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Abstract

Introduction: Globally, 269 million children aged 6-59 months were anemic globally in 2019; 149.2
million under-five children were affected by undernutrition in 2020; and five million children also died
before reaching the age of five years in 2021 alone. Children residing in Sub-Saharan African countries
had 15- and 19-times higher risk of mortality than children in Europe and Northern America, and the
region of Australia and New Zealand, respectively. Ethiopia, one of the Sub-Saharan African countries, is
home to a high burden of under-five mortality and is ranked third in Africa and tenth in the world. The
objective of this thesis was to examine trends and key predictors of inequalities in under-five mortality,
undernutrition, and anemia in Ethiopia for the period 2000 to 2019) including population-level impacts of
risk factors and spatial patterns.

Methods: The repeated cross-sectional study design was based on a total pooled sample of 48,782 under-
five children drawn from five rounds of the Ethiopian Demographic and Health Surveys (2000-2019). The
present thesis employed dominance analysis to identify the most dominant drivers of childhood
undernutrition, anemia, and under-five mortality. Multilevel binary logistic regression was used to estimate
the effect of the determinants of childhood undernutrition, anemia, and under-five mortality among under-
five children at individual, household, and community levels. Blinder-Oaxaca decomposition techniques,
concentration index, Theil and multivariate decomposition and decomposition rate analyses techniques
were used to examine inequality in childhood anemia, undernutrition, and under-five mortality. Population
Attributable Fractions (PAFs) were used to estimate the proportion of under-five children that could be
prevented from childhood undernutrition, anemia, and under-five mortality by removing inequalities. From
spatial analysis, Moran’s I and Getis-Ord Gi* statistics were employed to examine spatial patterns and
clustering of childhood undernutrition, childhood anemia, and under-five mortality in the country.
Results: Maternal education, place of residence, and household wealth status accounted for 83.48% of the
predicted variances for childhood undernutrition. The regional category was found to be the dominant
driver of inequalities in childhood anemia, accounting for 50.56% of the predicted variance. Maternal
education, child sex, and place of residence were found to be the most dominant drivers of inequality in
under-five mortality, accounting for 89.3% of the predicted variance. Absolute socioeconomic inequality
in childhood undernutrition prevalence was declined by 9.72 during the study period (2000 to 2019). The
total relative inequality in childhood anemia declined from 0.620 in 2005 to 0.548 in 2016. The present
thesis also showed that there would be 47 deaths per 1000 children for urban poor and 21 deaths per 1000
children for urban non-poor, resulting in 26 deaths per 1000 children change in urban poor when applying
the urban non-poor coefficient and characteristics to urban poor behavior. About 72% of the reported
under-five mortality could possibly be averted by removing the use of unimproved toilet facilities, early age
childbirth (<18 years old mothers), and a large number of children ever born to mothers and less than six
months breastfeeding practice at population-level. Childhood undernutrition, childhood anemia, and
under-five mortality had statistically significant positive spatial autocorrelation, and clustered patterns
with the Z-score value of 18.52, 22.45, and 6.56, respectively, in 2016.

Conclusion: Childhood anemia, undernutrition, and under-five mortality were unequally among under-
five children in Ethiopia, and largely concentrated among low socioeconomic status population groups.
The thesis strongly suggests the implementation of multidimensional, multisectoral, and geographic-
specific interventions to significantly reduce the inequalities in child survival.

Key works: Drivers, inequalities, childhood anemia, undernutrition, under-five mortality, Ethiopia.



CHAPTER ONE
INTRODUCTION

1.1. Background

Inequality in child survival refers to the existence of disparity on likelihood of reaching the age of
five due to variations in socioeconomic status, geographical location, or other demographic factors
(Mberu et al.; 2023). Evidence revealed that significant inequalities persist among different
socioeconomic, regional, and ethnic groups, necessitating targeted interventions (Victora et al.,
2016). For instance, children from low-income families or impoverished areas exhibit a greater
susceptibility to mortality compared to their affluent counterparts (World Bank, 2022a). This
inequality is particularly pronounced in regions like sub-Saharan Africa, where child mortality
rates remain disproportionately high (Mberu et al., 2023). While progress has been made globally,
the pace of improvement has slowed in recent years, with sub-Saharan Africa bearing the brunt of
these challenges (World Bank, 2022a). In Ethiopia, despite overall progress in reducing under-five
mortality, internal disparities persist, with administrative regions, rural areas, children born into
impoverished households, and those with less educated mothers facing heightened mortality risks,

particularly male newborns (Shibre et al., 2020).

Child survival was one of the core components of the Millennium Development Goals (MDGs)
(Mckinnon et al., 2014). The Sustainable Development Goals (SDGs) are adopted to succeed the
MDGs, particularly, SDG-3 explicitly relates to health—to “ensure healthy lives and promote
well-being for all ages." This goal is translated into 13 targets including two targets related to the
reduction of neonatal and under-five mortality (UN, 2016). The SDG for child health specifically

targets improving child survival and reducing inequality within and among countries by 2030 (



UN, 2016). According to the works of Mosley and Cohen, child survival refers to both childhood
morbidity and mortality (Mosley & Chen, 1984). Undernutrition and anemia are the two key
childhood morbidities in Sub-Saharan Africa (Nkosi-Gondwe et al., 2021). Under-five mortality,
undernutrition, and anemia are the most commonly used child survival indicators in works of

literature (Mosley & Chen, 1984; Nkosi-Gondwe et al., 2021).

Remarkable progress had been made in child survival in the world during the past decades. For
instance, one in twenty-six children died before reaching age five in 2021 compared to one in
eleven in 1990 (UN IGME, 2022). The global under-five mortality rate declined by 59 percent
from 93 deaths per 1,000 live births in 1990 to 38 in 2021 ( Sharrow et al., 2022; UN IGME, 2022).
Accordingly, the annual rate of reduction in the global under-five mortality rate increased from

1.8 percent in 1990-1999 to 2.4 percent in 2000-2021 (UN IGME, 2022).

Despite considerable reductions in under-five mortality over the past two decades, the number of
under-five children deaths remains large and improving child survival ruins a matter of urgent
concern at the global level (Sharrow et al., 2022). According to UN IGME, roughly 13,800 under-
five deaths occurred every day in 2021 globally, and the Sub-Saharan Africa (SSA) region had 19
times higher USMR than the region of Australia and New Zealand in 2021(UN IGME, 2022).
Ethiopia is among the countries with a high burden of the under-five mortality with a USMR of 59

deaths per 1000 live births (Ethiopian Public Health Institute (EPHI) & ICF, 2021).

Moreover, undernutrition is a key child survival indicator and remains a critical health concern in
developing countries. According to UNICEF, WHO, and World Bank joint estimate,149.2 million

under-five children suffered from stunting and 45.4 million were affected by wasting, of which



13.6 million were severely wasted globally in 2020 (UNICEF et al., 2020). Africa and Asia remain
with high number of under-five children with stunting. In Africa, the number of stunted under-five
children has increased from 54.4 to 61.4 million during the period 2000-2020 (UNICEF et al.,
2020). In Ethiopia, the 2019 data showed that 37%, 21% and 7% of under-five children were
stunted, underweighted, and wasted, respectively (Ethiopian Public Health Institute (EPHI) & ICF,

2021).

Furthermore, anemia is another child survival indicator, affecting the lives of more than two billion
people globally, accounting for 30% of the world’s population. It is one of the most common public
health problems in developing countries (Tesfaye et al., 2020). Globally, 40% of children were
anemic in 2019 and SSA is one of the regions with the highest burden of Anemia (Safiri et al.,
2021). The prevalence of anemia among children aged 6-59 months in SSA was 64.1% based on
the pooled data from 32 countries from 2008-2016 (Tesema, et al., 2021). In Ethiopia, more than
half (57%) of children 6 to 59 months suffer from some degree of anemia, of which 25% were
mildly anemic, 29% were moderately anemic, and 3% were severely anemic (Central Statistical

Agency (CSA) and ICF, 2016).

Currently, the United Nations (UN) urges countries to improve child survival by ending
preventable deaths of under-five children, eliminating malnutrition, ensuring access to preventive
vaccines, and reducing inequalities within and among countries by 2030 ( UN, 2016). To achieve
SDGs, it is essential to monitor equity while implementing child survival interventions. In this
regard, developing countries like Ethiopia should pay due attention to assessing inequalities in
child survival based on key drivers of inequality in to achieve the SDGs (Yourkavitch et al., 2018).

However, no single indicator can tell the inequalities in child survival. Given the prevailing high



level of inequalities in the key indicators (i.e., childhood mortality, undernutrition, and anemia), it

IS important to assess inequality in child survival in Ethiopia based on key drivers of inequality.

1.2. Country Context

Ethiopia is ethnically and culturally diverse, and the second most populous country in Africa
(UNICEF, 2019b; USAID, 2021Db), and one of the poorest countries in the world (World Bank,
2020a). The country has extensive altitudinal and geographic variations, ranging from 116 meters
below sea level to a peak of 4620 meters above sea level (EBI, 2014). As of August 2023, Ethiopia
administratively consisted of 12 regional states (including three newly established regions from
the old SNNPR: Sidama, South West, and Central Ethiopia) and two city administrations (Figure

1-1).
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Figure 1-1:Map of regions of Ethiopia

While Ethiopia’s poverty rate based on income has shown a decline since 2000, the country still
faces a significant challenge with multidimensional poverty. In 2000, Ethiopia was the third-
poorest country in the world, with 55.3 percent of the population living below the international
poverty line of US$1.90 Purchasing Power Parity (PPP) per day and 44.2 percent of its population
below the national poverty line (World Bank, 2014). The national poverty rate decreased from
30% in 2011 to 24% in 2016 (World Bank, 2020a). Despite this progress, Ethiopia has a high
Multidimensional Poverty Index (MPI) according to UNDP’s multidimensional poverty estimates
of the three equally weighted dimensions (health, education, and standard of living), about 69% of

Ethiopia’s population is multidimensionally poor while an additional 18.4% is classified as



vulnerable to multidimensional poverty in 2019 (UNDP, 2021). This suggests that many
Ethiopians, even if their income might be above the basic poverty line, still experience deprivations
in health, education, and other essential areas. Evidence reveals that poverty is a driving cause
for low human development (measured by the UN's Human Development Index (HDI)), chronic
food insecurity, and high childhood undernutrition status in the country (FAO, IFAD, UNICEF,
2021). Regarding human development, although Ethiopia’s Human Development Index (HDI)
value (i.e., a composite measure of the life expectancy at birth, educational attainment, and gross
national income) has increased by 66.1 percent from 0.292 in 2000 to 0.485 in 2019, the country

is positioned at 173" out of 189 countries and territories in 2019 (UNDP, 2020).

Ethiopia is among the most food-insecure countries in the world (Mohamed, 2017). Evidence
shows that the Global Hunger Index (GHI) score of the country has declined from 55.9 (extremely
alarming) in 2000 to 28.9 (serious) in 2019 (Grebmer et al., 2019). The state of chronic food
insecurity and undernutrition is serious in the country and the GHI score ranked 90" out of 116
countries in 2021 (Grebmer et al., 2021). Recurrent droughts and other related disasters (such as
outbreaks of crop and livestock diseases, floods, and land degradation), among others, are
significant factors that enhance vulnerability to food insecurity, and undermine livelihoods in the
country (Endalew et al., 2015). A prolonged drought combined with the disruption of health
services due to instability, the COVID-19 pandemic, and lack of funding has left millions of people
requiring urgent nutrition support in the country (OCHA, 2022). The overall progress in to fight
against chronic food insecurity and undernutrition is decelerating while levels of undernutrition

continue to be high and concerning in the country (Alliance, 2022).



The Government of Ethiopia (GOE) recognizes that ensuring optimal nutrition status is a critical
component of realizing food security and economic prosperity (FDRE, 2021; USAID, 2018). In
this regard, the government in collaboration with different partners had implemented programs
and interventions in the past decades. To address the chronic food insecurity prevalence the
Productive Safety Net Program (PSNP) has been implemented since 2005 in the country
(Devereux et al., 2006). The PSNP attempted to provide cash or food to people who have
predictable food needs in a way that enables them to improve their livelihoods and targeted to
hardest-to-reach populations to build resilience against the causal factors of chronic food insecurity
(Mastercard, 2019). In addition to PSNP, the Pastoralist Areas Resilience Improvement and
Market Expansion (PRIME) was implemented from 2012 to 2019 to reduce chronic poverty and
food insecurity among pastoral people (Smith et al., 2015). PRIME project interventions helped
pastoralists (in Afar, Oromia, and Somali regions) to be prepared for environmental shocks that
exacerbate chronic poverty and recurrent food insecurity by strengthening systems and individual
capacities (USAID, 2019b). Moreover, the Agriculture Growth Program (AGP) has been
implemented since 2011 to help reduce food insecurity, vulnerability, and environmental
degradation (MOA, 2015). The first AGP (AGP 1) focused on enhancing productivity and market
access for key crop and livestock products within 96 targeted woredas in four agrarian regions
(Berhane et al., 2013). The second AGP (AGP II) was implemented to contribute to sustainable
agricultural transformation while improving the food and nutrition security situation of vulnerable

groups in 157 woredas within seven geographic regions (MOA, 2015).

Furthermore, the GOE has long been committed to reducing childhood undernutrition and
improving child survival. As a result, Ethiopia joined the Scaling Up Nutrition (SUN) movement

in 2012 and endorsed the Seqota Declaration in 2015 with its high-level commitment to end
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childhood undernutrition by 2030 (FDRE, 2016). In 2018, the GOE developed a Food and
Nutrition Policy to attain optimal nutritional status at all stages of life at a consistent level with a
high quality of life, productivity, and longevity of life (FDRE, 2018). This policy aims to address
childhood undernutrition with a coordinated and comprehensive approach to food security and
nutrition based on evidence-based decision-making. Apart from the livelihood enhancement
commitments, GOE has piloted, practiced, and updated the Health Extension Program (HEP) to
improve child health and survival through primary health care since 2003 (FMOH, 2020).
Furthermore, the first comprehensive National Child Survival Strategy (2005-2015) was
developed in 2005, and the National Strategy for Newborn and Child Survival (2016-2020) was
endorsed in 2015 with an ambitious goal of reducing under-five mortality by at least 29 deaths per

1000 children by 2020 ( FDRE, 2016).

1.3. Statement of the Problem

Childhood undernutrition is a major indicator for monitoring the nutritional status and survival of
children in many developing countries around the world (UNICEF, 2019b). Globally, 149.2
million under-five children suffered from stunting and 45.4 million under-five children were
affected by wasting, of which, 13.6 million were severely wasted in 2020
(UNICEF/WHO/WORLD BANK, 2021). The number of children with stunting is declining in all
regions except for Africa. In Africa, the number of stunted under-five children increased from 54.4
million in 2000 to 61.4 million in 2020 (UNICEF/WHO/WORLD BANK, 2021). In Ethiopia,
although the proportion of stunted children declined from 52% in 2000 to 37% in 2019 (Figure 1-
2), there were substantial regional variations in undernutrition indicators. Underweight was highest

(36%) inthe Afar region, while being stunted (47%) and wasted (23%) were highest in the Amhara



and Somali regions of Ethiopia, respectively (Central Statistical Agency (CSA) [Ethiopia] & ICF.,
2016). Therefore, it is important to note that the global number of stunted children is declining,
Ethiopia has shown progress with a decrease from 52% in 2000 to 37% in 2019; however,

significant regional variations persist within the country.
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Figure 1-2: Prevalence of childhood undernutrition from 2000 to 2019, Ethiopia

Even though studies on trends in inequalities in childhood undernutrition are numerous across the
world (Subramanyam et al., 2010; Rabbani et al., 2016; Vollmer et al., 2017; Krishna et al., 2018;
Buisman et al., 2019; Akombi et al., 2019; Rizal & Doorslaer, 2019; Angdembe et al., 2019;
Mostafa, 2020; Asuman et al., 2020; Karlsson et al., 2021; Ribeiro-Silva et al., 2021; Shibre et al.
2021;), our knowledge of the trends in Ethiopia is limited due to absence of large scale studies
(Yayo, 2021; Zegeye et al., 2021). However, most of these empirical evidences focused on trends
in inequalities in childhood undernutrition and considered only single indicators. Besides, these
studies were also limited in scope and did not examine the contributing factors considering both

multilevel and decomposition techniques.



Childhood anemia is another major indicator of child survival that causes child mortality and
morbidity in many developing countries (WHO, 2011b). The global number of children aged 6-
59 months with anemia declined slightly from 296 million in 2000 to 269 million in 2019 (Stevens
et al., 2022a). In East Africa, the proportion of children aged 6-59 months with anemia declined
from 68% in 2000 to 53% in 2019. In Ethiopia, the trend of anemia among children aged 6-59
months declined from 54% in 2005 to 44% in 2011 but increased to 56.6% in 2016 (Central
Statistical Agency (CSA) [Ethiopia] & ICF., 2016). The Somali Region had the highest level of
childhood anemia (83%), followed by the Afar region (75%); and the Amhara region has the lowest
anemia prevalence among children (42%)(Central Statistical Agency (CSA) [Ethiopia] & ICF.,

2016).

Although previous studies (Yang et al., 2018; Nguyen et al., 2018; Sunguya et al., 2020; Sun et
al., 2021) conducted to investigate the trends in inequality in childhood anemia in developing
countries, they did not consider the hierarchal nature of data for assessing the factors associated
with childhood anemia using multilevel analysis approach to explore the effects of individual,
household, and community characteristics. In addition, none of them quantified the contributions
of observed and unobserved heterogeneity at the individual, household, and community levels

through decomposition techniques.

Moreover, all countries have committed to reducing under-five mortality to 25 or less and newborn
mortality to 12 or less per 1000 live births by 2030. However, under-five mortality remains high
at global, regional, and national levels. Globally, 5.2 million under-five children’s deaths per 1000

children were estimated in 2019 alone. Of these, more than half (55%) of the global under-five
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deaths occurred in the SSA region, and 49% of all under-five deaths are also concentrated in five
countries, including Ethiopia (Sharrow et al., 2022). In Ethiopia, although under-five mortality
declined in the past two decades, evidence shows that the rate is still high (see Figure 1-3).
Substantial regional variation was also observed with the lowest USMR (39 deaths per 1000
children) in Addis Ababa and the highest USMR (125/1000) in the Afar region in 2016 (Central

Statistical Agency (CSA) [Ethiopia] & ICF., 2016).
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Figure 1-3:Trends of childhood mortality rates from 2000 to 2019, Ethiopia

Previous studies conducted in developing countries (Sreeramareddy et al., 2013; Hodge et
al.,2014; Chao et al., 2018; Sastry, 2020; Eozenou et al., 2021) examined trends in inequality in
under-five mortality. However, none of them employed multilevel analysis to explore the effects
at individual, household, and community levels. In addition, none of them quantified the
contribution of observed and unobserved heterogeneity of determinants through decomposition

analysis.
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Furthermore, the prior studies (Melli & Waldman, 2009; Assaf & Pullum, 2016; Li et al., 2017,
Akombi et al., 2019; Abraha et al., 2020; Adeyinka et al., 2020; Aguilera et al., 2020; Hasan et al.,
2021; Shibre et al., 2021) have examined trends in inequalities in one or two indicators of child
survival. However, the major indicators and key drivers of inequality contributing to inequalities
in child survival have not been previously well documented in Ethiopia. Thus, this thesis seeks to
redress the paucity of information on the major indicators of inequalities in child survival based
on key drivers of inequality using the five waves of EDHS data (2000 to 2019). Moreover, the
present thesis estimated the population level attributable risk factors i.e., the proportion of
reduction in the three outcomes (namely, childhood mortality, undernutrition, and anemia) by

removing the risk factors.

Finally, although the previous studies conducted in Ethiopia have examined spatial analysis of
child survival indicators, almost all of these focused on a single indicator of child survival. To the
best of our knowledge, the spatial disparity of childhood anemia, undernutrition, and under-five
mortality was not well documented in the country. Therefore, the present study attempts to redress
the literature gap by assessing the spatial variability of childhood undernutrition, and anemia

under-five mortality in Ethiopia.
1.4. Objectives of the Thesis

The general objective of the present thesis is to examine trends and key predictors of inequalities
in three major indicators of child survival (under-five mortality, undernutrition, and anemia) in
Ethiopia for the period 2000 to 2019. The specific objectives of the study are:

I.  Toexplore the most dominant drivers of inequalities of childhood undernutrition, anemia,

and mortality in Ethiopia;
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Vi.

Vii.

To assess levels and trends in socioeconomic inequalities in childhood undernutrition in
the country;

To examine trends in regional inequalities in childhood anemia in the country;

To examine residential inequalities in childhood mortality in the country;

To explore trends in maternal education-based inequalities in under-five mortality in the
country;

To estimate the proportion of under-five children that could have been prevented from
childhood undernutrition, anemia, and under-five mortality by removing modifiable risk
factors; and

To assess spatial clustering of childhood anemia, undernutrition, and under-five mortality

in the country.

1.5. Research Questions

The following questions warrant a critical and in-depth investigation in the present study:

a)

b)

What are the most dominant drivers of inequalities in child survival in Ethiopia in the past
two decades?

What are the levels and trends of socioeconomic inequalities in childhood undernutrition
in Ethiopia over the last two decades?

What is the trend of regional inequalities in childhood anemia in the country?

What are the key factors that explain the rural-urban, intra-rural, and intra-urban gaps in
child mortality in the country?

