outcomes. The
results show that 14.64 per cent of children below 6 months are stunted as
compared to 17.09 per cent of children from 6 to 8 months old, 23.44 per cent
of children from 9 to 11 months old and 33.10 per cent of children from 12 to

17 months old. Out of 21,143 children aged 18 to 23 months, 44.27 per cent
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are stunted, which is lower than the percentage of stunted children aged 24 to
35 months, 36 to 47 months, and 48 to 59 months — thus, recording 45.28 per
cent, 41.36 per cent and 35.71 per cent respectively. These show statistically
significant differences in the prevalence of stunting across the different age
groups. The same can be said for the prevalence of wasting. Most importantly,
it is observed that the proportion of stunted children increases with age up to
35 months and then falls. The proportion of wasted children on the other hand,
also increases up to 11 months, falls up to 47 months and increases again,
suggesting a non-linear relationship between child age and child health
outcomes.

The results also show that the proportion of stunted male children is
higher than females. Approximately 48 per cent of male children are stunted,
while about 33 per cent of female children are stunted. Also, 9.2 per cent of
male children are wasted compared to 7.73 per cent of female children. This
suggests that male children are more vulnerable than females and this
difference could be attributed to differences in biological make-up and
possibly some behavioural factors (Cronk, 1989; Garenne, 2003) like dietary

discrimination (Leslie et al., 1997).
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Table 13: Bivariate analysis for statistical association between the independent variables and child health outcomes (stunting and

wasting)
Stunted Not stunted Wasted Not Wasted
% Number of % Number of % Number of % Number of

children children children children
Child age
<6 14.64 3,207 85.36 18,696 11.77 2,567 88.23 19,235
6-8 17.09 2,152 82.91 10,440 12.51 1,576 87.49 11,017
9-11 23.44 2,779 76.56 9,076 13.55 1,608 86.45 10,262
12-17 33.10 8,238 66.90 16,649 11.79 2,935 88.21 21,959
18-23 44.27 9,360 55.73 11,783 9.28 1,962 90.72 19,180
24-35 45.28 19,550 54,72 23,627 6.77 2,926 93.23 40,266
36-47 41.36 17,881 58.64 25,351 575 2,486 94.25 40.772
48-59 35.40 14,550 64.29 26,190 6.19 2,526 93.81 38,261
Chi square 10000.00 (Pr=0.00) 2200 (Pr=0.00)
Sex of child
Male 37.83 41,687 62.17 68,520 9.20 10,142 90.80 100,090
female 32.96 36,030 67.04 73,292 7.73 8,444 92.27 100,862
Chi square 568.79 Pr = (0.00) 154.19 (Pr=0.00)
Size at birth
Very small 44.38 5,475 55.62 6,863 14.88 1,838 85.12 10,515
Small 42.09 9,080 57.91 12,492 11.05 2,384 88.95 19,184
Average or larger 34.24 59,104 65.76 113,505 7.82 13,506 92.18 159,100
Chi square 948.64 (Pr =0.00) 918.22 (Pr =0.00)
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% No. of children % No. of children % No. of children % No. of children
Mother’s education
No education 41.34 34,914 58.66 49,534 12.28 10,387 87.72 74,167
Primary 36.64 29,849 63.36 51,613 6.13 4,993 93.87 76,447
Secondary 25.60 12,205 74.40 35,470 6.10 2,902 93.90 44,703
Higher 12.54 743 87.46 5,184 5.10 302 94.90 5,620
Chi square 4700 (Pr = 0.00) 2600 (Pr=0.00)
Water source
Not improved 40.62 34,038 59.38 49,759 9.30 7,802 90.70 76,059
Improved 32.18 43,679 67.82 92,053 7.95 10,784 92.05 124,893
Chi square 1600 (Pr=0.00) 122.83 (Pr=0.00)
Sanitation
Not improved 39.17 54,359 60.83 84,432 9.26 12,856 90.74 125,993
Improved 28.93 23,358 71.07 57,380 7.10 5,730 92.90 74,959
Chi Square 2300 (Pr=0.00) 306.58 (Pr=0.00)
Household wealth
Poorest 42.31 23,507 57.69 32,054 10.22 5,685 89.78 49,940
Poorer 39.73 18,983 60.27 28,799 8.71 4,161 91.29 43,637
Middle 36.29 15,544 63.71 27,286 8.19 3,506 91.81 39,324
Richer 31.26 12,525 68.74 27,539 7.64 3,056 92.36 36,967
Richest 21.50 7,158 78.50 26,134 6.55 2,178 93.45 31,084
Chi square 4700 (Pr=0.00) 422.28 (Pr=20.00)
Breastfeeding
Ever breastfed 35.67 72,879 64.33 131,439 8.60 17,566 91.40 186,758
Never breastfed 38.55 1,750 61.45 2,789 8.17 371 91.83 4,171

16.098 (Pr = 0.00)
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% No. of % No. of children % No. of children % No. of
children children
Residence
Urban 26.50 16,877 73.50 46,798 7.54 4,801 92.46 58,849
Rural 39.04 60,840 60.96 95,014 8.84 13,785 91.53 200,952
Chi square 3100 (Pr=0.00) 98.578 (Pr=0.00)

Source: Agyen (2020)
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On the association between size at birth and child health, the results
show that child health varies significantly for the various size categories of
children at birth; 44.38 per cent of children who were very small in size at
birth are stunted, and about 15 per cent are wasted. Children who were small
in size at birth have lower percentages (about 42 per cent for stunting and 11
per cent for wasting). Comparatively, the percentages drop further with
children who were average or larger in size at birth. Overall, 34.24 per cent of
this group are stunted and 7.82 per cent are wasted.

In the context of the education levels of mothers, significant variations
in child health are observed for the respective levels. The proportion of stunted
and wasted children tends to be higher for children whose mothers have a
lower level of education. Table 13 shows that about 41 per cent and 12.28 per
cent of children whose mothers have no educational background are stunted
and wasted respectively. These are relatively high compared with children
whose mothers have, at most primary education. For these children, 36.64 per
cent are stunted, while 6.13 are wasted. With respect to mothers with a
secondary level of education, approximately 1 out of every 4 children is
stunted, whiles about 6.1 per cent are wasted. Among the various groups of
mothers’ education levels, the proportions of stunted and wasted children are
lowest for those whose mothers have higher education levels. For this group,
12.54 per cent are stunted, while 5.10 per cent are wasted. This suggests that
children of mothers with higher levels of education are less susceptible to poor
health. This could be attributed to increases in household income as well as
literacy, leading to the acquisition and effective consumption of information

(Thomas et al., 1991).
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The results also show a significant association between the source of
drinking water and child health. About 41 per cent of children from
households without an improved source of drinking water are stunted and 9.3
per cent are wasted. However, among children from households with an
improved source of drinking water, 32.18 per cent are stunted and about 8 per
cent are wasted. Similarly, child health tends to have a significant association
with sanitation. Approximately 39 per cent of children from households
without improved sanitation are found to be stunted, and about 9 per cent are
wasted. Of the proportion of children from households with improved
sanitation, however, about 29 per cent are stunted and 7.1 per cent are wasted.
This trend of association can be attributed to the conception that improved
water and sanitation tend to reduce infectious diseases that are linked to poor
health (Dangour et al., 2013).

The results also show that wealthier households have children with
better health statuses than poorer households. With regards to the various
categories of wealth status of households (poorest, poorer, middle, richer and
richest), the proportion of stunted children are approximately 42 per cent, 40
per cent, 36 per cent, 31 per cent and 22 per cent respectively. The same
association is observed for wasting.

More striking are the differences in the association between place of
residence and health status. It is observed that 26.5 per cent of children
residing in urban areas are stunted and 7.54 per cent are wasted. Among the
proportion living in rural areas, approximately 39 per cent are stunted and 9
per cent are wasted. The finding is consistent with previous studies on Ghana

(Frempong & Annim, 2017) and Bangladesh and Nepal (Srinivasan et al.,
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2013). This could be attributed to the limited endowment in socioeconomic
characteristics and poor quality of infrastructure in rural areas (Srinivasan et
al., 2013). In addition, the results show a significant association between
breastfeeding and stunting. About 36 per cent of breastfed children are

stunted, while, approximately 39 per cent of those never breastfed are stunted.

