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Abstract 
Background: In the last ten years multimorbidity in children under the age of five years has 

becoming an emerging health issue in developing countries. The absence of a proper understanding 

of the causes, risk factors, and prevention of these new health disorders (multimorbidity) in 

children is a significant cause for concern, if the sustainable development goal 3 of ensuring 

healthy lives and the promotion of well-being for all especially in the associated aim of ending 

preventable deaths of new-borns and children must be achieved by 2030. In the past, most studies 

conducted in Nigeria and some other least developed nations of the world focused on these 

multiple diseases by employing conventional analytical techniques to examine them separately as 

distinct disease entities. But the study of multimorbidity of anaemia, malaria, and malnutrition has 

not been done, especially in children. 

Aim:  This study aims to investigate the multiple overlaps in the impact of individual and 

contextual variables on the prevalence of anaemia, malaria, malnutrition, and their multimorbidity 

among children aged 6 to 59 months in Nigeria. 

Methods: The study used two nationally representative cross-sectional surveys, the 2018 Nigeria 

Demographic and Health Survey and the 2018 National Human Development Report. A series of 

multilevel mixed effect ordered logistic regression models were used to investigate the 

associations between child/parent/household variables (at level 1), community-related variables 

(at level 2) and area-related variables (at level 3), and the multimorbidity outcome (no disease, one 

disease only, two or more diseases). The interaction effects between child's sex, age, and household 

wealth quintiles and the outcome while accounting for some covariates in the model were also 

investigated. 

Results: 48.3% (4,917/10,184) of the sample of children aged 6-59 months cohabit with two or 

more of the disease outcomes. Child's sex, age, maternal education, motherôs anaemia status. 

household wealth quintiles, the proportion of community wealth status, states with high human 

development index, region, and place of residence, were among the significant predictors of 

MAMM (p<0.05). There was a significant interaction effect between a child's age and wealth status 

when some other covariates were accounted for. 
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Conclusions: The prevalence of MAMM observed in the sample is large, with almost half of the 

children living with two or more of the diseases at the time of the survey and several potentially 

modifiable risk factors have been identified.  If suitable actions are not urgently taken, Nigeriaôs 

ability to actualise the SDG 3 will be in grave danger. Therefore, possible actions to ameliorate 

this problem include developing and implementing a suitable policy that will pave the way for 

integrated care models to be developed. 
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Chapter 1 Preamble 
1.0 Introduction  

Childhood mortality and morbidity rates are still very high, especially in Low- and Medium-

Income Countries (LMIC). These have resulted in a severe public health burden (World  Health 

Organization, 2022). Most childhood mortalities in developing countries are functions of 

unresolved preventable and treatable childhood morbidities, especially anaemia, malaria fever, and 

malnutrition. According to the World Health Organization and the Centres for Disease Control 

and Prevention, about 25% of the world's population is anaemic, with expectant mothers and 

children under the age of five being the most vulnerable (De Benoist et al., 2008; Nikoi and 

Anthamatten, 2013; Obasohan et al., 2020a), but since 2016, the prevalence of anaemia has 

increased globally by more than 40% annually (World Health Organisation, 2017). Similarly, over 

the last twenty years, malaria has remained a primary public health concern(Obasohan et al., 

2021a), with over 300 million cases reported in 2018 (Aychiluhm et al., 2020). It has remained a 

leading cause of morbidity and mortality. Low and Medium-Income Countries (LMICs), 

especially Sub-Saharan Africa (SSA), contribute more than 80% of the global malaria burden 

(Bennett et al., 2017; Ugwu and Zewotir, 2020). Though a considerable global decline has been 

noticed in childhood stunting, over 150 million, 50 million and 38 million children remain stunted, 

wasted and overweight, respectively (Global Nutrition Report, 2020). However, in 2018, there 

were more than 40 million overweight children under the age of five, which was contrary to 

expectations and in keeping with a global target on malnutrition to keep the rate of childhood 

obesity constant. (UNICEF / WHO / World Bank Group, 2019), indicating a gradual global rise in 

overweight children. It becomes more worrisome when children simultaneously co-inhabit two or 

more of these disease conditions. Despite its complexity, the relationship between malaria, 

anaemia, and malnutrition is essential for our knowledge of childhood morbidity and the 

formulation of successful intervention methods (Ehrhardt et al., 2006). Furthermore, the lack of 

proper understanding of the causes, predictors, and prevention of these emerging health conditions 

(multimorbidity) in children is of great concern particularly in the realization of the sustainable 

development goal 3 of ensuring healthy lives and promotion of well-being for all especially in the 

associated aim of ending preventable deaths of new-borns and children by 2030. 
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1.1 Rationale of the study 

In the past, most studies done in Nigeria and most other least developed countries of the world on 

multiple health conditions have addressed these emerging public health conditions in adults and 

children by examining them independently as single disease conditions using traditional analytical 

methods (Khatab and Kandala, 2011; Oladeinde et al., 2012; Asafo-Agyei, Antwi and Nguah, 

2013; Akosu and Afolaranmi, 2015; Alicke et al., 2017; Morakinyo, Balogun and Fagbamigbe, 

2018; Ali et al., 2019; Parbey et al., 2019; Sakwe et al., 2019). However, these health conditions 

exist in the same ecological epidemiology system that may exhibit common causes, epidemiology, 

socioeconomic, demographic and environmental risk factors (Kateera et al., 2015; Khatab, 

Adegboye and Mohammed, 2016; Teh et al., 2018). The biggest challenge that these conditions 

pose to clinicians, researchers and health care providers are the complex ways in which the 

conditions interact with socioeconomic, demographic and environmental patterns (Khatab and 

Kandala, 2011; McGeorge, 2012; Bramley and Moody, 2016; Pathirana and Jackson, 2018). 

Furthermore, the complete absence of suitable models of multimorbidity care adaptable to 

developing countries is an additional task for clinicians, researchers, and health care providers to 

unravel. The consequences of living with multimorbidity include disability, reduced quality of life, 

sudden death, increased health service utilization and cost of care, and preventable hospital 

admission (Eyowas et al., 2019; Abebe et al., 2020; Mofina et al., 2020). To change the trajectory 

of providing adequate treatment for children living with multimorbidity, more research with a 

developing-country in focus is urgently required to understand the causes and risk factors 

associated with multimorbidity in children in Nigeria. This is a step in the right direction in 

understanding epidemiology and determinants of multimorbidity of common childhood diseases 

that will help government and policy makers and implementors to come up with an integrate model 

suitable for managing the multiple occurrences of diseases in children. The purpose of this study 

was to investigate the multiple overlaps in the determinants of anaemia, malaria, malnutrition and 

their multimorbidity among children aged 6-59 months in Nigeria.  

1.2 The research questions. 

This study is carried out to proffer answers to the following research questions. First, what 

overlapping individual and contextual risk factors are associated with anaemia, malaria, 
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malnutrition, and their cooccurrence among children 6-59 months of age in Nigeria using the 

combined data sets from two nationally representative surveys?  

Developing countries with lean resources and poorly designed health systems may suffer much 

under these emerging health conditions in children if left unattended (Ehrhardt et al., 2006), and 

this will strongly impact the realization of ending preventable deaths of new-borns and children 

by 2030 

1.3 Evidence deficit 

Few studies have highlighted the necessity for researchers to pay more attention to specific 

elements of these childhood comorbidities and multimorbidity (Ehrhardt et al., 2006), using more 

suitable statistical methodologies that will adequately describe the coexistence of these health 

disorders (Khatab, Adegboye and Mohammed, 2016; Pathirana and Jackson, 2018). Attempting to 

investigate these health conditions independently may lead to disregarding the overall variability 

that could be broken down into within and between variabilities (Das, Poole and Bada, 2004). 

Modelling the multiple overlaps in the aetiology, epidemiology, and predictors of various 

coexisting health disorders will be necessary for a more acceptable method of examining the joint 

association between these multimorbidity (Khatab and Kandala, 2011; Khatab, Adegboye and 

Mohammed, 2016). Characterizations of individual illnesses in Nigeria and perhaps elsewhere are 

still being studied (Khatab, Adegboye and Mohammed, 2016). However, research focusing on 

determinants of the combination of the diseases is lacking (Pondei, Kunle-Olowu and Peterside, 

2013). The biggest challenge that these conditions pose to clinicians, researchers and health care 

providers are the complex ways in which the conditions interact with socioeconomic, demographic 

and environmental patterns (Khatab and Kandala, 2011; McGeorge, 2012; Bramley and Moody, 

2016; Pathirana and Jackson, 2018). Policymakers and healthcare professionals may discover that 

identifying illness combinations and the characteristics of people exhibiting comparable 

multimorbidity patterns can be highly helpful in successfully addressing multimorbidity in at-risk 

groups. (Park, Lee and Park, 2019). Therefore, plans and policies to reduce childhood morbidities 

and mortalities may fail to produce the desired effects where there is a coexistence of disease 

conditions. To bridge the knowledge gap, the current study seeks to apply more appropriate 

statistical models to explain the determinants of multimorbidity in children to help policymakers 
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in determining most appropriate way forward in reducing multimorbidity among children in 

Nigeria and increase her possibilities of realising the SDG-3. 

1.4 The aim and objectives of the study 

This study aims to investigate the multiple overlaps in the impact of individual and contextual 

variables on the prevalence of anaemia, malaria, malnutrition, and their multimorbidity among 

children aged 6 to 59 months in Nigeria.  

The specific objectives of the thesis include: 

i. To undertake a comprehensive scoping review of literature on individual and 

contextual risk factors associated with the prevalence of anaemia, malaria fever, 

malnutrition, and multimorbidity among children under-five years in Sub-Sahara 

Africa (SSA). 

ii.  To determine the prevalence of anaemia, malaria, malnutrition, and their interactions 

among children aged 6 to 59 months in Nigeria using data from the 2018 Nigeria 

Demographic and Health Survey (NDHS) 

iii.  To investigate the prevalence and association of individual and contextual risk factors 

of anaemia among children 6-59 months in Nigeria using data from the 2018 NDHS 

(with some incorporated contextual data from the National Human Development 

Report (2018 NHDR)). 

iv. To investigate the prevalence and association of individual and contextual risk factors 

of malaria among children 6-59 months in Nigeria using data from the 2018 NDHS 

(with the incorporated contextual data from the National Human Development Report 

(2018 NHDR)). 

v. To investigate the prevalence and association of individual and contextual risk factors 

of malnutrition among children aged 6-59 months in Nigeria using data from the 2018 

NDHS (with the incorporated contextual data from the National Human Development 

Report (2018 NHDR)). 

vi. To describe the spatial distributions of the prevalence of multimorbidity of anaemia, 

malaria, and malnutrition among children 6-59 months across Nigeria's state and 

geopolitical regions using data from the 2018 NDHS (with the incorporated contextual 

data from the National Human Development Report (2018 NHDR)). 
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vii.  To investigate the individual and contextual risk factors of multimorbidity of malaria, 

anaemia, and malnutrition among children 6-59 months in Nigeria using data from the 

2018 NDHS (with the incorporated contextual data from the National Human 

Development Report (2018 NHDR)).  

viii.  To determine the interaction effects of a child's age, sex, and household socioeconomic 

status on the individual and contextual risk factors of MAMM among children aged 6-

59 months in Nigeria 

1.5 Research design 

This current study is an expo facto research design of secondary analysis of two nationally 

representative cross-sectional surveys of the 2018 Nigeria Demographic and Health Survey 

(NDHS) and 2018 National Human Development Report (NHDR). There were 10,481 children 

aged 6-59 months, with some of the contextual variables in NHDR incorporated into the NDHS 

data set. The descriptions of these surveys are in Chapter Four of this thesis. 

1.6 Overview of the thesis  

This thesis is made up of nine chapters. Immediately following this, Chapter One is the background 

information of the fundamentals in the study, which is the subject of discussion in Chapter Two, 

with the definition of critical concepts in the study and descriptions of issues patterning to 

associations in health inequalities. Chapter Three presents the reports from the scoping review on 

anaemia, malaria, malnutrition and multimorbidity among children in Sub-Saharan Africa (SSA). 

This chapter opens with the rationale statement for focusing on SSA in the reviews. Chapter Four 

describes the two data sets, the 2018 NDHS and the 2018 NHDR); as well as a description of the 

outcome variables and predictor (risk factor) variables. It also provides a statement justifying the 

methods used, followed by concise descriptions of the data set, the measurements and 

classifications of variables, and statistical analysis methods. Chapter Five reports the findings of 

the quantitative analysis of the survey data sets along with the baseline description of variables. 

While Chapter Six reports the results of the multilevel (individuals/households nested within 

communities nested within states) analysis of the predictors of the three different outcomes of 

anaemia, malaria, and malnutrition. Chapter seven contains the results of the multilevel ordered 

logistic analysis of MAMM. Overall, 48.3% (4917/10183) of children in the households had two 

or more diseases, while 16.9% (1721/10183) had all three. A total of a weighted sample of 10,481 
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children were captured in this study.. Chapter eight presents the results of including of some 

interaction terms to the choice model, and the summary and comparison of the four 

models/outcomes and risk factors. Finally, Chapter nine discusses the principal findings, the 

strengths and limitations of the study, conclusions, and recommendations.  
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Chapter 2 Background study 

2.0 Introduction 

Since 1990, there has been a significant decrease in childhood mortality worldwide. Globally, the 

number of children under five dying has fallen from 12.6 million in 1990 to 5.0 million in 2020. 

The mortality rate for children under five has also decreased globally since 1990 by 60%, from 93 

fatalities per 1,000 live births in 1990 to 37 in 2020.(World  Health Organization, 2022). However, 

in the developing countries childhood mortality and morbidity rates are still very high, resulting in 

a severe public health burden (UNICEF, 2022; World  Health Organization, 2022), and making it 

extremely difficult to trust that the SDG 3 target aim of ending preventable deaths of new-borns 

and children could be realised by 2030. The countries' socioeconomic and quality of life are 

functions of childhood health status (Khatab, 2007). The most common diseases and great 

contributors to mortality among children under-five years in developing countries, especially in 

sub-Saharan Africa (SSA), include malnutrition, anaemia, malaria, diarrhoeal, fever, and acute 

respiratory infections (N.-B. Kandala et al., 2011; UNICEF, 2022; World  Health Organization, 

2022). A correct understanding of the sociocultural, and environmental factors that influence the 

occurrence of illnesses and mortality is essential for implementing health care interventions 

(Khatab, 2007). Besides what is known, the socioeconomic and environmental factors determining 

the occurrence of these diseases individually, the study of their interactions has long been 

neglected, especially among children. The burden of multimorbidity could be too high for most 

developing countries to bear. The proper understanding of how these diseases is linked to the 

individual's socioeconomic, demographic, and contextual factors will help in policymaking based 

on informed decisions in optimizing the distribution of scarce palliatives to stop the spread of these 

diseases. This study focuses on three childhood diseases: anaemia, malaria, and malnutrition.  

2.1 Review of fundamental concepts 

The current study sought to investigate the multiple overlaps in the impact of individual and 

contextual variables on the prevalence of anaemia, malaria, malnutrition, and their multimorbidity 

among children aged 6 to 59 months in Nigeria. The topics under investigation are intricate and 

multifaceted; definitions of each term used in this thesis are explained below.  
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2.1.1 Under-five Mortality 

There were concerted efforts by the global communities through the Millennium Development 

Goals (MDGs-4) declaration to reduce the global burden of under-five mortality (U5M) by more 

than 60% by 2015. From 1990 to 2012, the global U5M decreased by 50% (Atrash, 2013). Three 

years after, the rate had dropped to 41 deaths per 1000 live births. By 2018, global U5M was 5.3 

million, which means 1 in every 28 children died before their fifth year from the initial rate of 1 

out of every 11 children that died in 1990 (World Health Organization (WHO), 2017). Despite this 

remarkable reduction in U5M worldwide, there continued to be variations across regions of the 

world (Atrash, 2013; World Health Organization (WHO), 2017). For instance, there are more U5M 

in developing countries compared to developed countries (World Health Organisation, 2011), with 

an 18-fold increase in U5M in SSA compared to more advanced economies. (Hill et al., 2012). 

Over the last two decades, the U5M global reduction has had an opposite trend in SSA. Out of the 

global rate of U5M in 1990, SSA bore the burden of 31%; this unexpectedly grew to 49% in 2010 

(Hill et al., 2012), and in 2015, it accounted for 50 per cent of the global prevalence (Salako et al., 

1990; Suzuki, 2015). Over ten years (from 2003 to 2013), the U5M rate in Nigeria dropped by 73 

deaths per 1000 live births (Obasohan, 2020) and subsequently reduced by 19 deaths per 1000 live 

births in 2015. Despite these achievements, Nigeria could not attain the MDG to reduce the 

mortality rate to at most 64 deaths per 1000 live births in 2015 (Obasohan, 2020). One out of every 

ten global under-five deaths is traceable to Nigeria, second behind India, accounting for over 20% 

U5M worldwide (Hill et al., 2012). The causes of U5M are numerous and include primarily 

preventable and infectious diseases that were not attended to promptly. Malaria and Malnutrition 

(World Health Organisation, 2019) and perhaps anaemia is significantly among the major 

contributors to under-five morbidity and mortality, especially in SSA (Ehrhardt et al., 2006).  

2.1.2 Anaemia in Under-five years 

Anaemia is a primary haematological and nutritional disease affecting adults and children in many 

countries globally, especially in Sub-Saharan Africa (Ewusie et al., 2014; Ezeonwu et al., 2014; 

Akodu et al., 2016; Belachew and Tewabe, 2020). A report (Kassebaum et al., 2014) cited in 

(Demirchyan et al., 2016) noted that more than 30% of the world population was anaemic in 2010. 

Pregnant women and children worldwide are the worst affected by the anaemia burden. Children 

under-five years bear the most significant global burden of anaemia, with 47.4%, while men bear 
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the lowest (27.4%) (De Benoist et al., 2008; World Health Organisation, , 2017). The global 

prevalence of anaemia with its aetiology cut across geographical, age and sex variations 

(Demirchyan et al., 2016). In the last thirty years, the global prevalence of anaemia in under-five 

years has witnessed a steady decline from 51.4% in 1990 to 41.4% in 2014 but rose to 41.7% in 

2016  (World Health Organisation, 2017). The United States of America and Canada have the 

lowest proportion of under-five anaemia at less than 10%. Mali and Yemen have the highest 

prevalence of more than 83% (World Health Organisation, 2017). While in Nigeria, the estimate 

of the prevalence of anaemia among children under-five years was 68% in 2017. 

2.1.3 Malaria in Under-five years 

In 2015, over 214 million malaria cases, with over 260,000 being under-five years, occurred 

worldwide, translating into one child dying every two minutes in 2017 (Dawaki et al., 2016). With 

over 430,000 deaths annually, Sub-Saharan Africa contributes to over 90% of global malaria 

deaths. In Nigeria, malaria fever alone contributes to more than 30 per cent of under-5 mortality 

(World Health Organisation, 2014). Nigeria has about 51 million cases and 200,000 deaths per 

year, making it the highest malaria-endemic nation in the world, resulting in more than 30% of 

child mortality as a result of malaria cases (National Population Commission (NPC), National 

Malaria Control Program (NMCP) and ICF Macro, 2012; Dawaki et al., 2016).  