What is the level and extent of trends in maternal education-based inequalities in under-

five mortality in the country?
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f) How much is the proportional reduction in childhood undernutrition, anemia, and under-
five mortality by removing the key risk factors?
g) Is there any evidence of spatial pattern and clustering of childhood undernutrition,

childhood anemia, and under-five mortality in the country?

1.6. Significance of the study

The rationale for conducting the present thesis is twofold. First, as the primary focus of this thesis
is to examine the inequalities in child survival using comprehensive health inequality indicators
from nationally representative data (EDHS 2000 to 2019), the findings may be useful on a national
scale in assessing the progress in the fight against morbidity and mortality among children. Thus,
it can inform planners and policymakers at both the national and regional levels. The findings from
the thesis would benefit organizations working on child health in their planning, geographic
targeting, and monitoring and evaluating programs. The study also suggests appropriate
interventions and strategies for achieving child survival to meet the SDGs targets by 2030.
Secondly, over the past few years, there has been a growing interest in studies focusing on health
inequalities, particularly in developing countries. Results obtained from this thesis, including the
published articles in peer-reviewed international journals, will add to the body of knowledge and
contribute to the discourse on issues of health inequalities among disadvantaged populations; a

topic of growing importance in Ethiopia and Sub-Saharan Africa.

1.7. Scope of the Study

Although the main purpose of the present study is to assess inequalities in child survival in

Ethiopia, it does not explicitly cover the three newly emerged regional states (Sidama, South West,
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and Central Ethiopia) of Ethiopia. The study has mainly focused on examining trends and key

predictors of inequalities in three major indicators of child survival in Ethiopia for the period 2000

to 2019. The present work was merely based on women respondents aged 15-49 years with under-

five children (aged 0-59 months).

1.8. Definitions of Key Terms

Definitions of the key operational terms are presented as follows:

7
L X4

Anemia (childhood anemia) is defined as a condition where a child has an insufficient
hemoglobin level (<110g/I)(WHO, 2011a) to provide adequate oxygen to body tissues
(Kejo et al., 2018:9).

Anthropometric failure is defined as a combined burden of stunting, underweight and/or
wasting (Mejia-Guevara et al., 2018:3).

Child survival refers to both childhood morbidity (undernutrition, and anemia) and
mortality (Mosley & Chen, 1984).

Composite Index of Anthropometric Failure (CIAF) is an index used to assess the
overall burden of childhood undernutrition (i.e., stunting, underweight and/or wasting)
(Nandy et al., 2005).

Inequality in child survival refers to the existence of disparity on likelihood of reaching
the age of five due to variations in socioeconomic status, geographical location, or other
demographic factors (Mberu et al.; 2023).

Undernutrition is defined as insufficient intake of energy and nutrients to meet an

individual’s needs to maintain good health (Maleta, 2006:1).
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1.9. Organization of the Thesis

The thesis is organized into 11 chapters. Chapter One covered the background of the thesis, where
the contents of the statement of the problem, objectives, significance, and scope of the thesis were
discussed. In Chapter Two, relevant literature relating to trends and inequalities in childhood
undernutrition, childhood anemia, and under-five mortality, as well as the conceptual framework
of the thesis, are reviewed and discussed. The third chapter discusses the general methodology of
the thesis. Chapters four to ten constitute the research papers and are discussed in the subsequent
seven chapters. The fourth chapter presents the most dominant drivers of inequalities in child
survival in Ethiopia. Chapter Five discusses the levels and trends in socioeconomic inequalities in
childhood undernutrition in the country. Chapter Six deals with trends in regional inequalities in
childhood anemia in Ethiopia. Chapter Seven discusses residential inequalities in child mortality
in the country. Chapter Eight also deals with trends in maternal education inequalities in under-
five mortality. Chapter Nine explored the proportion of under-five children prevented from
undernutrition, anemia, and death if all inequality risk factors were removed. In Chapter 10, the
spatial variability of childhood undernutrition, anemia, and under-five mortality in Ethiopia is
discussed. Chapter 11 summarizes the major findings of research papers, discusses the author’s
reflections on the seven studies of the present thesis, and highlights the policy implications and
future works. Supplementary tables, figures, the first page of published papers, and ethical

approval letters are annexed.
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CHAPTER TWO

LITERATURE REVIEW
2.1. Drivers and Trends of Inequalities in Child Survival

2.1.1. Key Drivers of Inequality in Child Survival
To assess inequality in child survival, it is important to understand the key drivers of inequality,
i.e., the underlying factors that create disparities in child survival. There are many studies that
assessed inequality in child health outcomes, including childhood morbidity and mortality.
However, the section contains only the very relevant studies conducted in the developing countries
context. Evidence showed that there are many inequality drivers to describe health inequality,
including education, social class, sex, geographic distribution, place of residence, and ethnic
background characteristics that could distinguish population minority subgroups (WHO, 2013). In
addition, economic status, parents’ education level, sex of child, and area of residence are also
considered as the main inequality dimensions used to assess inequalities in child health outcomes

)(WHO, 2020a).

In general, a socioeconomic status which is mostly measured by wealth index and educational
status has been identified as key inequality indicator for assessing inequalities in child health
outcomes ( Mulholland et al. 2008; Bado & Susuman, 2016; Ekholuenetale et al., 2020; Eozenou
et al., 2021; Yayo, 2021). For example, Eozenou et al (2021) assessed socioeconomic inequalities
in two child health outcomes (under-five mortality and stunting) based on household wealth status
in low- and middle-income countries. Besides, Mulholland and colleagues’ work provides
evidence for the wealth index as a key driver of inequality in child survival along with geographic

distribution or regions (Mulholland et al., 2008). A study conducted in Nigeria (Akeju et al., 2021)
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also examined regional variation as a key inequality indicator for child survival. Bado and

Susuman (2016) also documented maternal education as a key inequality driver for child survival.

Most previous studies (Forde & Tripathi, 2018; Balaj et al., 2021; Zegeye et al., 2021; Agbadi et
al., 2021) also examined inequalities in child mortality using five key inequality indicators. For
example, a global meta-analysis examined inequalities in child mortality based on maternal and
paternal education (Balaj et al., 2021). According to Balaj et al.’s assessment, both maternal and
paternal education status could be identified as key inequality indicators. Another meta-analysis
(Forde & Tripathi, 2018) explored the association of place of residence and under-five mortality
in middle and low-income countries and found place of residence as the main inequality indicator.
A study conducted in Yemen (Zegeye et al., 2021) also examined socio-econmic status, place of
residence, and child-sex based inequalities in infant mortality. Zegeye et al.(2021) found
household wealth index, maternal education, place of residence and child sex as inequality
indicators drivers of inequality. A study conducted in Ghana examined trends in under-five
mortality based on five inequality dimensions, including geographic location, household wealth

index, maternal education, place of residence, and child sex (Agbadi et al., 2021).

Similarly, in terms of inequalities in childhood undernutrition, most previous studies
(Ekholuenetale et al., 2020; Hasan et al., 2020; Alao et al., 2021; Yayo, 2021) used household
wealth index, maternal educational status, geographic distribution or region as key inequality
indicators. In this regard, a global meta-analysis examined economic inequalities in malnutrition
and provided evidence that the prevalence of malnutrition varies by levels of absolute economic

status (Alao et al., 2021). Another study conducted in sub-Saharan Africa (SSA) examined
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inequalities in childhood malnutrition based on household asset-based wealth index and mother’s
educational attainment (Ekholuenetale et al., 2020). In Bangladesh, Hasan and his colleagues
explored socioeconomic inequalities in child malnutrition using the wealth index, maternal
education, and regional distribution (Hasan et al., 2020). In Ethiopia, a study examined the
dynamics of inequalities in child undernutrition and identified wealth index and mother’s

education as major contributors to inequality (Yayo, 2021).

Likewise, there is a dearth of studies (Hasan et al., 2021; Endris et al. 2021; Wang et al. 2021)
investigating inequalities in childhood anemia using major socioeconomic inequality indicators.
For example, a study conducted within 35 low and middle countries (Hasan et al., 2021) examined
geographical variations, trends, and projections in prevalence of childhood anemia and
subpopulation levels. Hasan et al’s. work revealed that the prevalence of child anemia varies across
the mother’s education and age, child sex, wealth quintiles, and place of residence. In addition,
Wang et al. (2021) explored inequalities in childhood anemia and identified geographic
distribution, child sex, and household economic status as inequality dimensions in Mozambique.
In Ethiopia, Endris et al.’s (2021) assessment provided evidence for geographic distribution,
wealth index, maternal education, and place of regions as key drivers of inequality of anemia

among children aged 6-59 months.

While existing research in developing countries highlights socioeconomic status and location as
key factors in child survival inequality, but previous research often examines single health issues
in isolation. Advanced analysis techniques are seldom used, and gaps exist in understanding the

key drivers in child survival in Ethiopia.
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2.1.2. Trends in Inequalities in Childhood Undernutrition
In a developing country like Ethiopia, the existing socioeconomic inequality within countries
seems to be an obstacle to the improvement of childhood nutritional status among under-five
children. Thus, studying trends in inequalities in childhood undernutrition over time is
instrumental for monitoring the progress and it ignites light on the potential benefits and adverse
effects on vulnerable groups of the population. Assessing trends in childhood undernutrition also
allows us to review the population and socioeconomic policies and their implementation under
public health perspectives. Although studies on trends in inequalities in childhood undernutrition
are numerous across the world (Subramanyam et al., 2010; Rabbani et al., 2016; Vollmer et al.,
2017; Krishna et al., 2018; Buisman et al., 2019; Akombi et al., 2019; Rizal & Doorslaer, 2019;
Angdembe et al., 2019; Mostafa, 2020; Asuman et al., 2020; Karlsson et al., 2021; Ribeiro-Silva
et al., 2021; Shibre et al. 2021;), our knowledge of the trends in Ethiopia is limited due to absence

of large scale studies (Yayo, 2021; Zegeye, et al., 2021).

A multi-country study (Vollmer et al., 2017a) examined levels and trends of childhood
undernutrition based on CIAF by wealth and education using evidence from 146 DHS data from
39 low and middle-income countries. VVollmer et al. provided evidence for persistent and even
increasing socioeconomic inequalities in childhood undernutrition (Vollmer et al., 2017a).
Another study in Brazil (Ribeiro-Silva et al., 2021) assessed the temporal trends and socio-
demographic inequalities in malnutrition (stunting, wasting, overweight and double burden) in
children attending primary health care services using the Prais-Winsten Estimation method based
on data from Brazil’s Food and Nutrition Surveillance System. They found a significant reduction

in the prevalence of undernutrition among children in the most vulnerable subgroups although the
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prevalence of stunting and wasting persist alongside a disproportionate increase in the prevalence

of overweight in these groups (Ribeiro-Silva et al., 2021).

Studies from Asian countries conducted in South Asia (Krishna et al., 2018a), Bangladesh
(Rabbani et al., 2016; Mostafa, 2020), India (Subramanyam et al., 2010; Karlsson et al., 2021), in
Indonesia (Rizal & Doorslaer, 2019), and Nepal (Angdembe et al., 2019) examined trends in
inequalities in childhood undernutrition using different methods of analysis. For example, in South
Asia, a study investigated trends in inequalities in stunting among under-two children using data
from 1991-2014 DHS for Bangladesh, India, Nepal, and Pakistan based on a logistic regression
model (Krishna et al., 2018a). The finding revealed that although stunting rates declined within
the most deprived groups, socioeconomic differences were largely preserved over time and
between wealth quintiles worsened. In Bangladesh, Mostafa (2020) examined inequalities and
changes in the undernutrition of under-five children using data from the Bangladesh DHSs
conducted in 2000 and 2014. Mostafa applied the Blinder-Oaxaca decomposition method to
explore the magnitude and socioeconomic factors contributing to changes in inequalities in
undernutrition and reported that although the prevalence of stunting and underweight declined and
wasting increased, inequalities in undernutrition had increased during the study period. Moreover,
Mostafa suggested that any program to mitigate inequalities of undernutrition between the poor
and rich should address the prevailing socioeconomic inequalities in the country (Mostafa, 2020).
Another study conducted in Bangladesh (Rabbani et al., 2016) explored trends and determinants
of socioeconomic inequalities in stunting among under-five children using six-round Bangladesh
DHS data from 1996 to 2014. They concluded that wealth and maternal factors were major
contributors to observed socio-economic inequalities in child undernutrition and their changes over

time (Rabbani et al., 2016). In India, Subramanyam et al. (2010) examined the trends in
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socioeconomic disparities in underweight and stunting among under-three children based on
nationally representative three-round National Family Health Surveys data from 1992 to 2005
using multilevel modeling. Based on their assessment, social disparities in childhood
undernutrition over the study period either widened or stayed the same (Subramanyam et al.,
2010). A study in India (Karlsson et al., 2021) also examined trends in underweight, stunting, and
wasting prevalence among under-five children based on living standards using four rounds of
National Family Health Surveys from 1993 to 2016. Karlsson et al. found statistically significant
decrement in states for stunting, wasting, and underweight using estimation of prevalence and
average annual reduction considering the change in percentage points (Karlsson et al., 2021). In
Indonesia, Rizal and Doorslaer (2019) examined trends in childhood stunting, its socioeconomic
inequalities, and determinants based on two waves of Indonesia Family Life Surveys data using
Erreygers concentration index and its regression-based decomposition. Rizal and Doorslaer found
a significant reduction in the degree of absolute inequalities of stunting (Rizal & Doorslaer, 2019).
In Nepal, Angdembe et al. (2019) explored trends and predictors of socioeconomic inequalities in
childhood stunting using data from five rounds of Nepal DHS (1996-2016) based on
decomposition analysis. Angdembe et al. found out that stunting was disproportionately
concentrated in poor households and socioeconomic inequalities worsended from 1996 to 2016

(Angdembe et al., 2019).

In the sub-Saharan Africa region, for example, Asuman et al. (2020) assessed trends of
socioeconomic inequalities in child stunting based on the 2000-2016 DHS data from ten countries
of the region using decomposition analysis. They provided evidence for a persistent decline in the
prevalence of stunting among under-five children across the study countries and trends in

socioeconomic inequalities in stunting are mixed (Asuman et al., 2020). Another study also
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explained the fall in child stunting in seven Sub-Saharan African countries using the
decomposition analysis method (Buisman et al., 2019). Other previous studies conducted in
Nigeria (Akombi et al., 2019) and Mauritania (Shibre et al.,2021) also examined trends in
socioeconomic inequalities in childhood undernutrition. Akombi and his colleagues (2019)
examined the trend in socioeconomic inequalities in childhood undernutrition (stunting, wasting,
and underweight) based on data from Nigeria DHS using decomposition analysis. Shibre et al.
(2021) assessed trends in socioeconomic, sex, and geographic disparities in childhood underweight

in Mauritania based on data from MICSs from 2007 to 2015 using WHO HEAT techniques.

In Ethiopia, a study assessed the dynamics of inequalities in child undernutrition using three-round
panel data from 2012 to 2016 collected by Central Statistics Agency (CSA) and World Bank, and
applied concentration index and decomposition analyses (Yayo, 2021). Another study conducted
in Ethiopia also investigated both the extent and overtime dynamics of stunting inequalities based
on evidence from 2000 to 2016 EDHS data using the WHO HEAT approach (Zegeye, et al., 2021).
However, both of the studies fail to address the hierarchal nature of data for assessing the factors
associated with childhood undernutrition using a multilevel analysis approach to explore the

effects of individual, household, and community characteristics.

Two major limitations stand out in the previous studies reviewed above. First, most of the
aforementioned empirical evidence on trends in inequalities in childhood undernutrition focused
on single indicators such as stunting or underweight. Secondly, these studies were also limited in
scope and did not examine the contributing factors considering both multilevel and decomposition

techniques.
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2.1.3. Trends in Inequalities in Childhood Anemia
Recent studies (Endris et al. 2021; Hasan et al., 2021; Wang et al. 2021) provided evidence for the
existing prevalence and inequalities in childhood anemia in developing countries. To have a better
understanding of any progress on inequality in childhood anemia, it is crucial to explore trends in
inequalities in childhood anemia. In this regard, very few studies (Yang et al., 2018; Nguyen et al.,
2018; Sunguya et al., 2020; Sun et al., 2021) conducted to investigate the trends in inequality in
childhood anemia in developing countries. For example, a multi-country study systematically
evaluated the trends in socioeconomic inequalities and the prevalence of anemia among children
and non-pregnant women using DHS data from 45 LMICs, including Ethiopia (Yang et al., 2018).
They used both the slope index of inequalities and the relative index of inequality and found that
the socioeconomic inequalities of anemia did not decrease among children within about 80% of
LMICs. Recently, another multi-country study (Sun et al., 2021) conducted using DHS data from
53 LMICs examined trends in geographical disparity anemia among children and women at

national and sub-national levels using Bayesian linear regression models.

At a country level, a study conducted in India examined changes in hemoglobin and anemia among
children and women using two rounds of Indian National Family Health surveys from 2006 to
2016 (Nguyen et al., 2018). Similarly, a study conducted in Tanzania (Sunguya et al., 2020a)
examined trends in regional disparity of child anemia based on geospatial and regression analysis
using data from 2004 to 2016 DHS. According to Sunguya et al’s assessment, anemia has declined
among children over a decade although it remained high in relatively better food-producing

regions.
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In conclusion, the abovementioned studies did not consider the hierarchal nature of data for
assessing the factors associated with childhood anemia using a multilevel analysis approach to
explore the effects of individual, household, and community characteristics. In addition, none of
them quantified the contributions of observed and unobserved heterogeneity at the individual,

household, and community levels through decomposition techniques.

2.1.4. Trends in Inequalities in Under-five Mortality
To understand and monitor the changes in inequalities in under-five mortality, it is relevant to
examine trends in inequalities in under-five mortality based on statistically examined key drivers
of inequality. In this regard, trends in inequalities in under-five mortality received scholarly
attention in the past decades in developing and sub-Saharan African (SSA) countries
(Sreeramareddy et al., 2013; Hodge et al.,2014; Chao et al., 2018; Macharia et al., 2019; Sastry,

2020; Agbadi et al., 2021; Eozenou et al., 2021).

Previous studies conducted in developing countries (Sreeramareddy et al., 2013; Hodge et
al.,2014; Chao et al., 2018; Sastry, 2020; Eozenou et al., 2021) examined trends in inequality in
under-five mortality. A study (Eozenou et al., 2021) reported long-run trends in inequalities in
under-five mortality along with stunting in 102 low and middle-income countries (LMICs) across
six regions using DHS and Multiple Indicator Cluster surveys (MICS). Eozenou and his colleagues
have shown a clear association between socioeconomic inequalities and health inequalities; and
the nonexistence of a strong correlation between changes in health inequalities and income growth.
A systematic review conducted for 137 LMICs also assessed estimated country-year-specific
under-five mortalities by wealth index based on household wealth indices using a Bayesian
statistical model (Chao et al., 2018). According to Chao and colleagues, in all LMIC (excluding
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China) the absolute disparities in under-five mortality rate between the poorest and richest
households have narrowed significantly since 1990, whereas the relative difference has remained
stable. To narrow a gap, they suggested targeted interventions that focus on the poorest population.
In Brazil, Sastry (2020) examined trends in socioeconomic inequalities in under-five mortality for
a period of 21 years (from 1970 to 1991) based on census data using a concentration index.
According to Sastry’s assessment, inequality in under-five mortality was declined by household
wealth while the existence of substantial increment by mother’s education. Another study in
Indonesia, (Hodge et al.,2014) also examined trends in inequalities in under-five mortality using
evidence from seven rounds of the Indonesian Demographic and Health surveys and direct
estimation techniques. According to this study, the national rates of under-five mortality had
declined following the reduction of absolute inequalities in clusters stratified by wealth, maternal
education, and place of residence (Hodge et al.,2014). In Nepal, Sreeramareddy et al. (2013)
assessed the time trends, and socioeconomic and regional inequalities in under-five mortality based
on four DHS data from 1996 to 2011 using direct (life table) methods. Their findings revealed the
existence of wide inequalities in wealth and education but changes in regional inequalities were

marginal and irregular (Sreeramareddy et al., 2013).

From SSA countries, studies conducted in Ghana (Agbadi et al., 2021) and Kenya (Macharia et
al., 2019) explored inequalities in under-five mortality. Agbadi and colleagues examined the trends
of under-five mortalities from 1993 to 2014 using WHO’s Health Equity Assessment Toolkit
(HEAT) (Agbadi et al., 2021). Their findings provided evidence that children from uneducated
mothers had consistently recorded the highest burden of under-five mortality (Agbadi et al., 2021).

In Kenya, Macharia et al. (2019) examined sub-national variation and inequalities in under-five
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mortality since 1965 using ten household surveys and three census data from 1989 to 2014. The
finding indicated a striking decline in the levels of inequality between sub-nationals over time with

persistent disparities (Macharia et al., 2019).

To sum up, one of the critical gaps in the aforementioned studies is that nearly all of them did not
consider the hierarchal nature of data for assessing the factors associated with under-five
mortalities. To put it differently, none of them employed multilevel analysis to explore the effects
at individual, household, and community levels. In addition, none of them quantified the
contribution of observed and unobserved heterogeneity of determinants through the decomposition

analysis.