Spatial variation of stunting

The overall prevalence of under-5 stunting is 35.40 per cent. Figure 16
presents the distribution of under-5 Stunting prevalence across administrative
districts in Sub-Saharan Africa. The map shows spatial variations with higher
prevalence of stunting between 35 per cent and 53 per cent in Mali, Ethiopia,
Madagascar and in Central Africa; predominantly, Democratic Republic of
Congo and Angola. More striking is the prevalence of stunting above 53 per
cent found in pockets of administrative areas in parts of western Africa,
Democratic Republic of Congo, Angola, Tanzania and Madagascar (in the
Androy, Amoron’l Mania, Haute Matsiatra, Vakinankraratra, Atsinanana and
Analanjirofo). This is consistent with the findings of McKenna et al. (2019)
which found that the eastern provinces of the Democratic Republic of Congo,
mainly, North-Kivu and South-Kivu have the highest prevalence of stunting in
the country. It is also consisitent with World Bank and UNICEF (as cited by
Weber, 2017 ), indicating that, Madagascar has one of the highest stunting
rates in the world with several areas showing prevalence above 52 per cent.
This was also corroborated by similar studies (Rakotomanana et al., 2017) that
found higher rates of stunting above 50 per cent in some regions in
Madagascar (Androy, Amoron’l Mania, Haute Matsiatra, Vakinankraratra,
Atsinanana and Analanjirofo using WHO data).
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Figure 16: Distribution of under-five Stunting Prevalence across
Administrative Districts in Sub-Saharan Africa

Source: Agyen (2020)

Figure 17 shows spatial variation of stunting. The overall global moran
I is 0.391, suggesting that, there is an overall pattern of clustering of stunting
(see Appendix N). The map shows results on 999 permutations and p <
0.001. The result shows statistically significant spatial autocorrelation
between administrative areas. Hot spot clusters are shown in red indicating
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areas with high stunting rates and are surrounded by equally high stunted
areas. The cold spots however, labelled “low-low” show clusters of lower

rates of stunting correlating with each other.

LISA Cluster Map
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Figure 17: LISA Cluster Map of Stunting in Sub-Saharan Africa

Source: Agyen (2020)

Overall, 515 administrative regions show significant clustering of
stunting with similar values. 291 are hot spots and 224 are cold spots. The
findings corroborate similar studies which found that residing in some
geographic locations pose adverse effect on health outcomes (Adekanmbi et

al., 2013; Diez Roux, 2001; Pradhan et al., 2003).

Neighbourhood Effects and Effect of Neighbouring Mothers’ Education
The chapter sets out to examine individual and neighbourhood-level
factors that influence stunting as an indicator of child health. With emphasis
on the contextual effect of neighbourhood mothers’ education, data from 30
Sub-Saharan African countries was used to ascertain the role of
neighbourhood effects and variations with regards to child health. To this end,
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the risk of an individual child being stunted was regressed on a set of child-
level, maternal, household and neighbourhood predictive variables.

The study use multilevel logistic regression to analyse the factors that
drive under-5 stunting at two levels: the individual-level and the
community/neighbourhood (cluster) level. The first model, which is empty
and without independent variables, is called null/base model (see Appendix P)
and presented in Table 14. This shows the extent of community variation on
stunting without accounting for any explanatory variable. The result shows a
significant variation between neighbourhoods, suggesting that the variation in
stunting can be explained by differences between communities or
neighbourhoods. Appendix Q provides a caterpillar plot of the neighbourhood

effects.

Table 14: Base model for the multilevel estimates for stunting

Base model

Stunting Odds ratio Std. error
Constant 0.498*** 0.004
Between neighbourhood variance 0.424%** 0.010
Intra-class correlation 0.114 0.002

* p<0.05; **p<0.01; ***p<0.001; Likelihood ratio test statistic =6832.64 with p-value
=0.000, testing the null that o2, = 0.

Source: Agyen (2020)

The study adjusted for individual and neighbourhood-level variables in
a second model, but without a contextual variable of the proportion of
educated women in a neighbourhood. This was compared with a logistic
model. The results are shown in Table 15. The table also presents two other
models with the contextual effect of mothers’ education (secondary and

higher) Appendix R presents the odds ratios for all four models.
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Table 15: Estimated coefficients and their associated standard errors of the effect of mothers’ education (secondary and higher) on

stunting
Multilevel with
Multilevel with contextual  contextual effect of
Multilevel without effect of mothers’ mothers’ higher
Logistic contextual effect secondary education education
1) ) (©) (4)
Std. Std. Std.
Fixed effects: Individual-level Coeff error Coeff Std. error  Coeff error Coeff error
Child age (Base= below 6)
6-8 0.215%** 0.032 0.218*** 0.033 0.219*** 0.033 0.219***  0.033
9-11 0.636*** 0.030 0.662*** 0.031 0.664*** 0.031 0.663***  0.031
12 -17 1.119%** 0.025 1.177%** 0.026 1.178*** 0.026 1.176***  0.025
18 -23 1.637*** 0.025 WAL S 0.026 1.743*** 0.026 1.741***  0.026
24 - 35 1.678*** 0.023 1.785%** 0.023 1.787*** 0.023 1.785***  0.023
36 - 47 1.508*** 0.023 1.595%** 0.024 1.595%** 0.024 1.595***  0.024
48 — 59 1.250%** 0.023 1.318*** 0.024 1.319*** 0.024 1.318***  0.024
Sex of child (Base = Male)
Female -0.248*** 0.010 -0.266*** 0.010 -0.265*** 0.010 -0.266***  0.010
Size at birth (Base=very small)
Small -0.022 0.024 -0.098*** 0.026 -0.091*** 0.026 -0.099***  0.026
Average or Larger -0.381*** 0.020 -0.489*** 0.022 -0.482*** 0.022 -0.490***  0.022
Mother’s education (Base=no
education)
Primary -0.197*** 0.011 -0.169*** 0.013 -0.121*** 0.014 -0.163***  0.013
Secondary -0.514*** 0.015 -0.454*** 0.017 -0.298*** 0.020 -0.434***  0.017
Higher -1.146%** 0.045 -1.073*** 0.048 -0.890*** 0.049 -0.872***  0.050
Mother’s age -0.010*** 0.001 -0.011*** 0.001 -0.010*** 0.001 -0.010***  0.001
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Table 15, continued

) ) @) (4)
Std. Std. Std.

Coeff error Coeff Std. error  Coeff error Coeff error
Improved water source -0.116*** 0.011 -0.093*** 0.013 -0.079*** 0.013 -0.089***  0.013
Improved sanitation -0.124*** 0.012 -0.160*** 0.014 -0.144%*** 0.014 -0.155***  0.014
Wealth (Base=poorest)
Poorer -0.054*** 0.014 -0.084*** 0.015 -0.083*** 0.015 -0.085***  0.015
Middle -0.126*** 0.015 -0.155*** 0.017 -0.152*** 0.017 -0.155***  0.017
Richer -0.231*** 0.016 -0.272%** 0.019 -0.266*** 0.019 -0.269***  0.019
Richest -0.524*** 0.021 -0.558*** 0.025 -0.551*** 0.025 -0.536***  0.025
Age of head of household -0.002*** 0.000 -0.001* 0.000 -0.001* 0.000 -0.001* 0.000
Ever breastfed(Base=Yes)
No 0.035 0.033 0.060" 0.035 0.059* 0.035 0.060* 0.035
Intercept -0.793*** 0.039 -0.904*** 0.043 -0.820*** 0.044 -0.882***  0.043
Contextual Effect: Neighbourhood-
level variables
Residence(Base=urban)
Rural 0.119*** 0.014 0.163*** 0.018 0.085*** 0.018 0.134***  0.018
Altitude 0.0002*** 0.000 0.0002*** 0.000 0.0002*** 0.000 0.0002***  0.000
Proportion of mothers with
secondary/higher levels of education -0.588*** 0.034 -1.295%** (.111
Between neighbourhood variance 0.323*** 0.009 0.317*** 0.009 0.320***  0.009
Intra-class Correlation 0.089*** 0.002 0.089*** 0.002 0.089***  0.002
Groups - 15,470 15,470 15,470
Observations 204,447 204,447 204,447 204,447
Log-Likelihood -123079.34 -121162.2 -121011.09 -121090.3
p<0.05; **p<0 p<0.05; **p<0.01; ***p<0.001
Source: Agyen (2020)
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From the table, compared to the multilevel models, the standard errors
produced by the logistic model clearly underestimate the variability of the
coefficient estimates. This is attributed to the fact that, logistic regression
models like most traditional regressions treat observations as independent, so
in the presence of neighbourhood effect or hierarchical structures, the standard
errors of the coefficients would be underestimated (McNeish, 2014). The
multilevel model (model 2), however, addresses the issue of dependency
between observations in our hierarchical data, therefore, it is considered more
appropriate for this study due to the nature of the research question of
modelling variability. The multilevel model suggests that in the presence of a
neighbourhood (cluster) effect, a child of a given neighbourhood is correlated
with all the children of the same neighbourhood.