The risk of malaria infection cuts across all age segments, with women (especially the pregnant), 

and children (especially those under-five years), the most vulnerable (CDC-Centers for Disease 

Control, 2021). Malaria is a deadly disease that kills an estimated number of 30 children every 

hour worldwide. There were outstanding commitments by governments and global partners to end 

malaria-induced mortality and morbidity by 2020 (World Health Organization, 2014). The Roll 

Back Malaria (RBM) programme was launched in 1998 by the World Health Organization 

(WHO), United Nations Children Fund (UNICEF), and several funding institutions. heads of state 

and government from within the United Nations (UN) to reduce malaria-induced U5M by half in 

2010 through prompt diagnosis, treatment, and use of insecticide-treated nets (Gup, Udo Nnorom 

and Amadi, 2013). These efforts are targeted primarily to improve the health-related quality of life 

of the child (Gup, Udo Nnorom and Amadi, 2013). Furthermore, by 2018, some commonwealth 

nations renewed their commitment to preventing more than 650,000 deaths arising from malaria 

infections by 2023 (Ready to Beat Malaria (RBM)., 2020). 
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Between 2001 and 2014, Nigeria implemented four National Malaria Strategic Plans (NMSPs), 

with the most recent, which ended in 2020 (2014-2020), aimed at reducing malaria-related deaths 

to zero by 2020 (National Malaria Elimination Program (NMEP), National Population 

Commission (NPopC), National Bureau, and ICF International, 2016). Unfortunately, this was far 

from being achieved. However, to scale up the intervention strategies through evidence-based data, 

Nigeria has conducted three nationally representative surveys, with the baseline survey conducted 

in 2010 and followed up in 2015. The third incorporated into the 2018 Nigeria Demographic and 

Health Survey (National Population Commission (NPC), National Malaria Control Program 

(NMCP) and International, 2012; National Malaria Elimination Program (NMEP), National 

Population Commission (NPopC), National Bureau, and ICF International, 2016; National 

Population and I. C. F. International, 2019). The plasmodium parasites that are most prevalent in 

SSA are P. falciparum, P. vivax, P. ovale, P. malariae and P. knowlesi (Gaston, Ramroop and 

Habyarimana, 2021). With over 95% transmission rates, Plasmodium falciparum is the most 

prevalent parasite causing malaria infection in Nigeria, while the Anopheles gambiae and A. 

funestus are the most common carriers of the parasites (National Population Commission (NPC) 

[Nigeria], 2012; National Malaria Elimination Program (NMEP), National Population 

Commission (NPopC), National Bureau, and ICF International, 2016).  

2.1.4 Malnutrition in Under-five years 

Malnutrition, which ñrefers to deficiencies, excesses, or imbalances in a personôs intake of energy 

and nutrientsò (World Health Organisation, 2020), has continued to be a public health concern 

world over and especially in developing countries (Endris, Asefa and Dube, 2017). Over 200 

million children under-five years are either undernourished or overweight (World Health 

Organisation, 2020). Undernutrition in children contributes to about 45% of under-five mortality 

worldwide (World Health Organisation, 2020). The prevalence of malnutrition in under-five years 

is higher than in other age groups (Endris, Asefa and Dube, 2017). However, in the last two 

decades, stunting in children has witnessed a significant reduction, while overweight is increasing 

(Jude, Chukwunedum and Egbuna, 2019; Global Nutrition Report, 2020). In Nigeria, the 2013 

Nigeria Demographic and Health Survey (NDHS) reported that 37%, 18% and 29% of the children 

under-five years are stunted, wasted and underweight, respectively (National Population 

Commission and ICF Macro, 2014). Understanding how different socioeconomic, demographic, 

and contextual factors determine childhood malnutrition is a great way to improve the distribution 
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of scarce resources for the desired interventions. Variations also exist in these malnutrition 

indicators as per the 'place of residence, where urban children are most likely to be more nourished 

than children in rural areas (National Population and I. C. F. International, 2004; Babatunde et al., 

2011) 

2.1.5 Morbidity 

The dictionary definitions of morbidity stand on the premises of two opposite ends of a pole (Fries, 

Bruce and Chakravarty, 2011). On one end, morbidity is defined as the 'latent trait' contributing to 

adverse health-related quality of life, illnesses, or weakness. At the other end of the pole is the 

'diagnosis-counting metrics' of morbidity, which refers to the count of chronic diseases in an 

individual, an approach that is very common in many secondary data sets (Fried et al., 2004; Fries, 

Bruce and Chakravarty, 2011). In a more simplified definition, morbidity is coined from the Latin 

word, 'morbidus', which means the state of being sick or unhealthy  (SlidetoDoc, 2021). However, 

in a more specific term, morbidity is the occurrence of a single disease condition in an individual. 

Concerning age-specific mortality, older people are more morbid than younger people (Public 

Health England, 2018). The burden of mortality increases with age, which means that as the 

population is ageing, higher mortality rates are experienced (Public Health England, 2018). 

However, childhood morbidity remains a global cause of childhood mortality and a threat to the 

public health system. The most common childhood morbidity and leading causes of childhood 

mortality in developing countries include preterm birth complications, congenital abnormalities, 

acute respiratory infections, malaria, diarrhoea, sepsis, anaemia, fever, and malnutrition. In Sub-

Saharan Africa, efforts to reduce the impact of these childhood morbidities have caused the region 

and global partner's substantial amount. Despite the considerable investment, childhood morbidity 

remains a severe public health burden in SSA (Adedokun and Yaya, 2020). 

2.1.6 Comorbidity and Multimorbidity 

In contrast, comorbidity was originally referred to as the cooccurrence of two chronic disease 

conditions in an individual, while multimorbidity was  referred to as the simultaneous occurrence 

of more than two disease conditions (McGeorge, 2012; Abebe et al., 2020). Comorbidity and 

multimorbidity are emerging related constructs often used interchangeably (Valderas et al., 2009). 

However, a significant conceptual difference in the definitions of the two concepts is that 

comorbidity is often associated with an index condition, while multimorbidity is with no regard to 
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any index disease (Mofina et al., 2020). This distinction by index disease has been enshrined in 

MESH since 2018 (Tugwell and Knottnerus, 2019). Therefore, comorbidity is the cooccurrence of 

two or more disease conditions in an individual with reference to an index disease. At the same 

time, multimorbidity is the cooccurrence of two or more diseases in an individual without reference 

to an index disease. The main focus of this thesis is Multimorbidity of anaemia, malaria, and 

malnutrition (MAMM ) in children and assumes there is no index disease. 

The elderly population are the most vulnerable to multimorbidity, with over 70 per cent of those 

aged 65 years and above affected(McGeorge, 2012; Bramley and Moody, 2016). There are more 

than 33% prevalence rates of multimorbidity worldwide (Nguyen et al., 2019). Children are also 

not left out as research begins to unveil that many children suffer from multimorbidity (Ferro et 

al., 2019). Studies have associated multimorbidity to both demographic changes (which include 

an ageing population and sex differences); individual and social lifestyle (which include 

overweight and obesity, sedentary lifestyle, smoking and excessive alcohol use); and psychosocial 

factors (Eyowas et al., 2019). However, the biggest challenge of these conditions to clinicians, 

researchers, and health care providers are the complex ways in which these conditions interact 

with socioeconomic, demographic and environmental patterns (Khatab and Kandala, 2011; 

McGeorge, 2012; Bramley and Moody, 2016; Pathirana and Jackson, 2018). In addition, the 

increase in the prevalence of multimorbidity in developing countries with poor health systems and 

over-burdened with chronic diseases are part of the significant challenges to healthcare. 

Furthermore, the complete absence of suitable models of multimorbidity care adaptable to 

developing countries is an additional task for clinicians, researchers, and health care providers to 

unravel.  

The consequences of living with multimorbidity include disability, reduced quality of life, sudden 

death, increased health service utilization and cost of care, and preventable hospital admission 

(Eyowas et al., 2019; Abebe et al., 2020; Mofina et al., 2020).  A constructive step toward 

comprehending epidemiology and determinants of multimorbidity is that more research focused 

on developing countries is urgently needed to provide appropriate care for children living with 

multimorbidity. This thesis is focused on contributing to bridging these gaps. 

2.1.7 The Multimorbidity of Anaemia, Malaria, and Malnutrition 

There is evidence in research that anaemia, malaria, and malnutrition interrelate, resulting in 

adverse health outcomes and mortality, especially in children under-five years. In a recent study 
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conducted on SSA, Malnutrition is a vital factor causing a high proportion of malaria-related 

mortality (Ehrhardt et al., 2006). Malaria is strongly related to anaemia in children (Sumbele et al., 

2015; Wanzira et al., 2017). Though the relationship between malaria and malnutrition has shown 

some controversy, Sakwe et al. (Sakwe et al. 2019) found a significant interrelationship between 

malnutrition and malaria. Also, due to malaria's relationship with anaemia and malnutrition Teh et 

al. (Teh et al. 2018) recommended that reasonable control of anaemia and malnutrition will require 

adequate control of malaria infection. The anaemic child presents a more significant measure of 

undernutrition (Sakwe et al., 2019). On the other hand, most importantly is the emergence of 

coexistence of these disease conditions and many others in an individual. 

2.2 Issues of associations in health inequalities research 

Health inequalities refer to analytical disparities of social and economic costs in the health 

outcomes of different groups of individuals in societies (World Health Organization, 2018). A 

wide range of health inequalities abounds in all countries, whether developing or developed 

economies, in the different social spectrum, including 'education, employment status, income level, 

gender and ethnicity (World Health Organization, 2018). For instance, socioeconomic disparities 

in health outcomes have received good attention in developed countries through constant 

evaluation of the system for policy formulation to tackle them (Wagstaff, 2002). Even while health 

inequities are important, there hasn't been much focus on them in developing nations until lately 

(Wagstaff, 2002), resulting in widened gaps in health inequalities between developed and 

developing countries. The need to foster global health equity moved the WHO in 2005 to set up a 

commission on social determinants of health to come up with what should be done to close the 

health gap. The commission believed that: 

"The poor health of the poor, the social gradient in health within 

countries, and the significant health inequities between countries are 

caused by the unequal distribution of power, income, goods, and 

services, globally and nationally, the consequent unfairness in the 

immediate, visible circumstances of people's lives ï their access to 

health care, schools, and education, their conditions of work and 

leisure, their homes, communities, towns, or cities ï and their 

chances of leading a flourishing life. This unequal distribution of 

health-damaging experiences is not a 'natural' phenomenon but 

results from a toxic combination of poor social policies and 

programmes, unfair economic arrangements, and bad politics". 

(World Health Organization, 2008).  
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This statement is particularly true for most developing countries, including the Nigerian health 

system (Abubakar et al., 2022). There is a need for more studies that will contribute to a proper 

evaluation of the system leading to suitable policy formulations to address the health disparities. 

Sociocultural and economic factors, which are made up of structural factors and daily life 

situations, account for many health disparities between and within nations. In essence, social, 

demographic, and economic policies determine whether a child may reach their full potential, live 

a fulfilling life, or suffer from a depressed life (World  Health Organization, 2008). 

2.2.1 LƴŘƛǾƛŘǳŀƭ ŎƘƛƭŘΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 

The health status (healthy or not) of a child in a population is a function of interrelated factors at 

both individual and environmental levels (Murdock, 2017). These determinants are divided into 

three main groups: individual characteristics, physical and social, and health services (Murdock, 

2017). As for individual determinants, these are, on the one hand, biological uncontrolled inherent 

traits from birth that distinguish the health status of one child from another, such as age, sex, and 

parental affiliation. On the other hand, they could be behavioural factors that pertain to a child, 

which could be subject to modification via some control measures. These include health status (the 

child had malaria, anaemia, diarrhoea), immunization, and birth size.   

2.2.2 Contextual characteristics 

Contextual determinants are factors associated with the individual's physical environment that 

affects the health status. They include the conditions of the natural environment and those 

constructed by humans(Murdock, 2017). They include those factors that can be derived from the 

individuals in the communities or observed from the community the individual resides. In other 

words, they are factors that the individuals within that environment are jointly exposed to and their 

health outcomes. More attention is being placed on the significance of contextual factors, namely 

where individuals reside, for policy and the implementation of health interventions (Anjorin et al., 

2020). Contextual factors include the 'proportion of educated females in the community, 

'community access to health facilities, 'access to clean water and 'general sanitation' (The EUPATI, 

2022), and the socioeconomic status of the community.  

2.2.3 Multiple overlaps 

The concept of multiple overlaps in this study is associated with determining the individual and 

contextual factors that could simultaneously determine multiple health statuses. Most health 

conditions in the same ecological epidemiology system may exhibit common causes, 
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epidemiology, socioeconomic, demographic and environmental risk factors (Kateera et al., 2015; 

Khatab, Adegboye and Mohammed, 2016; Teh et al., 2018). The biggest challenge that these 

conditions pose to clinicians, researchers and health care providers are the complex ways in which 

the conditions interact with socioeconomic, demographic and environmental patterns (Khatab and 

Kandala, 2011; McGeorge, 2012; Bramley and Moody, 2016; Pathirana and Jackson, 2018). These 

predictors common to these diseases are what is referred to as 'multiple overlaps' and are significant 

to chant the course of providing cost effective and integrated care for children living with 

multimorbidity with the bid to speed up the realization of SDG 3 as it relates to preventable deaths 

of under-five years in Nigeria.  

2.3 Sustainable Development Goal 2030 and the National Health Policy in Nigeria 

At the Millennium Summit held in September 2000 at the United Nations (UN) headquarters in 

New York, member States overwhelmingly endorsed the Millennium Declaration. The eight 

Millennium Development Goals (MDGs) to end extreme poverty by 2015 were developed as a 

result of the summit (United Nations, 2022) , which initiatives were to help the world most 

vulnerable people (United Nations, 2008) . Three out of the eight goals were health-related targets 

set to: (i) reduce child mortality, (ii) improve maternal health, and (iii) combat HIV/AIDS, malaria 

and other diseases. Also, at the UN Sustainable Development Summit in September 2015, the post-

2015 development agenda was adopted as the 2030 agenda for Sustainable Development focusing 

on 17 SDGs. Of utmost important to us in this study is the SDG-3 which is targeted at ensuring 

healthy lives and promote well-being for all at all ages. Since 2015, Nigeria is fully dedicated to 

leading and taking control of the implementation process to achieve the global goals through 

technical support of UN in Nigeria (United Nations-Nigeria, 2022) .  

 

Nigeria has so far implemented three national health policies since 1988 when the first one was 

launched. The second was in 2004, while the current policy came into effect on the 22 June 2016 

to achieve the universal health coverage (UHC) and other health-related sustainable development 

targets (Nigeria Finder, 2022). The essence of these current policy was to create access to basic 

health care after the achievement attained in the health sector over the last twenty-five years which 

include combating the menace of HIV/AIDS, Tuberculosis, Malaria, Poliovirus, Guinea worm 

infection, the spread of Ebola, as well as issues relating to maternal and child health (MCH) 

(Nigeria Finder, 2022). Two major points of interest in this health policy are (i) the reduction in 
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maternal and infant mortality, the uptake of vaccines, and the better management and avoidance 

of public health emergencies, and (ii) Providing all Nigerians with financial risk protection, 

especially the country's most vulnerable and poor people. The first point relates strongly with the 

SDG 3, and particularly in the associated goals which seek to lower the rate of maternal deaths 

worldwide and eliminate unnecessary infant and child deaths (United Nations, 2022). The second 

is at the heart of the whole SDG goals which recognise that by ending poverty can improve 

whatever strategies are adopted to increase health status, access to education, eliminate inequality, 

and stimulate wealth of the nation. 

As for the SDG-3, in Nigeria, the UN and global partners have committed over 290 million US 

Dollars to ensure maximum dividend for the target vulnerable people (United Nations-Nigeria, 

2022). However, Nigeria needs more than $USD350 billion to fully achieve all the SDGs, an 

amount far more than 800% of the countryôs 2022 national budget (Ajala, 2022). As with the health 

sector, For the past 20 years, Nigeria has not been able to meet the 15% of her national budget for 

health sector. The 2022 budget for health was less than 5% of the nationôs budget. This can hardly 

be enough to meet up with the realisations of the current national health policies. The countryôs 

low commitment to the socio-economic development that is the bane of the SDGs achievement 

means Nigeria is very unlikely to meet the SDGs by 2030. For instance, by 2019 index report, the 

country was ranked 159th out of 162 countries in achieving SDGs so far (Ajala, 2022). This is even 

more worrisome now that the public health sector is being saddled with an emerging 

multimorbidity of childhood diseases. In the light of the above, the principal contribution of the 

results from this study will help the policymakers to come up with informed decisions that will 

maximize the use of scarce resources by addressing multiple and cooccurrence of childhood 

diseases rather than independent approach. 

 

2.4 Ethical approval 

The School of Health and Related Research (ScHARR) Ethics Committee of the University of 

Sheffield had granted permission for this research investigation to be conducted ethically 

(Reference Number: 031534). Two nationally representative samples were used in this study's 

secondary analysis. The 2018 National Human Development Report and the 2018 Nigeria 
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Demographic and Health Survey were used with permission from the Inner-City Fund (ICF)-

International and the United Nations Development Program (UNDP)  

2.5 Chapter Summary 

By first outlining the significant concepts under consideration, this chapter has provided the 

background to the current study. The thesis's concept of multimorbidity in health essentially views 

childhood diseases like anaemia, malaria, and malnutrition as "coexistence in the same ecological-

epidemiology system" that share common individual and contextual predictors as opposed to the 

"independent existence of diseases". The term "health inequalities" has also become widespread 

within and between nations, especially in developing countries. The differences in the concept of 

multimorbidity and comorbidity have been described in the chapter. The thesis defined 

comorbidity as the cooccurrence of two or more disease conditions in an individual with reference 

to an index disease. At the same time, multimorbidity is the cooccurrence of two or more diseases 

in an individual without reference to an index disease. This thesis focuses on MAMM in children 

and assumes there is no index disease.  

Until recently, the lack of nationally representative surveys to capture data for anaemia, malaria, 

and malnutrition in Nigeria, has created the existence of dearth of knowledge gaps which has 

resulted in relatively few studies that have investigated the determinants of cooccurrence of 

childhood diseases in public health in Nigeria. Therefore, a series of four scoping reviews of the 

SSA literature was conducted to identify the evidence regarding how individual and contextual 

factors influence anaemia, malaria, malnutrition, and multimorbidity of childhood diseases in SSA. 

The findings of these four reviews are presented in the following chapter. We extended the search 

to cover SSA because other African countries are more similar to Nigeria in the context of 

childhood diseases.
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Chapter 3 Scoping Reviews of Literature  

3.0 Introduction 

This Chapter discusses the scoping reviews of existing evidence on anaemia, malaria, malnutrition, 

MAMM and other childhood diseases among children aged under-five years in sub-Saharan Africa. 

It begins with the rationale for conducting scoping reviews, the review objectives, scoping review 

on multimorbidity of childhood diseases among children aged under-five years in Sub-Saharan 

Africa (SSA), and the results from evidence from individual scoping reviews associated with the 

three outcome variables (anaemia, malaria, and malnutrition). 

3.1 Rationale  
Globally, especially in advanced countries and perhaps in the adult population, the study of 

multimorbidity as a health challenge has received much attention because co-occurring diseases 

in children in high-income countries have not become so much a public health problem. However, 

the same is not valid for low- and medium-income countries (LMIC), where the health system is 

overwhelmed with many challenges, including children's health. Furthermore, the non-availability 

of nationally representative data has resulted in a lack of research on multimorbidity among 

children in LMIC. For instance, until the 2018 NDHS, there has not been any nationally 

representative survey that has captured data simultaneously for anaemia, malaria, and malnutrition 

in children aged under-five years. 

The focus of the current study is the multimorbidity of three of the most common childhood 

diseases (anaemia, malaria, and malnutrition) among children aged 6-59 months in Nigeria. 

However, given that there are relatively few studies on multimorbidity among children aged under-

five years using nationally representative surveys has warranted expanding the scoping review to 

cover not just the multimorbidity of childhood diseases but also individual outcome variables of 

anaemia, malaria, and malnutrition (as they were available in the literature), in sub-Saharan Africa. 

However, these health conditions (anaemia, malaria, and malnutrition) exist together in the same 

ecological epidemiology system and, as such, may exhibit common causes, epidemiology, 

socioeconomic, demographic, and environmental risk factors (Kateera et al., 2015; Khatab, 

Adegboye and Mohammed, 2016; Teh et al., 2018). Therefore, the identification and description 

of these predictors as well as studies using appropriate statistical analyses will be a vital tool to 

enhance the direction of this thesis. 
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3.1.1 Review Objectives 

The objectives of this scoping review were explicitly to locate and examine the existing studies 

conducted on nationally representative health survey data to identify individual socioeconomic, 

demographic, and contextual risk factors for developing (i) multimorbidity of childhood diseases, 

(ii) anaemia, (iii) malaria, (iv) malnutrition among children aged under five years in Sub-Saharan 

Africa (SSA). 