2.2. Theoretical and Conceptual Frameworks
2.2.1. Theoretical Frameworks on Child Survival
This section highlights some theoretical frameworks formulated by different researchers and used
to identify determinant factors and their relationships to child survival. Schultz (1984) is one of
the researchers who developed the theoretical framework for child survival. Schultz’s theoretical
framework focused on the structural relationship between child survival and the individual’s
behavioral variables (including, nutrition and child spacing) along with both observed
socioeconomic (like, cultural, social, economic, community, and religious) and biomedical
(breastfeeding patterns and hygiene), and unobserved biological factors. In Schultz’s framework,
biomedical factors are modeled as having a direct effect on child mortality, while socioeconomic
factors affect child survival indirectly as they work through the biomedical factors (Schultz, 1984).
Likewise, Mosley and Chen (1984) classified the determinants of child survival as socioeconomic

(such as cultural, social, economic, community, and regional determinants) and biomedical factors
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(such as maternal, environmental, nutrition, injuries, and personal illness). In Mosley and Chen’s
framework, socioeconomic factors are proposed to indirectly affect child survival as they pass
through the proximate factors while proximate determinants affect child mortality directly (Mosley
& Chen, 2003). Mosley and Chen categorized a set of proximate determinants into maternal
factors (age, parity, and birth intervals); environmental hygiene factors (source of water and type
of sanitation); nutrient deficiency (calories, protein, and micronutrient deficiency); injury (related
to physical, burn and poisoning injury); and personal illness control (Immunization, bed net, etc.).
In addition, Mosley and Chen also classified the socioeconomic determinants of child survival into

individual, household, and community-level variables (Mosley & Chen, 2003; 1984).

2.2.2. Conceptual Framework of the Thesis
The conceptual framework of the thesis is adopted from the aforementioned analytical and
theoretical frameworks (Mosley & Chen,1984; Schultz, 1984) and is further guided by empirical
evidence (Baranwal et al., 2014; Mugo et al., 2018; Kasaye et al., 2019; Neupane et al., 2020;
Gruchy, 2020; Ahmed et al., 2021). Figure 2-1 presents the conceptual framework used to explore
child survival in Ethiopia. The conceptual framework was designed to link the geographic,
socioeconomic, and demographic background determinants and child survival indicators
(childhood undernutrition, anemia, and under-five mortality). In this conceptual framework,
community level (administrative regions and place of residence); household level (household
asset-based wealth status, household size, and sex of household head, source of drinking water,
type of toilet, and types of cooking fuel); and individual level (both maternal and child background
characteristics) determinants suggested to have direct effect on child survival indicators. The

individual factors include maternal education, religion, employment status, age at childbirth,
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contraceptive use, birth interval and number of children ever born to mother, antenatal and

postnatal care, initiation of breastfeeding practice, duration of breastfeeding, child sex, child size

at birth, birth order, and diarrhea incidence and its treatment. Furthermore, child undernutrition

status may affect childhood anemia, and both child undernutrition and anemia could affect under-

five mortality (USM) as well (Figure 2-1).
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CHAPTER THREE

METHODOLOGY
3.1. Data Sources of the Thesis

The study used the Ethiopian Demographic and Health Surveys (EDHS) data collected in five
rounds (2000, 2005, 2011 & 2016, & the 2019 EMDHS) that provide demographic and health
information of children below the age of five and their mothers of 15-49 years old. The EDHSs
are large-scale and cross-sectional surveys conducted in a nationally representative sample of
households from eleven regions of Ethiopia. All of the four EDHSs and the 2019 EMDHS used
standardized questionnaires to collect detailed information on birth histories, health, nutrition, and
related information on mothers and children. The birth history data allows for estimates of child
mortality rates and examination of factors associated with under-five mortality, childhood
undernutrition, and anemia at national and regional levels. All of the EDHSs also followed
standard ethical procedures for ensuring the protection of respondents’ privacy. Research
participants have provided informed consent before the interview is conducted for all rounds of
Ethiopian demographic and health surveys. The datasets were downloaded from the DHS website

(http://dhsprogram.com) after securing online permission. Accordingly, data was extracted from

the children recode dataset for each round and merged for analyses.

3.2. Study Design

The five rounds of EDHS cross-sectional surveys were conducted at regular intervals so that
estimates of changes can be made at the aggregated or population level. Both repeated cross-
sectional and ecological study designs were used for the thesis papers. A repeated cross-sectional
study design is a study design where study participants are largely or entirely different on each

sampling occasion (Caruana et al., 2015). Ecological study design is an observational study
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defined by the level at which data are analyzed at population or aggregated level (Levin, 2006).
Repeated cross-sectional and ecological study designs were employed for the first four objectives

and the last two objectives of the present thesis, respectively.

3.3. Sampling Procedure and Sample Size Determination

A two-stage stratified cluster sampling technique was used for all four rounds of the EDHS and
the 2019 EMDHS. In the first stage, enumeration areas (EAs) (referred to as clusters) were
selected. At this stage, 540, 540, 624, 645, and 305 clusters were selected in 2000, 2005, 2011,
and 2016 EDHSs and 2019 EMDHS, respectively. In the second stage, systematic random
sampling was applied to select households per each selected cluster using a sampling frame of the
Ethiopian population and housing Census conducted in 1994 (for 2000 and 2005 EDHS), 2007
(for 2011 and 2016 EDHS), and sample frame created for 2019 Ethiopian Population and Housing
Census (EPHC) for 2019 EMDHS). At the second stage, a representative sample of 14, 642;
14,500; 17,817; 16,650; and 9,150 households were selected for the five surveys, respectively.
Accordingly, a sample of 10, 873; 9,861; 11,654; 10,641; and 5,753 under-five children were
included in the Children Recode (KR) database in 2000, 2005, 2011, and 2016 EDHSs and 2019
EMDHS, respectively. The pooled dataset containing a total of 48,782 under-five children was

used for analysis depending on the availability of outcome variables.

3.4. Study Variables

Outcome Variables: The study used three outcome variables. These include under-five mortality,
childhood undernutrition, and childhood anemia. The outcome variables are determined as

follows:
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1. The outcome variable “child death” was assigned a value of 1 if the child died between 0
and 59 months and 0 if the child was alive at least until the age of 59 months.

2. Childhood nutritional status was assessed through the Composite Index of Anthropometric
Failure (CIAF). CIAF was regrouped into seven subgroups using Z-score (Nandy et al.,
2005): no failure, wasting only, wasting and underweight, wasting, stunting and under-
weight, stunting and underweight, stunting only, and underweight only. Based on the
CIAF, the outcome variable undernutrition was considered as undernourished and assigned
a value of 1 if the child had any form of anthropometric failure, and 0O if the child had no
failure

3. The outcome variable anemia was also recoded into a dummy variable where a child was
considered anemic and assigned a value of 1 if the child had severe, moderate, or mild

anemia level, and O if the child was not anemic.

Explanatory variables: Based on the review of the related literatures, and conceptual framework
provided in Figure 2-1 above, the explanatory variables were refined and identified for each
outcome variable discussed above. Table 3-1 presents selected key individual, household, and
community- level determinants of child survival considering availability in the 2000, 2005, 2011,
and 2016 EDHS and 2019 EMDHS datasets. Proximate determinants also consisted of other
maternal, environmental and personal behavior and illness factors. To improve model efficiency
for our analysis, we've grouped household size (small, medium, large, further as less than 6, and
6+), maternal age at birth (less than 19, 19 and above), and regional categories. This approach
allows us to focus on broader trends and address potential limitations in the data, but acknowledges

that comparisons to existing research with more granular categories might be affected.
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Table 3-1: Description of the explanatory variables used for analysis

Variable name

Description

Community-level variables

Administrative Regions
Place of residence

Nine old regions and two city administrations
1=Rural, 2= Urban

Household-level variables

Sex of household head
Household size
Wealth status

Source of drinking water
Type of toilet facility
Types of cooking fuel

1=male, 2= female

1=<4 (small), 2 = 4-6(medium), 3= 7 and above(large)
1= poorest, 2=poorer, 3=middle, 4=richer, 5=richest
1=improved, O=unimproved

1=improved, O=unimproved

1= Clean fuel, 0= Solid fuel

Individual-level variables

Sex of child

Child size at birth

Birth order

Total number of children ever born to mother
Place of delivery

Mother’s education

Maternal anemia status
Mother’s religion

Mother’s employment status
Mother’s age at first birth

Birth interval

Antenatal care service use
Postnatal care service use

Early initiation of breastfeeding
Breastfeeding duration
Immunization service use
Diarrhea incidence

ORS use

1=female, O=male

1=large, 2=average, 3=small

1=1st 2=2nd _ 4th 3= 5" and above

1=less than 3, 2= 3+

1=health Facility, 2=home

1=no education, 2=primary, 3= secondary+
1=anemic, 2=non-anemic

1=0rthodox Christian, 2=Muslim, 3=0thers

1= employed, O=unemployed

1= less than 19; 2=19 and above

1= < 24 months, 2= 24+ months

1= < 4 visits, 2= 4+ visits

0=No, 1= Yes

1= Immediately after birth, 0= Not immediately
1= Less than 6 months, 2=6+ months

1= immunized for age, 0 = not immunized for age
0=No, 1=Yes

0=No, 1=Yes

For the convenience of data analysis, the eleven old administrative regional states of Ethiopia were

categorized into three homogeneous groups: emerging regions (Afar, Somali, Benishangul-

Gumuz, and Gambella), established regions (Amhara, Oromia, Harari, Southern Nations

Nationalities and People's Region (SNNPR) and Tigray) and fully urbanized regions (Addis Ababa

and Dire Dawa). Based on this category, the administrative regions were coded as 1=emerging,

2=established, 3=fully urbanized.
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3.6. Data Analysis Approaches

STATA version 15.1 was used for data processing, recoding variables, and analysis. Before
conducting descriptive analysis, about 3.2% of missing values were assessed and excluded from
the analysis. The correlation matrix or variance inflation factor (VIF) was used to assess the
presence of multicollinearity among the explanatory variables. An absolute correlation coefficient
of less than 0.6 between two predictors (Senaviratna & Cooray, 2019) or a VIF value of <2.5
(Johnston et al., 2018) was used to test the absence of multicollinearity. All analyses were
conducted based on weighted data as per DHS guidelines to adjust for differences in probability

of selection and interview between cases in a sample or due to design.

Descriptive univariate analysis was conducted to describe the study population. Before conducting
the inferential analysis, it is of paramount importance to understand the nature of data structure. In
EDHS, individuals are nested within the household, and the households are also nested within the
community. For such hierarchical data, conventional regression analysis provides biased
estimates. This necessitates the use of multilevel or hierarchical modeling to separate the effects
at individual, household, and community levels. A bivariate multilevel analysis was employed to
select variables with p-value < 0.2 (Heinze & Dunkler, 2017) for multilevel multivariable analysis
using a pooled dataset. A multilevel binary logistic regression was used for assessing the effects

of individual, household, and community level factors on the outcome variables.

Further to examining determinants of childhood mortality, undernutrition, and anemia, the study
employed multilevel analysis techniques. For multilevel logistic regression, the study used log-
likelihood, Bayesian Information Criterion (BIC), and Akaike’s Information Criterion (AIC) as

well as Inter-class Correlation (ICC) to ascertain model goodness-of-fit and for selection of the
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best model. The multivariable hierarchical logistic regression analysis was performed in four
stages using all the explanatory variables for each of the three child survival indicators. Firstly, a
null model was constructed to test the feasibility of multilevel/hierarchical modeling without the
inclusion of any variables (named Model 0). Secondly, the community-level variables were
entered into the first model to assess their association with each outcome variable (named Model
). Thirdly, the household socioeconomic and demographic variables were added to the first model
to assess their association with the community-level determinant variables and with the outcome
variable (referred to as Model 11). Fourthly, the individual level (socioeconomic, behavioral, and
demographic) variables were added to the second model at the third stage to assess their association
with the community and household level socioeconomic and demographic determinant variables

and the outcome variable (i.e., Model I11).

For each model, variables with p-values < 0.05 were discussed accordingly. In each of the above
regression analyses, purposeful selection was used for model building. The approach is commonly
used when the main purpose is risk factor modeling and not just prediction. In addition to
significant explanatory variables, the purposeful variable selection procedure has the capability of
retaining important confounding variables, resulting potentially in a slightly richer model (Zoran

et al., 2008).

To establish inequalities in child survival (childhood undernutrition, childhood anemia, and under-
five mortality), the study employed the Blinder-Oaxaca and multivariable decomposition
techniques. For example, the Blinder-Oaxaca decomposition technique allows quantifying the gap
between the advantaged and the disadvantaged groups (Fairlie, 2005; Jann, 2008; Sinning et al.,

2008). Besides the decomposition analyses, Concentration and Thiel analyses were employed to
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depict inequalities in geographic and/or socioeconomic drivers. Moreover, Population Attributable
Fraction (PAF) regression analysis was employed to estimate the proportion of childhood
undernutrition, anemia, and under-five children prevented if all risk factors are removed.
Furthermore, spatial autocorrelation, and hot and cold spot analyses were also applied to explore

spatial patterns of childhood undernutrition, anemia, and under-five mortality in Ethiopia.

3.7. Ethical Considerations

For the original conduct of the five rounds of Ethiopian Demographic and Health Surveys
(EDHSSs), ethical approval was obtained from the ethical committee of the ICF and the national
institutional review board (IRB). The enumerators obtained informed consent and authorization to
anonymously use the data from all survey participants. For this study, permission was obtained to
use the data from the DHS program (Annex I). In addition, the ethical approval was obtained from
Addis Ababa University, College of Development Studies IRB (Annex II), and the present study
solely involved analysis of publicly available secondary data that does not contain any identifiable
information that links to the actual survey participants. The author also confirms that all methods

were carried out by relevant guidelines and regulations.
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CHAPTER FOUR

Exploring the most dominant drivers of inequalities in child survival in

Ethiopia: Dominance Analysis
(The paper was published@ International Journal of Population Studies, 1JPS 2023, 9(2), 427.
https://doi.org/10.36922/ijps.427, and appeared as Negussie S.T. & Nigatu R.G.)

4.1. Background

Inequalities in child survival are a global public health concern (Brault et al., 2020; Cha & Jin,
2020). Although reducing inequalities in child survival is given due attention in Sustainable
Development Goals (SDGs) (Yourkavitch et al., 2018), it is widespread at global, regional, and
national levels (Sharrow et al., 2022). According to the World Health Organization (WHO),
children in African region are 10 times more likely to die before their fifth birthday compared to
children in the European region (WHO, 2022). Two regions, sub-Saharan Africa, and central and
southern Asia, account for more than 80 percent of the 5.2 million under-five deaths, where sub-
Saharan Africa remains the region with the highest under-five mortality (USM) rate (a 1 in 13 rate)

in the world in 2019 (WHO, 2020).

In Ethiopia, the USM rate varies across the administrative regions, ranging from 74 deaths per
1000 live children in Afar to 29 deaths per 1000 live children in Addis Ababa (EPHI & ICF, 2021).
Geographic inequality in under-five mortality was higher in Benishagul-Gumuz, followed by
Amhara, Afar, Gambella, and South Nation Nationality and People’s Region (Liyew et al., 2021).
Inequality of anemia among under-five children also exists across regions in the country (Anteneh
& Geertruyden, 2021; Endris et al., 2021). Inequalities in childhood undernutrition by
administrative region (Yayo, 2021) and maternal education status (Bras & Mandemakers, 2022)

are also documented in the country. Thus, inequality in child survival remains a challenge in the
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country to achieve SDG targets, specifically among more disadvantageous population groups and

emerging regions (Dheresa et al., 2022).

Despite the marked improvement in the prevalence of U5M in Ethiopia, substantial inequalities in
child health outcomes among the different socio-economic subgroups persist and progress is
uneven. Hence, this paper attempts to answer the question “What are the most dominant drivers of
inequalities in child survival in Ethiopia?”” Knowing the dominating drives of inequality in child
survival indicators is essential to identify how the inequalities can be minimized and/or prevented.
In this paper, the child survival indicators refer to childhood undernutrition and anemia (NKkosi-

Gondwe et al., 2021), and under-five mortality (Mosley & Chen, 1984).

To date, numerous studies (Agbadi et al., 2021; Alao et al., 2021; Balaj et al., 2021; Endris et al.,
2021; Hasan et al., 2021; Wang et al., 2021a; Yayo, 2021; Zegeye, et al., 2021) have examined the
determinants of inequality in child survival. However, these studies have used a regression
modeling approach that is limited to identifying the relative importance of the determinants for
predicting inequalities in child survival by applying the dominance analysis procedure. In addition,
these studies have focused only on one or two child survival indicators, identifying the key drivers
of inequalities in child survival indicators (i.e., childhood undernutrition, anemia, and U5M)
remains limited. Therefore, this paper seeks to redress the paucity of information about the key
drivers of inequalities in child survival indicators. The objective of this paper is to examine the
most dominant, drivers of inequality in child survival indicators (undernutrition, anemia and

under-five mortality) in Ethiopia.
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4.2. Conceptual Framework

This study has mainly focused on five internationally conceptualized dimensions of inequality
(World Health Organization (WHQO) & International Center for Equity in Health, 2015). The five
inequality dimensions (household wealth index, maternal educational status, place of residence,
regional distribution, and child sex) were used as drivers of inequalities in child survival to
construct a conceptual framework for this study. It is essential to understand that before birth,
children whose parents live in a situation of socioeconomic and geographic vulnerability may have
worse health outcomes than those who live in better situations (Pearce et al., 2019). How living
conditions affect child survival are complex and more driven by socioeconomic inequalities
(Reboucas et al., 2022). To identify the key drivers of inequality in child survival, it is crucial to
understand the conditions under which children are born and live, and consider socioeconomic and
geographic stratifications among population groups. In this regard, the five drivers of inequality
could be grouped into socioeconomic (household wealth index, maternal educational status, and
place of residence) and geographic (administrative regional distribution) stratifications
(Houweling & Kunst, 2010) and the biological determinant (i.e., child sex) (Rebougas et al., 2022).
The conceptual framework is derived from the conceptual model proposed by Mosley and Chen
(1984) in studying child survival in developing countries. Mosley and Chen’s model has been
applied in the studies of inequalities in child survival in developing countries (Houweling & Kunst,
2010; Reboucas et al., 2022). For example, Houweling and Kunst used to investigate the effect of
socioeconomic and geographic stratifications on inequality in child survival (Houweling & Kunst,
2010). Rebougas et.al also showed that inequalities in child survival are directly influenced by the
biological conditions of the child (sex of the child) (Rebougas et al., 2022). Further, to consider

the hierarchical nature of inequality drivers, the five drivers of inequality are grouped into

39



community (administrative regions and place of residence), household (household wealth index),

and individual levels (maternal education and sex of child).

4.3. The study setting

Ethiopia is one of the Sub-Saharan African countries with one of the highest burdens of U5M,
ranking third in Africa and tenth in the world (Dheresa et al., 2022). Ethiopia is landlocked, sharing
frontiers with Eritrea to the north and northeast, Djibouti to the east, Somalia to the east and
southeast, Kenya to the south, and South Sudan and Sudan to the west (FAO, 2016). The country
is ethnically and culturally diverse, and the second most populous country in Africa (USAID,
2021a), and among the least urbanized countries in the world, with 82% of the population living
in rural areas (Bogale et al., 2022). Administratively, the regional states possibly vary in their level
of economic development, socio-cultural, educational, and health service provision and settings
(Bareke et al., 2022). Based on the development perspective, the former nine regional states and
the two-city administrations are categorized into three: Emerging (Afar, Somali, Benishangul-
Gumuz, and Gambella); Established (Tigray, Amhara, Oromia, Southern Nation Nationalities and
People (SNNP), and Harari) and fully urban (Addis Ababa and Dire Dawa city administrations)
(Bareke et al., 2022; Tesema & Braeken, 2018). The emerging regions are drought-affected areas,

pastoralists, and marginalized in terms of basic infrastructure development (Bareke et al., 2022).

Ethiopia is a low-income country having a gross domestic product (GDP) per capita of US$ 855,80
in 2019 (Tangcharoensathien et al., 2022), making it one of the poorest countries in the world
(World Bank, 2020a). About 69% of Ethiopia’s population is multidimensionally poor in 2019
(UNDP, 2021). The multidimensional child poverty incidence and intensity varies across regions

and places of residence in the country, where the multidimensional child poverty incidence ranges
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from 23 % (lowest) in Addis Ababa to 98 % (highest) in the Somali region (CSA and UNICEF,
2020). Likewise, the monetary child poverty incidence and depth varies across regions and areas
with the highest incidence in Afar (39 percent) and Amhara regions(37 percent) and the lowest in
Harari city administration(14 percent); and considerably higher in rural areas (31 percent)

compared to large city areas (23 percent) (CSA & UNICEF, 2020).