Model 3 is an expansion of model 2. It adds the contextual effect of the
proportion of mothers with secondary education. The addition of the
neighbourhood mothers with secondary education substantially reduces the
between neighbourhood variance from 0.323 to 0.317, suggesting that the
distribution of mothers with secondary education varies across
neighbourhoods and contributes to the differences in stunting across
neighbourhoods. This is actually anticipated because some neighbourhoods
will have higher proportions of educated mothers than others. Model 4 also
shows a reduction of between neighbourhood variance from 0.323 to 0.320,
suggesting that, the distribution of mothers with higher education contributes
to the variations in stunting across neighbourhoods.

The results show that a child is 45 per cent less likely to be stunted

when residing in a neighbourhood where all the mothers have secondary
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education than another residing in a neighbourhood where none of the mothers
have a secondary education. It further shows that, a child is 73 per cent less
likely to be stunted when living among mothers who have higher education,
compared to a child residing in a neighbourhood with none of the mothers
obtaining a higher education (see Appendix R).

Evidence suggests that children in rural areas are more stunted than
those in urban areas. In an attempt to find whether the contextual effect of
mothers’ education depends on location (thus, varies with residence), mothers’
education is interacted with residence. This interaction effect is illustrated
graphically in Figure 18 and presented in Appendix S. Figure 18 shows the
relationship between the predicted probability of being stunted and residence
for neighbourhood proportions of mothers with at least secondary education of

0.1, 0.25, 0.5 and 0.75.
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Figure 18: Predicted Probabilities of Being Stunted by Residence and
Proportion of Mothers with Secondary Education

Source: Agyen (2020)

The predicted plot shows that the contextual effect of mothers’
education in predicted probabilities for mothers’ with secondary education is
stronger among residents of rural areas. Although a higher proportion of
mothers with secondary education in a neighbourhood irrespective of the
residence (rural or urban) reduces a child’s probability of being stunted, this
effect is stronger for children residing in the rural areas than those in the
urban. More striking is the fact that, if the proportion of educated women (at
least secondary level) is 75 per cent in both rural and urban areas, the
probability of being stunted would be the same irrespective of your residence.
This finding could be attributed to the fact that social capital networks, which

consider connections that enable individuals to relate to each other as argued
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by Debertin (1996), is quite weak in the urban communities. Residents in rural
communities however, are characterised by a strong willingness in
participation and involvement in community activities, similar cultural values
and live in close proximity to each other. Hence, though social capital
networks may exist in both a rural and an urban community, their relevance
may vary significantly.

Other Correlates of Stunting

In all models (logistic and multilevel logistic models) the study
included individual-level characteristics, maternal and neighbourhood-level
factors. These consist of child’s age, sex, birth weight, mother’s education
level, mother’s age, water, sanitation, wealth status, age of household head,
household size, residence and breastfeeding. These factors show significant
association with childhood stunting, consistent with other empirical works on
child health (Annim et al., 2012, 2015; Annim & Imai, 2014; Darteh et al.,
2014; Frempong & Annim, 2017; Imai et al., 2012).

All the models show a positive relationship between stunting and the
age of the child. Children in higher age groups are more likely to be stunted
compared to those below 6 months. This finding is corroborated by earlier
works by Annim and Imai (2014); and Darteh et al. (2014). In their study
Annim and Imai found that height-for-age, weight-for-age and weight-for-
height z-scores decrease as a child’s age increases. The sign and coefficient of
the female variable shows that female children have lesser chance of being
stunted compared to male children. Specifically, the odds ratio for model 3
indicate that females are 23 per cent less likely to be stunted than males. This

finding is consistent with previous works that found that males have high

160

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

probability of being malnourished than females (Bork & Diallo, 2017;
Wamani et al., 2007). Another significant variable at the level of the child is
the size of the child at birth. The results indicate that children who are small,
average or larger in size at birth are less likely to be stunted than children who
are very small in size.

With regards to maternal factors, the models show that children whose
mothers have some level of education (primary, secondary and higher) are less
likely to be stunted compared to those whose mothers have no education.
Another significant maternal factor is the age of the mother. The study found
that an additional age of a mother reduces her child’s risk of being stunted by
1 per cent. The reason for this association could be that younger women have
an immature demeanor to take proper care of their babies’ needs, might
breastfeed for a shorter duration, may have less education and might not even
have a partner (LeGrand & Mbacke, 1993; Wambach & Cole, 2000).
Breastfed children are found to have lesser probability of being stunted than
children who have never been breastfed.

To further understand the factors that drive child stunting, the study
included household wealth in all the models. The results show that children
from poorer, middle, richer and richest households are less likely to be stunted
than those in poorest households. Children in households which use improved
water and sanitation are less likely to be stunted than their counterparts from

households that use unimproved water and sanitation.

Improved but not necessarily good at all places
Improved water is key to health and has been well acknowledged by

several studies (Dangour et al., 2013; Fink et al., 2011; Taylor et al., 2015).
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Shaheed et al. (2014) however, asserted that improved water sources may not
have associated microbial safety as a result of storage or pollution and
therefore might not be safe for use. The present study hypothesizes area
differences as a pertinent issue in the foregoing effect. This section examines
the extent to which effect of improved water on stunting differs across space.
As indicated in the section above on the importance of mothers’
education and its variability across locations, there is the need to control for
neighbourhood proportion of mothers’ education when determining the effect
of improved water on stunting across locations. The results are presented in

Table 16.
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Table 16: Estimates of the effects of improved water on stunting

Random intercept model Random intercept model Random intercept model Random slope

without interaction term with (water x altitude) with (water x residence) model
Stunting (3) (5) (6) (7