3.1.2 Summary of the chapter 

The focus of this study is multimorbidity among children using three of the most common 

childhood diseases (anaemia, malaria, and malnutrition) as proxy indicators of disease co-

occurrence. The chapter begins with the scoping reviews of evidence from studies relating to the 

risk factors associated with multimorbidity among children under-five years in sub-Saharan 

African countries. The Section is followed by reports extracted from three other scoping reviews 

conducted on anaemia, malaria, and malnutrition. Firstly, the paper titled: A Scoping Review of the 

Risk Factors Associated with Anaemia among Children Under Five Years in Sub-Saharan African 

Countries was conducted on selected papers published between 1 January 1990 and 26 June 2020. 

The outcome of this review was published in the International Journal of Environmental Research 

and Public Health. 2020 (Obasohan et al., 2020a). Secondly, the scoping review titled: A Scoping 

Review of Selected Studies on Predictor Variables Associated with the Malaria Status among 

Children under Five Years in Sub-Saharan Africa was conducted for existing publications between 

1 January 1990 and 31 December 2020. The review's outcome was published in the International 

Journal of Environmental Research and Public Health. 2020 on 22 February 2021 (Obasohan et 

al., 2021a). Thirdly, the scoping review titled: Risk Factors Associated with Malnutrition among 

Children Under-Five Years in Sub-Saharan African Countries: A Scoping Review, was carried out 

on included papers published between 1 January 1990 and 31 July 2020. The review's outcome 

was also published in the International Journal of Environmental Research and Public Health. 

2020 on 26 November 2020(Obasohan et al., 2020b). The full texts of these papers are attached in 

Appendix C.1, C.2, and C.3, respectively. Then, the last part of this chapter collates all the 

identified risk factors for multimorbidity, anaemia, malaria, and malnutrition in the target 

population, followed by the risk factors that are common to all four reviews (multimorbidity, 

anaemia, malaria, malnutrition), including the direction of the associations between the risk factors 

and the outcomes. 
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3.2 Scoping review of factors associated with multimorbidity among children aged 

under-five years in sub-Saharan African countries 

3.2.1 Introduction 

Children's health is affected by childhood multimorbidity, a rising public health issue in 

developing nations. However, multimorbidity affects more than 70% of those aged 65 and older, 

making the elderly group the most at risk (Bramley & Moody, 2016; McGeorge, 2012). The 

frequency of multimorbidity is greater than 33% worldwide (Nguyen et al., 2019). However, 

children are not excluded, however, as research shows that a sizable proportion of children 

experience multimorbidity (Ferro et al., 2019). Numerous studies have linked multimorbidity to 

psychosocial factors, individual and social lifestyle choices (such as overweight and obesity, 

sedentary behaviour, smoking, and excessive alcohol consumption), and demographic changes 

(such as the ageing population and gender inequalities) (Eyowas et al., 2019). The intricate way 

these disorders interact with socioeconomic, demographic, and environmental patterns presents 

the biggest challenge to doctors, researchers, and healthcare professionals (Bramley & Moody, 

2016; Khatab & Kandala, 2011; McGeorge, 2012; Pathirana & Jackson, 2018). The most 

significant issues facing the healthcare system also include the rise of multimorbidity in developing 

nations with subpar healthcare systems, a burden of chronic diseases, and the realization of SDG 

3 by 2030. The scoping review of these studies is significantly more important than their 

importance for making evidence-based healthcare decisions about the prevention of 

multimorbidity in Nigeria and the SSA. Apparently, because of the diverse nature in which 

multimorbidity research is being conducted, it becomes challenging to conduct research synthesis 

to compare studies across variabilities in methodology, geographical locations, and disease 

components (Fortin et al., 2005; Roomaney et al., 2021). However, the purpose of this scoping 

review was to identify and compare the existing literature that investigates the individual 

socioeconomic, demographic, and contextual risk factors associated with multimorbidity among 

children under-five years of age in Sub-Saharan Africa (SSA), with the view to identify study gaps 

in the outcome of interest, analytical approach, and geographical locations. The review regarding 

the factors that influence the prevalence of multimorbidity in children under five in SSA has not 

been done. Consequently, this research tries to close this gap. Therefore, the aim of this scoping 

review is finding and describe papers that studied the relationship between socioeconomic, 
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demographic, and contextual characteristics and the prevalence of multimorbidity among children 

aged under five years in Sub-Saharan Africa countries and have used classical regression analysis 

methods. 

3.2.2 Methodology 

The methodology described in this section was the same used in other scoping reviews that have 

already been published. 

3.2.2.1 Design 

This scoping review was tailored along with the enhanced framework of Arkey and O'Malley 

(Arksey and OôMalley, 2005), the recommendations of Lecac et al (Levac, Colquhoun and 

OôBrien, 2010), and guidelines of the Agency for Healthcare Research and Quality (AHRQ) (FDA 

Media, 2020). The five key steps include: (1) research question identification, (2) identification of 

the relevant study sources, (3) evidence and eligibility criteria selection, (4) data charting, and (5) 

results collating, summarising and reporting (Maphosa et al., 2020). However, the pattern of 

reporting the results in this scoping review followed the UNICEF extension for Scoping Reviews 

(PRISMA-ScR) guidelines (Larissa Shamseer, 2015; Tricco et al., 2018).   

3.2.2.2 Protocol and registration declaration 

There was no review protocol and registration done for this scoping review  

3.2.2.3 Identification of the research questions 

We based the research question on the research purpose that was stated using the Population, 

Intervention, Comparators, Outcomes, Timing and Study design (PICOTS)  framework of AHRQ 

((FDA Media, 2020). The primary research question for this scoping review is: "what are the risk 

factors associated with multimorbidity among children under five years in sub-Saharan Africa 

countries". Furthermore, the thesis answering the following questions: 

¶ What types of frequentist statistical analyses were employed in the existing evidence to 

determine the risk factors associated with multimorbidity among children under five? 

¶ What are the various childhood disease combinations that formed the multimorbidity 

structures examined in the eligible studies? 

¶ What are the possible gaps in knowledge identified from the selected literature? 
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3.2.2.4 Eligibility criteria 

Studies included in the review followed the PICOTS criteria enumerated and defined as follows: 

Inclusion criteria  

Population (P): The studies included male and female children under five years of age who resided 

in any Sub-Saharan Africa (SSA) country. The review also includes studies involving adults 

(or/and above-five years children) and under-5 years children, provided data for under-five was 

reported differently from others. 

Intervention (I): Studies that focused on predictors or risk factors or determinants of 

multimorbidity among under-5 or preschool children in SSA that covered both individual and 

contextual exposures using classical regression methods only. 

Comparator (C): The presence of two or more diseases versus no diseases was the focus of the 

comparators in the studies. We restricted the search to papers that have used regression for the 

purpose of manageable focus considering the time limit that is available for this project, and for 

the ease of comparing the findings across papers. In addition, we omitted studies that have used 

Bayesian approach because it would require specifying priori-probabilities and these may not be 

appropriate comparing with studies using classical frequentist approach which do not require 

priori-probability distributions. 

Outcomes (O): Studies that involved two or more childhood diseases that were evaluated jointly 

rather than independently such that the outcomes reflect the interactions of the diseases. 

Timing (T): The publication period for the article is between 1 January 1990 and 19 March 2022 

to capture recent publications on the topic from when the UNICEF conceptual framework of 

causes of malnutrition was in effect, the MDG and SDGs 

Settings/Design (S): Observational studies such as cross-sectional and longitudinal studies focused 

on risk factors as exposures.  

Exclusion criteria 

1. Studies involved older children, but no separate data involving under-five years was made. 

2. Studies do not meet the definition of 'multimorbidity' as the "cooccurrence of two or 

diseases among children under five years without reference to an index disease". 
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3. Studies not written in the English language 

Steps involved in the inclusion and exclusion processes 

The following were the priority steps adopted in including or excluding studies extracted for full 

reading: 

1. If the study is multimorbidity, then 

2. Is the unit of analysis children aged under-five years? then 

3. Is the country of analysis from SSA? then 

4. Does the study utilise a nationally representative survey in data collection? 

5. Does the study utilise classical regression methods in the analysis? 

If the answers to all these steps are 'yes', the paper is included, otherwise, it is excluded  

3.2.2.5 Identify the relevant sources of evidence 

Information sources  

The candidate (PEO) of the School of Health and Related Research (ScHARR), the University of 

Sheffield, United Kingdom conducted the literature search from MEDLINE, Cumulative Index to 

Nursing and Allied Health Literature (CINAHL), PubMed, Scopus, and web of science. It included 

only papers written in English, and the publication date was between January 1990 and March 

2022. The search was first carried out on 19 September 2021 and updated on 19 March 2022. 

3.2.2.6 Selection of sources for evidence and eligibility criteria 

Search strategy 

In this scoping review, the search terms were first entered into MEDLINE (Ovid) as shown in 

Table 3.1 with mapping by subject headings marked. Next, the search terms were derived from the 

PICOTS categories. These terms were then repeated for other databases consulted.  
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Table 3 1: Draft Search strategy and terms for MEDLINE (Ovid) 

S/N Terms and keywords Results 

1 óSub-Saharan Africaô OR SSA OR 'low-and middle-income 

countries 

37452 

2 Socioeconomic OR demographic OR contextual OR 

environmental OR community OR determinants OR risk factor 

OR predictor OR Association 

3298141 

3 comorbidity OR comorbidity OR multimorbidity OR 

multimorbidity OR multiple chronic conditions OR multi-

diseases 

451419 

4 Logistic regression OR multilevel regression OR multinomial 

logistic OR random-effects OR hierarchical OR fixed effects OR 

mixed-effects 

55708 

5 1 AND 2 AND 3 AND 4 12 

6 Limit 6 to human and English language and infant<to one year> 

OR preschool child <1 to 6 years> 

 

 Limit to last 30 years (1990 to 2020) 12 

Selection Process 

The reviewer, PEO, screened all the selected literature for titles and abstracts using the inclusion 

and extraction criteria as a benchmark. This process was done twice from two citation managers 

platforms (Endnote and Zotero). The full-text first full-text report was conducted for all the 

selected articles. Papers excluded were noted with reasons. This process was vetted by three 

overseeing a team of supervisors. 

3.2.2.7 Data Charting Management 

The data extracted from the included articles were first deposited into a Microsoft Excel sheet 

designed by the reviewer for this review. The relevant information extracted includes authors/year 

of publication, the paper title, study objectives, outcome of interest, the sample size (and age of 

participants), method of data analysis used, the procedure adopted (study design), and perceived 

difference in the approach, and study location.  
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3.2.3 Results 

The results section reports the profile of the quantitative analysis of risk factors associated with 

multimorbidity among children aged under-5 years in SSA following the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) 

checklists (Larissa Shamseer, 2015; Tricco et al., 2018).  

3.2.3.1 Selection of Sources of Evidence 

A total of 261 articles were identified from all the electronic databases consulted 

(MEDLINE(Ovid)=12, CINAHL=43, PUBMED= 124, Scopus = 27, Web of Science (WOS) = 50, 

other sources (from references) = 5)., out of which 22 duplicates were removed (see Figure 1). 

Further, 173 were removed after the abstracts and titles were read for eligibility. Out of the 66 

articles selected for full-text reading, an additional 60 were removed for various reasons (including 

(i) participants are above under five years (6), (ii) not multimorbidity (MM) paper as per the 

definition of MM (26), (iii) Bayesian approach (4), non-national coverage (6), (iv) Systematic 

reviews (3), (v) No full text found (15)). Therefore, data from a sample of 6 articles were finally 

extracted and reported in this study.  
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Figure 3 1 PRISMA Flow chart for multimorbidity studies 

3.2.3.2 Characteristics of sources of evidence 

To answer the scoping review questions raised previously, some relevant information extracted 

from the selected papers is contained in Tables 3.2 and 3.3. This section describes the 

characteristics of the sources of evidence 

Records identified through database 
searching (n = 256) 

Records after 22 duplicates removed  
(n =239) 

Records were removed after titles and 
abstracts were screened (n = 173) 

Full-text articles assessed for 
eligibility (n = 66) 

Identification 

Screening 

Identification Articles excluded with reasons (n =60) 
(i) participants are above five years (6), 

(ii) not multimorbidity (MM) paper as 

per the definition of MM (26),  

(iii) Bayesian approach (4),  

(iv) non-national coverage (6),  

(v) Systematic reviews (3),  

(vi) No full text found (15) 
 

Studies included in the synthesis  
(n = 6) 

Included 

From references (n = 5) 
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Table 3 2 Distribution of the study characteristics 

Authors & Dates Title Objectives Outcome variables 

(Prevalence) 

Sample size 

(participantôs age) 

Methods of analysis Country/Survey 

Adedokun 

2020(Adedokun, 

2020) 

Correlates of childhood morbidity in 

Nigeria: Evidence from ordinal analysis 

of cross-sectional data 

Correlates of childhood morbidity in Nigeria: 

Evidence from ordinal analysis of cross-

sectional data 

Pneumonia, 

diarrhoea, and 

malaria 

(9.0%) 

27,571  

 

 

(Under-5) 

Generalised ordinal 

logistic regression 

mode 

Nigeria,  

Nigeria Demographic 

and Health Survey 

(NDHS 2013) 

Atsu et al 

2017(Atsu, Guure 

and Laar, 2017) 

Determinants of overweight with 

concurrent stunting among Ghanaian 

children 

This paper presents the burden, the 

individual-level, and contextual determinants 

of overweight with concurrent stunting 

among Ghanaian children. 

overweight with 

concurrent stunting  

 

(1.2%) 

7550  

 

 

(0-5 years) 

A multivariable 

Poison regression 

model 

Ghana   

Multiple Indicator 

Cluster Survey (MICS 

2011) 

Duah et al 

2020(Duah et al., 

2020) 

Comorbid patterns of anaemia and 

diarrhoea among children aged under 

five years in Ghana: a multivariate 

complex sample logistic regression 

analysis and spatial mapping 

visualisation 

To investigate the prevalence and 

independent predictors of comorbid patterns 

of anaemia and diarrhoea in children aged <5 

years in Ghana. 

Anaemia and 

Diarrhoea 

 

(9.28%) 

2343 

 

 

(under-5 years) 

multivariate logistic 

regression 

Ghana 

Ghana Demographic and 

Health Survey (GDHS 

2014). 

Mulatya & 

Mutuku  

2014(Mulatya and 

Mutuku, 2020) 

Assessing Comorbidity of Diarrheal and 

Acute Respiratory Infections in Children 

Under 5 Years: Evidence from Kenyaôs 

Demographic Health Survey 2014. J. 

Prim. Care Community Health 

This study seeks to assess the prevalence of 

comorbidity of pneumonia and diarrheal in 

children under-5 years, and to identify risk 

factors associated with comorbidity of 

pneumonia and diarrheal in children 
 

Diarrheal and acute 

respiratory infection 

(ARI) 

 

(2.2%) 

18 702  

 

 

 

(under-5 years) 

Multivariate logistic 

regression 

Kenya 

Kenya Demographic 

Health Survey (KDHS 

2014) 

Geda et al 

2021(Geda et al., 

2021) 

Multiple anthropometric and nutritional 

deficiencies in young children in 

Ethiopia: a multilevel analysis based on a 

nationally representative data 

To examine the risk factors of cooccurrence 

of undernutrition and anaemia among 

children of age 6ï59 months in Ethiopia 

based on nationally representative data 

Concurrent stunting 

& anaemia 

(24.8%) 

 

9218  

 

(6-59 months) 

 

Mixed effect logistic 

regression 

 

 

Ethiopia.  

Ethiopian Demographic 

and Health Survey 

(EDHS 2016) 

Tran et al 2019 

(Tran et al., 2019) 

 

Comorbid anaemia and stunting among 

children of preschool age in low- and 

middle-income countries: a syndemic 

To determine the prevalence of comorbidity 

of anaemia and stunting, among children aged 

6ï59 months in low- and middle-income 

countries 

concurrent stunting 

and anaemia 

(21.5%) 

193 065  

 

(6-59 months) 

 

Multinomial logistic 

models 

Multi -countries 

Demographic and Health 

Surveys (DHS 2005ï

2015) 
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Study characteristics 

In Table 3.2, all the papers were related to secondary analysis of nationally representative surveys. 

Five of the papers had singular national setting, while, one study was multi-countries study (Tran 

et al., 2019). The sample size for the studies included range from 2343 to 193065 children of under 

five years of age. There were six distinct disease conditions (Pneumonia, diarrhoea, malaria, 

overweight, stunting, and anaemia), analysed in the included studies. One of the studies (Adedokun, 

2020) had three concurrent diseases, while the rest five studies had two current diseases as their 

multimorbidity outcome of interest. The prevalence of the multimorbidity in these studies range 

from 1.4% to 24.8%. Two of the studies applied multivariate logistic regression analysis (Duah et 

al., 2020; Mulatya and Mutuku, 2020), one study each used, generalised ordinal logistic regression 

analysis (Adedokun, 2020), multivariate poison regression model (Atsu, Guure and Laar, 2017), 

Mixed effect logistic regression (Geda et al., 2021), and multinomial logistic regression model 

(Tran et al., 2019). Five of the studies included in the review used Demographic and Health Survey 

(DHS) data set of their respective country of focus, while one used data from multiple indicator 

cluster survey (Atsu, Guure and Laar, 2017). The survey years range from 2011 to 2016. But the 

only multi-country study collected data from difference countries for surveys over a 10 year period, 

from 2005 to 2015(Tran et al., 2019). 

Table 3.3 presents the results of the statistically significance of child-, parental- household-, and 

community-related predictors, which were classified into harmful, protective and no significance 

effects.  

Table 3 3: Distribution of the extracted risk factors of multimorbidity 

Child-related variables  

Childôs age Protective effects 

< 1year (ref), 3 years and above, aOR = 0.43 (0.34ï0.55) (Adedokun, 2020). 

0-11 months (ref) 12-23 months, aPR=0.991 (0.982ï0.999) (Atsu, Guure and Laar, 2017). 

0.5-1 year (ref), 1-2 years, aRRR=0.59 (0.55-0.64), 2-3 years, aRRR=0.87 (0.80-0.94) (Tran et 

al., 2019) ÿ. 

 

Harmful effects 

24-59 months (ref), 6 - 23 months, OR=2.17 (1.42 to 3.33) (Duah et al., 2020). 

<6 months (ref), 6 - 11 months, aOR = 3.48 (2.02-5.99), 24-35 months, aOR=2.84 (1.71-4.70) 

(Mulatya and Mutuku, 2020). 

0-23 months (ref), 24-35 months, aOR=6.55 (5.26-8.15), 36-59 months, aOR=4.29 (3.43-5.36) 

(Geda et al., 2021). 
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0.5-1 year (ref), 3-4 years, aRRR = 1.27 (1.18-1.37), 4-5 years, aRRR = 1.86 (1.72-2.01) (Tran 

et al., 2019). 