Regarding child survival policies, the Government of Ethiopia has realized pro-poor policies and
strategies for child survival (Rono et al., 2022). Since 2003, the country has implemented the
Health Extension Program (HEP) to improve child survival through primary health care (MOH,
2020). In addition, the country endorsed the first comprehensive National Child Survival Strategy
(2005-2015), and the second strategic document of National Strategy for Newborn and Child
Survival (2016-2020) in 2005 and 2015, respectively (FDRE, 2016). The Government of Ethiopia
(GoE) has demonstrated a strong policy commitment to nutrition through the development of a
National Nutrition Strategy (NNS) in 2008, followed by the implementation of National Nutrition
Program | (2008-2015) and National Nutrition Program Il (2016-2020) (Kennedy et al., 2020).
Ethiopia also joined the Scaling Up Nutrition (SUN) movement in 2012 and endorsed the Seqota
Declaration in 2015 with its high-level commitment to end childhood undernutrition by 2030
(FDRE, 2016). Furthermore, GoE has developed the Food and Nutrition Policy to attain optimal
nutritional status at all stages of life (FDRE, 2018). As a result, the country has achieved
remarkable progress in child survival in the past two decades, but such achievements have been
disproportionate across socioeconomic and geographic stratifications, particularly for the most

marginalized population groups.
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4.4, Data and Methods
4.4.1. Study Design and Data Sources
A retrospective cross-sectional study design is used for the present study, using the five rounds of
Ethiopian Demographic and Health Surveys (EDHSs conducted from 2000 to 2019 in Ethiopia.
The study used nationally representative data from the five rounds of Ethiopian Demographic and
Health Survey (EDHS) data collected from year 2000 to 2019. The datasets were downloaded from

the DHS website (http://dhsprogram.com) based on secured online permission. The study used

children’s files that contain information about socioeconomic, demographic, and geographic
characteristics of under-five children, their parents, households as well as their communities. The
pooled five rounds of EDHS data comprised 48,422 under-five children used for the analysis. The

outcome and explanatory variables were extracted from pooled data.

4.4.2. Study Variables
Outcome Variables: Childhood undernutrition, childhood anemia, and under-five mortality were
the three outcome variables of the study. Childhood undernutrition status was categorized as
undernourished and coded as 1 if a child had any form of anthropometric failure, and as nourished
with an assigned value of 0, if the child had no failure. Childhood anemia was recoded into a
dummy variable where a child was considered to be anemic and assigned a value of 1 if the child
had severe, moderate, or mild anemia level, and O if the child is not anemic. Under-five mortality
was coded as a dummy variable and assigned value of 1 if the child died between 0 and 59 months,
and O if the child was alive at least until the age of 59 months (Central Statistical Agency (CSA)

[Ethiopia] & ICF., 2016).
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Predictor variables: Five internationally accepted dimensions of child survival inequalities
(World Health Organization (WHO) & International Center for Equity in Health, 2015) were used
as predictor variables in this paper. Henceforth, the predictor variables are referred to as inequality
drivers. The interlink among these predictor variables was also depicted in the conceptual
frameworks shown above. Table 4-1 presents the description of the inequality drivers. The
household wealth index was categorized into five quintiles and regrouped as Poor (the first two
quintiles) and Non-poor (the last three quintiles). Education was used to reflect the level of
education attained by a child’s mother, and grouped into two subgroups: No education, and
Primary and above. Place of residence (rural or urban) and child sex (female or male) each of them
classified into two subgroups. The old nine regional states and the two-city administrations were
regrouped into three: Emerging (Afar, Somali, Benishangul-Gumuz, and Gambella); Established
(Amhara, Oromia, Southern Nation Nationalities and People (SNNP), Tigray and Harari) and
Urban (Addis Ababa and Dire Dawa city administrations) (Bareke et al., 2022) (Table 4-1).

Table 4-1: Description of the inequality drivers

Inequality drivers Description

Sex of child 1=Female; 2=Male

Maternal education 1=No education; 2=Primary+
Household wealth index 1= Poor; 2=Non-poor

Place of residence 1=Rural; 2= Urban

Regional category 1= Emerging; 2=Established; 3= Urban

Source: Authors own description.

4.4.3. Statistical Analysis

To reduce bias, children with missing height/length, weight, and unknown responses were

excluded from the analysis of undernutrition. For childhood anemia analysis, data from children
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aged 6-59 months were used. Descriptive statistics were used to describe the background
characteristics of the study participants and the key variables. A correlation matrix was used to
detect multicollinearity and an absolute correlation coefficient of less than 0.6 was observed
among predictors indicating the absence of multicollinearity (Senaviratna & Cooray, 2019).
Logistic regression was employed to identify significant drivers of inequality in child survival.
Bivariate logistic regression analysis was used to establish the strength of the relationship between
inequality drivers and the outcome variables. Further, to determine the relative importance of each
predictor to the outcomes, we used the dominance analysis. Dominance analysis is a technique
developed to estimate the relative importance of all predictors in the logistic regression model with
an outcome variable (Azen & Traxel, 2009). Dominance analysis relies on estimating the
regression values of all possible combinations of predictors and measures relative importance by
doing comparisons of all predictors in the model as they relate to an outcome variable (Tighe &
Schatschneider, 2014). Dominance analysis allows us to identify the relative dominance of the
predictors (Azen & Traxel, 2009; Lee & Dahinten, 2021). We also conducted a sensitivity analysis
to predict the outcome of a decision given a certain range of variables (Annex 1V). All analyses

were weighted based on DHS guidelines (Croft et al., 2018) using STATA version 15.

4.5. Results

4.5.1. Characteristics of the study participants

Table 4-2 presents the background characteristics of the study participants by inequality
dimensions. More than half (52.64%) of children were born to mothers residing in established
regions, and majority (82.88%) of children were born in rural areas. More than half (51.21%) of

children were born in households grouped as poor wealth status. Table 2 also shows that most
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(70.63%) of the children were born to uneducated mothers, and a little more than half (51.25%) of
the children were males. About 51% and 55.06% of children were undernourished and anemic,

respectively, and more than eight percent of children were reported to have died (Table 4-2).

Table 4-2: Background characteristics of study participants, Ethiopia, 2000-2019.
Inequality drivers N %
Community level drivers
Regional Category

Established 25,489 52.64

Emerging 18,321 37.84

Urban 4,612 9.52
Place of residence

Rural 40,131 82.88

Urban 8,291 17.12

Household level driver
Household wealth status
Poor 24,503 51.21
Non-poor 23,347 48.79
Individual level drivers
Maternal education

No education 34,200 70.63
Primary+ 14,222 29.37
Sex of child
Male 24,814 51.25
Female 23,608 48.75

Outcome variables
Undernutrition (N=35,688)

Nourished 17,602 49.32
Undernourished 18,086 50.68
Anemia* (N=19,699)

Anemic 10,847 55.06

Not anemic 8,852 44.94
Under-five mortality (N=48,422)

No 44,485 91.87

Yes 3,937 8.13

* Anemia data was not collected in 2000 and 2019 EDHSs.
Source: Authors analysis using EDHS 2000-2019.

4.5.2. Results of Bivariate Logistic Regression

Table 4-3 presents results from the bivariate analysis to assess the association between the outcome
variables and inequality drivers. The Table shows that all socioeconomic (place of residence,
household wealth status, and maternal education), geographic (region), and biological (sex of
child) inequality drivers were significantly associated with childhood undernutrition (at p<001)
and under-five mortality (at p<05). Likewise, region, place of residence, household wealth status,

and maternal education status had a statistically significant association with childhood anemia.
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The findings of the bivariate regression analysis revealed that regional category, place of residence,
household wealth status, maternal education, and child sex were potential and significant drivers
of inequality in childhood undernutrition, childhood anemia, and under-five mortality (USM) to
explore through multivariable analysis (Table 4-3).

Table 4-3: Bivariate association between inequality drivers & outcome variables, Ethiopia, 2000-2019

Inequality drivers Odds ratio SE [95% LB UB] chi?
Undernutrition (N=35,688)
Regional category (Urban) 14.33
Established 2.580 .649 [1.576, 4.225] ***
Emerging 2.022 493 [1.255, 3.259] ***
Place of residence (Urban) 350.61
Rural 1.916 .067 [1.790, 2.051] ***
Wealth Status (non-poor) 290.90
Poor 1.491 .035 [1.424, 1.560] ***
Maternal education (Primary+) 392.42
No education 1.647 .042 [1.568, 1.731] ***
Child Sex (Male) 24.70
Female 1.114 024 [1.068, 1.163] ***
Anemia (N=19,699)
Regional category (Established) 4,94
Emerging 1.98 .613 [1.079,3.634] **
Central 1.32 531 [0.602, 2.908]
Place of residence (Urban) 102.09
Rural 1.639 .080 [1.489, 1.804] ***
Wealth Status (non-poor) 119.86
Poor 1.424 .046 [1.337, 1.517] ***
Maternal education (Primary+) 12.26
No education 1.128 .039 [1.055, 1.207] ***
Child Sex (Male) 0.24
Female 1.015 .031 [0.956, 1.077]
Under-five Mortality (N=48,422)
Regional category (Central) 7.92
Established 1.357 75 [1.053, 1.748] **
Emerging 1.421 .180 [1.109, 1.83] ***
Place of residence (Urban) 28.59
Rural 1.353 .076 [1.211, 1.511] ***
Wealth Status (non-poor) 18.58
Poor 1.169 .042 [1.089, 1.255] ***
Maternal education (Primary+) 63.68
No education 1.395 .058 [1.285, 1.514] ***
Child Sex (Male) 43.70
Female 1.252 042 [1.171, 1.338] ***

*** n<.01, ** p<.05, * p<.1; LB=Lower boundary, UB= Upper Boundary
Source: Author’s analysis using EDHS 2000-2019
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4.5.3. Results of Dominance Analysis

Table 4-4 depicts a dominance analysis of the drivers of inequality in child survival indicators.
The analysis of the drivers of inequality revealed that maternal education, place of residence, and
household wealth status were the three most dominant drivers of inequalities in childhood
undernutrition, accounting for 83.48% of the predicted variance. Child sex was the lowest-ranked
inequality driver in the dominance analysis, accounting for 1.61% of the predicted variance. In
dominance analysis, the geographic predictor (region) was found to be the first-ranked dominant
driver of inequalities in childhood anemia, accounting for more than half (50.56%) of the predicted
variance. Dominance analysis also revealed that maternal education, child sex, and place of
residence were the three top dominant drivers of inequality in under-five mortality, accounting for

89.3% of the predicted variance (Table 4-4).

Table 4-4: Dominance analysis of the outcome and inequality indicators in Ethiopia, 2000-2019
Dominance Standardized* Ranking
Inequality drivers statistics Dominance statistics

Undernutrition (N=35,688)

Region 0.0040 0.1459 4
Place of residence 0.0084 0.3030 2
Wealth Status 0.0057 0.2060 3
Maternal education 0.0090 0.3258 1
Child Sex 0.0005 0.0193 5
Anemia (N=19,699)
Region 0.0116 0.5056 1
Place of residence 0.0024 0.1041 3
Wealth Status 0.0075 0.3267 2
Maternal education 0.0014 0.0610 4
Child Sex 0.0001 0.0025 5
Under-five mortality (N=48,422)
Region 0.0001 0.0132 5
Place of residence 0.0010 0.1994 3
Wealth Status 0.0004 0.0522 4
Maternal education 0.0037 0.4158 1
Child Sex 0.0016 0.2778 2

*Standardized dominance statistics do not total to 1 due to rounding
Source: Author’s analysis using EDHS 2000-2019
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Moreover, we checked the ranking of the inequality drivers for a group of eight predictors by
including three additional variables (sex of household head, maternal religion, and employment
status) and found similar ranking results (Annex Ill). Furthermore, we also conducted the
sensitivity analysis to explore the predictors’ effect on undernutrition, anemia, and USM using the
five (region, place of residence, wealth index, maternal education, and child sex) and eight (region,
place of residence, wealth index, maternal education, child sex, sex of household head, maternal
religion and employment status) inequality predictors. However, the predictive power of the model
was relatively better with the eight predictors compared to the model with the five predictors

(Annex 1V).

4.6. Discussion
This study examined associations between five inequality dimensions and three child survival
indicators based on data pooled from five consecutive national surveys conducted in Ethiopia. The
study identified the relative importance of the drivers of inequality in predicting inequality in child
survival through dominance analysis. Maternal education, place of residence, and household
wealth status were found to be the three key drivers of childhood undernutrition inequality.
Dominance analysis also identified region, household wealth status, and place of residence as the
three most dominant drivers of inequalities in childhood anemia in order of dominance.
Furthermore, the dominance analysis results of this study underscored the influence of maternal
education, child sex, and place of residence on existing inequalities in under-five mortality in the

country.
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Similar to previous studies, this study found that maternal education, place of residence, and
household wealth index as the most dominant drivers of inequalities in childhood undernutrition
(Alao et al., 2021; Ekholuenetale, Tudeme, et al., 2020; Hasan et al., 2020; Yayo Negasi, 2021).
Thus, these findings highlight the importance of interventions and policies that enhance the
socioeconomic and livelihood of uneducated, poor, and rural population groups to reduce
inequalities in childhood undernutrition. Similar to the findings from other studies (Adeyinka et
al., 2019; Ekholuenetale et al., 2022; Endris et al., 2021; Jember et al., 2021; Yadav & Nilima,
2021), the geographic location (region) was found to be a dominant driver of inequalities in
childhood anemia. This result highlights the importance of implementation of interventions,
especially targeting regional variations for accelerated reduction in childhood anemia. In addition,
as in previous studies (Endris et al., 2021; Hasan et al., 2021; Wang et al., 2021a), the present
study found that the household socioeconomic status measured by wealth index was another key
driver of inequalities in childhood anemia. This indicates that the poor socioeconomic status of
households could enhance the prevalence of childhood anemia, and thus improving the

socioeconomic status of the poor can reduce inequality in childhood anemia.

The results of this study were consistent with other previous studies reporting maternal education,
and place of residence as the key drivers of inequalities in under-five mortality (Agbadi et al.,
2021; Balaj et al., 2021; Zegeye, et al., 2021). This finding signifies the importance of robust, and
influencing policies and interventions for reducing inequalities in under-five mortality and
improving the overall child survival through addressing urban-rural and maternal education gaps

at community and individual levels.
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The strengths of the present study were its large sample drawn five rounds of nationally
representative cross-sectional surveys, and the use of dominance analysis to identify the key
predictors of inequality in child survival indicators. There are some limitations in this study.
Firstly, the findings show drivers that are associated with inequalities in childhood undernutrition,
anemia, and under-five mortality and magnitude of associations but no causal interpretation of the
results is implied here as the cross-sectional survey data preclude causal inferences. Secondly,
although the study has included internationally accepted drivers of inequality, there would be other

important drivers of inequality that are not included in this paper.

4.7. Conclusion
This study provides empirical evidence that region and place of residence (community level),
household socioeconomic status (household level), and maternal education (individual level) were
the most dominant drivers of inequality in child survival. The findings imply that reducing
inequalities in child survival needs to start at a higher hierarchical structure (regional and
residential levels), notwithstanding the importance of household and individual level influences.
Further improving the socioeconomic status of the poorest households, prioritizing regions and
rural areas with the highest needs, and improving maternal education levels would significantly

reduce child survival inequalities in the country.
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CHAPTER FIVE

Levels and Trends in Key Socioeconomic Inequalities in Childhood
Undernutrition in Ethiopia: Evidence from the Ethiopian Demographic

and Health Surveys 2000-2019
(The paper was published@ BMC Discover Social Science and Health (2023) 3:5|
https://doi.org/10.1007/s44155-023-00034-4), and appeared as Negussie Shiferaw and Nigatu Regassa)

5.1. Background

Childhood undernutrition, which refers to a combination of stunting, wasting, and underweight
(Ahmed et al., 2017), is an important public health indicator for monitoring child nutritional status
and survival (Agho et al., 2019). Undernutrition is a public health problem in the developing world
(Development Initiatives, 2021) and is highly associated with increased childhood deaths
(Adedokun & Yaya, 2021). Nearly half of all deaths in under-five children are attributed to
undernutrition (UNICEF, 2022). In addition, childhood undernutrition has adverse consequences
on the development of children (Amir-Ud-Din et al., 2022) as it exposes children to reduced human

capital in later life in terms of education, and cognitive development (Mwene-Batu et al., 2020).

Globally, 149.2 million under-five children are stunted (short for their age), 45.4 million under-
five children are wasted (thin for their height) (UNICEF/WHO/WORLD BANK, 2021), and 85
million are underweight (thin for their age) in 2020 alone (WHO, 2021). Nevertheless, the
prevalence of child undernutrition has shown improvement since 2000 (FAO, IFAD, UNICEF,
WFP & WHO, 2022). While the prevalence of undernutrition showed slight improvement across
many developing countries in the past two decades, evidence shows that substantial inequalities in
childhood undernutrition among different population groups exists at regional and sub-regional
levels (Ssentongo et al., 2021). The global burden of childhood undernutrition is mainly

concentrated in low-income and lower-middle-income countries (Vollmer et al., 2017b). In 2020,
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nearly two-thirds of all under-five children with stunting and three-quarter of all children with
wasting lived in lower-middle-income countries (UNICEF/WHO/WORLD BANK, 2021). In
particular, more than half of all under-five children affected by undernutrition (including stunting,
wasting, and underweight) lived in Asia and more than one quarter lived in Africa in 2020 alone
(UNICEF/WHO/WORLD BANK, 2021; WHO, 2021). In addition, although the number of
children with stunting is declining at the global level, it increased from 54.4 million in 2000 to

61.4 million in 2020 in Africa (UNICEF/WHO/WORLD BANK, 2021).

Among under-five children in 31 Sub-Saharan African countries (including Ethiopia), 26% of
them were stunted, 21% were underweight, and 6% were wasted (Adedokun & Yaya, 2021). In
Ethiopia, 37 % of under-five children were stunted, 21% underweight, and 7% were wasted
(Ethiopian Public Health Institute (EPHI) [Ethiopia] and ICF., 2021). While there was a modest
decline in the prevalence of undernutrition over the last two decades, the prevalence varies
significantly across different population groups. Inequalities in undernutrition among children in
Ethiopia occur due to several social, demographic, and economic factors. Education and income-
based inequalities are commonly reported parameters (Mohammed et al., 2019; Fenta et al., 2020;

Bekele et al., 2021; Zegeye et al., 2021).

Although the prevalence of childhood undernutrition has shown a significant decline based on
estimates from the Demographic and Health surveys (Central Statistical Agency (CSA) [Ethiopia]
and ICF., 2016; Ethiopian Public Health Institute (EPHI) [Ethiopia] and ICF., 2021),
socioeconomic inequalities in childhood undernutrition continue to be a significant problem.
Given most children are living in poorer and poorest households and nearly 85% are living in rural
areas with little access to services, the extent of inequality could be significant. Thus, the situation
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necessitates evidence-based findings about the existing socioeconomic inequalities in
undernutrition among children to support the ongoing efforts and intervention programs. Assessing
the levels and trends in childhood undernutrition by key socioeconomic indicators is instrumental
for monitoring the progress of adverse effects on vulnerable groups of the population. Assessing
levels and trends in childhood undernutrition also allows program implementers and policymakers
to review the population and socioeconomic policies and their implementation per public health

perspectives.

Although studies on trends in inequalities in childhood undernutrition are numerous across the
world (' Vollmer et al., 2017b; Krishna et al., 2018b; Akombi et al., 2019; Angdembe et al., 2019;
Fenta et al., 2020; Bekele et al., 2021; Ssentongo et al., 2021; Zegeye, et al., 2021), our knowledge
of the trends in Ethiopia is limited due to absence of large-scale studies ( Fenta et al., 2020; Bekele
et al., 2021; Seboka et al., 2021; Zegeye, et al., 2021). Some of these studies focused on single
indicators such as stunting or underweight and were limited in scope and did not examine the
socioeconomic factors considering robust statistical methods, including multilevel and
decomposition techniques. The previous studies conducted in Ethiopia did not consider the
hierarchal nature of data for assessing the factors associated with childhood undernutrition using
a multilevel analysis approach to investigate the effects of the individual, household, and
community level characteristics. To the best of our knowledge, the studies that investigated the
levels and trends in socioeconomic inequalities in childhood undernutrition using multilevel and
decomposition techniques are not well documented in Ethiopia. Therefore, the present paper
attempted to answer the question “What are the levels and trends of socioeconomic inequalities in

childhood undernutrition in Ethiopia over the last two decades?”
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5.2. Data and Methods

5.2.1. Study Context

Ethiopia has a diverse topography with different climate variability (NUPI & SIPRI, 2022).
Ethiopia’s population is predominantly (80 percent) living in rural areas where there are limited
opportunities and access to basic services. For instance, only 12 percent of women and 15 percent
of men have attended secondary education (USAID, 2019a). Ethiopia is one of the poorest (World

Bank, 2020a) and one of the most food insecure (Mohamed, 2017) countries in the world.

The Government of Ethiopia has long been committed to implementing nutrition-focused policies
and international commitments to reducing childhood undernutrition. In 1993, Ethiopia endorsed
a health policy with priority given to prevent diseases related to undernutrition (Transitional
Government of Ethiopia, 1993). Following the recognition of the health policy, the country has
developed and implemented four rounds of health sector development programs with special
attention to maternal and child health, including child undernutrition from 1998 to 2015 (Ruducha
etal., 2017). In 2000, Ethiopia aligned with United Nations member countries to eradicate extreme
poverty and hunger as part of the Millennium Development Goals (MDGs) (National Planning
Commission, 2015). To ensure equitable access to essential health services, the Health Extension
Program (HEP) has been implemented since 2003 in the country (MOH, 2020). To address the
chronic food insecurity in drought-prone rural settings of the country, the Productive Safety Net
Program has been implemented since 2005 (Devereux et al., 2006) in four phases. Ethiopia has
also demonstrated a strong policy commitment to nutrition by developing and implementing the
National Nutrition Strategy in 2008, the first National Nutrition Program (2008-2015)(FDRE,
2008), and the second National Nutrition Program (2016-2020) in 2016 and ratified the Seqota
declaration to end childhood undernutrition by 2030 (FDRE, 2016). In 2018, the Government of
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Ethiopia implemented a Food and Nutrition Policy to attain optimal nutrition status and address
childhood undernutrition as well. The Government of Ethiopia is also committed to the Sustainable
Development Goals (SDG 2) to end hunger and all forms of malnutrition by 2030. Despite
remarkable government commitments to end hunger and improvements made through healthcare
delivery system and multisectoral support (Ruducha et al., 2017), over the past two decades,

childhood undernutrition remains a major public health concern in the country.