Std. Std.
Fixed effects: Individual-level Coeff Std. error  Coeff Std. error  Coeff error Coeff error
Child age (Base= Below 6)
6-8 0.219*** 0.033 0.218*** 0.033 0.219*** 0.033 0.219***  0.033
9-11 0.664*** 0.031 0.664*** 0.031 0.664*** 0.031 0.667***  0.031
12 -17 1.178%** 0.026 1.177%** 0.026 1.178*** 0.026 1.186***  0.025
18 -23 1.743*** 0.026 1.743*** 0.026 1.743*** 0.026 1.756***  0.026
24 - 35 1.787*** 0.023 1.787*** 0.023 1.787*** 0.023 1.800***  0.024
36 - 47 1.595%** 0.024 1.595%** 0.024 1.595%** 0.024 1.606***  0.024
48 — 59 1.319%** 0.024 1.318*** 0.024 1.319*** 0.024 1.328***  0.024
Sex of child (Base = male)
Female -0.265*** 0.010 -0.265*** 0.010 -0.265*** 0.010 -0.267***  0.010
Size at birth (Base=very small)
Small -0.091*** 0.026 -0.092%*** 0.026 -0.092*** 0.026 -0.093***  0.026
Average or larger -0.482*** 0.022 -0.481*** 0.022 -0.482*** 0.022 -0.486***  0.022
Mother’s education (Base=no
education)
Primary -0.121%** 0.014 -0.169*** 0.014 -0.122%** 0.014 -0.120***  0.014
Secondary -0.298*** 0.020 -0.299*** 0.020 -0.298*** 0.020 -0.299***  0.020
Higher -0.890*** 0.049 -0.893*** 0.049 -0.890*** 0.049 -0.890***  0.050
Mother’s age -0.010%*** 0.001 -0.010%** 0.001 -0.010%** 0.001 -0.010*** 0.001
Improved water source -0.079*** 0.013 -0.113*** 0.020 -0.057*** 0.014 -0.085*** 0.014
Improved sanitation -0.144*** 0.014 -0.144*** 0.014 -0.144*** 0.014 -0.141*** 0.014
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(©) (©) (6) @)
Coeff Std. error  Coeff Std. error  Coeff Std.error  Coeff Std.error
Wealth (Base=poorest)
Poorer -0.083*** 0.015 -0.082*** 0.015 -0.084*** 0.015 -0.085***  0.015
Middle -0.152*** 0.017 Rl 5 2 ¥ 0.017 -0.155*** 0.017 -0.155***  0.017
Richer -0.266*** 0.019 -0.266*** 0.019 -0.266*** 0.019 -0.270***  0.019
Richest -0.551*** 0.025 -0.552*** 0.025 -0.544%*** 0.025 -0.558***  0.025
Age of head of household -0.001" 0.000 -0.001* 0.000 -0.001* 0.000 -0.001* 0.000
Ever breastfed(Base=Yes)
No 0.059* 0.035 0.060* 0.035 0.059* 0.035 0.062* 0.035
Intercept -0.820*** 0.044 -0.797*** 0.045 -0.734*** 0.048 -0.823***  0.044
Contextual effect: Neighbourhood-
level variables
Residence(Base=urban)
Rural 0.085*** 0.018 0.084*** 0.018 -0.012 0.030 0.081***  0.019
Altitude 0.0002*** 0.000 0.0002*** 0.000 0.0002*** 0.000 0.0002***  0.000
Proportion of mothers with
Sec/higher levels of education -0.588*** 0.034 -0.587*** 0.034 -0.584*** 0.034 -0.594***  0.034
Interaction term (water x altitude) 0.00005* 0.000
Interaction term (water X residence) -0.129*** 0.032
Between neighbourhood variance 0.317*** 0.009 0.316*** 0.009 0.316*** 0.009 0.320***  0.009
Var(water) 0.307 0.026
Cov(water,cons) -0.158 0.017
Intra-class Correlation 0.089*** 0.002 0.089*** 0.002 0.087*** 0.002 0.100***  0.004
Groups 15,470 15,470 15,470 15,470
Observations 204,447 204,447 204,447 204,447
Log-Likelihood -121011.09 -121086.93 -121003.16 -120908.8
p<0.05; **p<0.01; ***p<0.001
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Models 5 and 6 presents cross-level interaction terms between altitude
and improved water, and residence and improved water. For comparison the
table presents estimates from the model, 3 without the interaction term. The
estimates for the fixed models (3, 5 and 6) in Table 16 are quite similar for all
models except the slopes of the variables in the interaction terms. The
coefficient for the interaction of altitude and improved water is 0.0005 which
is significant at 1 per cent p-value, though very small. On the other hand, the
interaction term that the effect of improved water on stunting depends on
residence is -0.129 and also significant at 1 per cent p-value. This shows that
the slopes of the regression lines between improved water and stunting are
different for rural areas and urban areas. The negative relationship implies that
with urban areas, the effect of improved water on stunting is greater. A clearer
diagrammatic representation of this interaction is in Figure 19. The results
indicate that if all the factors driving stunting remain the same but all the
children in our sample resided in urban areas and had no improved water,
about 36.76 per cent would be stunted. This is almost the same, even slightly
higher than when the children resided in rural areas and had no improved
water (36.52). However, if all the other factors again remain the same but all
the children in our sample resided in urban areas and had improved water,
about 33.15 per cent would be stunted. On the other hand, the probability of
being stunted if the child resided in a rural area and had improved water is
35.41 per cent holding all other variables constant (at their means). It is
observed that the difference in predictive margins for urban areas (36.76 —
33.15 = 3.61) is greater than for rural areas (36.52 —35.41 = 1.11). This

finding clearly indicates that improved water may be more effective in urban
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areas compared to rural areas. This raises concern and questions the quality of

improved water in rural areas.

Predictive Margins of residence#water with 95% Cls

.36
|

.34

.32
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type of place of residence

[ unimproved water [ improved water

Figure 19: Predictive Margins of the effect of improved water on stunting
depending on residence
Source: Agyen (2020)

The study further tests for the interaction effect between residence and
piped water only. The results are presented in Appendix T and Appendix U.
The results show that holding all other factors driving stunting at their means
but all the children in our sample resided in urban areas and had no piped
water, about 35.46 per cent would be stunted. This is slightly lower than when
the children resided in rural areas and had no piped water (36.07%). However,
if all the other factors again remain the same but all the children in our sample
resided in urban areas and had piped water, about 32.32 per cent would be
stunted. On the other hand, the probability of being stunted if the child resided
in a rural area and had piped water is 34.89 per cent holding all other variables

166

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

constant (at their means). It is observed that the difference in predictive
margins for urban areas (35.46 — 32.32 = 3.14) is greater than for rural areas
(36.07 — 34.89 = 1.18). This suggests that in rural areas piped water reduces
a child’s probability of being stunted by only 1 per cent and 3 per cent for
another child in the urban area.

The models fitted in model 5 and 6 allow the probability of being
stunted to depend on neighbourhoods by allowing the intercepts to vary
randomly across neighbourhoods in a random intercept model. The study in
Model 7 allows for both the intercept and the slope of improved water to vary
randomly across neighbourhoods. The results are presented in the last two
columns in Table 16.

In model 7 two new parameters (slope variance and intercept-slope
covariance) are observed as a result of the extension from random intercepts in
the previous models to a random slope model. The effect of improved water
on the odds of being stunted in a given neighbourhood j, for example, is
estimated as —0.085 + u,,. The slope variance of 0.307 is the between-state
variance in the effect of improved water. Since improved water has been
centred about its sample mean, the intercept variance of 0.32 is the between-
neighbourhood variance in the log-odds of stunting at the sample proportion of
the improved water source.

With regards to the intercept and slope residuals for neighbourhoods,
the negative intercept-slope covariance estimate (-0.158) shows that
neighbourhoods with above average prevalence of stunting (intercept residual
> 0) also have below-average effect of improved water (slope residual < 0). In

other words, there is less impact of improved water on stunting in
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neighbourhoods with high prevalence. The plot of the neighbourhood slopes
versus the neighbourhood intercepts for improved water sources is presented
in Appendix V. It is clear from the graph that the relationship between
improved water and stunting differs across neighbourhoods.

The likelihood ratio test of no neighbourhood variation in the effect of
improved water is examined. Using the log-likelihood values of the model
with and without the random slope for improved water, the likelihood ratio
test statistic (204.48) is twice the difference of these values. The 5 per cent
point of a chi-squared distribution on 2 degrees of freedom is 5.991. The null
hypothesis of no neighbourhood variation of improved water is rejected. The
study therefore concludes that the random effect for improved water is

statistically significant.

Chapter Summary

This empirical chapter has presented the results and discussion of the
effect of neighbourhood differences on child health. The results show hot-
spots or clusters of high prevalence of stunting in some parts of Sub-Saharan
Africa (predominantly around Congo and Madagascar) and low-spots in other
regions.

To investigate the differences in the neighbourhood effects of the
correlates of stunting. The study examined the proportion of mothers’
education in each neighbourhood on stunting. The analysis found that the
effect of neighbourhood mothers’ education on stunting reduces the
differences in the prevalence of stunting between neighbourhoods and
indicated a stronger effect in rural area than urban. It shows that the rural-

urban gap regarding stunting in Sub-Saharan Africa can be bridged if each
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community has a proportion of 75 per cent of mother’s with secondary
education.