Childôs sex Protective effects 

Male (ref), Female sex, aOR=0.84 (0.74-0.93) (Geda et al., 2021) 

Female (ref), Male sex, aRRR= 0.78 (0.75-0.81) (Tran et al., 2019) 

 

Harmful effects 

Female (ref), Male sex, OR=1.50 (1.04 to 2.16) (Duah et al., 2020) 

Childôs birth size Protective effects 

Large (ref), Average size at birth, aOR = 0.68 (0.57ï0.82) (Adedokun, 2020) 

Diarrheal status Harmful effects 

No (ref), Had diarrhoea, aPR=1.019 (1.006ï1.032) (Atsu, Guure and Laar, 2017) 

Fever status Harmful effects 

No (ref), Had fever, OR=4.37 (2.94 to 6.50) (Duah et al., 2020) 

Vaccination status Protective effects 

No (ref), Ever been vaccinated, aPR=0.997 (0.960ï0.995) (Atsu, Guure and Laar, 2017) 

Breastfeeding status Protective effects 

No (ref), Ever been breastfed, aPR=0.995 (0.984ï1.006) (Atsu, Guure and Laar, 2017) 

Parental-related variables  

Maternal education status Protective effects 

No education (ref), Secondary education and above, aOR=0.64 (0.48-0.86) (Geda et al., 2021) 

Secondary or higher (ref), Primary education, aRRR=0.43 (0.41-0.46), No formal education, 

aRRR=0.20 (0.19-0.21) (Tran et al., 2019) 

 

Harmful effects 

No education (ref), Incomplete primary education, aOR = 1.66 (1.11-2.50) (Mulatya and 

Mutuku, 2020).. Primary education, aOR=1.29 (1.13-1.46), 

secondary/higher, aOR=1.42 (1.23-1.65) [14] 

Paternal education status Protective effects 

No formal education (ref), Secondary or higher education, OR=0.57 (0.33 to 0.97) 

(Duah et al., 2020) 

No education (ref), Secondary or higher education, aOR=0.81 (0.65-1.00) (Geda et 

al., 2021) 

Caregiverôs age Protective effects 

15-19 years (ref), 30-34 years, aOR=0.49 (0.28-0.85),40-44 years, 

aOR = 0.47 (0.23-0.95) (Mulatya and Mutuku, 2020) 

Maternal exposure to media Protective effects 

Never exposed (ref), Exposed to media, aOR = 0.82 (0.67ï0.99) (Adedokun, 2020) 

Household-related variables  

Wealth status Protective effects 

Poorest (ref), Richer wealth households, aOR = 0.83 (0.70ï

0.99)  (Adedokun, 2020). 
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Poorest (ref), Richer household, OR=0.38 (0.16 to 0.89) (Duah et al., 2020) 

Poor (ref), Middle wealth quintile, aOR = 0.58 (0.39-0.85), Highest wealth 

quintile aOR=0.43 (0.24-0.77)  (Mulatya and Mutuku, 2020) 

Poorer/poorest (ref), Middle wealth quintile, aOR=0.73 (0.61-0.87) Richer/richest, 

aOR=0.64 (0.54-0.75) (Geda et al., 2021) 

Richest (ref), 4th wealth quintile, (Richer) aRRR=0.71 (0.65-0.77) 

Middle wealth quintile, aRRR=0.62 (0.57-0.68) 

2nd quintile (poorer), aRRR=0.55 (0.50-0.60) 

Poorest wealth quintile, aRRR=0.49 (0.45-0.53) (Tran et al., 2019) 

 

Harmful effects 

Poorest (ref), 4th wealth quintile, aPR=1.011 (1.001ï1.021) (Atsu, Guure and Laar, 

2017)  

Number of under-5 years Harmful effects 

0-1 (ref), Had two children aged <5 years, OR=1.80 (1.14 to 2.84) (Duah et al., 2020) 

Household size Protective effects 

1-5 (ref), Had Ó6 members, OR=0.46 (0.28 to 0.75) (Duah et al., 2020) 

Ethnicity of household head Harmful effects 

Akan (ref), Head is of the Ewe tribes, aPR=1.023 (1.000ï1.046) (Atsu, Guure and Laar, 

2017) 

The religion of household head Orthodox (ref), Religion (others, beside Orthodox) aOR=1.37 (1.17-1.61 

(Geda et al., 2021) 

Sanitation Median (ref), Sanitation score aOR=1.12 (1.01-1.24) (Geda et al., 2021) 

Community-related variables  

Maternal education status Protective effects 

Mean (ref), maternal education at cluster level, aOR=0.94 (0.90-0.98) (Geda et al., 2021) 

State-related variables  

Region of residence Harmful effects 

North-Central (ref), North-East, aOR = 5.34 (3.86ï7.39), South-East, aOR = 3.17 

(2.15ï4.66) (Adedokun, 2020) 

Place of residence Protective effects 

Urban (ref), Rural, aRRR=0.72 (0.67-0.77) (Tran et al., 2019) 

aOR=adjusted odd ratios, aRRR=adjusted relative risk ratios, aPR=adjusted poison ratio, Tran et al (Tran et al., 2019) 

reported the aRRR for being healthy relative to concurrent stunting and anaemia as baseline 
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3.2.3.3 Child-related characteristics 

Childôs age 

Of the six studies included in the review, four papers (67%) (Tran et al., 2019; Duah et al., 2020; 

Mulatya and Mutuku, 2020; Geda et al., 2021), found significant harmful effects of childôs age in 

developing a multimorbidity among children aged under-five years. Duah et al (Duah et al., 2020) 

found a more than two-folds harmful effects of comorbid anaemia and diarrhoea for children aged 

6-23 months compared to children aged above 24 months, while Mulatya & Mutuku, and Geda et 

al found a higher odds of contracting comorbid, diarrhoea and pneumonia (ARI), and concurrent 

stunting and anaemia, respectively for older children compared to children aged under 1 year 

(Mulatya and Mutuku, 2020; Geda et al., 2021). On the other hand, Adedokun (Adedokun, 2020) 

found more than twice the protective effects for older children aged three years and above 

contracting multimorbidity of pneumonia, diarrhoea and malaria versus combined none of the 

diseases, one of the diseases, and two of the diseases when compared with children aged less than 

one year. Similarly, Atsu et al (Atsu, Guure and Laar, 2017) found a borderline significant 

protective effect for children aged 12-23 months compared to children aged less than 12 months, 

and Tran et al (Tran et al., 2019) found a near twice protective (risk) effects for healthy versus 

comorbid of stunting and anaemia children aged 1- 2 years compared to children aged 0.5-1year. 

However, Atsu et al (Atsu, Guure and Laar, 2017) found no significant effects for children aged 

24-35, 36-47, 48-59 months of being overweight and concurrently stunted, just as Adedokun 

(Adedokun, 2020) reported no significant effects for children aged 1-2 years compared to children 

aged less than 1 year. 

Childôs sex 

Another critical child-related characteristic reported in most of the studies under review is the sex 

of the child (See Table 3). Duah et al (Duah et al., 2020) found that it is more harmful to male 

children to contract comorbid anaemia and diarrhoea compared to female children. Similarly, Geda 

et al (Geda et al., 2021)  reported a protective effect for female children compared with male 

children. Similarly, Tran et al (Tran et al., 2019) found that male children are 22% less likely to 

be healthy relative to  contracting concurrent stunting and anaemia compared to female children. 

Two studies (33%) reported no significant effects of a child's sex on concurrent overweight and 
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stunting (Atsu, Guure and Laar, 2017) and diarrheal with an acute respiratory infection (ARI) 

(Mulatya and Mutuku, 2020). 

Other child-related predictors extracted from the papers under review include childôs size at birth, 

childbirth order and history of having fever within the two weeks before the survey. Adedokun 

(Adedokun, 2020) found a protective effect of multimorbidity of pneumonia, diarrhoea, and 

malaria fever for children whose mothers perceived they have 'average size' at birth relative to 

children whose mothers perceived they were 'large size' at birth, but found no significant effect for 

children born to mothers who perceived were born 'smallô relative to children born ólargeô size. 

Also, the paper found no significant effect on children's birth order. There were more than four-

folds harmful effects for children who had fever two weeks before the survey to contract comorbid 

diarrhoea and anaemia when compared with children who had no fever. 

3.2.3.4 Parental- and household-related characteristics 

Among the parental and household variables extracted from the studies selected for review, 

parental educational status had mixed conclusions. For instance, Mulatya & Mutuku (Mulatya and 

Mutuku, 2020)reported higher odds of contracting comorbid diarrheal and acute respiratory 

infection (ARI) among children of caregivers who had incomplete primary education relative to 

those without formal education, on the contrary, two other studies (Duah et al., 2020; Geda et al., 

2021) found protective effects of fathers having secondary education and above relative to no 

education (Duah et al., 2020; Geda et al., 2021), and mothers had secondary education and above 

(Geda et al., 2021). Geda et al (Geda et al., 2021) found no significant effects on mothers and 

fathers who had no primary education. Contrary to expectation, Adedokun (Adedokun, 2020) 

found that increased maternal education status serves as harmful effect for children who are 

cohabiting with 'two or more childhood diseases compared with children of mothers with no formal 

education. Atsu et al found no significant effects on maternal education status(Atsu, Guure and 

Laar, 2017). Furthermore, household wealth status was reported in almost all the papers included 

in the study. Tran et al, found that the higher the household wealth quintiles, the more protective 

the children are being healthy relative to contracting concurrent stunting and anaemia (Tran et al., 

2019). So, the RRR of 0.49 for poorest wealth quintile vs richest wealth quintile implies 

that households in the poorest wealth quintile have 0.49 times the risk of being healthy 

compared to households in the richest wealth quintile ( i.e., they are less likely to be 
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healthy than richer households - and consequently more likely to have comorbidities than 

richer households) [19]. Other protective effects include maternal exposure to mass media 

(Adedokun, 2020) and the child living in a household with a size greater than 5 members (Duah et 

al., 2020). However, Atsu et al (Atsu, Guure and Laar, 2017) reported harmful effects for children 

from fourth wealth quintile households relative to poorest households. In addition, Adedokun's 

study reported no significant effects of poorer, richer, and richest households on children 

contracting multimorbidity of diarrhoea, pneumonia, and fever versus combined of 'none of the 

diseases', 'one of the diseases', and 'two of the diseases'. When compared with children from the 

poorest household wealth quintile. 

3.2.3.5 Community- and area-related characteristics 

Being from North-East and South-East of Nigeria was associated with higher odds of 

multimorbidity among children under 5 years (Adedokun, 2020). Rural children were more 

protective to being healthy relative to concurrent stunting and anaemia compared with those 

who dwell in urban areas (Tran et al., 2019). One study that used multilevel analysis (Geda et al., 

2021) found protective effects for children from a community with mean maternal education at the 

cluster level(Geda et al., 2021). 

3.2.3.6 No significant effects-related characteristics 

The review also identified those variables that were not significant predictors of multimorbidity 

among children under under-five years. For instance, Adedokun (Adedokun, 2020) reported that 

children of mothers of all ages and education levels the poorer and more prosperous. Richest 

household wealth quintiles, North-West, or South-South region of residence, child's age is 1-2 

years, born tiny, birth order at all levels, delivered in a health facility, lives in a household with 

access to an improved source of drinking water and cooking method were no significant risk 

factors of multimorbidity of diarrhoea, fever, and pneumonia among children under five years of 

age in Nigeria. Similarly, Child's age is 24-35, 36-47, 48-59 months; sex; religion of household 

head, maternal education status; household wealth quintile is second, middle and richest, area of 

residence, child's mosquito net utilisation, a child diagnosed with malaria using the rapid test, child 

had cough were not significant predictors of overweight with concurrent stunting among Ghanian 

children under-five years of age (Duah et al., 2020). In addition, a number of children aged <5 

years in a household; or the child is from a household with wealth quintile is poorer, middle, most 
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prosperous; access to an improved source of drinking water, improved primary floor material, 

locality of residence is rural, region of residence were not found to significantly predict 

multimorbidity in children (Atsu, Guure and Laar, 2017). Also, Geda et al (Geda et al., 2021) did 

not find that child's nutritional status, sex, residence, exclusive breastfeeding between 0 and 6 

months, and combined morbidity from diarrheal and ARI, caregivers had Primary education 

completed, and secondary and above were significant risk factors of multimorbidity of comorbid 

anaemia and stunting. Mother's age attained primary education level, father also had attained 

primary education level, the child never breastfed, and the level diet diversity score were no 

significant predictors of concurrent anaemia and stunting. 

3.2.4 Discussion 

The scoping review was conducted by searching for evidence of studies to establish the prevalence 

of multimorbidity of childhood diseases among children under five in Sub-Saharan Africa. The 

search was done first on 19 September 2021 and updated 19 March 2022, covering publications 

between 1 January 1990 and 19 March 2022. It included studies that had national coverage and 

used nationally representative surveys. The selected papers were such that they applied classical 

regression analysis to determine the risk factors associated with multimorbidity of childhood 

diseases. This restriction of statistical techniques used was necessary because this study was a 

precursor of a larger study which focuses on frequentist classical regression method, and to inform 

parallel comparisons of findings among studies. Out of the 261 studies found, only 6 met the 

inclusion criteria and were reviewed. The disease structure considered in the studies spans the most 

common childhood diseases in Low - and Middle - Income- Countries (LMICs). These include 

anaemia, diarrhoea, malaria, pneumonia, and nutritional deficiency indicators (stunting, 

underweight, wasting, overweight). 

Adedokun (2020) (Adedokun, 2020) conducted the determinants of overlap among three outcome 

variables which resulted in classifying multimorbidity as a count of four ordinal groups of 'no 

disease', 'one disease only', 'two diseases', and 'three or more diseases. The study used the 2013 

Nigeria Demographic and Health Survey (2013 NDHS) data set, applying a generalised ordinal 

logistic regression model. Also, in Atsu et alôs (Atsu, Guure and Laar, 2017) study, the outcome 

variables of interest, stunting, overweight and their concurrency (having overweight and stunted 

simultaneously) variables were classified into being overweight and concurrently stunted or not. 
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The predictors were classified into three groups (hierarchical levels): distal, proximal intermediate. 

Finally, the prevalence ratios of the outcomes were computed. Though three models were 

formulated, they were not subjected to model fit to ascertain the model of best fit.  

In the same way, Dual et al (Duah et al., 2020) in their study, presented a multivariate analysis of 

determinants of comorbid anaemia and diarrhoea status. However, Mulatya & Mutuku (Mulatya 

and Mutuku, 2020) reported the overlap in the determinants of comorbid diarrhoeal and ARI 

determinants. The children without multimorbidity and those with only one of the diseases were 

combined with no comorbidity. Furthermore, Geda et al (Geda et al., 2021)had two separate 

analyses. (1) a count of the number of composite indexes of anthropometric failure (CIAF) of 

nutrition indicator a child has, (2) Having concurrent stunting and anaemia or not. The predictors 

of concurrent stunting and anaemia were reported in the review. Similarly, Tran et al (Tran et al., 

2019) examined the comorbidity of anaemia and stunting and were compared it with those of 

healthy children. Data from 43 Low - and Middle - Income- Countries (LMICs) were pooled 

together to analyse three models: anaemia compared with comorbidity, stunting compared with 

comorbidity, and comorbidity compared with healthy children. The model of comorbidity and 

healthy children was reported with comorbidity as baseline. 

Accordingly, this study found relatively high prevalence of under-five multimorbidity in some 

SSA countries. This prevalence ranges from 1.2% in Ghana from a study titled óDeterminants of 

overweight with concurrent stunting among Ghanaian childrenô, by Atsu et al. 2019, to 9.28% also in Ghana, 

according to a study titled: óComorbid patterns of anaemia and diarrhoea among children aged under five years 

in Ghana: a multivariate complex sample logistic regression analysis and spatial mapping visualisationô by Duah et 

al. 2020, and 9.0% in Nigeria for children cohabiting with pneumonia, diarrhoea, and malaria 

(Adedokun 2020). Though it is difficult to draw a blanket comparison for these studies, the 

prevalence of cooccurrence of childhood diseases is fast becoming a public health burden in LMIC. 

Childôs age and household wealth quintiles are the two most important predictors of 

multimorbidity in under-five children in SSA. Irrespective of the disease combination, they stood 

out as predictors in all the studies. As for the childôs age, there were no clear patterns in the 

direction of the significance, which may be partly because of the diversities in the study diseases 

and study settings. Similarly, for household wealth status, findings showed that the higher the 

wealth status, the less likely the children will cohabit with multiple diseases in SSA. However, 
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Tran et al. 2019 found the similar conclusion from a pooled data set in 43 LMICs, that the poorer 

the household the more likely the children will cohabit with stunting and anaemia versus healthy 

children when compared with those from richest household. The possible reason for this is that 

wealthier households may have more resources to acquire those things that will impact good 

healthy living compared with those from poorer households. The study also found that female 

children are less likely to cohabit with multiple diseases compared with their male counterparts. 

There are assertions that constitution of breast milk is a function of which gender is breastfeeding. 

Tran et al states that girls breast feed long than boys (Tran et al 2019). 

Parental education status was also an important predictor of multimorbidity. The more educated 

the parents are the less likely the children will cohabit with two or more diseases. Compared to 

children who live in urban areas, children who live in rural regions are more likely to experience 

comorbidity (Tran et al, 2019). In SSA countries, residing in a rural location always has 

disadvantages in terms of living standards, economic standing, and accessibility to healthcare. In 

order to avoid this co-morbidity, kids who live in rural regions require greater assistance. 

However, four studies that used the Bayesian approach were excluded from the reviewed papers 

for ease of comparing the findings, but three found valuable results that have revealed further study 

gaps worthy of mentioning. This includes examining the spatial variations across the study settings 

and in most cases, considered the nonlinearity of some covariates. The three most essential 

childhood diseases of interest in these studies were non-malaria fever, acute respiratory infection, 

and diarrheal.  

First, Kazembe and Namangale (2007) evaluated the risk factors for children under-five years 

cohabiting with fever, diarrhoea, and pneumonia, and measured the geographical impacts specific 

to a given location. Using 2000 edition of the Malawi Demographic and Health Survey (MDHS), 

the study applied a hierarchical multinomial regression model from the Bayesian perspective. The 

data was grouped into two different geographic levels (subdistricts and districts). The child's age, 

place of residence, undernutrition, use of bed nets, and Vitamin A were among the risk variables 

of child comorbidity. The central and southern-eastern regions were found to have higher residual 

risk levels. The prevalence of comorbidity (as referred to in the paper) of 2 or more diseases among 

children aged under five in Malawi was 42%. The distinction between these terms comorbidity 

and multimorbidity became evident when this was enshrined in MESH beyond 2018 (Tugwell and 

Knottnerus, 2019). 
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Second, Takele et al (2020) examined the spatial variations of comorbidity of diarrhoea, fever, and 

cough among young children aged under-five years in Ethiopia using the Ethiopia Demographic 

and Health Survey (EDHS 2016). The primary focus of this study was to account for the nonlinear 

of some metrical covariates and spatial variations while adjusting for other covariate risk factors. 

The paper reported the prevalence of comorbidity of two or more diseases among male children, 

12.3%, and female children, 12.5%. The paper also reported that comorbidity was a significant 

concern for infants between 10 and 15 months in Ethiopia. In addition, the research showed that 

male children, those not breastfed, live in homes without toilets, use spring water, are born first, 

have a working mother, are anaemic, and have a mother without formal education, are at a higher 

risk of developing several ailments. The paper applied the Bayesian multinomial logit approach in 

the analysis. 

Thirdly, Khatab and Kandala (2011)' s paper covered the exact research location as with this 

current study (Nigeria). The focus of the study was to use flexible geoadditive probit models to 

examine the effects of various bio-demographic and socioeconomic factors on joint childhood 

illnesses in Nigeria. Flexible in the sense that the investigation incorporated the 'latent variable 

modelling' into geoadditive Bayesian semiparametric models approached used in Kandala (2007). 

The multiple diseases of interest were diarrhoea, cough, and fever, used as indicators for the 

unobservable 'health status' among children aged under-five years in Nigeria using the 2003 

Nigeria Demographic and Health Survey (NDHS). The outcomes point to some significant 

underlying regional trends of the three diseases, with a distinct south-eastern divide in childhood 

morbidities. The study recommended, among others, that for effective and affordable control and 

planning of the three illnesses, the search for overlapping common risk factors and their 

geographical implications may help us better understand the aetiology of diseases. 

3.2.4.1 Some identified study gaps 

Only in recent times, perhaps in the 2018 Nigeria Demographic and Health Survey (2018 NDHS), 

there was an expanded collection of more childhood diseases, including anaemia, acute respiratory 

infection (ARI), malaria, malnutrition, diarrhoea, fever, and sickle cell anaemia. Other than sickle 

cell anaemia, which is an inherited condition (CDC, 2016), information on anaemia, malaria, and 

malnutrition was objectively gathered using accepted practises. For, diarrhoea, ARI, and fever, 

mothers were asked whether their kids had any of the illnesses in the two weeks prior to the survey. 
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The accuracy of the information for these variables is determined by the ability of the mother to 

recall the accurate diagnosis of the illness correctly. In a society like most SSA, where maternal 

literacy is low, it may not be possible to get accurate results. To the best of our knowledge, the 

current research demonstrates that no prior study has integrated such paediatric disorders with data 

objectively gathered from the survey as a multimorbidity framework. Studies to investigate the 

determinants of the cooccurrence of these three childhood diseases are urgently needed to repose 

confidence in the outcome of the analyses. In addition, almost all the included data sets were from 

nationally representative surveys with clear evidence of hierarchy. However, most of the existing 

studies did not take into consideration the multilevel structure and apply the appropriate statistical 

methods. Furthermore, most of the studies reviewed considered concurrency of two childhood 

diseases, therefore classified the outcome of interest as a dichotomous variable, and used 

multivariate logistic or poison regression method, where children with concurrent of the two 

diseases were compared with children without the two diseases (none of the disease, and any one 

of the diseases).  