5.2.2. Data Source

This cross-sectional study was based on a representative sample of under-five children drawn from
five rounds of the Ethiopian Demographic and Health Surveys (2000-2019). The surveys
employed stratified two-stage cluster sampling design for selecting enumeration areas and
households within each enumeration area (Central Statistical Agency (CSA) [Ethiopia] and ICF.,
2016; Ethiopian Public Health Institute (EPHI) [Ethiopia] and ICF., 2021). Information on
socioeconomic, demographic, health, and environmental characteristics of individuals and
households was obtained by interviewing women aged 15-49 years. Anthropometry of under-five
children was collected in all the five round surveys. Accordingly, we merged data from the five
rounds of EDHS (including the 2019 mini-EDHS) and a pooled sample of the five rounds of the
EDHS resulted in 48,782 under-five children. We used children recode (KR) datasets that provide
data for a wide range of demographic and socioeconomic indicators, including the health and

nutrition status of under-five children and their mothers.

5.2.3. Study Variables
The outcome variable of the study was childhood undernutrition. It is measured by the Composite
Index of Anthropometric Failure (CIAF) for children under five years of age using the standard
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anthropometric indicators of stunting, wasting, and underweight to yield a single aggregate figure
for all undernourished children (Vollmer et al., 2017b) in Ethiopia in the past two decades.
Childhood undernutrition status was categorized as undernourished and coded as 1 if the child had
any form of anthropometric failure, and as nourished with an assigned value of 0, if the child had

no failure.

The independent variables of this study were grouped as exposure and explanatory variables. Place
of residence (community level), household wealth index (household level), and maternal education
(individual level) were the three exposure variables identified as key socioeconomic inequality
drivers of childhood undernutrition (Geda et al., 2021; Tesema, et al., 2021). The place of residence
in EDHS datasets was categorized as rural or urban. In EDHS, children recode has a household
wealth index variable for all surveys, except for the 2000 EDHS. For the 2000 EDHS, we
constructed a wealth index variable based on household characteristics and assets by applying a
principal component analysis (PCA). Observations were classified into five quintiles based on
asset index values, and a categorical wealth index (poorest, poorer, medium, richer, and richest)
exposure variable was constructed for this analysis. Maternal education was categorized using

levels (no formal education, primary, and secondary and above).

Our selection of the explanatory variables was guided by UNICEF’s conceptual framework for
child malnutrition (UNICEF, 1998, 2013). We regrouped the explanatory variables into
community, household, and individual-level variables. The community-level explanatory
variables consisted of administrative regions of Ethiopia, and the old eleven administrative regions
were recategorized into three regional categories: emerging regions (Afar, Somali, Benishangul-

Gumuz, and Gambella), established regions (Amhara; Oromia; Harari; Southern Nations
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Nationalities and People's Region (SNNPR); and Tigray) and fully urban (Addis Ababa and Dire

Dawa City Administrations) (Bareke et al., 2022).

The household-level explanatory variables included in this study were the sex of the household
head (male/female); and household size (<6/6+). The individual-level explanatory variables
included in this study were sex of child (male/female); child size at birth as reported subjectively
by mothers (small/average/large); birth order (1%/2"-4%/5%): breastfeeding initiation
(immediately/lately); duration of breastfeeding (<12/12+months); maternal employment status
(yes/no); maternal age at childbirth computed from mother’s and her childbirth date (<19/19+);
total children ever born(<5/5+); antenatal care visit(<4/4+); place of delivery (home/health

facility); and survey period (2000-2011 or 2016-2019).

5.2.4. Statistical Methods

Children with missing anthropometric measures, and other unknown responses were excluded
from statistical analysis. Descriptive statistics were used to describe the background characteristics
of the study participants. Variance inflation factor(VIF) with a cutoff value of 2.5 (Johnston et al.,
2018) and correlation matrix (Senaviratna & Cooray, 2019) were employed to test the
multicollinearity effect of the explanatory variables. In this regard, birth order was removed from
the model due to strong collinearity with the variable total number of children (r = 0.8686)

(Senaviratna & Cooray, 2019) and with a VIF value of 5.17 (Johnston et al., 2018).

Bivariate analysis was performed to examine the strength of the association between the

explanatory variables and childhood undernutrition. The bivariate analysis was also used to
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facilitate the decision for inclusion of explanatory variables into multilevel logistic regression

analysis.

Multilevel logistic regression analysis was performed using STATA software (StataCorp., 2021)
to explore the effect of the explanatory variables on childhood undernutrition. We estimated a
three-level model with the individual, household, and community factors as level 1, level 2, and
level 3, respectively. The null model was used as a baseline model to determine whether the use
of multilevel modeling is appropriate for the analysis or not. Community-level predictors (regional
category and place of residence) were included in Model I by controlling household and
individual-level variables. Model 1l was fitted after including household-level predictors in Model
I. The final model (Model I11) was fitted with community, household, and individual-level
explanatory variables to assess the relationship between the exposure variables and childhood
undernutrition. Intraclass Correlation Coefficient (ICC), Likelihood Ratio (LR) test and criteria
information tests (AIC and BIC) were used to select the best model fitted for multilevel analysis

(Luke, 2020).

Concentration Index (CI) was used to measure socioeconomic inequality to quantify the degree of
place of residence, household wealth, and maternal education-related inequalities in childhood
undernutrition (Pulok et al., 2020). We interacted the survey period with the three exposure
variables for trend analysis. Further, to assess trends of key socioeconomic inequalities in
childhood undernutrition we employed decomposition rate analysis (Li, 2017; O’Donnell et al.,
2007). All statistical analyses were performed using STATA version 17.0 (College Station, Texas

77845 USA).
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5.3.  Results
5.3.1. Background Characteristics of the Study Participants
Table 5-1 presents the background characteristics of the study participants. About two-thirds of
the study participants were surveyed during the 2000-2011 survey period, relative to one-third
from 2016-2019. More than half (52.69 %) of children were living in the established regions and
nearly 10% of children were from two-chartered city administration (urban regional category).
There was a significantly larger proportion of children in rural (82.87%) than (17.13%) in urban
areas. Relatively the same proportion (50.61%) of children were living in poor households and
non-poor households (49.39%). More than half (55.31%) of children were living in larger
households with more than six household members. The descriptive statistics also showed that
there were slightly more female children than male children. About 29.30% of children were born
from mothers who did not have any formal education, significantly lower than those whose
mothers had at least primary-level education (70.70%). Nearly a similar proportion of children had
small (30.10%) and large (30.60%) sizes at birth. About 50% of children were breastfed for more
than a year while a nonnegligible proportion (5.08%) of children never had breastfed.
Breastfeeding was initiated immediately after birth for a considerable proportion (69.53%) of
children relative to 30.47% of children lately initiated for breastfeeding. Most (74.87%) of children
were born from mothers who had small visits (at most three times) of the health facilities during
their pregnancy. A relatively higher proportion (58.88%) of children were born from mothers who
gave birth to at most four children than those whose mothers gave birth to at least five children
(41.02). About 10% of children were born from young mothers (less than 19 years old). More than

half (54.94%) of children were born to unemployed mothers (Table 5-1).
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Table 5-1:Background characteristics of the study participants, Ethiopia, 2000-2019.

Variables N %
Survey period
2000-2011 32388 66.39
2016-2019 16394 33.61

Community level drivers
Regional Category

Established 25704 52.69
Emerging 18417 37.75
Urban 4661 9.55
Place of residence
Rural 40424 82.87
Urban 8358 17.13
Household level driver
Wealth status
Poor 24503 50.61
Non-poor 23908 49.39
Household size
<6 21713 4451
6+ 27069 55.49
Individual level drivers
Sex of child
Male 23784 48.76
Female 24998 51.24
Maternal education
No education 14295 29.30
Primary+ 34487 70.70
Child size at birth
Large 13084 30.60
Average 16802 39.30
Small 12870 30.10
Duration of breastfeeding
Never breastfed 2464 5.08
< 12 months 22057 45.48
12+ months 23972 49.44
Antenatal care visit
<4 24403 74.87
4+ 8190 25.13
Total children ever born
<5 28774 58.98
5+ 20008 41.02
Age at childbirth
<19 4933 10.11
19+ 43849 89.89
Maternal Employment
No 23558 54.76
Yes 19464 45.24

Source: Author’s analysis using EDHS 2000-2019
5.3.2. Results of Bivariate Analysis
Table 5-2 shows the results of the bivariate analysis for the association between socioeconomic
characteristics and childhood undernutrition. Childhood undernutrition was significantly
associated (p<0.001) with emerging regions, and rural communities; poor and larger households;
mothers who had no formal education and mothers with lesser pregnancy-related antenatal care
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visits; and children born at home and who had small-size at birth as reported subjectively by
mothers. More than half (50.71%) of children were significantly (p<0.001) undernourished at the

time of the survey (Table 5-2).

Table 5-2: Bivariate analysis of explanatory variables by childhood undernutrition, Ethiopia, 2000-2019.
Childhood Undernutrition

Explanatory Variables Nourished Undernourished Chi-square
N % N %
Community level drivers
Regional Category 490.63***
Emerging 8719 45.67 10373 54.33
Established 6660 50.11 6632 49.89
Urban 2315 65.88 1199 34.12
Place of residence 885.14***
Rural 13561 45.70 16116 54.30
Urban 41133 66.44 2088 33.56
Household level driver 569.24***
Wealth status
Poor 7845 43.12 10347 56.88
Non-poor 9750 55.76 7737 44.24
Household size 33.48***
<6 7906 51.10 7567 48.90
6+ 9788 47.92 10637 52.08
Individual level drivers
Sex of child 25.37%**
Male 8948 50.64 8722 49.36
Female 8746 47.98 9482 52.02
Place of delivery 922.56***
Home 12499 45.03 15261 54.97
Health facility 5031 64.48 2771 35.52
Maternal education 758.75%**
No education 11052 44.45 13813 55.55
Primary+ 6642 60.20 4391 39.80
Child size at birth 309.06***
Large 4869 52.96 4324 47.04
Average 6050 49.66 6132 50.34
Small 3789 40.60 5544 59.40
Duration of breastfeeding 124.02%**
Never breastfed 430 52.12 395 47.88
< 12 months 8859 52.30 8080 47.70
12+ months 8365 46.41 9661 53.59
Antenatal care visit 479.87***
<4 8472 46.65 9689 53.35
4+ 4133 62.37 2494 37.63
Total children ever born 151.02%**
<5 11015 51.99 10171 48.01
5+ 6679 45.40 8033 54.60
Age at childbirth 5.07**
<19 1547 47.41 1716 52.59
19+ 16147 49.48 16488 50.52
Maternal Employment 43.87***
No 8018 49.75 8098 50.25
Yes 6770 45.98 7954 54.02
Survey period 323.61***
2000-2011 10051 4553 12023 54.47
2016-2019 7643 55.29 6181 44,71
Total 17694 49.29 18204 50.71

*kk p<_01’ *k p<.05’ * p<.l
Source: Author’s analysis using EDHS 2000-2019
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5.3.3. Results of Multilevel Analysis
Table 5-3 shows the results of the multilevel logistic regression analysis for the determinants of
childhood undernutrition. The null model showed statistical significance, suggesting for use of
multilevel modeling. Children from the established and urban regions had a statistically (p<0.001)
lower chance of being undernourished than their counterparts in the emerging regions. Children
residing in urban areas were significantly (p<0.001) less likely to be undernourished compared to

children living in rural areas.

In Model 11, children born in established and urban regions, and urban areas had a significantly
(p<0.001) lower likelihood of being undernourished than those children in the emerging regions
and rural areas, respectively. Children living in large households (more than six members) had a
significantly (p<0.05) higher chance of being undernourished compared to those from smaller
households (less than six members). Children from non-poor households had a significantly lower

(p<0.001) likelihood of undernourishment than their counterparts living in poor households.

In Model 111, children from the emerging regions and rural areas had a significantly (p<0.001)
higher likelihood of being undernourished than their counterparts in the established regions and
urban areas, respectively. Children born with small and average size at birth had a significantly
(p<0.001) higher chance of being undernourished. Maternal education, age at birth, and
employment status had significant effects on childhood undernutrition. Children born from
uneducated, young (less than 19 years), and unemployed mothers had significantly (p<0.001)
higher chance of being undernourished than those born from educated, older than 19 years, and
employed mothers, respectively. Childhood undernutrition was significantly (p<0.001) higher in

2000-2011 compared to the recent survey periods (2016-2019).
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From Table 5-3, it was observed that the inclusion of individual level (level 1) explanatory
variables into the model slightly decreased the effects of community variation from 0.019 (null
model) to 0.011. This indicates the existence of smaller variations between regions and urban-rural
areas. Table 3 also shows a reduction in household variation from 0.171 (in Model 0) to 0.159,
suggesting that there is relative variation between communities (regions and urban rural areas) in

childhood undernutrition.

As seen from Table 5-3, AIC =41676.89 and BIC= 41843.15 of Model Ill, were the smallest
compared to the other models considered. This suggests that the final model fitted well compared
to the rest of the models. Further LR test showed statistically significant associations for the fitted

multilevel models.
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Table 5-3: Multilevel regression modeling (N=30,130), Ethiopia, EDHS 2000-2019

Model 0
Coef. [CI]

Explanatory variables

Model |
Coef. [CI]

Model 11
Coef. [CI]

Model 111
Coef. [CI]

Community-level attributes
Region: Emerging(ref)
Established
Urban
Place of residence: Rural(ref)
Urban
Household-level attributes
Household size: (<6) (ref)
Six and above
Wealth status: Poor (ref)
Non-poor
Individual-level attributes
Child Sex: (Male)
Female
Size at birth: Large(ref)
Average
Small
Duration of breastfeeding: Never(ref)
Less than 12 months
12 and above months
Total children ever born: (<5) (ref)
Five and above
Education: Primary + (ref)
No education
Age at first birth (<19)
19 and above
Maternal Employment: No (ref)
Yes
Survey period: 2000-2011(ref)
2016-2019
Constant
Random effect
Community level variance
Household level variance

517[.509,.525] ***

.005 [.004,.006]
038 [.033,.043]

-.030[-.043, -.017] ***
-.085[-.109, -0.061] ***

-187[-.205, -.168] ***

0.570[.560, .579] ***

.003[.002,.004]
.035[.031,.040]

-.041[-.055, -.028] ***
-.086[-.110, -.062] ***

-144[-.163, -.124] ***

.015[.003, .027] **

-.077[-.09, -.064] ***

0.608[.590, .626] ***

.003[.002,.004]
.034[.030,.40]

-.033[-.047, -.020) ***
-.081[-.103, -.058] ***

-.097[-.116, -.079] ***

-.007 [-.021, .006]

-.061[-.074, -.048] ***

.032[.021,.043] ***

.039[.026,.043] ***
113.099, .127] ***

-.021[-.061, .019]
.045.006 ,085] **

027[.013, .041] ***

.078[.066,.092] ***

-.028[-.049, -.008] ***

.030[.018,.042] ***

-.070[-.084, -.058] ***

A91[.442, 540] ***

0.003[.002,.004]
0.035[.030,.040]

ICC community 0.019
ICC household 0.171
AIC 43268.07
BIC 43301.32
LR test (Chi?) 427.32%**

0.014
0.158
42543.88
42602.07
343.9%**

0.012
0.155
42405.97
42489.11
326.03***

.011
159
41676.89
41843.15
316.9***

**% p<.01, ** p<.05, * p<.1
Source: Author’s analysis using EDHS 2000-2019

5.3.4. Results of Concentration Index Analysis

Figure 5-1 presents a concentration curve for childhood undernutrition by key socioeconomic

status. The concentration curve was displayed above the equality line showing that childhood
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undernutrition was more concentrated among the lower economic status population group in
Ethiopia during the survey period. The concentration index, the area between the equality line and
the concentration curve, was -0.141 (p<0.001) which indicates there were inequalities in

distribution of childhood undernutrition, and the inequality disfavored the poor in the country

(Figure 5-1).
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Figure 5-1: Concentration curve of childhood undernutrition, Ethiopia, 2000-2019

Table 5-4 depicts wealth-related childhood undernutrition across place of residence and maternal
education. The concentration index estimated from the combined wealth index was statistically
significant (C1=-0.14124, p<0.001). Table 5-4 also shows a significant concentration of childhood
undernutrition in both rural and urban settings, poor and non-poor households, and uneducated and
educated mothers (p<0.001). The point estimates suggest that the level of inequality was greatest

in children from rural areas, poor households, and uneducated mothers, but the inequality with
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children born in urban areas, non-poor households, and educated mothers was relatively small

(Table 5-4).

Table 5-4: Socioeconomic inequality in childhood undernutrition by key drivers, Ethiopia, 2000-2019.
Inequality drivers Concentration Index  Robust std. error P-value
Household wealth status -0.14124 0.0096 0.000

Poor -0.12287 0.0130 0.000

Non-poor -0.01402 0.0118 0.237

Difference -0.01088 0.0176 0.000
Place of residence

Rural -0.1131 0.0245 0.000

Urban -0.0876 0.0091 0.000

Difference -0.0255 0.0262 0.000
Maternal education

Uneducated -0.19099 0.0170 0.000

Primary+ -0.06813 0.0064 0.000

Difference -0.12286 0.0200 0.000

Source: Author s analysis using EDHS 2000-2019

5.3.5. Trends of Socioeconomic Inequalities in Childhood Undernutrition
Table 5-5 shows trend analysis results in childhood undernutrition inequality by exposure
variables. The decomposition analysis results revealed that the overall absolute inequality in
childhood undernutrition has declined by 9.72 during the period between 2000 and 2019. About
164% of the decline in childhood undernutrition could be attributed to a narrowed gap due to
maternal education during the past two decades. However, the widened gap by place of residence
and household wealth status contributed to an increase in childhood undernutrition (Table 5-5).

Table 5-5: Trends in socioeconomic inequalities in undernutrition by key drivers in Ethiopia, 2000-2019.
Survey periods

Explanatory Variables 2000-2005 2000-2011 2000-2016 2000-2019
D* % D* % D* % D* %
Place of residence -1.14 -46.1 .793 54.3 1.7 -20.60 4.48 -46.2
Household wealth status 5.65 227.5 2.9 49.9 -.085 1.02 1.78 -18.4
Maternal education -2.02 -81.4 -6.5 34.1 -9.88 119.58 -16.0 164.4
Overall 2.48 100.0 -2.8 100.0 -8.26 100.0 -9.72 100.0

D*= Absolute difference in the prevalence rate of childhood undernutrition
Source: Author’s construction using EDHS 2000-2019
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5.4. Discussion

This study investigated the levels and trends of socioeconomic inequality in undernutrition among
under-five children in Ethiopia based on representative data from the five national surveys. The
study found that regional category, place of residence, household socioeconomic status (wealth
index), household size, maternal education, maternal age at birth, maternal employment status, and
child size at birth were the most important factors significantly associated with inequalities in
childhood undernutrition in Ethiopia during 2000-2019. This finding is consistent with the studies
conducted in Ethiopia. This study also showed the existence of key socioeconomic inequalities in

childhood undernutrition at individual, household, and community levels (Chikako et al., 2021).

At the individual level, the study indicated that under-five children born from uneducated mothers
were at the highest risk of being undernourished, which is consistent with previous studies. This
could be due to the well-established reason that educated mothers are better informed about child
feeding and healthcare during illness, utilizing health services (Lemessa et al., 2022). Another
possible reason could be that educated women are more empowered to make decisions to marry
men with higher incomes, live in better communities, and get higher paying jobs which directly or

indirectly influence their child’s nutritional status (Kalu & Etim, 2018).

At the household level, the study revealed that children from poor households were at higher risk
of being undernourished compared to children from non-poor households. This finding was
supported by other studies conducted in Ethiopia (Fenta et al., 2021a; Mohammed et al., 2019;
Wondimu & Dejene, 2022). The reason for this might be because poor households could be
affected by food insecurity which directly affects the nutritional status of children (World Bank,

2020a). Another possible reason might be that the poor households may not have access to
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improved water which could affect the children’s dietary intake and lead to dehydration that results
in childhood undernutrition (Nahalomo et al., 2022). Furthermore, it is worthy to note that
undernutrition is a situation that is associated with poverty as it results in hunger and lack of food

in the right quantity and quality (Kalu & Etim, 2018).

At a community level, this study showed that under-five children residing in rural areas were at
higher risk of being undernourished in the country which is supported by other studies conducted
in the country (Bekele et al., 2021; Seboka et al., 2021; Wondimu & Dejene, 2022). This might be
due to the reason that children residing in urban areas could have better living conditions and
access to food (Fenta et al., 2021a). Besides, most children residing in rural areas may be using
unimproved water which leads to unhealthy feeding practices and dehydration resulting in

undernutrition (Nahalomo et al., 2022).