Results from the hypothesis that the effect of improved water differs
across neighbourhoods found that location affects the relationship between
improved water sources and child health. The predictive margins of water
dependent on residence indicate that the effect of improved water on stunting
is less in rural areas and high in urban. The random slope model found
significant variations in the effect of improved water across neighbourhoods.
The results suggest that the impact of improved water on stunting is less in
neighbourhoods with high prevalence of stunting and high in those with low
prevalence.

The next chapter presents a summary of the findings from the three
thematic areas of enquiry. It presents results on the assessment of spatial
dependence of stunting in children, the effects of neighbouring mothers’
education on child health, and the differences in the neighbourhood effects of
the correlates of stunting. Conclusions are drawn from key findings which

inform the recommendations suggested by the study.
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CHAPTER EIGHT

SUMMARY, CONCLUSION AND POLICY RECOMMENDATION

Introduction

Although global trends of stunting among other child health indicators
show significant declines, one overarching challenge that has attracted
attention is disparities. Policy makers, researchers and public health
practitioners have sought to understand the context and reduce or possibly
eliminate health disparities among populations to achieve health equity.
Design of an effective implementation strategy for the reduction or eradication
of spatial health disparities is hindered by difficulties in measuring and
identifying the extent of health disparities due to limited spatial information
and limited methods. This study, therefore, employed appropriate spatial
econometric tools to examine the spatial dependence that exists in health at the
district (administrative area) and cluster or neighbourhood level. It looked at
some area and social factors that contribute to these health disparities. The
study also considered alternative ways of measuring spatial dependence in the
absence of spatial data at the individual level, and finally looked at child
stunting and its determinants in Sub-Saharan Africa, with emphasis on the
differences in the neighbourhood effects of its correlates.

This chapter first presents a summary of the whole thesis, with specific
attention to the empirical findings from all three empirical chapters. This is
followed by the conclusions drawn from the study. It entails a review of
significant points in this thesis and a clarification of their relevance. The
chapter then presents recommended policies based on the findings and
suggests areas for future research.
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Summary

The association between health and place has been well documented,
leading to a spring up of studies that help address health problems and its
related variations. In Ghana, the role of place on child health outcomes is
evident in national reports and statistics from national surveys (GDHS and
GLSS) and through regional and district variations. For this reason, it is
imperative to use a suitable econometric design to examine area characteristics
as a determinant of child health, beyond and above individual-level risk
factors.

To this end, the first empirical chapter has been undertaken to help
mitigate stunting in Ghana by examining the variations thus: identifying areas,
including districts with higher prevalence and accounting for area
characteristics that induce these variations. The main variable of interest —
neighbourhood effect — was captured using the average of the proportion of
stunted children within the four nearest clusters of households (with respect to
point/cluster analysis) and the average of the proportion of stunted children in
districts that share common boundaries (with respect to district-level analysis).
Neighbourhood mothers’ education was also captured using the average of the
highest level of education of mothers within the four nearest clusters of
households (with respect to point analysis) and the average of the highest level
of education of mothers in districts that share common boundaries (with
respect to district level analysis). In testing the relationship between
neighbourhoods or areas of residence and stunting, the study was premised on

the hypothesis that the proportion of stunting in a cluster of households or
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districts is positively influenced by neighbouring clusters of households’ or
districts’ characteristics.

Several analyses were employed to test the hypothesis. First, a
multivariate logistic regression at the individual level was carried out. This
was followed by a multilevel analysis to compare coefficients with the logistic
model to ascertain similarities or clustering at the group level. Owing to the
nature of the dataset, ESDA on stunting proportions were explored to test for
spatial autocorrelation, and it was found to be present and significant with
LISA and Global Moran’s Index. The study used two different spatial
regression techniques (SAR and SEM) to ascertain the effect of
neighbourhoods on stunting. Then, the study used LISA and the spatial cross-
regressive model to examine the effect of neighbourhood mothers’ education
on stunting.

The study found significant clustering of stunting in children below 5
years across districts in Ghana where 17 districts with high rates of stunting
are clustered in the north-eastern part of Ghana. For stunting rates, the effect
of adjacent neighbourhood districts is 19 per cent as high as it is in the focal
district, indicating a spillover effect. It was also observed that mothers with
less education are clustered in the northern part of Ghana and those with high
education, are clustered in some parts of the south. The study found that in
addition to a child’s own-mothers’ years of education, neighbouring mothers’
years of education helps reduce child stunting. These findings suggest that
neighbourhood effects are important in determining child stunting in Ghana.

The second empirical chapter used structural equation modelling to

estimate a more complex system of relationships and mediated effects on child

172

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

health. Premised on the theory of social capital, externalities, proximity and
intersectionality, three main hypotheses were tested: (1) type of residence,
neighbours’ wealth, neighbouring mothers’ education, distance to a health
centre, sanitation and water sources are indicators of neighbourhood or spatial
effects; (2) socioeconomically advantaged neighbourhoods improve child
health; and (3) the relationship between neighbouring mothers’ education and
child health is moderated by the child’s own mother’s education.

The study used the latent variable approach to estimate indicators for
spatial dependence or neighbourhood effect. In this chapter, the study adopted
the definition of neighbourhood in spatial analysis to a measurement model in
structural equation modelling. Neighbourhood mothers’ education for each
observation (each child) was measured as an average of the years of education
of all mothers in the same cluster, without the observation’s own mother’s
years of education. The same strategy was used for neighbourhood wealth.
The model was a good fit to the data used and confirmed type of residence,
neighbours’ wealth, neighbouring mothers’ education, distance to health
centre, sanitation and water sources as good indicators of neighbourhood or
spatial effects.

The study found that children residing in advantaged neighbourhoods
(wealthy neighbours, mothers’ with more years of education, no problems
accessing — or in close proximity to — health centres, improved water source,
improved sanitation, and urban areas) have better health statuses compared to
their counterparts living in disadvantaged neighbourhoods. The study found
that mother’s education improves child health and mediates the relationship

between neighbouring mother’s education and child nutritional status.
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The third empirical study tested three main hypotheses: (1)
neighbourhoods where mothers have secondary and higher levels of education,
significantly improve a child’s health over and above the child's own mother's
education (2) the effect of the proportion of mothers’ education on stunting
varies across neighbourhoods, and (3) the effect of improved water on stunting
varies across neighbourhoods. The chapter used DHS datasets from 30 Sub-
Saharan African countries with a sample of 245,426 children (72,544 from
urban areas and 172,882 from rural areas) under 5. This sample was used in a
spatial analysis, while 233,314 children (without children from Madagascar)
were used to estimate multilevel random intercept models and random slope
models.

The main finding suggests that the proportion of mothers’ respective
levels of education in a community drives neighbourhood differences between
communities. This indicates that the distribution of neighbourhood mothers’
education varies across neighbourhoods and helps explain why some
communities have a higher prevalence of stunted children. A prediction of the
probability of being stunted on residence for proportions of neighbourhood
mothers’ education suggests that the probability that a child residing in a rural
area would be stunted would be the same for a child residing in an urban area
if each area had 75 per cent of mothers with at least secondary education. This
result shows a greater effect of neighbourhood mothers’ education in rural
areas than in the urban, which can be explained by the varying relevance of
social capital networks between rural and urban communities. The urban
communities, unlike rural, are often perceived as anti-social to the extent that

residents may even have no knowledge about those living in close proximity,
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whiles the rural areas are characterised by similar cultural values, strong
willingness in participation and involvement in community activities.

For the varying neighbourhood effect of improved water on stunting,
the study found that location affects the relationship between improved water
sources and child health. It indicates that the effect of improved water on
stunting is less (1 per cent) in rural areas and high (4 per cent) in urban areas.
This finding raises concerns about the quality of improved water in rural areas
compared to urban areas. Using piped water for a more specific analysis of
improved water suggests that in rural areas piped water reduces a child’s
probability of being stunted by only 1 per cent, which is lower than 3 per cent
for another child in the urban area. The results also show that the impact of
improved water on stunting is less in neighbourhoods with high prevalence of

stunting and high in low prevalence areas.