3.2.4.2 Conclusions 

Multimorbidity, until recently, has been associated with the adult population, but this has changed, 

especially in the LMIC, where more and more children are found to suffer from these emergent 

disease structures. The relatively few studies in this area of research showed the need for more 

studies to be done that will help policymakers to make sound policies to combat the growing trend 

of multimorbidity in LMIC and thereby improve the public health sectors. Particularly, the areas 

of intense need are that policymakers bear in mind that children from lower-income families appear 

to need more extensive and intense interventions in nations with considerable inequality, especially 

if resources are typically scarce. The findings in this study have also shown considerable clustering 

of childhood diseases around nutrition-related diseases in SSA. This requires more studies to be 

carried out that will inform integrated care-framework to be developed by clinicians, healthcare 

workers and providers to reduce the burden of multimorbidity in SSA. 
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3.3 Part 2: A scoping review of the risk factors associated with anaemia among 

children under five years in Sub-Saharan African countries  

3.3.1 Introduction 

This scoping review, "A Scoping Review of the Risk Factors Associated with Anaemia among 

Children Under Five Years in Sub-Saharan African Countries", was conducted on existing 

literature between 1 January 1990 and 26 June 2020. The review outcome was published in one of 

the journals on 27 November 2020, the International Journal of Environmental Research and 

Public Health. 2020 (Obasohan et al., 2020a). (Full text is attached in Appendix C.5). However, 

this section reports the extracted results from the review. 

3.3.2 Results 

The results section reports the profile of the quantitative analysis of risk factors associated with 

anaemia in under-five children in SSA. Results extracted are those reported from the studies that 

investigated risk factors (both protective and harmful effects) which were evident by Odds Ratios 

(OR), Relative Risk Ratios (RRR) or Risk Difference (RD) and Regression Estimates (RE). 

3.3.3 The study profile counts 

A total of 217 studies (publications) were extracted from the electronic databases (PubMed=140, 

Scopus=13, Medline=1) and another 63 studies from Google Scholar (using adjusted search terms 

to accommodate the length required for search terms in google scholar). Other sources searched 

include MeasureDHS journal publications while using overall conditions such as 'Anaemia' 

filtered for African countries and publication years between 1990 and 2020. The search yielded 43 

studies. Twenty-six (26) other reviews were added from checking the references of the included 

studies and AJOL=1. After removing 20 duplicate studies, the first scoping glance at the titles and 

abstracts eliminated further 215 studies (publications). Fifty-two (52) studies were subjected to 

full -text examination, which resulted in retaining 20 publications for this review after excluding 

32 other studies (see figure 3.1). The reasons for the exclusion of most of the studies were:  

(i) Using other analytical methods rather than classical regression analysis,  

(ii) Studies did not report separate results for children 0-59 months,  

(iii) Studies which considered anaemia outcomes based on maternal or child's specifics, 

(iv) Studies not from SSA countries  

(v) Papers without the full text available.  
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The 20 publications that met the inclusion criteria were further subjected to full-text scrutiny to 

answer the scoping review question. However, in this scoping review, the unit of analysis was the 

country for which unique analysis for the data set was done. It means that a study of two nations 

analysed separately from the nationally representative surveys from each country was counted as 

two studies. On the other hand, studies in several countries with pooled data as a single analysis 

were counted as one study. Overall, a total of 24 country studies were included in this review. 

 

Figure 3 2 : Flowchart of Inclusion of Studies for Anaemia Review. 

3.3.5  Classifications of the risk factors 

This section reports the distributions of the studies by variable groups: Child-related, 

parental/caregiver-related, household-related, and community-related. 

Records identified through 
database searching (n = 217) 

Additional records identified 
through other sources (n =70) 

Records after duplicates were removed (n =267) 

Records screened for titles 
and abstracts (n = 267) 

Records were excluded because they 
did not meet the inclusion criteria 

(n=215)  
 

Full-text articles assessed for 
eligibility (n = 52) 

Identification 

Screening 

Identification 

Full-text articles excluded, with 
reasons (n =32) 

Studies included in the synthesis (n =20) 

Included 
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3.3.5.1. Child-Related Variables 

Table 3.4 describes the distributions of child-related variables in the included studies. Out of the 

twenty-four (24), unique country-based studies, only one study (Jones et al., 2018) did not consider 

the child's age as part of the investigated child-related variables. This implies that 96% of the 

studies considered the age of the child (0-59 months), as a risk factor either as classified into 

different degrees of age groups or used as an interval variable. These studies found that the age of 

the child is a significant predictor of the development of anaemia among children under under-five 

in SSA. The chances of having anaemia are much higher for children at a lower age, (below 24 

months) than an older age (Dwumoh et al., 2014; Nambiema et al., 2019; Ngnie-Teta et al., 2007; 

Ntenda, Nkoka, et al., 2018, 2018). For instance, Nambiema et al. (Nambiema, Robert and Yaya, 

2019)  found a protective effect of a child's age with Odds Ratio (OR) (OR=0.22, 95% CI = 0.17 

ï 0.29); Ngnie-Teta et al., (Benin Republic study) (Ngnie-Teta et al., 2007) found an increased 

risk of developing anaemia for children aged 6-11 months with (OR=4.05, 95% CI =2.40 ï 7.09) 

and 12-35 months with (OR=2.81 95% CI = 1.99 ï 4.52) when compared with children aged above 

35 months. Also from a Mali study, Ngnie-Teta et al., (Ngnie-Teta et al., 2007) found that a child 

aged 6-11 months (OR=1.73, 95% CI = 1.32 - 2.92) or 12-35 months (OR=2.90, 95% CI = 2.24 ï 

3.92) is more likely to be anaemic when compared with a child more than 35 months  

Table 3 4: Distribution of child-related variables in anaemia from the 24 country-specific results 

Risk factor: 

Child-related Variables 

Number of studies 

which investigated 

the risk factor (%)  

References 

Age of the child 23/24 (96%) (Asresie et al., 2020; Austin et al., 2012; Douglas Andabati Candia, 

2017; Dwumoh et al., 2014; Hershey et al., 2017; Immurana & Urmi, 

2017; Kawo et al., 2018; Machisa et al., 2013; Menon et al., 2015; 

Mohammed et al., 2019; Moschovis et al., 2018; Muchie, 2016; 

Nambiema et al., 2019; Ngnie-Teta et al., 2007; Nikoi & Anthamatten, 

2013; Ntenda, Chuang, et al., 2018; Ntenda et al., 2019; Ntenda, 

Nkoka, et al., 2018; Ojoniyi et al., 2019; Semedo et al., 2014) 

Sex of the child 17/24 (71%) (Austin et al., 2012; Douglas Andabati Candia, 2017; Dwumoh et al., 

2014; Hershey et al., 2017; Immurana & Urmi, 2017; Jones et al., 

2018; Kawo et al., 2018; Machisa et al., 2013; Mohammed et al., 2019; 

Moschovis et al., 2018; Nambiema et al., 2019; Ngnie-Teta et al., 

2007; Nikoi & Anthamatten, 2013; Ntenda et al., 2019; Ntenda, Nkoka, 

et al., 2018, 2018; Ojoniyi et al., 2019; Semedo et al., 2014) 

Has Health Insurance 4/24 (17%) (Nikoi and Anthamatten, 2013; Dwumoh, Essuman and Afagbedzi, 

2014; Immurana and Urmi, 2017; Ojoniyi et al., 2019) 
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Perceived Birth Size 3/24 (12%) 
 

(Muchie, 2016; Kawo, Asfaw and Yohannes, 2018; Mohammed, 

Habtewold and Esmaillzadeh, 2019) 

Ever Had Vaccination 

Status 

1/24 (4%) (Austin et al., 2012; Semedo et al., 2014) 

Product of multiple 

births 

2/24 (8%) (Moschovis et al., 2018; Ojoniyi et al., 2019) 

Preceding Birth 

Interval  

1/24 (4%) (Moschovis et al., 2018) 

Birth Order  6/24 (25%) 

 

(Immurana & Urmi, 2017; Moschovis et al., 2018; Muchie, 2016; 

Ngnie-Teta et al., 2007; Ntenda et al., 2019) 

Iron supplement 4/24 (17%) (Jones et al., 2018; Kawo et al., 2018; Machisa et al., 2013) 

Duration of 

breastfeeding 

4/24 (17%) (Jones et al., 2018; Machisa et al., 2013; Mohammed et al., 2019; 

Semedo et al., 2014) 

Breastfeeding 2/24 (8%) (Austin et al., 2012; Mohammed et al., 2019; Moschovis et al., 2018) 

Had diarrhoea in last 2 

weeks 

12/24 (50%) (Asresie et al., 2020; Austin et al., 2012; Jones et al., 2018; Machisa et 

al., 2013; Moschovis et al., 2018; Ngnie-Teta et al., 2007; Ntenda et 

al., 2019; Ntenda, Nkoka, et al., 2018; Semedo et al., 2014) 

Had fever in last 2 

weeks 

11/24 46%) (Asresie et al., 2020; Austin et al., 2012; Jones et al., 2018; Machisa et 

al., 2013; Moschovis et al., 2018; Nikoi & Anthamatten, 2013; Ntenda 

et al., 2019; Ntenda, Nkoka, et al., 2018) 

Vitamin A 

Consumption 

4/24 (16.6%) (Austin et al., 2012; Jones et al., 2018; Machisa et al., 2013; 

Mohammed et al., 2019; Ntenda, Chuang, et al., 2018; Ntenda et al., 

2019) 

Min Dietary Diversity 

(MDD)  

1/24 (4%) (Austin, Fawzi and Hill, 2012; Mohammed, Habtewold and 

Esmaillzadeh, 2019) 

Min Meal Frequency 

(MMF)  

1/24 (4%) (Mohammed, Habtewold and Esmaillzadeh, 2019) 

Treatment for 

intestinal worms in the 

last 6 months 

3/24 (12%) (Jones et al., 2018; Moschovis et al., 2018; Ntenda, Nkoka, et al., 

2018) 

Nutrition status 1/24 (4%) (Nambiema, Robert and Yaya, 2019) 

Stunting 9/24 (37%) (Austin et al., 2012; Kawo et al., 2018; Moschovis et al., 2018; Ngnie-

Teta et al., 2007; Ntenda, Chuang, et al., 2018; Ntenda et al., 2019; 

Ntenda, Nkoka, et al., 2018) 

Wasting 3/24 (12%) (Kawo, Asfaw and Yohannes, 2018; Ntenda, Chuang, et al., 2018) 

underweight 5/24 (20%) (Ntenda, Nkoka, et al., 2018) 

Overweight 1/24 (4%) (Ojoniyi et al., 2019) 

Malaria status (Blood 

Smear) 

3/24 (12%) (Hershey et al., 2017; Nambiema, Robert and Yaya, 2019; Ntenda et 

al., 2019) 

Malaria status (Rapid 

Test) 

1/24 (4%) (Menon and Yoon, 2015) 

Furthermore, the sex of the child as a risk factor predicting the chance of developing anaemia 

among children of under-five years in SSA was reported in 17 studies, (representing 71%). Almost 

all these 17 studies reported significant variations in anaemia status by sex. In almost all the studies 



43 

 

that reported sex as a risk factor, found that a male child was more prone to having anaemia than 

a female child (Douglas Andabati Candia, 2017; Dwumoh et al., 2014; Mohammed et al., 2019; 

Moschovis et al., 2018; Ntenda et al., 2019; Ojoniyi et al., 2019).  

Comorbidities of anaemia with having diarrheal and fever, (in the last two weeks before the survey) 

were reported in 12, (50%) and 11 (46%) studies respectively. Moschovis et al (Moschovis et al., 

2018) reported a slightly harmful effect of anaemia for a child who had non-bloody diarrheal 

(OR=1.11, 95% CI = 1.04 ï 1.18), bloody diarrheal (OR=1.21, 95% CI = 1.07 ï 1.36), when 

compared with a child without diarrheal in the last two week before the survey(Moschovis et al., 

2018). But, Jones et al (Jones et al., 2018) found no significant effect (OR=1.1, 95% CI=0.77 ï 

1.6). Also, significantly higher odds of developing anaemia among children of under-five years in 

SSA was reported for children that had a fever in the last two weeks before the survey than those 

that had not, (OR=1.42, 95% CI = 1.36 ï 1.49) (Moschovis et al., 2018), (OR=1.46, 95% CI=1.04 

ï 2.32) in Mali (Ngnie-Teta et al., 2007). Besides, the strong relationship between anaemia and 

nutrition indicators, stunting as a risk factor was examined in 9, (36%) of the included studies. In 

comparison 'wasting' was examined in 3, (12%) of the included studies. Moreover, nutrition status 

(a composite of all the nutrition indicators) was only reported in one, (4%) of the 24 

studies(Nambiema, Robert and Yaya, 2019). The odds of under-five anaemia was 1.82 times for a 

malnourished child than a well-nourished child (Nambiema, Robert and Yaya, 2019).  

Treatment for intestinal worms in the last 6 months was reported as a significant factor in 

Moschovis et al (OR=1.06, 95% CI = 1.02 ï 1.11) (Moschovis et al., 2018), but not significant in 

Jones et al (OR=0.98, 95% CI = 0.76 ï 1.3) (Jones et al., 2018). Birth order as a risk factor for 

anaemia in children under-five years of age was reported in six (6) countries studies. Two studies 

reported significant harmful effects, but contrary to one another. Mischovis et al., (Moschovis et 

al., 2018) found that having lower birth order is significantly harmful in developing under-five 

years anaemia compared with having more than three birth order, while, Ngnie-Teta et al, (Benin 

Republic study) (Ngnie-Teta et al., 2007),concluded that being born as the sixth birth order or later 

is significantly two folds more harmful than a single birth order (OR=2.05, 95% CI = 1.02 ï 3.97) 

3.3.5.2. Distributions of Parental/Caregivers-Related Variables  

The included studies frequently reported mother's age, work status, educational status, and 

anaemia status. Table 3.5 indicates that the mother's educational status was reported in 21 (84%) 

of the studies, followed by mother's age (13 studies) and mother's anaemia status (12 studies). 
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Therefore, among the parental/caregiver-related variables, 84% of the studies placed the mother's 

educational status as one of the most frequently considered risk factors of anaemia in under-five 

children in SSA. The results from most of these 21 studies showed that as the level of educational 

status of the mother increases, the chances that the child will develop anaemia reduce. For instance, 

Nambiema et al (Nambiema, Robert and Yaya, 2019) found that a child whose mother has a 

secondary level of education and above has a lower adjusted odds of developing anaemia than a 

child whose mother has no education (aOR=0.67, 95% CI = 0.52 ï 0.86).  

Table 3 5Distribution of study characteristics by Parental/caregiver-related variables in Anaemia 

Parental/Caregiver-related variables  Number of studies 

which investigated the 

risk factor  

References 

Motherôs age in years (grouped) 13/24 (54%) (Asresie et al., 2020; Dwumoh et al., 2014; Immurana & Urmi, 2017; 

Mohammed et al., 2019; Moschovis et al., 2018; Muchie, 2016; Ngnie-

Teta et al., 2007; Ntenda, Chuang, et al., 2018; Ntenda et al., 2019; 

Ntenda, Nkoka, et al., 2018; Ojoniyi et al., 2019) 

Mother's age at child's birth 1/24 (4%) (Machisa et al., 2013) 

Mother working Status 6/24 (25%) (Asresie et al., 2020; Immurana & Urmi, 2017; Kawo et al., 2018; 

Muchie, 2016; Nambiema et al., 2019; Ojoniyi et al., 2019) 

Motherôs educational status 20/24 (83%) (Asresie et al., 2020; Austin et al., 2012; Douglas Andabati Candia, 

2017; Dwumoh et al., 2014; Immurana & Urmi, 2017; Jones et al., 

2018; Kawo et al., 2018; Machisa et al., 2013; Menon et al., 2015; 

Mohammed et al., 2019; Moschovis et al., 2018; Muchie, 2016; 

Nambiema et al., 2019; Ngnie-Teta et al., 2007; Nikoi & Anthamatten, 

2013; Ntenda, Chuang, et al., 2018; Ntenda et al., 2019; Ntenda, Nkoka, 

et al., 2018; Ojoniyi et al., 2019) 

Fatherôs educational status 4/24 (17%) (Immurana & Urmi, 2017; Muchie, 2016; Ngnie-Teta et al., 2007) 

Father is alive at the date of the survey 1/24 (4%) (Nambiema, Robert and Yaya, 2019) 

Mother's Marital status  3/24 (12%) (Immurana and Urmi, 2017; Kawo, Asfaw and Yohannes, 2018; 

Ojoniyi et al., 2019) 

Motherôs body mass index (kg/m2) 4/24 (17%) (Machisa et al., 2013; Mohammed et al., 2019; Moschovis et al., 2018; 

Nikoi & Anthamatten, 2013) 

Motherôs anaemia status 12/24 (50%) (Asresie et al., 2020; Machisa et al., 2013; Mohammed et al., 2019; 

Moschovis et al., 2018; Muchie, 2016; Nambiema et al., 2019; Nikoi 

& Anthamatten, 2013; Ntenda, Chuang, et al., 2018; Ntenda et al., 

2019; Ntenda, Nkoka, et al., 2018) 

ANC attendance 1/24 (4%) (Mohammed, Habtewold and Esmaillzadeh, 2019) 

Religion status 2/24 (8%) (Muchie, 2016; Immurana and Urmi, 2017) 

Motherôs iron supplementation during pregnancy ¼ (4%) (Machisa et al., 2013) 

 

There was also a clear-cut pattern of how the variations in the mother's age affect the chances a 

child will develop anaemia. For instance, Moschovis et al(Moschovis et al., 2018), Asresie et al 
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(Asresie et al., 2020) and Ojoniyi et al (Ojoniyi et al., 2019) reported a drop in the odds of having 

anaemia among children of under-five years as the mothers' age increase. 

The mother's anaemia status was reported in 12 (50%) of the studies included in this scoping 

review. Moschovis et al (Moschovis et al., 2018) found that a child whose mother was anaemic 

had an 85% greater odds of having anaemia than another child whose mother was not anaemic 

(OR=1.85, 95% CI=1.76-1.95). Iron supplementation during pregnancy was reported in only one 

study (Machisa et al., 2013) and was not a significant risk factor, (RRR=1.00, 95% CI = 0.7-1.6).  

3.3.5.3. Distributions of Household-Related Variables  

Another critical component of the risk factors associated with anaemia among children of under-

five years in SSA was the household-related variable. Table 3.6 shows the details of the 

distribution of various household-related risk factors. Wealth status, a proxy of household 

socioeconomic status, was one among many factors that drew more attention in this category of 

risk factors. Twenty-one (21), studies (representing 87%), considered for this scoping review were 

examined for wealth status. Most of the studies that reported significant effects of household 

wealth status on under-five anaemia in SSA countries established that the higher the wealth 

quintiles, the lower the risk of developing anaemia among under-five year anaemia (Douglas 

Andabati Candia, 2017; Hershey et al., 2017; Moschovis et al., 2018; Ojoniyi et al., 2019). The 

Hershey et al. (Hershey et al., 2017), Mohammed et al. (Mohammed, Habtewold and Esmaillzadeh, 

2019), and Moschovis et al (Moschovis et al., 2018) studies found, respectively, that being in the 

richest category [(OR=0.55, 95% CI=0.44-0.70), (OR=0.48, 95% CI=0.33-0.63), (OR=0.417, 95% 

CI=0.287-0.547)] had significant protective effect for under-five years anaemia. On the contrary, 

Ntenda et al. (Ntenda, Chuang, et al., 2018)  found in their Malawi study (OR=0.81 95% CI=0.60-

1.08), Mozambique study (OR=0.48, 95% CI=0.38-1.24), and Namibia study (OR=0.76, 95% 

CI=0.53-1.11)  that being in higher quintiles of wealth status is protective but not a significant 

factor.  