A finding of this study pointed out that the level of inequality was highest among children from
rural areas, poor households, and uneducated mothers. However, the inequality among children
born from urban areas, non-poor households, and educated mothers was minimal. In line with this,
our finding showed that childhood undernutrition was more concentrated among lower economic
population groups. This might be due to the reason that children residing in urban areas could have
better access to health care services and improved water which leads to better feeding practices
(Nahalomo et al., 2022). In addition, children residing in poor households might be affected by
food insecurity (World Bank, 2020a). Moreover, children from educated mothers may have better
access to feeding practice and healthcare, utilizing health services (Lemessa et al., 2022).
Furthermore, the wealthiest population groups afford to purchase various quantities and qualities

of food to feed their children and get better access to healthcare services (Fenta et al., 2021a).
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Another finding of this study is that the overall absolute socioeconomic inequality in childhood
undernutrition has declined by 9.72 from 2000 to 2019. The largest proportion of the decline in
childhood undernutrition was attributed to a narrowed gap due to maternal education during the
past two decades. However, the widened gap by place of residence and household wealth status
contributed to an increase in childhood undernutrition. One of the reasons behind such a decline
could be the Government of Ethiopia’s commitment to implementing the nutritional and health-
related policy since 2000. Thus, it is good to encourage continuity of the national nutritional policy
commitments and maternal education attainment, and further to set policies that could help address
rural-urban and household socioeconomic gaps at national, community, and household levels.
Relatively high proportion of the decline in childhood undernutrition could be attributed to a
narrowed gap due to the improvement of maternal education during the past two decades in the
country. On the other hand, the widened gap due to disparities by place of residence and household
asset-based wealth status contributed to an increase in childhood undernutrition. This could be
explained by the existing disparities in socioeconomic conditions and access to basic social
services such as health care, housing, water, and sanitation services between rural and urban areas,
and among the poor and non-poor households; for instance, the higher parasitic infection among

poor water and sanitary conditions might increase undernutrition.

The study has both strengths and limitations worth mentioning. The application of rigorous
statistical methods and analysis techniques using two-decade nationally representative datasets is
the major strength of this study. In addition, the findings of the study were based on a large data
set which makes it useful for monitoring of nutrition programs in the country. However, our study
did not consider all potential determinants of childhood undernutrition, including household food

security status, and maternal nutrition status, among others, that could strongly affect child
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nutritional status in the country. Although our study claims the association among the studied
variables based on repeated retrospective cross-sectional designs applied by EDHSs, we were not

able to demonstrate a cause-effect relationship among variables in this study.

5.5. Conclusion

In conclusion, childhood undernutrition was unequal among under-five children in Ethiopia, and
largely concentrated among low socioeconomic population groups. The identified key
socioeconomic factors of inequality in childhood undernutrition can be used to inform localized
interventions and communication strategies to improve the nutritional status of under-five children
in Ethiopia. The finding implies the importance of enhancing basic education for women to
improve their child feeding practice, utilizing child health care services and child nutritional status.
In addition, it is noteworthy to develop communication strategies and nutrition training packages
to promote positive health behaviors that are appropriate to improve children’s nutritional status
at different levels. Moreover, it is crucial to strengthen and support food security and health care
programs, including PSNP along with targeted supplementary feeding practices in both rural and
urban settings. Furthermore, the study underscores the development of poverty reduction
strategies that directly address the existing challenges of food insecurity and childhood
undernutrition for the low-income population groups in the country. Finally, the study
recommends empowering women with child health knowledge, culturally relevant nutrition
education, and strengthened food security programs (like PSNP) with targeted feeding, alongside

poverty reduction strategies, to tackle this disparity.
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CHAPTER SIX

Trends in Regional Inequalities in Childhood Anemia in Ethiopia:
Evidence from the 2005-2016 Ethiopian Demographic and Health

Surveys
(The paper was published@ BMC Discover Social Science and Health (2023) 3:7| https://doi.org/10.1007/s44155-
023-00038-0), and appears as Shiferaw Tessema Negussie and Regessa Geda Nigatu)

6.1. Introduction

Anemia refers to a lower level of red blood cell or hemoglobin(Hb) than normal (WHO, 2011a),
which is one of the key child survival indicators (Nkosi-Gondwe et al., 2021). Anemia affects
under-five children disproportionately relative to the general population (Sunguya et al., 2020Db).
Anemia among children aged 6-59 months is a condition where a child has an insufficient
hemoglobin level (<110g/lI)(WHO, 2011a), and is one of the most serious public health problems
in developing countries (Tesfaye et al., 2020). Childhood anemia leads to poor child growth,
impaired cognitive capacity, and learning ability (Zegeye, Ahinkorah, et al., 2021), and causes

child morbidity and mortality (WHO, 2011b).

Globally, 269 million children aged 6-59 months were anemic in 2019, of which, 103 million of
them were from Africa (Stevens et al., 2022a). Sub-Saharan Africa (SSA) had the highest burden
of childhood anemia (Safiri et al., 2021), where more than 64% of under-five children were anemic
in 2019 (Tessema et al., 2021). Childhood anemia is still a serious public health concern in SSA
countries, including Ethiopia (Seifu & Tessema, 2022). Even though Ethiopia has shown continued
commitment to implementing nutrition related programs and policies since 2008 (FDRE, 2008,

2018), childhood anemia remains one of the major public health concerns in the country.
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In Ethiopia, the prevalence of childhood anemia largely varies by geographic administration
region. For example, the Somali region had the highest level of childhood anemia (83%), followed
by the Afar region (75%); whereas the Amhara region had the lowest anemia prevalence among
children (42%) in 2016 (Central Statistical Agency (CSA) [Ethiopia] & ICF., 2016). Geographic
location-based inequalities in childhood anemia is documented in Ethiopia (Anteneh &
Geertruyden, 2021; Endris et al., 2021; Gebreegziabher et al., 2020; Jember et al., 2021). In
addition to inequalities by geographic locations, childhood anemia is worsening at the national
level, where an unacceptably higher proportion (57%) of children aged 6-59 months were anemic
in 2016 compared to the prevalence of 54% in 2005 (Central Statistical Agency (CSA) [Ethiopia]
& ICF., 2016). This situation demands evidence-based investigation of trends in inequalities in
childhood anemia by administrative regions in the country. Examining trends in regional
inequalities in childhood anemia is crucial to monitor the existing programs and consider context-
specific interventions at regional levels. In addition, examining trends in regional disparities in
childhood anemia helps regional governments and policymakers to review regional policies in line

with child health concerns.

Although most previous studies (Mukherjee et al., 2022; Nguyen et al., 2018; Sunguya et al.,
2020b; Yang et al., 2018) have focused on the trends in inequalities in childhood anemia, a few
studies (Gebreegziabher et al., 2020; Sharaf & Rashad, 2015; Sunguya et al., 2020b) examined
regional inequalities in childhood anemia in developing countries. Most of them did not consider
the hierarchal nature of data for assessing the factors associated with childhood anemia using a
multilevel analysis approach to explore the effects of individual, household, and community
characteristics. In addition, none of them quantified the contributions of observed and unobserved

heterogeneity at the individual, household, and community levels through decomposition
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techniques. To the best of our knowledge, no studies were conducted in Ethiopia that examined
the trends in regional inequalities in childhood anemia using multilevel and decomposition
techniques. This study has thus primarily aimed at filling this knowledge gap, and seeks to answer
the question “What is the trend of regional inequalities in childhood anemia in Ethiopia between

2005 and 2016?”

6.2. Data and Methods

6.2.1. Study Setting

Ethiopia is a geographically and ethnically diversified country (Tariku & Gara, 2016). Ethiopia is
landlocked and bounded by Eritrea to the north, Djibouti to the east, Somalia to the east and
southeast, Kenya to the south, and Sudan and South Sudan to the west (FAO, 2016). Ethiopia has
implemented the Millennium Development Goals (MDGSs) during the period 2000 to 2015 and
registered remarkable achievements in improving child survival. Ethiopia’s government is
strongly committed and implementing the 2030 Agenda for Sustainable Development and its
Sustainable Development Goals (SDGSs) as an integral part of its national development framework
(National Plan Commission, 2017). The SDG-integrated Growth Transformation Plan (GTP II)
was subsequently implemented by all regional states and city administrations (National Plan
Commission, 2017). Although Ethiopia’s economy had shown increment from 2005 to 2016, there
were significant differences in poverty reduction, and non-monetary welfare outcomes across
regional states (World Bank, 2020b). Particularly, the pastoral and drought-prone regions (Somali
and Afar) are lagging in all non-monetary indicators though regional inequality in consumption is
low (World Bank, 2022). Inequality measured by the Gini coefficient, and inequality of

opportunity for children largely varies across regional states (World Bank, 2020b).
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6.2.2. Data Source
This study was based on the three rounds of the Ethiopian Demographic and Health Surveys
(EDHSs) (2005-2016). These nationally representative surveys used cross-sectional study designs
to monitor and explore maternal and child health indicators, including anemia. A stratified two-
stage cluster sampling design was employed for selecting enumeration areas and households
within each enumeration area for EDHSs (Central Statistical Agency (CSA) [Ethiopia] & ICF.,
2016). Information on geographic location, socioeconomic, demographic, health, and nutrition-
related characteristics of individuals and households was collected from women aged 15-49 years.
Accordingly, we merged and included data from the three rounds of EDHS and a pooled sample

of 17,766 children aged 6-59 months in the study.

6.2.3. Study Variables

The outcome variable of the study was childhood anemia. The childhood anemia is a dummy
variable, and assigned a value of 1 if the child had severe, moderate, or mild anemia level, and 0

if the child is not anemic.

The independent variables of this study were grouped as exposure and explanatory variables. The
administrative region (community level) was the exposure variable identified as the key inequality
driver of childhood anemia (Gebreegziabher et al., 2020). The old eleven administrative regions
of Ethiopia were included in this study and further regrouped into three regional categories for
analysis purposes as follows: emerging regions (Afar, Somali, Benishangul-Gumuz, and

Gambella), established regions (Amhara, Oromia, Harari, Southern Nations Nationalities, and
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People's Region (SNNPR) and Tigray), and fully urban (Addis Ababa and Dire Dawa City

Administrations) (Bareke et al., 2022).

The selection of the explanatory variables was guided by UNICEF’s conceptual framework for
child malnutrition (UNICEF, 2013) and Mosley and Chen’s child survival framework (Mosley &
Chen, 1984). We classified the explanatory variables into the community, household, and
individual-level variables. The community-level explanatory variable, place of residence was
categorized as rural or urban. The household-level explanatory variables included in this study
were the sex of the household head (male/female); household size (<6/6+), number of under-five
children in the household (<2/2+), and household wealth index. The household wealth index was
classified into five quintiles (poorest, poorer, medium, richer, and richest), and further regrouped

into poor (poorest/poorer) and non-poor (medium, richer, and richest).

The individual-level explanatory variables included in this study were sex of child (male/female);
child age in months (6-23/24-59 months); child size at birth as reported subjectively by mothers
(small/average/large);  birth  order  (1%/2"9-4"/5*);  nutritional  status  of  child
(undernourished/nourished); duration of breastfeeding is indexed for each child ( never breastfed/
12 months/ 12+months); maternal education (no formal education, primary, and secondary+);
partner’s education (no formal education, primary, and secondary+); maternal employment status
(yes/no); mother’s anemia level (anemic/not anemic); maternal age at childbirth computed from
mother’s and her childbirth date (<19/19+); place of delivery (home/health facility); and survey

period (2005-2011 or 2012-2016).
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6.2.4. Statistical Methods
All statistical analyses were performed using STATA version 17.0 (College Station, Texas 77845
USA). Children with missing weight, height/length, and other unknown responses were excluded
from statistical analysis. Descriptive statistics were used to describe the background characteristics
of the study participants. Variance Inflation Factor (VIF) with a cutoff value of 2.5 (Johnston et
al., 2018) was used to test the multicollinearity effect of the explanatory variables and the result is
annexed (Annex V). Bivariate analysis was employed to explore the strength of the association
between each explanatory variable and childhood anemia. The bivariate analysis was also used to

decide for inclusion of explanatory variables (p<0.2) into multilevel logistic regression analysis.

Multilevel binary logistic regression analysis was employed using STATA (StataCorp., 2021) to
explore the effect of explanatory variables on childhood anemia. Multilevel modeling recognizes
the inherent hierarchical structure of the EDHS data, where individuals are nested within the
household, and households are nested within the community. For hierarchical data, use of
multilevel modeling is demanding as conventional regression analysis provides biased estimates
(Snijders & Bosker, 2012). We fitted a three-level models considering the individual, household,
and community-level factors. The null model was used as a baseline model to determine whether
the use of multilevel modeling was appropriate for the analysis or not. Community-level predictors
(administrative regions and place of residence) were included in Model | by controlling household
and individual level variables. Model 11 was fitted after including household-level predictors in
Model I. The final model (Model 111) was fitted with community, household, and individual-level
variables to assess the relationship between the explanatory variables and childhood anemia.

Intraclass Correlation Coefficient (ICC), Median Odds Ratio (MOR), Likelihood Ratio (LR) test,
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and Criteria Information tests (AIC and BIC) were used for select the best model fitted for

multilevel analysis (Luke, 2020).

Theil Index was used to measure the inequalities in childhood anemia by administrative regions
(Hosseinpoor et al., 2016). The Theil index was decomposed into two components (within a group
and between groups) (Wijaya et al., 2021) to explore relative regional inequalities within regions
and between regions. The survey period was included to assess trends of regional relative
inequalities in childhood anemia (Li, 2017). Furthermore, multivariate decomposition analysis was
used to quantify the contributions to group (regional category) inequalities (Powers et al., 2011).

All analyses were made using weighted data.

6.3. Results
6.3.1. Background Characteristics of the Study Participants
Table 6-1 describes the background characteristics of the study participants. More than half (54.54
%) of children were living in the established regions, while about 37% of children and more than
8% of children were from emerging regions and two-chartered city administrations (urban regional
category), respectively. The majority (84.95%) of children were living in rural areas. A slightly
higher proportion of children were living in poor households (50.38%) compared to non-poor
households (49.62%). The majority (83.25%) of children were residing in male-headed households
compared to those from female-headed households (16.75%). More than half (57.10%) of children
were living in a household with more than six household members. About 66% of the respondents
had more than two under-five children during the survey period. There was a slightly higher
proportion (50.97%) of female children than male children (49.03%). More than 67% of children

were 24-59 months of age during the survey period. The majority (81.53%) of children were born
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at home compared to those born at health facilities (18.47%). A relatively lower proportion
(17.92%) of children were at first birth order. A relatively higher proportion (52.51%) of children
were undernourished. More than half (57.31%) of children were breastfed for more than a year
while a nonnegligible proportion (2.66%) of children never experienced breastfeeding. About 9%
of children were born from young mothers (less than 19 years old). A significantly larger
proportion (69.65%) of children were born from mothers who did not have any formal education,
relative to the smaller proportion (30.35%) of children born from mothers who had at least primary
level education. Nearly 53% of children were born from mothers whose partners had no formal
education. Most (70.86%) of the children were born from anemic mothers. More than half
(57.69%) of children were born to unemployed mothers. About 61% of the study participants were

surveyed during the 2005-2011 survey period (Table 6-1).

Table 6-1: Background characteristics of the study participants, Ethiopia, 2005-2016.
Variables (N=17,766) N %
Community level drivers
Regional category

Established 9690 54.54

Emerging 6573 37.00

Urban 1503 8.46
Place of residence

Rural 15092 84.95

Urban 2674 15.05

Household level factors
Wealth status

Poor 8950 50.38
Non-poor 8816 49.62
Sex of household head
Female 2976 16.75
Male 14790 83,25
Household size
<6 7622 42.90
6+ 10144 57.10
Number of under-five in the HH
<2 6007 33.81
2+ 11759 66.19
Individual level drivers
Sex of child
Male 8711 49.03
Female 9055 50.97
Age of child in months
6-23 months 5790 32.59
24-59 months 11976 67.41
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Place of delivery

Home 14485 81.53
Health facility 3281 18.47
Birth order
First 3183 17.92
2" to 4t 7955 44,78
5t and above 6628 37.31
Child size at birth
Large 5353 30.27
Average 7327 41.43
Small 5007 28.31
Duration of breastfeeding
Never breastfed 472 2.66
< 12 months 7112 40.03
12+ months 10182 57.31
Nutrition status
Nourished 8437 47.49
Undernourished* 9329 5251
Maternal age at childbirth
<19 1587 8.93
19+ 16179 91.07
Maternal education
No education 12374 69.65
Primary+ 5392 30.35
Partner’s education
No education 9301 52.35
Primary+ 8465 47.65
Maternal anemia
Not anemic 12589 70.86
Anemic 5177 29.14
Maternal Employment
No 10249 57.69
Yes 7517 42.31
Survey period
2005-2011 10903 61.37
2012-2016 6863 38.63

*Note: Undernourished refers to stunting, wasting, and/or underweight
Source: Author’s analysis using EDHS 2005-2016

6.3.2. Results of Bivariate Analysis
Table 6-2 presents the results of the bivariate association between the hypothesized explanatory
variables and childhood anemia. A relatively higher proportion (60.47%) of children were
significantly (p<0.001) anemic in the later survey period (2012-2016) compared to the earlier
survey period (2005-2011). It is seen that childhood anemia was significantly associated (p<0.001)
with regional category, and place of residence at community level. At the household level,
household wealth index, sex of household head, the household size, and number of under-five

children in the household were significantly (p<0.001) associated with childhood anemia. At the

79



individual level, maternal education, maternal anemia, maternal employment status, partner’s
education, place of birth, child’s nutritional status, age of the child in months, and child size at
birth as reported subjectively by mothers were significantly (p<0.001) associated with childhood
anemia. However, child sex and maternal age at childbirth were not statistically (p<0.2) associated
with childhood anemia. The overall prevalence of childhood anemia was 54.77% at the national

level between 2005 and 2016.

Table 6-2: Bivariate analysis of explanatory variables by childhood anemia, Ethiopia, 2005-2016
Childhood Anemia (N=17,766)

Explanatory Variables Not anemic Anemic Chi-square
N % N %
Community level drivers
Regional Category 397.31***
Established 5025 51.86 4665 48.14
Emerging 2374 36.12 4199 63.88
Urban 636 42.32 867 57.68
Place of residence 43.01%**
Rural 6670 44.20 8422 55.80
Urban 1365 51.05 1309 48.95
Household level driver 239.95***
Wealth status
Poor 3534 39.49 5416 60.51
Non-poor 4501 51.05 4315 48.95
Household size 10.78***
<6 3555 4664 4067 53.36
6+ 4480 44,16 5664 55.84
Number of under-five in the HH 102.17%**
<2 3034 50.51 2973 49.49
2+ 5001 42.53 6758 57.47
Sex of household head 11.48***
Male 6773 45.79 8017 54.21
Female 1262 42.41 1714 57.59
Individual level drivers
Sex of child 0.49
Male 3963 45.49 4748 5451
Female 4072 44,97 4983 55.03
Age of child in months 802.10***
6-23 months 1738 30.02 4052 69.98
24-59 months 6297 52.58 5679 47.42
Place of delivery 3.79*
Home 6501 44.88 7984 55.12
Health facility 1534 46.75 1747 53.25
Nutritional status of child 117.57%**
Nourished 4175 49,55 4262 50.45
Undernourished 3860 60.20 5469 58.60
Child size at birth 43.80***
Large 2487 46.46 2866 5354
Average 3442 46.98 3885 53.02
Small 2067 41.28 2940 58.72
Birth order 31.09%**
First order 1554 48.82 1629 51.18
2nd to 4t order 3634 45.68 4321 54.32
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Fifth and above 2847 42.95 3781 57.05

Duration of breastfeeding 324 51***
Never breastfed 217 4597 255 54.03
< 12 months 2635 37.05 4477 62.95
12+ months 5183 50.90 4999 49.10

Maternal education 52.20%**
No education 5376 43.45 6998 56.55
Primary+ 2659 49.31 2733 50.69

Age at childbirth 0.49

<19 731 46.06 856 53.94
19+ 7304 45.14 8875 54.86

Partner’s education 73.24%**
No education 3923 42.18 5378 57.82
Primary+ 4112 48.58 4353 51.42

Maternal Employment 240.51***
No 4127 40.27 6122 59.73
Yes 3908 51.99 3609 48.01

Maternal anemia 418.09***
Not anemic 6310 50.12 6279 49.88
Anemic 1725 33.32 3452 66.68

Survey period 146.47***
2005-2011 5322 4881 5581 51.19
2012-2016 2713 39.53 4150 60.47
Total 8035 45.23 9731 54.77

kK p<_01’ *k p<.05’ * p<.1
Source: Author’s analysis using EDHS 2005-2016

6.3.3. Results of Multilevel Regression Analysis
Table 6-3 presents the multilevel logistic regression analysis results for the determinants of
childhood anemia. The null model showed statistical significance, indicating that the use of
multilevel modeling was appropriate for the analysis. Children from the emerging regions had a
statistically (p<0.001) higher chance of being anemic than their counterparts in the established
regions. Children residing in urban areas were significantly (p<0.001) less likely to be anemic

compared to children living in rural areas (Model I).

Children born in emerging regions, and rural areas had significantly (p<0.001) higher likelihood
of being anemic than those children in the established regions and urban areas. Children living in
the households (with at least one other under-five child) had a significantly (p<0.001) higher

chance of being anemic compared to those from the households (no other child). Children from
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non-poor households had a significantly lower (p<0.001) likelihood of anemia than their

counterparts living in poor households (Model I1).