Conclusion

The study has argued that neighbourhoods or spatial effects are
important in explaining variations in child health across different sub-groups
of the population. Evidence from this thesis affirms all research hypotheses.

Concerning the first empirical chapter, the identification of high-
stunted clusters is important for targeted policy design to fight child
malnutrition in Ghana. In addition to informing local place-based initiatives,
the finding supports local planning, supervision and monitoring efforts on
child health outcomes and child health equity. It shows and identifies most
districts — especially in the north eastern part of Ghana — with higher rates of
stunting that share boundaries with districts where there are equally high rates

of stunting. The finding on the effect of neighbouring districts’ characteristics
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on stunting rates deepens the understanding of the influence of
neighbourhoods on health and the emergence of child health inequalities.
Suggested evidence corroborates the theory of social capital, externalities and
the concept of proximity that, neighbourhoods could place contextual effects
on individual health and well-being through diffusion or dissemination of
health-related information and norms, the accessibility of local services and
amenities, and mutual support systems. The effect of neighbouring mothers’
education on the rate of stunting in districts and clusters suggests that
women’s education, through the concept of social capital and positive
externalities, may have a greater effect than what we had known it to be.
Despite the extant literature on the factors that drive child health, there
is evidence of the interrelationships between these factors. The second
empirical chapter tested the effect of socioeconomically advantaged
neighbourhoods on child health and the pathway through which neighbouring
mothers’ education affects child health. The evidence from this chapter
provides a better understanding of the implicit complexities of the paths that
drives child health outcomes. The study suggests that child-level
characteristics, maternal, household and geographic characteristics directly
and indirectly affect child health through the intersectional associations of
these factors. Evidence of the effect of socioeconomically advantaged
neighbourhoods, measured by neighbourhood factors suggests that children
who live in socioeconomically disadvantaged neighbourhoods have poor
health, and vice versa. This calls for a more critical review and clearer
perspectives on the composition of neighbourhoods targeted towards local or

area-specific initiatives.
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The third empirical chapter concludes on the assertion that
neighbourhood effects on the correlates of stunting are not homogenous. Two
conclusions are drawn from this. First is that the difference in the risk on being
stunted between a child in a rural area and another in the urban area is smaller,
with more secondary level educated mothers in each locality. This highlights
the importance of the education of mothers and touts it as an effective variable
to help reduce stunting inequalities in children under 5. The second, however,
postulates that the effect of improved water on stunting is less in rural areas
and areas with high prevalence of stunting compared to urban areas and those
with low prevalence of stunting. This raises concern about differences in
quality of improved water across areas.

In general, the thesis has shown the importance of location and its
implication on child health. Undoubtedly this concept is crucial for concepts,

research and policy planning on child health.

Recommendations

Based on the results from this study, a one-size-fits-all intervention
will not be the best way to improve child health in Ghana and Sub-Saharan
Africa. The study, therefore, proposes the following policy recommendations.

1. Initiatives to address stunting should be broadened to cover
neighbouring districts with the likelihood of contributing to poor
child health outcomes in adjoining settlements.

2. Programs: The study recommends district- or area-specific
interventions such as area-specific campaigns and community
organisations as more effective in mitigating stunting. With the
help of the Ministry of Gender and Child Protection, community
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and district durbars or meetings which are organised by the
Department of Social Welfare can engage some educated mothers
from the same communities or districts to share their knowledge on
best practices for childcare. As suggested by The Productivity
Commission (2003) this will provide a basis for trust and social
inclusion and ultimately strengthen social capital in these
communities or districts.

3. Methodology: More spatial data are needed on communities,

institutions and resources to help determine spatial and contextual
effects for a more targeted health-related policy.
Contextual analysis is important in estimating the factors that drive
child health and, therefore, this study recommends more robust
methods of estimation (such as, spatial regressions, multilevel or
hierarchical models and structural equation models) over the
traditional standard regression methods.

4. Policy: From a policy perspective, the study supports interventions
that target women’s education, especially in areas with higher rates
of poor child health outcomes (such as the northern part of Ghana).
For example, the Girl’s Model School initiative by Oxfam in some
communities in the northern region of Ghana can be supported and
expanded to the secondary education level. The initiative which is
aimed at getting girls — especially teenage mothers — into school, is
only at the junior high level and in few districts.

The study also recommends development of industries or factories

including those that require some level of education in areas where
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stunting rates are high to help women with secondary levels of
education and higher find jobs in these areas after their education
and avoid migration to the southern part of the country.

Policy: For policy makers across Sub-Saharan Africa, the study
recommends centralized treatment centres to supply water to both
rural and urban areas to promote equitable access. This calls for
improvement in service delivery through investment in water
production and expanded network coverage in the water sector.
This will help reduce poor quality of water in some areas and
shortages in water supply in certain areas. The study again cautions
for the need for a careful interpretation of the definition of
‘improved water’ in research since the current WHO definition
does not absorb the issues of reliability, frequency of access and
quality which are key area-specific issues to the effect of water on
child health. The study, therefore, recommends a definition that

absorbs metrics for safety, reliability, frequency and quality.

Suggestions for Future Research

In addition to advancing knowledge on the understanding of under-5

child health inequalities and the role of location, this study arouses interesting

issues meriting further research. The following provides an outline for future

studies:

Estimate the effect of the duration of exposure to certain
neighbourhood conditions on child health, using longitudinal

studies.
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2. An analysis of the cumulative effects of neighbourhood
characteristics at different times over the life course of a child,
using longitudinal studies.

3. Targeted research on the health impacts of specific improved water
sources such as piped and protected wells across space.

4. Estimate the effect of improved water on child health using a
holistic measure of availability, accessibility and safety.

5. An analysis of neighbourhood effects on child health using a

qualitative or mixed method approach.

This thesis has demonstrated the role of location in understanding the social
determinants of under 5 child health and health inequalities. The results
highlighted the importance of women’s education and how this could be used
as a tool to bridge child health inequalities. Based on the research findings, the
study recommended area-specific initiatives over one-size-fits-all policies and

made suggestions for future research.
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APPENDICES
APPENDIX A: DISTRIBUTION OF WASTED CHILDREN ACROSS

SUB-SAHARAN AFRICAN COUNTRIES

Proportion of Wasted Children by Countries in Sub-Saharan Africa

Angola 94.9
Benin 83.6
Burkina Faso 84.6
Burundi 94.2
Cameroon 94.4
Chad 85.8
Comoros 88.5
Congo Democratic Republic 92.1
Cote d'lvoire 929
Ethiopia 88.3
Gabon 95.9
Ghana 95.0
Guinea 90.1
Kenya 94.5
Lesotho 95.9
Liberia 934
Malawi 96.4
Mali 87.4
Mozambique 94.8
Namibia 922
Nigeria 834
Rwanda 975
Senegal 92.0
Sierra Leone 90.6
Tanzania 94.5
Togo 92.7
Uganda 94.6
Zambia 93.7
Zimbabwe 96.6
I I I
20 40 100

Percentage of Children by Country

I Notwasted T Wasted

Source: Agyen (2020)
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APPENDIX B: DISTRIBUTION OF UNDERWEIGHT CHILDREN

ACROSS SUB-SAHARAN AFRICAN COUNTRIES

Proportion of Underweight Children by Countries in Sub-Saharan Africa

Angola
Benin
Burkina Faso
Burundi
Cameroon
Chad
Comoros
Congo Democratic Republic
Cote d'lvoire
Ethiopia
Gabon
Ghana
Guinea
Kenya
Lesotho
Liberia
Malawi

Mali
Mozambigue
Namibia
Nigeria
Rwanda
Senegal
Sierra Leone
Tanzania
Togo
Uganda
Zambia
Zimbabwe

Source: Agyen (2020)
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APPENDIX C: DISTRIBUTION OF CHILDREN UNDER-FIVE

SAMPLED ACROSS REGIONS AND PLACE OF RESIDENCE
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Source: Agyen (2020)

APPENDIX D: UNDER-FIVE MALNUTRITION PREVALENCE BY

RURAL-URBAN RESIDENCE IN GHANA

Malnutrition Prevalence (%) by residence (rural —urban)

for Ghana
Malnutrition
indicator Rural Urban
29.94
Stunting 70.06 (n=365) (n=156)
Wasting 67.42 (n=89) 32.58 (n=43)
Underweight 69.26 (n=205) 30.74 (n=91)