Closely following the effect of wealth status in this category of household-related risk factors was 

the place of residence (that is, whether the household under study is in a rural or urban area). With 

18 (75%) studies, the place of residence was the second most examined household-related variable 

as a risk factor associated with anaemia among children of under-five years in SSA countries. 

However, among the studies that reported a significant association of place of residence, there 

were no clear-cut conclusions relating to the comparison of rural and urban dwellers. For instance, 
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Menon and Yoon (OR=0.768, 95% CI=0.592-0.996) (Menon and Yoon, 2015), Mohammed et al 

(Mohammed, Habtewold and Esmaillzadeh, 2019) and Moschovis et al (Moschovis et al., 2018) 

reported protective effect for rural than for urban, while Ngnie-Teta et al (Ngnie-Teta et al., 2007) 

in Mali study, (OR=2.04, 95% CI=1.38-3.44), Nambiema et al., (OR=0.66, 95% CI=0.53-0.82) 

(Nambiema, Robert and Yaya, 2019) and Dwumoh et al, (uOR=0.53, 95% CI=0.46-0.65) 

(Dwumoh, Essuman and Afagbedzi, 2014), found that it was more harmful to a child in the rural 

area in developing anaemia than in the urban area of SSA.  

Table 3 6 Distribution of study characteristics by household-related variables 

Household-related variables  Number of studies which 

investigated the risk factor 

References 

Wealth status 21/24 (87%) (Asresie et al., 2020; Austin et al., 2012; Douglas Andabati Candia, 2017; 

Dwumoh et al., 2014; Hershey et al., 2017; Jones et al., 2018; Kawo et al., 

2018; Machisa et al., 2013; Menon and Yoon, 2015; Mohammed et al., 2019; 

Moschovis et al., 2018; Nambiema et al., 2019; Ngnie-Teta et al., 2007; Nikoi 

& Anthamatten, 2013; Ntenda, Chuang, et al., 2018; Ntenda, Nkoka, et al., 

2018; Ojoniyi et al., 2019) 

Place of residence 18/24 (75%) (Douglas Andabati Candia, 2017; Dwumoh et al., 2014; Jones et al., 2018; 

Kawo et al., 2018; Menon and Yoon, 2015; Mohammed et al., 2019; 

Moschovis et al., 2018; Nambiema et al., 2019; Ngnie-Teta et al., 2007; 

Ntenda, Chuang, et al., 2018; Ntenda et al., 2019; Ntenda, Nkoka, et al., 2018) 

Household had bed net 2/24 (8%) (Menon and Yoon, 2015; Jones et al., 2018) 

Age of Household-Head 1/24 (4%) (Immurana and Urmi, 2017) 

Recent anti malaria indoor residual 

spraying of household 

1/24 (4%) (Jones et al., 2018) 

Household size 4/24 (17%) (Asresie et al., 2020; Machisa et al., 2013; Moschovis et al., 2018; Ngnie-Teta 

et al., 2007) 

Number of children U5 in household 3/24 (12%) (Asresie et al., 2020; Kawo et al., 2018; Muchie, 2016; Ojoniyi et al., 2019) 

Water source outside the premises 1/24 (4%) (Moschovis et al., 2018) 

Improved Source of drinking water 8/24 (33%) (Austin et al., 2012; Douglas Andabati Candia, 2017; Jones et al., 2018; Kawo 

et al., 2018; Mohammed et al., 2019; Moschovis et al., 2018; Muchie, 2016) 

Improved Type of toilet facilities  2/24 (8%) (Jones et al., 2018; Moschovis et al., 2018) 

Unsafe stool disposal 1/24 (4%) (Moschovis et al., 2018) 

Improved Floor material type 1/24 (4%) (Moschovis et al., 2018) 

Sex of Household Head 2/24 (8%) (Jones et al., 2018) 

Shared Toilet Facilities with Other 

household members 

1/24 (4%) (Moschovis et al., 2018) 

Use Biomass for cooking 3/24 (12%) (Moschovis et al., 2018; Ntenda, Nkoka, et al., 2018) 

Under-5 slept under mosquito net 

last night 

4/24 (17%) (Hershey et al., 2017; Machisa et al., 2013; Ngnie-Teta et al., 2007) 

Household ownership of livestock 1/24 (4%) (Jones et al., 2018) 
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However, Ntenda et al (Ntenda et al., 2019) discovered it was more harmful in rural than in an 

urban areas, but it was not a significant factor (OR=1.27, 95% CI=0.53-3.01). 

Other risk factors that were of utmost importance in many of the studies included in this scoping 

review include: 

(i) Household size in four, (17%) studies, 

(ii) The number of children that were under-five years living in the same household (17%),  

(iii) Having an improved source of drinking water reported in eight (33%) studies and  

(iv). The child slept under a mosquito net the previous night before the surveys (17%). 

Two studies reported findings on the use of Biomass for cooking in three country-related studies. 

Contrary to the expectation from other studies not included in this review (Mishra and Retherford, 

2007; Page, Patel and Hibberd, 2015) that exposure to biofuel for cooking and heating may result 

in harmful effects of developing anaemia in children than those exposed to cleaner cooking and 

heating fuel. The studies (Moschovis et al., 2018; Ntenda, Nkoka, et al., 2018) included in this 

scoping review found the opposite conclusion. Moschovis et al (OR=0.99, 95% CI=0.90-1.10) 

(Moschovis et al., 2018), Ntenda et al (Ntenda, Chuang, et al., 2018) in Mozambique study 

(OR=0.93, 95% CI=0.50-1.73), and in Namibia study (OR=0.92, 95% CI=0.58-1.45) reported 

protective association to use biofuel for cooking but it was not significant. 

3.3.5.4. Distribution of study characteristics by Community-related variables 

Community-based risk factors (Table 3.7) were not very popular in all the studies added to this 

review. The few that are of general importance are the community poverty and wealth statuses, 

(these were computed as the mean per cent of the community wealthiest households), and 

community female educational status (computed as the mean per cent of women in the community 

that has primary education and above). There were four studies in this category. Other variables 

included the distance to the nearest health facility and level of access to safe drinking water for the 

community. 

Some of the studies generally included their country's region or place of residence as community 

risk factors. However, since the regions were not unique for all studies, they were dropped from 

the list of risk factors at the community levels. 
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Table 3 7 Distribution of study characteristics by community-related variables 

Community variables  Number of studies which investigated 

the risk factor 

References 

Community wealth 4/24 (17%) (Jones et al., 2018; Ntenda, 

Nkoka, et al., 2018) 

Community Female Education 4/24 (17%) (Ntenda, Chuang, et al., 2018; 

Ntenda, Nkoka, et al., 2018) 

Community Distance to Health Facility 3/24 (12%) (Ntenda, Nkoka, et al., 2018) 

Community safe water access 3/24 (12%) (Ntenda, Nkoka, et al., 2018) 

3.4 Part 3  Scoping review of risk factors associated with malaria among children 

under-five years in Sub-Sahara Africa 

3.4.1 Introduction 

This part of the scoping review titled: "A Scoping Review of Selected Studies on Predictor 

Variables Associated with the Malaria Status among Children under Five Years in Sub-Saharan 

Africa", was conducted for existing publications between January 1990 and December 2020. The 

outcome was also published in one of the journals on 22 February 2021, the International Journal 

of Environmental Research and Public Health. 2020 on 22 February 2021 (Obasohan et al., 2021a), 

(The full text is attached in Appendix C.4).  

3.4.2 The Results 

3.4.2.1. Description of Study Records 

This review aimed to synthesise evidence from published articles describing the determinants 

(socioeconomic, demographic, and contextual) of the malaria status of children under five years 

in SSA between January 1990 and December 2020. The flowchart diagram in Figure 1 shows the 

selected studies for review. A total of 1157 records were identified from all the databases 

consulted. Ninety-three (93) were retained for full-text examination, and only thirteen (13) unique 

publications (with 18 country-specific studies) met the inclusion criteria and were examined for 

this review. 

 

 

 

 



49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 3 3 Flowchart of Inclusion of Studies for Malaria Review 

3.4.2.2. Data Synthesis Method 

The results were appraised using the narration of the descriptive statistics and odds of the 

likelihood of the risk factors and the outcome variable (malaria status). 

3.4.2.3 Predictors associated with Malaria Status 

The socioeconomic, demographic, and contextual determinants of malaria status among children 

under five years in SSA were grouped into child-related variables, mothers or caregiver-related 

Studies Identified: PubMed (867), CINAHL (14), 

Scopus (0), Medline (122) and Measure DHS (154) (N=1154) 

 

After Screening out Duplicate papers (n =1138) 

Papers retained for abstract 

screening (n =213) 
Irrelevant papers removed (n =925) 

Papers retained for full-text screening 

(n=93) 

Identification 

Screening 

Identification 

Papers excluded after abstract screening 

(n=120) 

Papers included in the review  
(n =13) 

Included 

Papers for full text read  
(n =93) Excluded papers (n=80)  

with reasons: 
(i) Not Malaria outcome (20), (ii) 
Bayesian approach (12) Not 
nationally representative (31), 
Community-based (4), Not under-5 
analysis (8), Study-design not 
related (4), Not SSA country only (1) 
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variables, household-related variables, and environmental or Area-related variables and interaction 

terms. These variables include age of the child, weight, anaemia status, birth order status; maternal 

age and education status, parent's knowledge, attitude, and practices of some basic facts about 

malaria fever; the type of material used to construct the building, distance from a health facility 

and cluster altitude as factors identified that are associated with malaria status among children 

under five years in SSA. A factor was considered statistically significant concerning each paper 

considered the p-value cut-off (0.01, 0.05, or 0.001). In addition, in a situation where the factor 

was classified into different categories or dummies, the factor was labelled as statistically 

significant if at least one of the categories or dummies compared to the reference category was 

statistically significant. 

3.4.2.4 Child-Related Variables 

Table 3.8 shows the evidence found on child-related variables. This study revealed the child's age's 

role in the tendency for the child to be infected with malaria parasites. Eleven (11) of the country-

specific studies investigated a child's age being under five years as a predictor of their potential 

malaria status. Nine studies found that the child's age in at least one of the age groups was 

significantly associated with the prevalence of malaria among under five years in SSA. In most of 

the studies, it was found that as the child's age increases, the odds of contracting malaria fever also 

increase. However, Semakula et al. (Semakula et al., 2015) in their multi-country study found no 

statistical significance in Tanzania (OR: 1.26, CI: 0.94ï1.70, p = 0.128) and Burundi (OR: 0.79 

CI: 0.60ï1.05, p = 0.108), but found significant effect in Malawi (OR: 1.85 CI: 1.33ï2.56, p < 

0.001] and Liberia (OR: 2.10 CI: 1.59ï2.80, p < 0.001]. Three studies investigated the sex of a 

child as a predictor of the prevalence of malaria among under five years old children in SSA. 

Surprisingly, these three studies ((OR: 0.96 CI: 0.91ï1.02, p = 0.18) (Berendsen et al., 2016), (OR: 

0.927, p = 0.2627) (Ugwu and Zewotir, 2018), and (OR: 1.04 CI: 0.82ï1.32, p = 0.764)) (Wanzira 

et al., 2017) found no statistically significant effect. Also, three studies that explored the effect of 

birth order found statistically significant effects (OR: 1.03 CI: 1.01ï1.06, p = 0.011) (Berendsen 

et al., 2019) when the child was second-order compared to the 1st child born: (OR: 1.43 CI: 1.04ï

1.96, p = 0.03) (Chitunhu and Musenge, 2015) and [marginal effect: 0.045, p < 0.01) (Njau et al., 

2014). 
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Table 3 8 Association between child-related variables and malaria status 

S/N Variables Significance 

Levels 

Number of Studies Association Effect (95% CI) 

1 Age of the child S: 9 Increased significant factors (ISF) 

OR: 1.05 (1.04ï1.06)(Berendsen et al., 2019) 
OR: 1.03 (1.02, 1.04) (Chitunhu and Musenge, 2015) 

7ï23: OR: 2.29 (1.21ï4.34), 24ï59: OR: 5.67 (3.01ï10.70) (Morakinyo, 

Balogun and Fagbamigbe, 2018) 
OR: 1.85 (1.33ï2.56) (Semakula et al., 2015) 

OR: 2.10 (1.59ï2.80) (Semakula et al., 2015) 

6ï11: OR: 2.22 (1.88, 2.62); 12ï23: OR: 3.70 (3.12, 4.37) 24ï35: OR: 
5.00 (4.25, 5.87) (Siri, 2014) 

13ï24: OR: 1.7039 (1.34ï2.16); 25ï36: OR: 2.624 (2.06ï3.33); 
37ï48: OR: 3.591 (2.82ï4.55); 

49ï59: OR: 4.97 (3.888ï6.38) (Ugwu and Zewotir, 2018) 

7ï12: OR: 1.62 (1.04ï2.52); 
13ï24: OR: 2.20 (1.47ï3.29); 

25ï36: OR: 3.47 (2.32ï5.20); 

37ï48: OR: 3.69 (2.47ï5.50); 
49ï59: OR: 4.01 (2.57ï6.45)(Wanzira et al., 2017) 

24ï35: OR: 1.5 (1.0ï2.5) 

Ó48: OR: 2.2 (1.4ï3.5) (Zgambo, Mbakaya and Kalembo, 2017) 
decreased significant factors (DSF) 

36 month+ OR: 0.80 (0.72, 0.88) (Siri, 2014) 

NS: 2  
 

2 Vaccination status S: 1 DSF: OR: 0.88 (0.82 to 0.94) (Berendsen et al., 2019) 

NS: -  

3 Preceding birth 

interval 

S: 1 ISF: OR: 1.00 (1.00 to 1.00) (Berendsen et al., 2019) 

NS: -  

4 Birth order S: 3  ISF: OR: 1.03 (1.01ï1.06) (Berendsen et al., 2019) 

Second: OR: 1.43 (1.04, 1.96) (Chitunhu and Musenge, 2015) ɓ: 0.045 
(Njau et al., 2014) 

NS: -  

5 Breastfeeding 

status 

S: 1 DSF: currently: 0.85 (0.73ï0.99) (Berendsen et al., 2019) 

NS: -  

6 Fever in the last 2 

weeks 

S: 1 ISF: OR: 1.967 (1.71ï2.26) (Ugwu and Zewotir, 2018) 

NS: -  

7 Anemic S: 2 ISF: OR: 2.982 (2.54ï3.49) (Ugwu and Zewotir, 2018) 

DSF: OR: 0.95 (0.94, 0.96) (Chitunhu and Musenge, 2015) 

NS: -  

8 Place of delivery S: 1 DSF: public: 0.85 (0.78 to 0.92); private: 0.78 (0.70 to 0.87) (Berendsen 
et al., 2019) 

NS: -  

9 The child slept 

under a mosquito 
bed net 

S: 4 ISF: OR: 1.21 (1.08ï1.36) (Morakinyo, Balogun and Fagbamigbe, 2018) 

OR: 1.47 (1.16ï1.89) (Semakula et al., 2015) 
DSF: OR: 0.77 (0.60, 0.99) (Chitunhu and Musenge, 2015) OR:0.65 

(0.56ï0.77)(Semakula et al., 2015) 

NS: 5   

OR: odds ratio, ME: marginal effect, ɓ: coefficient estimate, S: significant, NS: not significant, 

ISF: increased significant factors, DSF: decreased significant factors. 

Contrary to expectation, whether or not a child slept under a long-lasting insecticide-treated 

net was reported in five out of nine studies (OR: 0.93 CI: 0.84ï1.02, p = 0.13) (Berendsen et al., 

2019); ((in Malawi study), OR: 0.88 CI: 0.73ï1.07, p = 0.202) (Semakula et al., 2015); ((in Liberia 

study), OR: 0.99 CI: 0.85ï1.17, p = 0.945) (Semakula et al., 2015); OR: 0.93 CI: 0.81ï1.07] (Siri, 

2014); (OR: 1.5 CI: 0.9ï2.4 p = 0.146) (Zgambo, Mbakaya and Kalembo, 2017), not to be a 

significant predictor of malaria infection among children under five years in SSA. 
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3.4.2.5 Maternal-Related Variables 

Table 3.9 describes the factors predicting the likelihood that a child would contract malaria fever 

at the maternal-related-variable level. Out of three studies that analysed maternal age as a predictor 

of contracting malaria fever among children under-fives in SSA, two studies (Anumudu et al., 

2007; Amoran et al., 2014) (Njau et al., 2014; Siri, 2014) found no statistically significant effect. 

While, Berendsen et al. 2019 (Berendsen et al., 2019) found a statistically significant effect (OR: 

0.99 CI: 0.98ï0.99, p = 0.00047) of maternal age (Berendsen et al., 2019). However, Zgambo et 

al. 2017 (Zgambo, Mbakaya and Kalembo, 2017) did not find any statistically significant effect of 

maternal education on the likelihood of malaria infection among children under five years in SSA. 

Table 3 9 Association between maternal-related variables and malaria status 

S/

N 

Variables Significance Levels Number of country 

studies 

Association Effect (95% CI) 

1 Maternal age S: 1 DSF: OR: 0.99 (0.98 to 0.99) (Berendsen et al., 2019) 

NS: 2 (Njau et al., 2014; Siri, 
2014) 

 

2 Maternal education 

status 

S: 6 ISF: no Education: OR: 2.0454 (1.36ï3.07); primary: OR: 

1.5311 (1.03ï2.28); secondary+: OR: 1.547 (1.07ï2.23) 

(Ugwu and Zewotir, 2018) 
DSF: primary: OR: 0.91 (0.86 to 0.96); secondary+: OR: 

0.73 (0.67 to 0.78) (Berendsen et al., 2019). 
primary: OR: 0.53 (0.37, 0.76) (Chitunhu and Musenge, 

2015) PS: ɓ: ī0.032; above primary: ɓ: ī0.047 [31] OR: 

0.993 (0.990ï0.996) (Siri, 2014) 
Primary: OR: 0.75 (0.59ï0.96); secondary: OR: 0.61 

(0.43ï0.86); Tet: OR: 0.11 (0.02ï0.53) (Wanzira et al., 

2017) 

NS: 1 (Zgambo, Mbakaya 
and Kalembo, 2017) 

 

3 Maternal body mass 

index 

S: 1 DSF: OR: 0.97 (0.96ï0.98) (Berendsen et al., 2019) 

NS: -  

4 Maternal ante-natal 
care 

S: 1 DSF: ɓ: ī0.029(Njau et al., 2014) 

NS: -  

5 Number of births in 

5 years 

S: 1 ISF: OR: 1.08 (1.03ï1.13) (Berendsen et al., 2019) 

NS: -  

6 Maternal knowledge 

of malaria fever 

S: 2 ISF ɓ: 0.013 [31] 

DSF: yes: OR: 0.78 (0.62ï0.99) (Njau et al., 2014; Yang 
et al., 2020) 

NS: -  

7 Number of children 

ever born 

S: 1 ISF ɓ: 0.003 (Njau et al., 2014) 

NS: -  

8 Mother has access to 
phone 

S: 1 DSF: ɓ: ī0.030 (Njau et al., 2014) 

NS: -  

OR: odds ratio, ME: marginal effect, ɓ: coefficient estimate, S: significant, NS: not significant, ISF: increased significant factors, DSF: decreased 

significant factors. 

In addition, maternal knowledge of malaria fever was found to be a statistically significant 

predictor of under-five malaria cases in SSA. Children whose mothers showed knowing malaria 

fever were less likely to be infested with malaria parasitemia (ɓ: ī0.013, p < 0.01) (Njau et al., 

2014) and (OR: 0.78 CI: 0.62ï0.99, p = 0.037) (Wanzira et al., 2017). 
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3.4.2.6. Household-Related Variables 

Table 3.10 describes the distribution of significant effects of household-related variables on the 

likelihood of developing malaria infections among children under five years in SSA. The most 

widely assessed household-related predictors are household socioeconomic status (designated as 

household wealth), place of residence (urban or rural), Household size, improved water source and 

improved toilet facilities. All eleven country-specific studies that investigated household wealth 

as a predictor found at least one of the categories statistically significant predictor of malaria status. 