In addition, children from the emerging regions, rural areas, and poor households had significantly
(p<0.001) higher likelihood of being anemic than their counterparts in the established regions,
urban areas, and non-poor households, respectively. Under-two children (6-23 months of age) were
more likely to be anemic than those aged 24-59 months. Children born the fifth and above order
had a significantly (p<0.05) higher chance of being anemic compared to those born in the first
order. Undernourished (i.e., stunted, wasted, or underweight) children had a significantly
(p<0.001) higher chance of being anemic compared to nourished children. Children born from
anemic mothers had a significantly (p<0.001) higher chance of being anemic. Similarly, children
born to unemployed mothers had a significantly (p<0.001) higher likelihood of being anemic than
those born to employed mothers. Childhood anemia was significantly (p<0.001) lower in 2005-
2011 compared to 2012-2016. However, household size, sex of household head, place of birth,
child size at birth, and maternal and partner’s education were not significantly (p<0.05) associated

with childhood anemia in multilevel logistic analysis (Model I11).

As seen from Table 6-3 below, it was observed that the inclusion of individual level (level 1)
explanatory variables into the model decreased the effects of community variation from 0.301 (null
model) to 0.001 (Model I11). This indicates the presence of substantial variation between regions
and rural-urban areas. Similarly, the household variation has also decreased from 0.563 (in Model
0) to 0.029 (Model I111), which suggests that there is relative variation between communities

(regions and urban-rural areas) and households in childhood anemia.
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Moreover, the estimated community level MOR, i.e., the unexplained regional inequality in
childhood anemia was also decreased from 1.687 (Model 0) to 1.001(final model) while household
level MOR also changed from 2.046 to 1.176. This suggests the existence of variation between
communities and households in childhood anemia. The values of AIC and BIC also decreased
from 24018.18 and 24041.54 (Model 0) to 22219.29 and 22406.03 (in Model I11), respectively.
This indicates that the lower values of AIC and BIC are the better model fit of the final model
(Model 111) as compared to the rest of the models. Furthermore, the likelihood ratio test (LR test)
showed statistically significant associations for the fitted multilevel models and indicated a good

selection of the models fitted for multilevel analysis.
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Table 6-3: Multilevel analysis results of childhood anemia (N=17,766) Ethiopia, EDHS 2005-2016

Explanatory variables

Model 0
Coef. [CI]

Model |
Coef. [CI]

Model 11
Coef. [CI]

Model 111
Coef. [CI]

Community-level attributes
Region: Established(ref)
Emerging
Urban
Place of residence: Rural(ref)
Urban
Household-level attributes
Household head sex: (female) (ref)
Male
Household size: (<6) (ref)
Six and above
Number of under-five in HH: (<2) (ref)
Two and above
Wealth status: Poor (ref)
Non-poor
Individual-level attributes
Place of birth: Home (ref)
Health facility
Child age in months: (6-23months)
24-59 months
Size at birth: Large(ref)
Average
Small
Birth order: First(ref)
2 to 4 order
5t and above
Duration of breastfeeding: Never(ref)
Less than 12 months
12 and above months
Nutritional status: Nourished (ref)
Undernourished
Maternal education: Primary + (ref)
No education
Partner’s education: Primary + (ref)
No education
Mother’s anemia (non-anemic)

783[.692, .874] ***
704[543, .863] ***

- 564[-.684, -.445] ***

687[.596, .778] ***
681[.521, .840] ***

-.315[-.441, -.189] ***

-.027[-.124, .071]
.017[-.057, .091]
221[.143, .299] ***

-.364[-.444, -.283] ***

518[.443, .1593) ***
.604[.470, .737] ***

-180[-.296, -.064] ***

-.059 [-.147, .029]
017 [-.063, .097]
205 [.132, .278] ***

-.253[-.325, -.182] ***

-.018[-.123,.086]
-1.004[-1.10, -.91] ***

-.054[-.130,.022]
.059[.026, .143]

.038[-.054,.133]
114[.002, .226] **

.090[-.120, .299]
-.020[-.219, .180]

A11[.345, 477] ***
.028[-.053,.110]
.066[-.006,.137] *

548[.474, 621] ***

Anemic

Maternal employment: No (ref)

Yes -.294[-.359, -.228] ***
Survey period: 2000-2011(ref)

2012-2016 .337[.267,.406] ***
Constant .196[.140, .252] *** -.057[-.121,.007] * -.002[-.124, .121] .208[-.054, .471]
Random effect

Community level variance .301 [.244,.369] 221[.176, .277] .199[.157,.252] .001[.000,0006]

Household level variance .563 [.403,.786] .484[.334,.703] .467[.318,.684] .029[.009,.093]
ICC community 0.072 0.055 0.050 0.000
MOR community 1.687 1.565 1.530 1.001
ICC household 0.136 0.121 0.118 0.001
MOR household 2.046 1.942 1.919 1.176
AIC (smaller is better) 24018.18 23666.98 23554.11 22219.29
BIC (smaller is better) 24041.54 23713.69 23631.96 22406.03
LR test (Chi?) 454 57*** 298.34*** 260.84*** 13.10%***

% p< 01, ** p<.05, * p<.1

Source: Author’s analysis using EDHS 2005-2016
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6.3.4. Results of Theil Decomposition Trend Analysis
Table 6-4 shows the results of the Theil decomposition trend analysis. In all, there were increments
in the prevalence of childhood anemia between 2005 and 2016 in Afar, Oromia, SNNPR, Harari,
Addis Ababa, and Dire Dawa. There was a substantial decrease in childhood anemia between 2005
and 2016 in Tigray, Amhara, Somali, Benishangul, and Gambella. Total relative regional
inequality in childhood anemia was highest (0.806) in 2011. The total relative inequality showed
a reduction from 0.620 in 2005 to 0.548 in 2016. The overall relative inequalities in childhood
anemia could be explained by within-region inequalities, and such inequalities was highest in 2011
(0.806) compared to the year 2005 and 2016. About 98.87%, 97.39%, and 96.90% of the total
relative inequalities in childhood anemia could be explained by within-region inequalities, in 2005,
2011, and 2016, respectively. Based on the pooled data, the highest childhood anemia was
observed in Somali (78.68%) followed by the Afar region (72.76%) while the lowest childhood

anemia was in Amhara (41.01%), Addis Ababa (42.64%) and SNNPR (44%) (Table 6-4).

Table 6-4: Theil decomposition analysis results of anemia (N=17,766), Ethiopia, EDHS 2005-2016

2005 2011 2016 Pooled (2005-2016)
Regions Anemia Theil’s Index Anemia  Theil’s Index Anemia  Theil’s Index Anemia  Theil’s Index
Tigray 56.69 0.564 37.78 0.973 54.11 0.614 47.77 0.739
Afar 60.95 0.495 75.00 0.288 74.97 0.288 72.76 0.318
Ambhara 52.22 0.650 35.67 1.031 42.68 0.852 41.01 0.891
Oromia 56.55 0.570 52.29 0.648 66.00 0.416 57.90 0.546
Somali 83.33 0.182 69.52 0.364 83.27 0.183 78..68 0.240
Benishangul 50.73 0.679 46.51 0.766 43.27 0.838 45.75 0.782
SNNPR 45.85 0.780 37.01 0.994 51.12 0.671 44.00 0.821
Gambella 62.23 0.474 50.54 0.682 56.90 0.564 54.29 0.611
Harari 57.49 0.554 55.00 0.598 66.61 0.406 59.20 0.524
Addis Ababa 43.33 0.836 33.14 1.105 49.41 0.705 42.64 0.852
Dire Dawa 62.57 0.469 63.82 0.449 72.37 0.323 67.52 0.393
Total inequality 0.620 0.806 0.548 0.672
Within region inequality 0.613(98.87%) 0.785(97.39%) 0.531(96.90%) 0.656 (97.62%)
Between region inequality 0.008(1.13%) 0.021(2.61%) 0.018(3.10%) 0.016 (2.38%)

Source: Authors analysis using EDHS 2005-2016.
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6.3.5. Results of Multivariate Decomposition Analysis

Table 6-5 illustrates the overall and detailed multivariable decomposition analysis of regional
inequalities in childhood anemia between 2005 and 2016. The result revealed that 47.12% of
observed regional inequalities in childhood anemia can be attributed to the differences in
characteristic effects (explained) while 52.88% could be due to the differences in coefficient effect
(unexplained component). Addressing the household socioeconomic status, maternal anemia, and
maternal employment status gaps would be expected to reduce the inequalities in childhood anemia
among the emerging and non-emerging regions by about 12.91%, 13.83%, and 14.15%,
respectively. However, keeping the existing gaps in household socioeconomic status, and maternal
employment status could significantly (p<0.01) contribute to widening the regional inequalities in

childhood anemia by about 25.34%, and 23.64%, respectively (Table 6-5).

Table 6-5: Multivariable decomposition of emerging and non-emerging regions in anemia, EDHS 2005-2016

Childhood Anemia Coef. se z statistic p-value [95% CI] Percent
Overall
Characteristics gap (E) 0.094 0.008 12.56 0.000 [0.079, 0.108] 47.12
Coefficients gap (C) 0.105 0.011 9.58 0.000 [0.084, 0.127] 52.88
Overall gap 0.199 0.010 21.63 0.000 [0.181, 0.217] 100.0
Due to Difference in Characteristics (E)
Place of residence -0.0002 0.002 -0.11 0.912 [-.004, 0.004] -0.11
Socioeconomic status 0.026 0.004 6.28 0.000 [0.018, 0.033] 12.91
Number under-five in HH 0.006 0.002 2.72 0.007 [0.002, 0.010] 2.88
Child age in months -0.003 0.0003 -10.71 0.000 [-.0035, -.0024] -1.48
Birth order 0.001 0.001 1.27 0.205 [-.0004,0.002] 0.34
Undernutrition 0.0001 0.00002 3.91 0.000 [0.0001, 0.036] 0.36
Partner’s education 0.010 0.001 2.92 0.003 [0.003,0.015] 4.56
Maternal anemia 0.028 0.004 6.68 0.000 [0.019, 0.036] 13.83
Maternal employment 0.028 0.004 7.44 0.000 [0.021 0.036] 14.15
Due to Difference in Coefficients (C)
Place of residence 0.004 0.003 1,37 0.171 [-.002, 0.011] 2.23
Socioeconomic status -0.050 0.013 -3.96 0.000 [-.075, -.025] -25.34
Number under-five in HH 0.032 0.037 0.86 0.390 [-.040, 0.103] 15.82
Child age in months 0.057 0.039 1.47 0.141 [-.019, 0.133] 28.73
Birth order 0.015 0.032 0.48 0.633 [-.048,0.079] 7.77
Undernutrition -0.011 0.011 -0.97 0331 [-.033, 0.011] -5.44
Partner’s education 0.032 0.011 3.07 0.002 [0.012,0.053] 16.24
Maternal anemia -0.003 0.005 -0.67 0.505 [-.013, 0.007] -1.72
Maternal employment -0.047 0.010 -4.74 0.000 [-.067, -.028] -23.64
_cons 0.076 0.061 1,24 0.214 [-.044, 0.196] 38.23
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6.4. Discussion

The present study employed multilevel, Theil index, and multivariate decomposition analyses to
examine trends in regional inequalities in childhood anemia in Ethiopia using three rounds of
nationally representative data (2005-2016). The weighted prevalence of childhood anemia
computed from the three rounds of pooled data analysis was 54.77%, higher than the prevalence
of childhood anemia in Uganda (50%) (Nankinga et al., 2019) and lower than in Nigeria (68.1%)

(Obasohan et al., 2022), which needs attention to address contributing factors in the country.

Our multilevel analysis shows that the community, household, and individual level factors had
significant contributions to the observed childhood anemia prevalence in the country. This finding
is consistent with previous studies conducted in Ethiopia (Gebreegziabher et al., 2020) and Sub-
Saharan African countries (Amegbor et al., 2022). Children living in emerging regions and rural
areas had a significantly higher likelihood of childhood anemia compared to children from
established regions and urban settings, which is consistent with a previous study in Ethiopia
(Heinrichs et al., 2021). The likely reason could be due to differences in socioeconomic status,
access to resources, level of education, and cultural feeding practices (Gebreegziabher et al., 2020).
In addition, individuals living in urban areas might have access to better education, awareness of
child health and risk of anemia, income, and resources compared to rural areas that are directly or

indirectly related to poverty (Gebreegziabher et al., 2020).

At the household level, household socioeconomic status (wealth index) was significantly
associated with childhood anemia. Consequently, our finding witnessed that children from poor
households were more likely to be anemic than those living in non-poor households. This could

be directly linked with nutritional intake as anemia is a nutritional disease, and the richer
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households have the economic means to meet their children’s nutritional and health needs
(Amegbor et al., 2022). In line with this finding, undernourished (stunted, wasted, or underweight)
children were more likely to be anemic compared to nourished children. This could be due to the
fact that anemia is one of nutritional diseases which is associated with poor dietary habits
(Amegbor et al., 2022). Children born to employed mothers were less likely to be anemic compared
to those born from unemployed mothers. This might be due to the reason that employed mothers
can have relatively better chance to buy additional nutritious food for their children compared to
unemployed mothers. In our analysis, children born from anemic mothers were more likely to be
anemic as compared to those born from non-anemic mothers. One possible explanation might be
that maternal iron deficiency could have potential effects on childhood anemia (Shukla et al.,

2019).

Our finding from the Theil index analysis indicated a reduction of about 13.14% in the relative
regional inequality in childhood anemia from 0.620 in 2005 to 0.548 in 2016. This could be due
to the continued implementation of national and international commitments, including Millennium
Development Goals (MDGs), Health Extension Program (HEP), Child survival strategies and
Nutrition Programs as well as Seqota declaration and Growth Transformation Plans in all regions.
In this study, the overall relative inequalities in childhood anemia were largely explained by within
region inequalities. The Theil index analysis using pooled data showed that the highest childhood
anemia in Somali (78.68%) followed by the Afar region (72.76%) while the lowest childhood
anemia was in Amhara (41.01%) from the pooled. This indicates that the existence of the highest
burden of childhood anemia in emerging regions as compared to non-emerging regions (i.e.,
established regions and urban regions). The potential reason could be the fact that Somali and Afar

regions are drought and malaria-prone regions and lagging on all non-monetary (World Bank,
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2022), and the drought and malaria could directly or indirectly escalate the prevalence of

childhood anemia in these regions.

Our multivariate decomposition analysis also revealed that more than half (52.88%) of the regional
inequalities in childhood anemia was due to difference in unobserved characteristics (coefficient
effect), and the remaining (47.12%) was due to differences in observed characteristic effects.
Household socioeconomic status (wealth index), maternal anemia and maternal employment have
significantly explained the variations in the regional inequalities in childhood anemia between
emerging and non-emerging regions over the study period. Therefore, leveling the socioeconomic
status, maternal employment status and maternal anemia could have contributed to reduce the
emerging and non-emerging regional inequalities in childhood anemia by about 12.91%, 13.83%
and 14.15%, respectively. This suggests due attention to addressing the existing disparities in
socioeconomic status, maternal anemia and maternal employment status between emerging and

non-emerging regions to reduce the regional inequality in childhood anemia.

Finally, it is worth mentioning the strengths and limitations of the present study. Concerning the
strength of the study, our findings were based on a nationally representative sample of respondents
from all regions that could be generalized to the broader population in Ethiopia. Thus, the findings
could be helpful in addressing regional differences in the prevalence of anemia among children.
However, we also recognized that this study has some limitations. First, this study is based on
repeated cross-section surveys, which was not possible to draw a cause-effect relationship. Second,
all the DHS data are self-reported, and hence, they might be influenced by recall bias. In addition,
most mothers are illiterate which could lead to non-response, omission, and commission errors.

Third, as the present study focused on well-documented determinants of childhood anemia, there
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might be potential factors not included in the analysis, including food security, appropriate dietary
feeding, and others. Lastly, macro-level factors affecting anemia (such as policy, finance,

government commitment, and others) were not captured in this analysis.

6.5. Conclusion

With only a 13.14% reduction in the relative regional inequalities in childhood anemia over 11
years, progress made in Ethiopia was very slow. Overall, two-thirds of the change in regional
inequalities in childhood anemia was due to unexplained or unobserved behavioral responses
(coefficient effect). Household wealth index, antenatal care visit, and maternal employment status
significantly contributed to reduce and increase in regional inequalities in childhood anemia over
the study period. Therefore, the present study underscores the importance of addressing the
socioeconomic status, antenatal visit, and maternal employment status of the emerging regions to
the non-emerging levels further to reduce inequality in childhood anemia between the emerging
and non-emerging regions. There is also a need for the implementation of multidimensional and

multisectoral approaches which could help reduce the regional inequalities in childhood anemia.
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CHAPTER SEVEN

Residential Inequalities in Child Mortality in Ethiopia: Multilevel and

Decomposition Analyses

(The paper was published @ International Journal of Population Studies: 1JPS 2021, 7(2), 47-59
https://doi.org/10.36922/ijps.v7i2.392, and appeared as Negussie S.T. Chalachew G.D, Nigatu R.G., & Terefe D.B)

7.1. Background

Inequality in child mortality is a global priority. Socioeconomic inequality in child mortality has
been a concern of the United Nations since the adoption of the World Population Plan of Action
in 1974 and its implementation agreed upon at the International Conference on Population in 1984
(United Nations, 1991). The 1984 International Conference on Population strongly urged all
governments, regardless of the mortality levels of their population to reduce mortality levels and
socioeconomic and geographical differentials in their countries and to improve health among all
population groups, especially among those groups where the mortality levels are the highest
(United Nations Department of International Economic and Social Affairs, 1985). Moreover, the
United Nations set a Millennium Development Goal (MDG4) to reduce the child mortality rate by
two-thirds between 1990 and 2015 (UNICEF, 2015). Although MDG4 was targeted to reduce the
under-five mortality rate (USMR) by 67%, the target was not achieved but reduced by 53%
globally (United Nations Inter-agency Group for Child Mortality Estimation (UN IGME), 2020)
from 91 deaths per 1000 in 1990 to 43 deaths per 1000 in 2015 (UNDP, 2016). Apart from the

low reduction, there are inequalities across regions and countries.

Due to different efforts exerted by governments and development partners, the number of under-
five deaths dropped from 12.5 million in 1990 to 5.2 million in 2019 globally. As a result, 14,000
children died before age 5 every day in 2019 compared to 34,000 in 1990 and 27,000 in 2000

(United Nations Inter-agency Group for Child Mortality Estimation (UN IGME), 2020). Even the
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2019 figure can be considered substantial in light of the Sustainable Development Goal (SDG)
targets and efforts to eliminate preventable child deaths between birth and age five. In this regard,
the SDG aims to reduce the under-five mortality rate to at least as low as 25 deaths per 1000 live
births by 2030 (UN, 2016). However, Sub-Saharan Africa (SSA) remains the region with the
highest under-five mortality rate in the world (United Nations Inter-agency Group for Child
Mortality Estimation (UN IGME), 2020). In 2019, the region had an average under-five mortality
rate of 76 deaths per 1,000 live births, which was 20 times higher than that of the region of
Australia and New Zealand (United Nations Inter-agency Group for Child Mortality Estimation
(UN IGME), 2020). Moreover, the SSA countries had high child mortality rates with significant

urban-rural differences (Yaya et al., 2019).

Ethiopia is one of the Sub-Saharan African countries with a high burden of childhood mortality,
ranking third in Africa (Dheresa et al., 2022). Ethiopia was among the five countries which
accounted for half of the global under-five deaths in 2019 (United Nations Inter-agency Group for
Child Mortality Estimation (UN IGME), 2020). Child mortality declined by 76 % from 96 deaths
per 1000 live children in 1990 to 23 per 1000 live children in 2015 (Yohannes et al., 2017).
Ethiopia had significant inequalities in child mortality between rural and urban areas where the
risk of child mortality is higher in rural than urban areas (Gebresilassie et al., 2021). The
overwhelming urban-rural inequality in child mortality can be explained by individual, household,
and community-level factors. The different approaches employed by various governments may
make community-level factors influence under-five mortality differently. Therefore, this study
attempts to answer the research question “What are the key factors that explain the rural-urban,
intra-rural, and intra-urban gaps in child mortality in Ethiopia?” Answering this question is

instrumental in explaining the inequalities in child mortality between and within urban-rural areas.
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Thus, the objective of this paper was to examine the key factors that explain both between and

within rural-urban inequalities in child mortality in Ethiopia.