Source: Agyen (2020)

APPENDIX E: UNDER-FIVE MALNUTRITION PREVALENCE BY

RURAL-URBAN RESIDENCE IN SUB-SAHARAN AFRICA

Malnutrition Prevalence (%) by residence (rural —urban) for
sub-Saharan Africa

Malnutrition

indicator Rural Urban
Stunting 78.28 (n=60,840) 72 (n=16,877)
Wasting 74 (n=13,785) 33 (n=4,801)
Underweight 79.18 (n=31,862) 32 (n=8,379)

Source: Agyen (2020)
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APPENDIX F: DISTRIBUTION OF WASTED CHILDREN ACROSS

SUB-SAHARAN AFRICAN COUNTRIES' RESIDENCE

Proportion of Wasted Children by Residence of Sub-Saharan African Countries

Angola

. Benn

Burkina Faso

Burundi

Cameroon

Chad

~ Comoros

Congo Democratic Republic
Cote dlvoire

Ethiopia
LIrban E%En

ana
Guinea
Kenya

amibia

_ Senegal
Sierra Leone
Tanzania

Burkina Faso
Burundi
Cameroon
Chad

. Comoros
Congo Democratic Republic
Cote dvoire

Rural Elhopa

Mozambique
N’\?ml ia
igeria
Rw%?uda

~ Senegal
Sierra Leone

Tan%_ama
0

U angg
Zambia
Zimbabwe

o
N
o

515
354
e 2.3
e 140
[ )] 3
e )7
314

e 2) 5

24
—— ()]

600
328

40 60 80
Percentage of Wasted Children

Source: Agyen (2020)
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APPENDIX G: DISTRIBUTION OF UNDERWEIGHT CHILDREN

ACROSS SUB-SAHARAN AFRICAN COUNTRIES' RESIDENCE

Proportion of Underweight Children by Residence of Sub-Saharan Africa
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APPENDIX H: GHANA DHS SURVEY AREA SHOWING CLUSTER

LOCATIONS AND THEISSEN POLYGONS

Map - point_data23:
B (423)

Source: Agyen (2020)
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APPENDIX I: PATH DIAGRAM CONVENTIONS

© Latent Variable

Observed Variable

O Error Variance/disturbance term

Regression/directional path

Source: Agyen (2020)

APPENDIX J: CSDH CONCEPTUAL FRAMEWORK

Socioeconomic
Context

Socioeconomic
Position

® Social Class

( Governance N Material circumstancess

Behaviours < i> Distributioion of
Biological factors < health and well-
Education »

Psychosomal factors < i> being

Macroeconomic Policy

Social Policies &Public
Policies (Education, Health,

Social Protection, Labour | A
market, Housing) OCCUpatlon Social cohesion : 1
& Social Capital
_ \ i N ]
Cultural and Societal norms HEALTH SYSTEM | mm mm o o o e
\ and values Income

STRUCTURAL DETERMINANTS INTERMEDIARY DETERMINANTS

SOCIAL DETERMINANTS OF HEALTH SOCIAL DETERMINANTS OF

HEALTH

INEQUITIES
The Commission for Social Determinants of Health Framework

Source: (CSDH, 2008; Solar & Irwin, 2010)
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The framework describes the key areas underlying the drivers of
health. More vividly, it provides a rationale for selecting social determinants
for investigations in health and suggests how these may interact with one
another. The rationale is to go beyond the contemporary attention on the
immediate determinants of health to strengthen health equity worldwide. The
framework shows how social structures and policies create social differences
in sub-groups of the population. It groups the determinants of health into two;
structural and intermediary. The structural determinants drive social
stratification attribute individuals into socioeconomic positions based on
policies and societal resources. The structural groupings are identified by
social class, education, occupation, income and ethnicity. The magnitude of
inequity in this regard are along the dimensions of a) biases, norms, and values
2) Global and national social and economic policies, and 3) processes of
governance. The intermediary determinants on the other hand serve as
pathway through which the structural determinants affect health. Depending
on the type of policy or societal influence, different groups of people will have
different material conditions, behaviour options and psychosocial support,
which will translate to varying health conditions and statuses. More
specifically, the material conditions include income, quality of physical
environment and consumption potential. The behavioural and biological
factors entail nutrition, social habits, physical activities and genetic factors.
Finally, psychosocial support entails stressful living conditions, and access to
social support. The social determinants of health outlined in the model are
considered crucial in the underlying concept of the social concept explained

by Marmot and McDowall (1986)
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APPENDIX K: VARIABLE DESCRIPTION FOR STRUCTURAL

EQUATION MODELS

Variable Definition Measurement Abbreviation

Child age Age of the child in Measured as 0=<6; 1=6- Child_age
categories 8; 2=9-11, 3=12-17;
4=18-3; 5=24-35; 6=36-
47; 7=48-59

Child_male Gender of child 1=male; O=female Child_male

Size at Birth  Size of the child 0=Very small; 1=small;  Size_at_birth

on delivery 2=Average
Mother’s Mother’s highest ~ 0-15years Mothers_edu_yr
Education Educational S
attainment
Mother’s age  Age of the Mother Measured in years. Mothers_age
of the child Ranges from 15-45years
Improved Source of drinking  0=not improved; water
water source  water 1=improved
Improved Improved toilet 0=not improved; sanitation
sanitation facility 1=improved
Wealth An index of the 0=Poorest; 1=Poorer; Wealth_cat

wealth status of 2=Middle; 3=Richer;
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Variable Definition Measurement Abbreviation
the household 4=Richest
Age of head  Age of the head of Measured in years. Hhh_age
of household  household Ranges from 15years to
95years
Residence Residence status 1=Rural 2=Urban;; residence

Neighbour’s

of the household

Mean of the

O=Poorest; 1=Poorer;

neighwealth_cat

wealth wealth status of 2=Middle; 3=Richer;

the neighbouring  4=Richest

households

excluding the

household of the

observation itself
Neighbour’s  Mean of the years neighmumsedu
mother’s of schooling of
education neighbouring

mothers excluding

the mother of the

observation itself
Distance to Distance to health Dist2HC
health center  center in meters
Source: Agyen (2020)
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APPENDIX L: UNSTANDARDIZED ESTIMATES OF CHILD
HEALTH OUTCOME (HAZ) FROM THE STRUCTURAL EQUATION

MODEL

52| 28 37 29

child_male | |size_at_birth| |bitth_interval| | child_age

31
mathers_age

18
marital_status 15

jmathers_edu yrg
11

18
kidshh

41
hhh_age

wealth_cat [* 7

Remdence |:||st2HC sanltatlon nmghwealth cat nmghmumsedu

Lod & & & &

Source: Agyen (2020)
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APPENDIX M: UNSTANDARDIZED ESTIMATES OF CHILD
HEALTH OUTCOME (WAZ) FROM THE STRUCTURAL

EQUATION MODEL

52

28 27| 28
child_male | |size_at_birth| |birth_interval child_age

31
mothers_age

. 18
marital_status; %)15
wealth_cat_[*

27 Lmothers_edu_'_kqfr?

F |
(zo)1
1.8
\T , 24

Residence dist2HC water sanitation | |neighwealth ca |neighmumsedu
. 15 a7 ~ 58 49

Source: Agyen (2020)
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APPENDIX N: SCATTER PLOT FOR LISA MAP FOR SUB-

SAHARAN AFRICA
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Source: Agyen (2020)
245

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

APPENDIX O: SIGNIFICANCE MAP FOR LISA MAP FOR SUB-

SAHARAN AFRICA

LISA Significance Map
[] Not Significant (1762)
] p=005(310)

B p=001(156)

B p=0001(131)

[ Neighborless (47)

Source: Agyen (2020)

APPENDIX P: BASE MODEL SPECIFICATION
The empty/base/null model is the model with only the intercept and

neighbourhood effects. This is specified as:

nij
| = ;
0g <1 = m_j) Bo + Ho;

where random effect ; is specific to the neighbourhood j and the intercept
Bo is apportioned to all the neighbourhood. 1 ; is assumed to follow a normal

distribution with variance o7%,.
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APPENDIX Q: CATERPILLAR PLOT OF ESTIMATED RESIDUALS

FOR ALL THE NEIGHBOURHOQOD EFFECTS

T T T
0 5000 10000 15000
uOrank

Source: Agyen (2020)
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APPENDIX R: ESTIMATED ODDS RATIOS AND THEIR ASSOCIATED STANDARD ERRORS OF THE EFFECT OF

MOTHERS’ EDUCATION (SECONDARY AND HIGHER) ON STUNTING

Multilevel with

Multilevel with contextual contextual effect of
Multilevel without effect of mothers’ secondary mothers’ higher
Logistic contextual effect education education
1) ) @) (4)
Std. Std. Odds Std.