The higher the household wealth quintile, the less likely it is that the child in the household would 

contract malaria fever. The thirteen country-specific studies that found a statistically significant 

effect of the place of residence all reported that it was more harmful to a child under five years in 

rural SSA than in urban areas in contracting malaria fever. Though Wanzira et al. 2017 (Wanzira 

et al., 2017) and Zgambo et al. 2017 (Zgambo, Mbakaya and Kalembo, 2017) found no statistically 

significant effect of place of residence, they reported a more protective effect for urban children 

than rural children (OR: 1.74 CI: 0.92ï3.29, p = 0.089) (Wanzira et al., 2017), (OR: 2.3 CI: 0.9ï

6.0, p = 0.075) (Zgambo, Mbakaya and Kalembo, 2017). 

Table 3 10 Association between household-related variables and malaria status 

S/N Variables Significance 

Levels 

Number of country studies Association Effect (95% CI)  

1 Household wealth 
status 

S: 11 ISF: international wealth index square: 1.00 (1.00 to 
1.00) (Berendsen et al., 2019) poor: 5.51 (3.83ï7.93) 

poorer: 5.15 (3.72ï7.13) middle: 3.51 (2.64ï4.65) 

richer: 1.89 (1.46ï2.45) (Morakinyo, Balogun and 
Fagbamigbe, 2018) poorest: OR: 3.5498 (1.508ï8.35); 

poorer: OR: 5.6013 (2.69ï11.63); middle: OR: 2.4569 

(1.46ï4.12); richer: OR: 1.8258 (1.24ï2.67) (Ugwu and 
Zewotir, 2018); poorest: OR: 4.7 (1.3ï16.2) (Zgambo, 

Mbakaya and Kalembo, 2017) 

DSF: OR: 0.95 (0.93ï0.98) (Chitunhu and Musenge, 
2015) ME: ī0.034 (ī0.1543ï 0.0773) (Njau et al., 

2013); ME: ī0.070 (ī0.0943ï0.0267) (Njau et al., 

2013); ME: ī0.116 (ī0.1876ïī0.0583) (Njau et al., 
2013) poor: ɓ: ī0.019 (0.017); less poor: ɓ: ī0.033 

(0.018); middle: ɓ: ī0.065 (0.018); rich: ɓ: ī0.123 

(0.019) (Njau et al., 2014) 
OR: 0.990 (0.987ï0.992) (Siri, 2014) poorer: 0.70 

(0.50ï0.99); middle: 0.75 (0.50ï1.12) 0.157; richer: 

OR: 0.40 (0.27ï0.61); richest: OR: 0.17 (0.08ï0.36) 

(Wanzira et al., 2017) 

NS: -  

2 Place of residence S: 13 ISF: rural: OR: 1.91 (1.63ï2.25) (Berendsen et al., 

2019) rural: OR: 1.83 (1.18ï2.83) (Chitunhu and 
Musenge, 2015), rural: OR: 1.59 (1.33ï1.89) 

(Morakinyo, Balogun and Fagbamigbe, 2018), ME: 

0.002 (0.0781ï0.1228) ME: 0.055, CI: (0.0005ï0.1097) 
(Njau et al., 2013) rural: ɓ: 0.024 (Njau et al., 2014) 

rural: OR: 4.57 (1.86ï11.25) (Ugwu and Zewotir, 2018) 

DSF: urban: OR: 0.94 (0.61ï1.42)(Semakula et al., 
2015) OR: 0.26 (0.13ï0.49) (Semakula et al., 2015) 

urban: OR: 0.39 (0.25ï0.60)(Semakula et al., 2015) 
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urban: OR: 0.72 (0.570.92) (Semakula et al., 2015) 

urban: OR: 0.59 (0.50ï0.71) (Siri, 2014) 

NS: 2 (Wanzira et al., 2017; 

Zgambo, Mbakaya and 

Kalembo, 2017) 

 

3 Household had 

bed net 

S: 4 DSF: ME: ī0.055 (ī0.1187ï0.008) (Njau et al., 2013); 

ME: ī0.034 (ī0.1233ï0.0387) (Njau et al., 2013) ME: 

ī0.098 (ī0.0419ï0.1494) (Njau et al., 2013) ɓ: ī0.076 
(Njau et al., 2014) 

NS: 1 (Zgambo, Mbakaya and 

Kalembo, 2017) 

 

4 Age of household 
head 

S: 4 ISF: ME: 0.006 (ī0.0004ï0.0016) (Njau et al., 2013); 
ME: 0.001 (ī0.0005ï0.0029) (Njau et al., 2013), OR: 

1.019 (1.007ï1.031) (Ugwu and Zewotir, 2018) 

DSF: ME: ī0.009 (0.0012ï0.0032)(Njau et al., 2013) 

NS: -  

5 Insecticide 

residual spray 

S: 2 DSF: OR: 0.37 (1.08ï1.36) (Morakinyo, Balogun and 

Fagbamigbe, 2018) OR: 0.23 (0.08ï0.61) (Wanzira et 

al., 2017) 

NS: 2 (Zgambo, Mbakaya and 
Kalembo, 2017; Ugwu and 

Zewotir, 2018) 

 

6 Household size S: 7 ISF: OR: 1.03 (1.01ï1.04) (Berendsen et al., 2019) ME: 
0.015 (0.0021ï0.0285) (Njau et al., 2013) ME: 0.004 

(ī0.0059ï0.0050) (Njau et al., 2013) ME: 0.005 

(ī0.0163ï0.0055) (Njau et al., 2013) ɓ: 0.009 (Njau et 
al., 2014) OR: 1.46 (1.24ï1.73) (Siri, 2014), OR: 1.108 

(1.03ï1.17) (Ugwu and Zewotir, 2018) 

NS: -  

7 Number of under-
5 in household 

S: 3 ISF: ME: 0.049 (0.0331ï0.6565) (Njau et al., 2013) 
DSF: ME: ī0.025 (ī0.1787ïī0.0181) (Njau et al., 

2013) ME: ī0.044 (ī0.0742ïī0.0156) (Njau et al., 

2013) 

NS: 1 (Njau et al., 2014)  

8 Source of water 

outside 

S: 1 DSF: OR: 0.97 (0.96, 0.99) (Chitunhu and Musenge, 

2015) 

NS: 1 (Ugwu and Zewotir, 2018)  

9 Improved water 
source 

S: 5 ISF: borehole: OR: 1.50 (1.10ï1.88); unprotected well: 
OR: 1.56 (1.29ï1.88); protected well: OR: 2.19 (1.53ï

3.10); river/lakes: OR: 2.45 (1.81ï3.31) (Semakula et 

al., 2015) borehole: OR: 1.75 (0.61ï0.93); protected 
well: OR: 1.44 (0.25ï0.78) (Semakula et al., 2015) 

borehole: OR: 1.19 (0.36ï3.60); protected well: OR: 

1.36 (1.041.78); unprotected spring: OR: 1.65 
(1.012.71) 0.047; river/lakes: OR: 1.55 (1.12ï2.16) 

(Semakula et al., 2015) unprotected: OR: 1.17 (1.07, 

1.27) (Yang et al., 2020) 
DSF: piped (yard): OR: 0.13 (0.03ï0.32); public pipe: 

OR: 0.70 (0.51ï0.95); private taps: OR: 0.62 (0.39ï

0.95) protected spring: OR: 0.78 (1.06ï2.83) (Semakula 
et al., 2015). 

piped (yard): OR: 0.05 (0.00ï0.58); public pipes: OR: 
0.52 (1.25ï1.84); private tap: OR: 0.23 (0.04ï0.75) 

(Semakula et al., 2015); 

piped (yard): OR: 0.23 (0.12ï0.43); public: OR: 0.33 
(0.23ï0.47) (Semakula et al., 2015) public: OR: 0.27 

(0.13ï0.51) (Semakula et al., 2015) 

piped: 0.52 (0.45ï0.59) (Yang et al., 2020) 

NS: 2 (Ugwu and Zewotir, 2018; 
Berendsen et al., 2019) 

 

10 Improved toilet 

facility 

S: 7 ISF: open toilet: OR: 1.35 (1.11ï1.63) no toilet: OR: 

3.57 (2.35ï5.42); pit: OR: 1.30 (1.07ï1.58) (Semakula 
et al., 2015) 

no toilet: OR: 1.66 (1.20ï2.30) (Semakula et al., 2015) 

no toilet: OR: 1.24 (0.821.28 (Semakula et al., 2015) no 
toilet: 1.635 (1.209ï2.21) (Ugwu and Zewotir, 2018) no 

toilet: OR: 1.35 (1.24, 1.47) (Yang et al., 2020) 

DSF: medium-quality: OR: 0.85 (0.78 to 0.92) 
(Berendsen et al., 2019); flush toilet: 0.40 (0.18ï0.78) 
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(Semakula et al., 2015) flush toilet: OR: 0.04 (0.02ï

8.01) (Semakula et al., 2015) 

flush toilet: 0.53 (0.390.73)(Semakula et al., 2015); 

flush toilet: OR: 0.51 (0.43, 0.61) (Yang et al., 2020) 

NS: -  

11 Sex of household 

head 

S: 1 DSF: male: ME: ī0.029 (ī0.0637ï0.0049) (Njau et al., 

2013) 

NS: 4   

12 Use biomass for 
cooking 

S: 2 ISF: firewood: OR: 1.80 (1.23ï2.68) (Semakula et al., 
2015) firewood: OR: 1.44 (0.98ï2.16) (Semakula et al., 

2015) 

DSF: charcoal: OR: 0.58(0.38ï0.85)(Semakula et al., 
2015) 

NS: -  

13 Under 5 years, 

child slept under 
bed net 

S: 2 ISF: yes: OR: 1.33 (1.04ï1.71) (Wanzira et al., 2017) 

DSF: OR: 0.83 (0.78ï0.88) (Tusting et al., 2020)  

NS: 1 (Ugwu and Zewotir, 2018)  

14 Household 

ownership of 

livestock 

S: 4 ISF: goat: OR: 1.32 (1.09ï1.60) (Semakula et al., 2015) 

goat: 1.26 (1.07ï1.48) OR: 1.17 (0.98ï1.38) (Semakula 

et al., 2015) 
DSF: cattle: OR: 0.55 (0.45ï0.67) pigs: OR: 0.18 

(0.09ï0.33) (Semakula et al., 2015) cattle: OR: 0.51 

(0.40ï0.65) (Semakula et al., 2015) cattle: OR: 0.54 
(0.35ï0.83) cattle: OR: 0.74 (0.55 1.00) (Semakula et 

al., 2015) 

 

NS: -  

15 Improve building 

materials 

S: 2 ISF: nothing improved: OR: 1.05 (1.02ï1.12) 

(Morakinyo, Balogun and Fagbamigbe, 2018); OR: 

0.88 (0.83ï0.93) (Tusting et al., 2020) 

NS: 1 (Tusting et al., 2020)  

16 Household head 

education status 

S: 2 ISF: ME: 0.027 (ī0.0023ï0.0567) (Njau et al., 2013) 

DSF: primary school+: ɓ: ī0.009 (0.004) (Njau et al., 

2014) 

NS: 1 (Njau et al., 2013)  

18 Household 

connected 

electricity 

S: 1 ISF: no: OR: 1.14 (0.88ï1.48) (Ugwu and Zewotir, 

2018) 

NS: -  

19 Roofing material S: 1 DSF: palm leaf: OR: 0.7171 (Ugwu and Zewotir, 2018) 

NS: -  

OR: odds ratio, ME: marginal effect, ɓ: coefficient estimate, S: significant, NS: not significant, ISF: increased significant factors, DSF: decreased 

significant factors. 

It is worthy of note that access to mass media, number of rooms in the household and type of wall 

material were found not to be statistically significant predictors of malaria fever among children 

under-five in SSA (Njau et al., 2013; Ugwu and Zewotir, 2018). The variations in household 

ownership of livestock were a statistically significant predictor of malaria status in children under 

five years in SSA. Semakula et al. 2015 (Semakula et al., 2015) reported consistent findings in 

their four country-specific studies that a child from a household that owns cattle has a lower odd 

of contracting malaria parasitemia than a child from a household without livestock (Tanzania (OR: 

0.55 CI: 0.45ï0.67, p < 0.001); Burundi (OR: 0.51 CI: 0.40ï0.65, p < 0.001); Malawi (OR: 0.54 

CI: 0.35ï0.83, p < 0.001); Liberia (OR: 0.74 CI: 0.55ï1.00, p < 0.05)). 
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3.4.2.7 Environmental/Area-related Variables 

In consideration of environmental-related predictors, three variables (regional variations, malaria 

endemicity, and community-free bed net distribution) were attractive for investigation among the 

included studies. Table 3.11 reports that Njau et al. 2013 (Njau et al., 2013) found that the predicted 

marginal effects (ME) of malaria-endemic areas for malaria fever in Angola, Tanzania and Uganda 

were significantly ME: 0.01 (p < 0.10), ME: 0.095 (p < 0.05) and ME: 0.288 (p < 0.01) points, 

respectively. Additionally, the same authors (Njau et al., 2013) reported an insignificant increase 

in the predicted marginal effects of 25.1% points for free bed net in the community among malaria-

positive children in Angola, but a significant reduction of 1.5% (p < 0.1) and 8.2% (p < 0.05) in 

Tanzania and Uganda, respectively. 

Table 3 11 Association between environmental-related variables and malaria status 

S/N Variables Significance Levels Number of country Studies Association Effect (95% CI) 

1 Community wealth 
status 

S: 1 ISF: cluster level: OR: 0.984 (0.979, 0.988) (Siri, 
2014) 

NS: -  

2 Community distance 

to health facilities 

S: 2 ISF: ME: 0.084 (0.0560ï0.1128) (Njau et al., 2013) 

ME: 0.102 (0.0525ï0.1521) (Njau et al., 2013) 

NS: -  

3 Cluster altitude S: 1 ISF: OR 1.0003 (0.991ï1.1003) (Ugwu and Zewotir, 

2018) 

NS: 1 (Chitunhu and Musenge, 
2015) 

 

4 Community 

insecticide net use 

S: 1 ISF: OR: 0.43 (0.27, 0.70)(Levitz et al., 2018) 

NS: -  

5 Regional variations S: 3  

NS: 1 (Zgambo, Mbakaya and 
Kalembo, 2017) 

 

6 Malaria endemicity S: 4 ISF: ME: 0.010 (ī0.0778ï0.0572) (Njau et al., 2013) 

ME: 0.095 (0.0357ï0.1561) (Njau et al., 2013) 

ME: 0.288 (ī0.5526ïī0.0247) (Njau et al., 2013) 
high: ɓ: 0.093 (Njau et al., 2014) 

NS: -  

7 Free bed net in 

community 

S: 3 ISF: ME: 0.251 (0.0226ï0.4801) (Njau et al., 2013) 

DSF: ME: ī0.015 (ī0.0134ï0.0405) (Njau et al., 
2013) 

ME: ī0.082 (0.1479ï0.0494) (Njau et al., 2013) 

NS: -  

 Country-specific S: 1 ISF: Liberia: OR: 1.09 (0.95ï1.24); Uganda: OR: 
40.15 (29.74ï54.20); Malawi: OR: 16.68 (12.38, 

22.48); Senegal: OR: 1.01 (0.77, 1.32); Nigeria: OR: 

31.91 (23.86, 42.67) (Siri, 2014) 
DSF: Rwanda: OR: 0.15 (0.10, 0.21); Tanzania: OR: 

0.82 (0.63, 1.07); Madagascar: OR:0.73 (0.57, 0.94) 

(Siri, 2014) 

NS: -  

OR: odds ratio, ME: marginal effect, ɓ: coefficient estimate, S: significant, NS: not significant, ISF: increased significant factors, DSF: decreased 

significant factors. 

Also, significant regional variations were reported across the six geopolitical zones of Nigeria. 

Morakinyo et al. 2018 (Morakinyo, Balogun and Fagbamigbe, 2018), which found reduced odds 

of malaria infections among children 6ï59 months in North Central (OR: 0.61 CI: 0.47ï0.79, p < 
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0.01); North East (OR: 0.35 CI: 0.27ï0.46, p < 0.01); North West (OR: 0.49 CI: 0.37ï0.64, p < 

0.01); South East (OR: 0.59 CI: 0.44ï0.79, p < 0.01); South-South (OR: 0.42 CI: 0.31ï0.55, p < 

0.01), when compared with children from South West. Contrary to Morakinyo et al. 2018 

(Morakinyo, Balogun and Fagbamigbe, 2018) report on Nigeria study, Ugwu et al. 2018 (Ugwu 

and Zewotir, 2018) found insignificant effects on regional variations in South East, South-South, 

South West, and North Central when compared with North West, but found significant odd of 

malaria-positive cases among 6ï59 months in North East (OR: 0.3059, p = 0.015) when compared 

with north West. 

3.4.2.8. Interactions-related Variables 

Interaction-related predictors were reported by two papers in four country-specific studies (Table 

3.12). Njau et al. 2013 (Njau et al., 2013) reported a significant decrease of 4.6% (p < 0.05) points 

in the predicted marginal effects among malaria-positive children in Angola concerning interaction 

terms of free bed net and wealth status but found an insignificant reduction of 0.9% and 6.4% in 

Tanzania and Uganda, respectively. 

Table 3 12 Association between interaction-related variables and malaria status 

S/N Variables Significance Levels Number of country 

Studies 

Association Effect (95% CI) 

1 Free bed 

net/wealth 

status 

S: 1 DSF: ME: ī0.046 (ī0.0668ï0.1772) (Njau et al., 

2013) 

NS: 2   

2 Wealth/place of 

residence 

S: 1 DSF: poorest/rural: OR: 0.3567 (0.13ï0.96); 

poorer/rural: OR: 0.2770 (0.11ï0.66); middle/rural 

OR: 0.4477 (0.22ï0.91); richer/rural: OR: 0.4174 
(0.22ï0.78) (Ugwu and Zewotir, 2018)  

NS: -  

3 Number in 

household/age 
of household 

head 

S: 1 DSF: OR: 0.9984 (0.997ï0.999) (Ugwu and Zewotir, 

2018) 

NS: -  

OR: odds ratio, ME: marginal effect, ɓ: coefficient estimate, S: significant, NS: not significant, ISF: increased significant factors, DSF: decreased 

significant factors. 

Ugwu et al.(Ugwu and Zewotir, 2018) found significant interaction effects of wealth index 

(poorest, poorer, middle, richer and richest) and place of residence (rural or urban). In 

consideration of the report, the middle and richer household group in the rural area (OR: 0.448 CI: 

0.2197ï0.9124, p = 0.027 and OR: 0.417 CI: 0.2213ï0.7871, p = 0.007) displayed a higher odd of 

malaria-positive than the poorest and poorer household group in the rural area (OR: 0.3567 CI: 

0.1319ï0.0429, p = 0.0429 and OR: 0.2770 CI: 0.1149ï0.6677, p = 0.004) using richest and urban 

as a reference category. There were no significant interaction effects of region and place of 

residence on the odds of contracting malaria parasitaemia among children 6ï59 months in Nigeria. 
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3.5 Part 4: Scoping review of risk factors associated with malnutrition among children 

aged under-five years in Sub-Sahara Africa 

3.5.1 Introduction 

This scoping review titled: "Risk Factors Associated with Malnutrition among Children Under-

Five Years in Sub-Saharan African Countries: A Scoping Review" was conducted on the existing 

literature published between 1 January 1990 and 31 July 2020. The review's outcome was also 

published in one of the journals on 26 November 2020, the International Journal of Environmental 

Research and Public Health. 2020 on 26 November 2020 (Obasohan et al., 2020b). (The full text 

is attached in Appendix C.3). However, in this section, the results of the evidence of risk factors 

associated with malnutrition were extracted here. 

3.5.2  Results 

The results section reports the profile of the quantitative analysis of risk factors associated with 

malnutrition in under-five children in SSA following the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) checklists (Larissa 

Shamseer, 2015; Tricco et al., 2018).  

3.5.2.1  Selection of Sources of Evidence 

A total of 224 unique papers were identified from the various electronic databases (EMBASE=12, 

PUBMED = 18, WOS = 74, Scopus = 103, Cochran Library =0, CINAHL =12). Additionally, 5 

other studies were retrieved from other sources (the reviewerôs files).  
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Figure 3 4 Flowchart of Inclusion of Studies for Malnutrition Review. 