7.2. Conceptual Framework

This study is based on the two conceptual frameworks formulated (Mosley & Chen, 2003; 1984;
Schultz, 1984) to identify determinant factors and their relationships to child survival. Schultz
(1984) is one of the researchers who developed the conceptual framework for child survival.
Schultz’s conceptual framework focused on the structural relationship between child survival and
the individual’s behavioral variables along with both observed socioeconomic (like, social,
economic, community, and religious) and biomedical (breastfeeding patterns and hygiene), and
unobserved biological factors. In Schultz’s framework, biomedical factors are modeled as having
a direct effect on child mortality, while socioeconomic factors affect child survival indirectly as
they work through the biomedical factors (Schultz, 1984). Likewise, Mosley and Chen (1984)
classified the determinants of child survival as socioeconomic (such as social, economic,
community and regional determinants) and biomedical factors (such as maternal, environmental,
nutrition, injuries and personal illness). In Mosley and Chen’s framework, socioeconomic factors
are proposed to indirectly affect child survival as they pass through the proximate factors while
proximate determinants affect child mortality directly (Mosley & Chen, 2003). Mosley and Chen
categorized a set of proximate determinants into maternal factors (age, birth order and birth
intervals); environmental hygiene factors (source of water and type of sanitation); nutrient
deficiency (calories, protein and micro nutrient deficiency); injury (related to physical, burn and
poisoning injury); and personal illness control (immunization, bed net, etc.). In addition, Mosley
and Chen also classified the socioeconomic determinants of child survival into individual,

household, and community-level variables (Mosley & Chen, 2003; 1984).
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Several studies have applied hierarchical models that are rooted in Mosely and Chen (1984) to
analyze how micro (i.e., individual and household level) and macro/contextual (community-level)
factors influence childhood mortality at different levels. For example, in South Asia, Zakaria et al.
(2019) examined the effects of socio-economic, demographic, and environmental variables on
child mortality, and found that urbanization reduces child mortality. In South-Central Asia,
Dendup et al. (2020) investigated the factors associated with childhood mortality in rural and urban
Bhutan and the roles of the factors in explaining childhood mortality disparities using the 2012
National Health Survey. Logistic regression was applied to investigate the determinants, and the
analysis revealed that children of younger mothers, born in households without safe sanitation and
electricity had increased odds of childhood mortality in the rural areas of the country. The larger
number of births and household sizes are associated with an increased odds of mortality

irrespective of rural-urban residence (Dendup et al., 2020).

In Bangladesh, Rahman & Alam (2021) examined the role of socioeconomic indicators on child
mortality and found that urbanization had a positive effect on child mortality; whereas maternal
education hurt the child mortality rate. Noor & Uddin (2021) also found out that the mother’s
education, higher birth order, and size of the child at birth had a significant effect on child mortality
in Bangladesh. Jayathilaka et al. (2021) explored socioeconomic and demographic factors
associated with childhood mortality in Sri Lanka, and the improved source of drinking water had

a lower risk of child mortality.
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In Ghana, maternal age, mother’s education, household wealth index, place of delivery, and birth
order are found to be the most significant socioeconomic determinants that influence child

mortality in rural-urban Ghana (Sarkodie, 2021).

In Ethiopia, Zewudie et al. (2020) examined determinants of childhood mortality and found that
place of residence, mother's educational level, religion, breastfeeding status, sex of the child, birth
order, and household size were found to be significant predictors of childhood mortality. Likewise,
Fenta and Fenta (2020) in their study examined that individual-level factors, including maternal
educational background and age of the mother at first birth are associated with a small number of
child deaths. On the other hand, a higher birth order is associated with a higher number of child

deaths (Fenta & Fenta, 2020).

More specifically, a few recent studies explored factors that determine childhood mortality
including rural-urban inequalities (Adeyinka et al., 2020; Dendup et al., 2020; Gebresilassie et al.,
2021; Yayaetal., 2019). In Sub-Saharan Africa, Yaya et al. (2019) examined the rural-urban gap
in childhood mortality using the Demographic and Health Survey (DHS) in 35 SSA countries. The
data were analyzed using Oaxaca-Blinder decomposition to depict the urban-rural gap in the
factors of under-five mortality. The results of the decomposition analysis revealed that the urban-
rural differentials were due to demographic, socioeconomic, and proximate factors. Yaya et al.
(2019) also explored that very young age at first birth, children of higher birth order and those with
small size at birth had a higher risk of childhood mortality. Children from the richest households
and births from educated women had a lower risk of under-five mortality. Maternal age, maternal
education, wealth index, total children ever born, and size of the child at birth have contributed
towards explaining urban-rural gap in childhood mortality (Yaya et al., 2019). In Nigeria, a study
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conducted by Adeyinka et al. (2020) highlighted children residing in different communities are
likely to have different mortality risks. The study employed a multilevel multinomial logistic
regression analysis method to identify the social determinants of age-specific childhood mortalities
and to estimate the within-and between-community variations of mortality among under-five
children. The multilevel analysis revealed that maternal education, and household wealth index

accounted for high variation in childhood mortalities across communities (Adeyinka et al., 2020).

Despite the widely acknowledged rural-urban differential in childhood mortality, not all urban or
rural populations are homogenous. Living in socioeconomically disadvantaged urban areas might
be associated with increased childhood mortality risks, as living in resource-rich and
environmentally healthy rural areas might be associated with a lower risk of childhood mortality.
In this regard, a few studies documented intra-urban differentials in child mortality in developing
countries (Antai & Moradi, 2010; Touré et al., 2020; Das, 2021). For example, a study in Nigeria
found that living in socioeconomically disadvantaged urban areas was independently associated
with the risk of child death even after controlling for individual child and mother-level
demographic and socioeconomic characteristics (Antai & Moradi, 2010). A study in Ghana also
examined intra-urban spatial variation in childhood mortality rates and pointed out that
nontraditional toilet types and water supply sources were associated with high rates of under-five
mortality rates (Touré et al., 2020). In India, Das (2021) showed that poverty, low female literacy,
and unsafe delivery in the community are associated with a higher risk of child mortality in urban
areas. The economic inequalities in child mortality are higher in the urban poor than in rural but

inequality is widened in the urban poor in India (Das, 2021).
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In Ethiopia, Gebresilassie et al. ( 2021) examined the factors behind the rural-urban differentials
in under-five mortality in Ethiopia using Fairlie’s decomposition technique to analyze data from
three round Ethiopian Demographic and Health Surveys. The child size at birth, mother’s
education, and household size contributed to narrowing the disparity in child mortality rate

(Gebresilassie et al., 2021).

To sum up, although the previous studies (Yaya et al., 2019; Dendup et al., 2020; Ekholuenetale
et al., 2020), including the study conducted in Ethiopia (Gebresilassie et al., 2021) have examined
the rural-urban inequalities in child mortality risks, the determinants contributing to intra-rural and
intra-urban inequalities in child mortality were not covered. On the other hand, a few studies (Antai
& Moradi, 2010; Touré et al., 2020; Das, 2021) assessed only intra-urban differentials in child
mortality in developing countries. However, the determinants contributing to intra-rural and intra-
urban inequalities in child mortality have not been previously well documented in Ethiopia.
Therefore, this paper seeks to contribute evidence on the major factors explaining the rural-urban

inequalities in child mortality, including the intra-rural and intra-urban gap in Ethiopia.

7.3. Data and Methods
This section highlights the data source, study variables, and statistical methods used for the present
study. Study context, design, and data source are presented under data source subsection.
Description of study variables is presented under the study variable subsection while the overall

data diagnosis and analysis techniques are discussed in the statistical methods subsection.

7.3.1. Data Source
We used data from the 2016 Ethiopia Demographic and Health Survey (EDHS) which was

collected from January 18, 2016 to June 27, 2016 (Central Statistical Agency (CSA) [Ethiopia] &
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ICF., 2016). The 2016 EDHS is a large-scale and cross-sectional survey conducted in a nationally
representative sample of households from all regions of Ethiopia. The EDHS 2016 data was
collected based on a two-stage stratified cluster sampling technique. In the first stage, 645 clusters
(202 urban and 443 rural) were selected. In the second stage, a fixed number of 28 households per
cluster were selected to gather the socioeconomic and health status of children below the age of
five and their mothers’ reproductive ages (15-49 years). The 2016 EDHS used standardized
questionnaires to collect detailed information on birth histories, health, nutrition, and related
information on mothers and children. Accordingly, a total of 10,641 under-five children born
during the last five years preceding the survey date were included in the children's database. Of
these, data for 8162 children (12-59 months of age) were extracted from the children’s dataset for

this study.

7.3.2. Study Variables
The outcome variable of the present study was the risk of child mortality. It was measured in EDHS
as the probability of dying between the exact age of one and the fifth birthday, and assigned a
value of 1 if the child died between 12 and 59 months, and 0 if the child was alive at least until the
age of 59 months. To explore the effects of individual, household, and community-level
characteristics on child mortality and to examine their influences and relationships between rural-
urban effects, the explanatory variables were grouped into individual, household, and community-

level factors.

The individual-level factors included in this paper are sex of the child; child size at birth as
reported subjectively by mothers; breastfeeding initiation; birth order; place of delivery; maternal

education; maternal age at first birth; number of children ever born; and mother’s religion.
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The household-level factors comprise of the sex of the household head; household size; source of
drinking water; type of toilet facility; type of cooking fuel; and combined wealth status. In the
2016 EDHS dataset, the urban/rural asset scores are standardized to a standard normal distribution
with a mean of zero and a standard deviation of one. Finally, the standardized urban/rural wealth
index scores of the poorest, poorer, middle, richer, and richest levels are further regrouped into

poor and non-poor for the analysis of intra-urban and intra-rural inequalities in child mortality.

The community-level factors consist of administrative regions and place of residence (urban vs
rural). For the sake of simplicity, the eleven administrative regions of Ethiopia were categorized
into three regional categories: emerging regions (Afar, Somali, Benishangul-Gumuz, and
Gambella), established regions (Amhara, Oromia, Harari, Southern Nations Nationalities, and
People's Region (SNNPR) and Tigray) and fully urban (Addis Ababa and Dire Dawa City
Administrations). Here, it is good to note that the emerging regions are drought-affected areas,
pastoralists, and marginalized in terms of basic infrastructure as well as least developed as
compared to established and urban regional categories (Bareke et al., 2022). Moreover, to analyze
the child mortality inequality gaps between and within rural-urban areas, the place of residence

was assigned as a dummy variable.

7.3.3. Statistical Methods
We used STATA version 15.1 for statistical data processing and analysis. We have checked
missing values and there were no missing values for the outcome variable, but children with
unknown birthplaces, and children from not de-jure residents were excluded from the analysis,
which accounted for 3.2% of the cases. In this study, de jure residents refer to those residents who

are usually living in a definite area, and who were counted as the resident of the area. We used a
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correlation matrix to test the multicollinearity effect of the explanatory variables using a cut-off of
0.6 known to cause concern in multicollinearity (Senaviratna & Cooray, 2019). Due to strong
collinearity with a place of residence (r = 0.8077) and sex of household head (r = 0.6236), the
variable total children ever born was removed from the model. Place of residence cannot be
removed since it is the key identifier in investigating residential inequality in child mortality. After
the removal of the total number of children ever born, an absolute correlation coefficient of less
than 0.6 was observed among predictors indicating the absence of multicollinearity. Although the
variable ‘total children ever born’ was removed from the model, the birth order was included in

the model to explore the relative effects of fertility on child mortality.

Considering the hierarchical nature of the 2016 EDHS dataset into account, we used a multilevel
(i.e., three levels: community, household, and individual level) analysis technique to get unbiased
estimates of standard errors and enable the modeling of between-level interactions by treating
every effect at the appropriate level. A multilevel modeling explicitly accounts for the clustering
of the units of analysis. Besides, the multilevel modeling provides a unified treatment for effects
at individual, household, and community levels. Since the outcome variable is binary, a multilevel
logistic regression (Balluerka et al., 2010; Gelman & Hill, 2010) was used as a standard model for
assessing the effect of socioeconomic and contextual factors on child mortality in this study.
Accordingly, four models were fitted, including a null model. The null model was fitted to
determine whether the use of multilevel modeling was appropriate in the analysis. Further, all
models were checked through interclass correlation (ICC) and criteria information tests (AIC and
BIC), and their values were used to select the best model fitted for multilevel analysis. We used
the Likelihood Ratio (LR) test to test the statistically significant differences between the two

models based on the ratio of their likelihoods.
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We also used decomposition analysis to quantify the contribution of observed and unobserved
heterogeneity at the individual, household, and community levels. The decomposition analysis
helps understand variance estimates whether regressors are random or fixed, which is based on
multiplying regression coefficients using regressors. Hence, to explain the urban-rural, intra-urban,
and intra-rural inequalities in child mortality, we used the Blinder-Oaxaca decomposition
technique for a non-linear variable. This technique allows for quantifying the gap between the
advantaged and the disadvantaged groups (Fairlie, 2005; Jann, 2008; Sinning et al., 2008; Romaric

& Susuman, 2015; Yaya et al., 2019; Ameyaw et al., 2021).

7.4. Results
7.4.1. Background Characteristics of the Study Participants
Table 7-1 shows the background characteristics of the study population. About 45.5% of children
were born to mothers residing in emerging regions and almost the same proportion was born to
mothers in established regions, and 81.8% of children were born in rural areas. The majority
(78.56%) of respondent women were from male-headed households; 83.09% of children were born
to households that had unimproved sanitation facilities; only 5.28% of children were born to
households that had clean cooking fuel and 55.49% of households had six or more members. Table
7-1 also depicts that more than half (54.8%) of children were born to households grouped with
poor wealth status; 45.5% of children were born to households that had improved sources of
drinking water. Most (70.7%) children were born at home; a slightly higher proportion (52.1%) of
children were female. Table 7-1 also illustrates that 19.7%, 43.9%, and 36.4% of children were
born in the first, the 2" -4" birth order, and 5" and above birth order, respectively. More than 80%

of mothers had initiated breastfeeding with their kids immediately after birth. About 6% of mothers
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had given birth before entering the age of 18 years. More than 66 % of children were born to

uneducated mothers. Nearly 29% of children were born to mothers of Orthodox religion, and

51.2% were born to mothers of Muslim religion followers (Table 7-1).

Table 7-1: Background characteristics of study participants in Ethiopia, 2016.

Variable (N=8162) Category N %
Emerging 3703 45.47
Regional Category Established 3706 45.41
Urban 753 9.23
Place of residence Rural 6680 81.8
Urban 1482 18.2
Sex of household head Male 6412 78.56
Female 1750 21.44
Household size Less than 6 3633 44.51
6+ 4529 55.49
Combined wealth status Poor 4473 54.8
Non-poor 3689 45.2
Source of drinking water Improved 3550 45.5
Unimproved 4612 56.5
Type of sanitation facility Unimproved 6782 83.09
Improved 1380 16.91
Type of cooking fuel Solid fuel 7731 94.72
Clean fuel 431 5.28
Place of birth Home 5770 70.7
Health facility 2392 29.3
Sex of child Male 3910 47.9
Female 4252 52.1
Breastfeeding initiation (N=6911) Delayed 1331 19.26.
Immediately 5580 80.74
Large 2592 31.8
Size of a child at birth Average 3403 41.7
Small 2167 26.5
First 1609 19.7
Birth Order 2-4 3579 43.9
5t and above 2974 36.4
Age at childbirth Less than 18 459 5.62
18 and Above 7703 94.38
Maternal education No education 5399 66.2
Primary+ 2763 33.8
Total children ever born 1-4 4665 57.16
5 and above 3497 42.84
Orthodox 2342 28.7
Religion Muslim 4181 51.2
Others 1639 20.1

Source: Author’s analysis using EDHS 2016
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7.4.2. Results of Multilevel Analysis
Table 7-2 depicts results from the multilevel regression analysis. Here, it is crucial to understand
that all individual and household level factors are nested within the community (place of
residence), hence it needs to explain the residential inequalities using multilevel analysis. With
this understanding, four multilevel models were fitted using only variables with a p-value < 0.2
(Heinze & Dunkler, 2017) from the bivariate analysis (not presented in this paper). The overall
multilevel analysis was conducted with a random intercept (only) model for both community and
household levels. Firstly, the null model (Model 0, i.e., a model without explanatory variables)
was fitted and showed statistically significant variation in child mortality across individual and
household levels by place of residence justifying the applicability of multilevel models for

analysis.

Secondly, Model | was fitted after including community-level predictors in the null model.
Significant mortality differentials were observed by place of residence and regional category in
Model I. Statistically significant (p<0.001) lower risks of death were found among children born
in the urban areas relative to children in the rural areas. Children from the emerging regions had

higher risks of death compared to their counterparts in the established regions of the country.

Thirdly, Model Il was fitted after including household-level predictors in Model 1. Similar to
Model 1, children born in urban areas had statistically significant (p<001) lower risks of death than
those children in rural areas. Children living in the emerging regions had statistically significant
(p<001) higher risks of death as compared to their counterparts in the established regions of the
country. Children living within small household size (less than six members) had a significantly

(p<001) lower risk of death as compared to those from households of large size (six and above
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members). Children from households with improved sanitation facilities had significantly lower
(p<0.001) risk of death than their counterparts living in households with unimproved sanitation

facilities.

Finally, the full model (Model 111) with all proposed explanatory variables including community-
level predictors was fitted to examine the effect of residential location on child mortality.
Significant mortality differentials were observed at community-, household- and individual-level
attributes. In Model 111, we found that children from the emerging regions had higher risks of death
compared with their counterparts in the established regions of the country. Similarly, the lower
risks of death were found among children born in the urban areas as compared with children in the
rural areas as observed in Models I and Il. As we found in Model 11, children from small household
size (less than six members) had a significantly (p<001) lower risk of death as compared to those
from households of large size (six and above members). Likewise, children from households with
improved sanitation facilities had significantly lower (p<0.001) risk of death than their
counterparts living in households with unimproved sanitation facilities. Children born with large
and medium size at birth had a significantly (p<0.001) lower risk of death as compared to small
size at birth. This study also revealed that children born at health facilities had a lower risk of death
as compared to their counterparts born at home. Children born to Orthodox Christian follower
mothers had a significantly lower risk of death than children born from Muslim mothers (p<0.05).
In this study, maternal education, maternal age at birth, and wealth status had no statistically

significant difference to explain child mortality inequality by place of residence (Table 7-2).
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Table 7-2: Binary Mixed-effects Multilevel Regression Model (N=8162), EDHS 2016

Attributes Model 0 Model | Model Il Model 111
Coef. [CI] Coef. [Cl] Coef. [CI] Coef. [CI]
Constant -3.015[-0.60, -2.43] *** -2.84[-3.001, -2.0681] ***

Community-level attributes
Place of residence (Rural)
Urban
Region: Emerging(ref)
Established
Urban
Household-level attributes
Household size (<6) (ref)
Six and above
Type of sanitation(unimproved)
Improved
Wealth status: Poor (ref)
Non-poor
Individual-level attributes
Child Sex: (Male)
Female
Birth weight: (Small)
Large
Average
Birth Order (5" & above)
First
2nd _4th
Place of birth: Home(ref.)
Health facility
Religion: Muslim(ref)
Orthodox
Others
Education: No edu. (ref)
Primary +
Age at first birth (<18+)
18 and above
Random effect

-0.883[-1.216, -0.549] ***

0.4261[0.237,0.615] ***

0.230[-0.188,0.649]

-3.081[-3.30, -2.87] ***

-0.768[-0.045, -0.006] ***

0.472[0.272,0.672] ***
0.353[-0.074,0.780]

0.482[0.301, 0.663] ***

-0.535[-0.894, -0.175] ***

0.0616[-0.150,0.272]

-2.457[-2.94, -1.97] ***

-0.543[-0.929, -0.156] ***
0.3381[0.112,0.565) ***
0.329[-0.110,0.769]
0.853[0.622, 1.083] ***
-0.498[-0.857, -0.139] ***

0.008[-0.051, 0.390]

0.2515[0.068,0.434] ***

-0.168[-0.402,0.064]
-0.232[-0.452, -0.015] **

-0.626[-0.96, -0.29] ***
-0.624[-0.866, -0.382] ***

-0.195[-0.452, 0.063]

-0.346[-0.613, -0.079] **
-0.048[-0.297,0.200]

-0.121[-0.358,0.114]

-0.269[-0.655,0.117]

Community level variance .161[0.020,01.334] 9.74¢% 4.21e% 3.58e%
Household level variance .104 [0.025,0,434] 0.111[0.028,432] 0.101[0.023,0.444] 0.102[0.023,0.455]
ICC 0.074 0.033 0.030 0.30
AIC 3857.55 3833.27 3801.94 3766.10
BIC 3878.57 3868.31 3857.99 3829.21
LR test (chi2) - 28.27%** 37,34*** 55.86***

% < 01, ** p<.05, * p<.1

Source: Author’s analysis using EDHS 2016

7.4.3. Results of Decomposition Analysis

The multilevel analysis has provided evidence for the existence of a statistically significant higher

risk of child death in rural areas as compared to those living in urban areas in Ethiopia. However,

the rural-urban residential gap and the intra-rural and intra-urban gaps are not known yet. For this

purpose, the present study employed Blinder-Oaxaca decomposition analysis based on the place

of residence and urban/rural wealth status, separately. Table 7-3 presents the decomposition of the

rural-urban inequalities in child mortality grouped by place of residence. The rural-urban
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decomposition analysis showed the mean predictions by groups and their difference. For the sake
of understanding, we converted mean prediction into proportion per 1000. The decomposition
result showed that the mean proportion of child deaths was 71 deaths per 1000 children for rural
and 32 deaths per 1000 children for urban areas, resulting in a rural-urban differential of 39 deaths
per 1000 children. There would be 39 deaths per 1000 children change in rural areas when applying
the urban areas coefficient and characteristics to rural areas' behavior/characteristics. In the rural-
urban decomposition analysis, child size at birth, birth order, type of sanitation facilities, and
wealth status contributed to explaining the rural-urban gap in child mortality. On the other hand,
child sex, religion, household size, and regional categories contributed to widening the child
mortality gap.

Table 7-3: Blinder-Oaxaca decomposition of rural-urban in risk of child death, EDHS 2016

Blinder-Oaxaca de