Fixed Effects: Individual-level Odds Ratio Error Odds Ratio Error Odds Ratio Std. Error  Ratio Error
Child age (Base= Below 6)
6-8 1.240*** 0.039 1.244*** 0.041 1.245*** 0.041 1.245***  0.041
9-11 1.888*** 0.057 L CRigE=es 0.061 1.943*** 0.061 1.940***  0.061
12-17 3.062*** 0.075 Pl o 0.083 3.247*** 0.083 3.243***  0.083
18-23 5.138*** 0.128 5.706*** 0.148 5.717*** 0.148 5.706***  0.148
24-35 5.357*** 0.121 5.959*** 0.140 5.971*** 0.140 5.961***  0.140
36-47 4.517*** 0.102 4.926*** 0.116 4.929%** 0.116 4.926*%**  0.116
48-59 3.489*** 0.080 3.734%** 0.089 3.738*** 0.089 3.734***  0.089
Sex of Child (Base = Male)
female 0.781*** 0.008 0.766*** 0.008 0.767*** 0.008 0.766***  0.008
Size at birth (Base=very small)
Small 0.978 0.024 0.906*** 0.023 0.913*** 0.024 0.906***  0.023
Average or Larger 0.683*** 0.014 0.613*** 0.013 0.618*** 0.013 0.613***  0.013
Mother’s education (Base=No
Education)
Primary 0.821*** 0.009 0.844*** 0.011 0.886*** 0.012 0.849***  (0.011
Secondary 0.598*** 0.009 0.635*** 0.011 0.742%** 0.015 0.648***  0.011
Higher 0.318*** 0.014 0.342%** 0.016 0.410*** 0.020 0.418***  0.021
mothers_age 0.990*** 0.001 0.989*** 0.001 0.990*** 0.001 0.990***  0.001
Improved water source 0.890*** 0.009 0.911*** 0.012 0.924*** 0.012 0.915***  0.012
Improved Sanitation 0.883*** 0.010 0.852*** 0.012 0.866*** 0.012 0.856***  0.012
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Wealth (Base=Poorest)

Poorer 0.947%** 0.013 0.919*** 0.014 0.921*** 0.014 0.918***  0.014
Middle 0.882*** 0.013 0.856*** 0.014 0.859*** 0.014 0.856***  0.014
Richer 0.794%*** 0.013 0.762*** 0.014 0.766*** 0.015 0.764***  0.014
Richest 0.592%*** 0.013 0.572%** 0.014 0.576*** 0.014 0.585***  0.014
Age of head of household 0.998*** 0.000 0.999* 0.000 0.999 0.000 0.999* 0.000
Ever breastfed(base=Yes)

No 1.035 0.034 1.062* 0.037 1.061* 0.037 1.062* 0.037
Intercept 0.453*** 0.018 0.405*** 0.018 0.441*** 0.019 0.414***  0.018

Contextual Effect: Neighbourhood-
level variables

Residence(Base=Urban)

Rural 1.127*** 0.015 (7Gx 0.021 1.089*** 0.020 1.144*** 0,021
Altitude 1.0002*** 0.000 1.0002*** 0.000 1.0002*** 0.000 1.0002***  0.000
Proportion of mothers with

Sec/higher levels of education 0.555*** 0.019 0.274***  0.030
Between neighbourhood variance - 0.323*** 0.009 0.317*** 0.009 0.320***  0.009
Intra-class Correlation - 0.089*** 0.002 0.088*** 0.002 0.089***  0.002
Groups - 15,470 15,470 15,470
Observations 204,447 204,447 204,447 204,447
Log-Likelihood -123079.34 -121162.2 -121011.09 -121090.4

Source: Agyen (2020)
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APPENDIX S: EFFECT OF MOTHERS EDUCATION DEPENDENT

ON RESIDENCE

Std. Odds Std.
Fixed Effects: Individual-level Coefficient Error  Ratio Error
Child age (Base= Below 6)
6-8 0.219*** 0.033 1.245***  0.041
9-11 0.665*** 0.031 1.944***  0.061
12-17 1.178*** 0.026 3.248***  0.083
18-23 1.744%>** 0.026 5.718***  (0.148
24-35 1.787*** 0.023 5.970***  0.140
36-47 1.595*** 0.024 4.930***  0.116
48-59 1.319*** 0.024 3.738***  0.089
Sex of child (Base = Male)
female -0.265*** 0.010 0.767***  0.008
Size at birth (Base=very small)
Small -0.091*** 0.026 0.913***  0.024
Average or Larger -0.481*** 0.022 0.618***  0.013
Mother’s education (Base=No
Education)
Primary -0.116*** 0.014 0.890***  0.012
Secondary -0.295*** 0.020 0.744***  0.015
Higher -0.899*** 0.049 0.407***  0.020
mothers_age -0.010*** 0.001 0.990***  0.001
Improved water source -0.078*** 0.013 0.925***  0.012
Improved Sanitation -0.144*** 0.014 0.866***  0.012
Wealth (Base=Poorest)
Poorer -0.081*** 0.015 0.922***  0.014
Middle -0.149*** 0.017 0.861***  0.014
Richer -0.266*** 0.019 0.766***  0.015
Richest -0.554*** 0.025 0.574***  0.014
Age of head of household -0.001 0.000 0.999 0.000
Ever breastfed(base=Yes)
No 0.059* 0.035 1.061* 0.037
Intercept -0.871*** 0.045 0.414***  0.018
Contextual Effect:
Neighbourhood-level variables
Residence(Base=Urban)
Rural 0.147*** 0.018 1.158***  0.028
Altitude 0.0002*** 0.000 1.0002*** 0.000
Proportion of mothers with
Sec/higher levels of education -0.471%** 0.034 0.624***  0.029
Proportion of mothers with Sec x
residence -0.209*** 0.055 0.812***  0.045
Between neighbourhood variance ~ 0.315*** 0.009 0.315***  0.009
Intra-class Correlation 0.088*** 0.002 0.088***  0.002
Groups 15,470 15,470
Observations 204,447 204,447
Log-Likelihood -121003.94 121003.94

p<0.05; **p<0.01; ***p<0.001

Source: Agyen (2020)

250

Digitized by Sam Jonah Library



© University of Cape Coast

https://ir.ucc.edu.gh/xmlui

APPENDIX T: ESTIMATES OF THE PREDICTIVE MARGINS OF
THE EFFECT OF PIPED WATER ON STUNTING DEPENDING ON
RESIDENCE AND HOLDING ALL OTHER VARIABLES AT THEIR

MEANS
Residence#Pipe Margin Std. Error Z P-Value
urban#no pipe 0.354649 0.003679 96.41 0.000
urban#pipe 0.323229 0.003714 87.02 0.000
rural#no pipe 0.360783 0.001851 194.91 0.000
rural#pipe 0.348963 0.003707 94.14 0.000

Source: Agyen (2020)

Appendix U: Plot of the Predictive Margins of the effect of piped water on
stunting depending on residence

Predictive Margins of residence#pipe with 95% Cls

.36
|

.34

.33

Source: Agyen (2020)
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APPENDIX V: PLOT OF THE 15470 NEIGHBOURHOOD
REGRESSION SLOPES FOR IMPROVED WATER

Source: Agyen (2020)
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