Twenty-five studies were duplicated in the search at different times (twice, thrice, 4 or 5 

times). The duplication led to the removal of 47 titles. Out of a total of 177 studies screened for 

titles and abstracts, 138 studies were removed for not meeting the inclusion criteria. A total of 26 

studies were finally selected for this study after excluding 13 papers. The reasons for excluding 

these papers are listed in the chart below. 

Characteristics of Significant Risk Factors 

Table 3.13 contains the predictor variables considered for each study selected for this scoping 

review. It also listed the significant risk factors concerning stunting, wasting, underweight and 

overweight children less than five years old. The choice of predictor variables to examine in the 

most review was guided by the UNICEF framework of causes of undernutrition in children 

(UNICEF, 2013). These were classified as child-related, parental/household-related and 

community or area-related factors. On the child-related risk factors, sex and age (in months 

categories) were the most frequent significant predictors of stunting (13 studies), wasting (4 

studies), underweight (4 studies), overweight (no study), and stunting (12 studies), wasting (6 

studies), underweight (4 studies), overweight (1 study), respectively. In the parental category, 

maternal education was the most active predictor in 14, 3, 5 and 1 studies for stunting, wasting, 
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underweight and overweight, respectively. Out of the 28 studies on stunting, 16 reported a 

significant association between household wealth status for stunting. Place of residence from the 

community-related category was significant in stunting (5 studies), wasting (3 studies) and 

underweight (1 study). There was significant comorbidity of a child having diarrhoea in the last 

two weeks before the survey, with stunting (4 studies) and underweight (2 studies) captured in this 

review. 
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Table 3 13 Predictors of malnutrition among children aged under five years in sub-Sahara Africa 

Author and Data Outcome variables Prevalence Predictors investigated Significant predictors and effect sizes 

Adekambi et al 

(2013)(Adekanmbi, 
Kayode and 

Uthman, 2013) 

 
 

 

Stunting 25.6% Child's age, sex, birth weight, type of birth; Mother's 

age, education, breastfeeding, immunisation, BMI 
work status, birth interval, household under-5 size, 

ethnicity, mother health seeking, type of family, 

wealth status; Community place of residence, region, 
poverty rate, illiteracy rate proper sanitation and safe 

water 

Childôs age: 12-23 months 2.36 (2.04ï2.74); 24-35 months 2.12 (1.82ï2.48); 

36-47 months 2.09 (1.79ï2.44) 48-59 months 2.06 (1.76ï2.41), Sex (Male): 
1.04 (1.10ï1.26)., Birthweight is low <2500g: 1.21 (1.10ï1.33); Type of birth 

is multiple birth 1.89 (1.52ï2.32), Birth interval <24 months: 1.19 (1.09ï

1.30), Motherôs age is 35-49 years: 0.91 (0.82ï0.99), Motherôs education is: 
Secondary, 0.84 (0.64ï0.97), Higher 0.75 (0.35ï0.86), Maternal health 

seeking behaviour is highest: 0.83 (0.66-0.92); Breastfeeding; 6-12 months: 

2.14 (1.84ï2.49), 13-24 months: 2.52 (2.12ï3.00), 25+ months: 3.52 (2.73ï
4.55); BMI, <18.5: 1.26 (1.14ï1.39), >25 :0.79 (0.72ï0.87); wealth status. 

Rich:1.21 (1.04ï1.41), Middle: 1.51 (1.27ï1.79), Poor: 1.58 (1.31ï1.91), 
Poorest: 1.64 (1.33ï2.01); Community   region Northwest: 1.26 (1.14ï1.29), 

Northeast:  1.35 (1.27ï1.43), Southeast: 0.49 (0.39ï0.56), South-south: 0.76 

(0.78ï0.89), South-west: 0.97 (0.72ï1.00), illiteracy rate.: 1.49 (1.19ï1.88) 

Acharya et al (2020) 
(Acharya et al., 

2020) 

 

Stunting and 
overweight 

2.7% Forest cover loss, child's age, sex, mother's education 
level, age, anaemia status, overweight status, 

household wealth, size, improved water, sanitation, 

own agriculture, own livestock, place of residence, 
the distance of cluster to the nearest road (Km) 

Forest cover lost: 4.801 [0.816, 28.25] motherôs education is Secondary 
school: 0.802 [0.679, 0.947], motherôs age in years: 0.991 [0.983, 0.998] 

wealth status is low: 1.163[1.006, 1.343], highest 0.842[0.690, 1.026] 

improved sanitation is No: 1.258[1.113, 1.421]; Forest cover (2000) % 0.995 
[0.991, 1.000] childôs age in months: 1.032[1.012, 1.053] 

Agadjanian et al 

(2003)(Agadjanian 
and Prata, 2003) 

 

  

wasting and stunting Nil  place of residence, degree of war, region of residence, 

language spoken at home, Age, full immunisation for 
age, 

Age,12ï23 months: 2.13 (1.51, 30.2); 24ï35 months: 1.92 (1.35, 2.73); 36ï

59 months: 2.95(2.12, 4.09); immunization status (yes): 0.62(0.46, 0.84); 
Region of war impact is Heavier: 1.27 (1.03, 1.53); Household own a radio: 

0.80 (0.66, 0.98); Water is treated: 0.66 (0.52, 0.83) 

Aheto (2020)(J. M. 
K. Aheto, 2020) 

  

severe stunting 5.30% Type of birth, sex, age, diarrhoea, fever, place of 
delivery, size at birth, number of children, health 

insurance, currently breastfeeding, wealth status, 

maternal education 

Birth type is multiple: ī 0.334 (ī 0.457, 0.150); Childôs age in months: 
ī0.023(ī 0.027, ī 0.020); diarrheal (Yes) ī 0.249(ī 0.418, ī 0.044); place 

delivered is home ī0.199(ī 0.358, ī 0.046); birth size is small: ī 0.397(ī 

0.530, ī 0.233); maternal age: 0.035(0.024, 0.045); maternal education: 
ī0.358 (ī0.556, ī 0.223); Nos of children<5 years in household: ī0.338(ī 

0.459, ī 0.193); maternal had health insurance 0.294(0.164, 0.422); wealth 

status (poor): ī0.250(ī 0.390, ī 0.124) 

Akombi et al 

(2019)(Akombi et 

al., 2019) 
 

 

Undernutrition 

(Stunting, wasting 

and underweight) 

 Child's age, mother's age, sex of the child, mother's 

education, father's education, wealth index, place of 

residence, and region. 

Childôs age in months, 1.02 [1.02, 1.02]; Female: 0.79 [0.75, 0.84]; Maternal 

age is 25-34 years: 0.87 [0.81, 0.93], 35 years+: 0.83 [0.77, 0.90]; Maternal 

education is Secondary+: 0.72 [0.65, 0.79]; Fatherôs education is secondary+: 
0.86 [0.79, 0.94]; Richer: 0.74 [0.67, 0.82] Richest: 0.53 [0.47, 0.59]; Rural 

:1.16 [1.06, 1.26]; Region Northeast: 1.43 [1.27, 1.60], Northwest: 2.61 [2.33, 

2.92], South east: 0.52 [0.44, 0.61], South west: 0.65 [0.56, 0.75], South 
South: 0.86 [0.75, 0.98] 

Akombi et al 

(2017(Akombi, 
Agho, Hall, Merom, 

et al., 2017) 

  Geopolitical zone and type of residence, wealth index, 

marital status, maternal literacy, paternal education, 
paternal occupation, maternal education and maternal 

work status, source of drinking water, reading of the 

newspaper, watching television, listening to the radio, 
delivery factors, pre/post-delivery factors and child 

factors, mother's age, mother's age at birth and mother's 

body mass index, place of delivery, mode of delivery 
and type of delivery assistance, antenatal clinic visits, 

North East:1.53 (1.26,1.87), North West: 2.74 (2.29,3.27), South East: 0.49 

(0.39,0.62), South West: 0.65 (0.52,0.80); Poorer: 0.87 (0.76,0.98) Middle: 
0.77 (0.66,0.89) Richer: 0.62 (0.52,0.73) Richest: 0.45 (0.37,0.55); Maternal 

is working >12 months: 1.54 (1.23,1.93); Read newspaper (No): 1.18 

(1.02,1.38); Watch television is No: 1.38 (1.23,1.55); Maternal BMI is 25+: 
0.79 (0.66,0.95); Type of birth assistance is traditional birth attendant: 1.19 

(1.05,1.36), No-one: 1.24 (1.07,1.44); Duration of breastfeeding is > 12 

months: 3.28 (2.95,3.65); Childôs sex is female: 0.81 (0.75,0.87); Birth size is 
large: 0.69 (0.61,0.78); child had diarrheal is yes: 1.31 (1.16,1.49) 
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the timing of postnatal care check-up, currently 

breastfeeding, and duration of breastfeeding, Child's 
sex, birth order, child's age in months, perceived birth 

size, preceding birth interval, the child had diarrhoea 

and had fever 2 weeks preceding the survey. 

Akombi et al 
(2017)(Akombi, 

Agho, Hall, Wali, et 

al., 2017) 
 

 

Wasting and 
underweight 

18% and 
29% 

Place of residence, region, wealth index, Mother's 
work status, education, father's education, occupation, 

marital status, mother's literacy, source of drinking 

water, media factors newspaper, radio, television, 
Mother's age, age at birth, type, mode & place of 

delivery, ANC, the timing of postnatal check, 

breastfeeding, Child's birth order, birth interval, sex, 
birth size, age, had diarrhoea, had a fever 

Rural: 0.72 (0.59, 0.89); North east:1.51 (1.19, 1.91) North West: 2.42 (1.93, 
3.03) South South: 0.67 (0.52, 0.85); Mother had secondary+ education: 0.79 

(0.67, 0.94); Father had secondary+ education: 0.77 (0.67, 0.88); Maternal 

watch television: 0.78 (0.68, 0.88)> Maternal BMI is 18.5-24.9: 0.76 (0.64, 
0.90), 25+: 0.68 (0.56, 0.83); Birth assistance is Traditional Birth Attendant: 

1.39 (1.11, 1.73) Relative: 1.44 (1.14, 1.80); Place of delivery is health facility 

(caesarean): 0.61 (0.39, 0.94); Birth size is average: 0.85 (0.74, 0.97), Large: 
0.66 (0.57, 0.76); Female: 0.83 (0.77, 0.89); Had fever is yes: 1.18 (1.06, 

1.32); Childôs age in months: 0.98 (0.98, 0.98) 

Amaral et al 
(2017)(Amaral, 

Herrin and Gulere, 

2017) 

Stunting and wasting 22.2% and 
3.1% 

Staple Budget Share, spending, place of residence, 
mother present, sex, household head educated. 

Budget share: 1.007 (1.002, 1.011); Spending: 0.995 (0.991, 0.998); Place of 
residence is Urban: 0.492 (0.354, 0.685); Mother is present (yes): 0.723 

(0.526, 0.992); Childôs sex is male: 1.498 (1.237, 1.815) 

Amare et al 
(2019)(Amare, 

Ahmed and Mehari, 

2019) 
  

Stunting and wasting Nil  Childôs age, sex. Birth order, birth weight. Mother's 
marital status, age at childôs birth, educational status, 

BMI, working status, maternal stature; place of 

residence, region, wealth status, improve drinking 
water, toilet type, cooking fuel type 

Childôs age is 12-17 months: 3.50 (2.59ï4.74), 18-23 months 7.81 (5.73ï
10.65), 24-59 months 6.59 (5.00ï8.68); Childôs sex is female: 0.82 (0.74ï

0.90); birth weight is smaller than average: 0.82 (0.67ï0.99), average: 0.68 

(0.59ï0.78), larger than average: 0.54 (0.47ï0.63); above primary education: 
0.66 (0.52ï0.84); Maternal BMI is Normal: 0.84 (0.74ï0.94), Overweight: 

0.57 (0.45ï0.71); Maternal stature is short: 2.03 (1.44ï2.86); Wealth quintile 
is middle:0.77 (0.65ï0.91), richer:0.69 (0.58ï0.82), richest: 0.62 (0.49ï0.79), 

non-improve toilet: 1.28 (1.07ï1.53); traditional cooking fuel: 1.66 (1.18ï

2.32) 

Doctor & Nkhana-
Salimu (2017)(Hv 

and S, 2017) 

stunting and 
underweight 

32.60% Place and region of residence, wealth index, source of 
drinking water, toilet facilities, mother's education 

status, age, number of under-5, child's sex, age, birth-

order, size at birth, had diarrhoea, had fever, had 
cough 

Region is central: 1.26 [1.14, 1.39]; Wealth status is poorer: 0.87 [0.78, 
0.96], Middle:0.83 [0.75, 0.92], Richer:0.70 [0.63, 0.78] Richest:0.48 [0.42, 

0.54]; Mother has secondary+ education: 0.68 [0.59, 0.74]; Child is female: 

0.78 -[0.73, 0.83]; Childôs age is 7-12 months 1.72[1.51, 1.96], 13-23 
months 4.59[4.08, 5.17], 24-35 months 5.91[5.22, 6.68], 36-59 months 

5.02[4.47, 5.63]; Birth size is average: 0.70 0.64, 0.76] large: 0.55 [0.50, 

0.61], Child had diarrheal (Yes): 1.09 [1.00, 1.18 

Gebru et al (2019) 

(Gebru et al., 2019) 

  

stunting 38.39% Childôs age, sex, motherôs BMI, age, education, 

occupation, marital status, perceived childôs birth size, 

child had diarrhoea and/or fever in the last weeks, 
fatherôs education, occupation, wealth index, place of 

delivery, number of under-5 children in the 

household, antenatal care visits, motherôs age at 1st 
birth, birth type, birth interval and mass-media 

exposure. 

Childôs age is 12-23 months: 5.04(3.95ï6.41), 24-59 months: 10 (7.71ï

12.98); Child is female: 0.85 (0.75ï0.94); Type of birth is single: 0.50 (0.30ï

0.85); Medium: 1.20 (1.02ï1.40) Small: 1.68(1.40ï2.00); Women education 
level is secondary+ 0.73(0.57ï0.95); Maternal BMI is normal: 1.34(1.03ï

1.75), Underweight: 1.56(1.17ï2.08); Wealth status is rich: 0.66(0.54ï0.79); 

Religion status is Muslim: 1.45(1.12ï1.88), Others(Catholic, traditional): 
1.66 (1.0ï2.57); Rural: 1.29(1.06ï1.58) 

Kuche et al 

(2020)(Kuche et al., 
2020)  

length-for-age 

(Stunting) 

Nil  Child's dietary diversity, age, sex, Household wealth, 

maternal education, women decision making power, 
paternal domestic chores, food insecurity, min women 

dietary diversity, animal source food types, fruit & 

vegetable types, land owned 

Dietary diversity: 2: 0.42[0.10, 0.75]; 3: 0.35[0.02, 0.68], 4: 0.42[0.08, 0.77] 

ī0.25[ī0.34, ī0.16]; Childôs age in months -0.25[-0.34, -0.16], Child is 
female: 0.19[0.06, 0.32]; Household wealth is middle: 0.11[ī0.06, 0.29], 

richest: 0.30[0.10, 0.49], Maternal education in years 0.02[0.004, 0.04]; Fruit 

and vegetable types: 0.05[0.005, 0.10], Land owned in hectares: 0.08[0.02, 
0.15] 

Machisa et al 

(2013)(Machisa, 

stunting 27.60% Child's age, sex, anaemia, birth order, preceding birth 

interval. Birthweight, recent episode of an acute 

Cooking fuel: 1.6 (1.0ï2.5), Child is female: 0.6 (0.4ï0.9), Childôs age is 12-

23 months: 2.9 (1.7ï5.1), 24-36 months: 3.2 (1.8ï5.7); Childôs birthweight is 
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Wichmann and 

Nyasulu, 2013) 
  

respiratory infection, diarrhoea and fever; mother's 

age, BMI, highest education, Iron supplement, 
anaemia status; household use of biomass fuel, place 

of residence, region, number of people in household, 

wealth index 

>2500g: 0.5 (0.3ï0.9), Birth interval is >24 months: 0.7 (0.5ï0.9); High: 0.7 

(0.4ï0.9) 

Magadi 
(2011)(Magadi, 

2011) 

  

Undernutrition 
(Stunting, wasting 

underweight) 

Nil  Household HIV status. Paternal orphan, child's age 
sex, multiple birth, birth order, Birth interval, 

breastfed, birth size, place of residence, mother's age, 

education, single parenting, wealth status, Community 
HIV prevalence, country HIV prevalence, GDP per 

capital 

Mother is HIV+: 1.28[1.16, 1.42], other adults is 0.97[0.95, 0.99];  Paternal 
orphan: 0.86[0.75, 0.98]; Childôs age is 1 years: 3.65[3.36, 3.96], 2 years: 

3.26[3.00, 3.54], 3 years:  3.39[3.12, 3.68], 4 years:  3.21[2.95, 3.49], Child 

is female: 0.81[0.78, 0.84]; Child is twin (yes): 2.13[1.89, 2.39]; Childôs birth 
order is second: 0.82[0.76, 0.89], third: 0.91[0.84, 0.98], Fourth: 0.92[0.86, 

0.99] 25-36 years: 0.86[0.81, 0.91], 0.65[0.59, 0.72], >36 years: 0.74[0.70, 

0.79],; Up to 6 months: 0.47[0.39, 0.56];  > 6months: 0.74, Childôs birth size 
is average: 0.74[0.70, 0.78], > average: 0.62[0.59, 0.66]; Place of residence is 

rural: 1.32(1.23, 1.42); Maternal age is 20-24 years: 0.86[0.81, 0.91], 25-29 

years: 0.78[0.70, 0.87]; 30-34 years: 0.73[0.65, 0.83], 35 years+: 0.69[0.60, 
0.78]; Primary: 0.85[0.77, 0.94], Secondary+: 0.67[0.62, 0.73], Single parent 

is (yes) 1.14, Wealth status is poorer: 0.93[0.87, 0.98], Middle: 0.88[0.83, 

0.94], Richer: 0.78[0.73, 0.84], Richest: 0.53[0.48, 0.58], 

Miller et al 

(2007)(Miller CM et 

al., 2007) 
  

underweight Nil  Child being orphan, child's age, Sex, number of 

dependent children, Age of caregiver, household head 

education, (some secondary, primary, some primary). 
Water source (piped- water) Electricity, Household-

head working; wealth index, Top 20%, Middle 40% 

Bottom 40% 

Child is orphan (yes): Childôs age 1.59[1.51ï1.67]; 2.67[1.85ï3.85], 

2.54[1.76ï3.66]; Childôs sex is female 0.91, Household head education level 

with some secondary education: 2.22 [1.35ï3.66], Primary: 2.00[1.24ï3.22], 
Some primary: 2.71[1.63ï4.50]; Piped water: 0.51[0.49ï0.54]; Had 

electricity in household (Yes): 0.56[0.53ï0.58]; Household head is working 

(Yes): 0.69[0.66ï0.72] Wealth status is middle 40%: 1.55[1.48ï1.63], 
Bottom 40%: 1.66[1.58ï1.74] 

Nankinga et al 

(2019)(Nankinga, 

Kwagala and 

Walakira, 2019) 

  

nutritional status 

(stunting, wasting, 

underweight) 

Nil  Residence, region, wealth status, toilet type, source of 

drinking water, sex of household head, marital status, 

maternal occupation, mother's employer, decision 

making power, distance a problem to health services, 

child's sex, age, birthweight, 

Maternal age is 35-49 years: 0.69[0.56ï0.86]; Maternal education is 

primary: 0.78[0.62ï0.97], Secondary+: 0.64[0.47ï0.88], Agriculture: 

2.00[1.26ï3.19], Manual work: 2.00[1.27ï3.14] Childôs birthweight is 

>2.5kg: 0.59[0.45ï0.78]; Not weighed at birth 0.64[0.48-0.86], Child is 

dewormed (Yes): 1.18 [1.00ï1.39] 

Nshimyiryo et al 
(2019)(Nshimyiryo 

et al., 2019) 

  

Stunting 38% Child's sex, age group, parity, birthweight, had 
diarrhoea in last two weeks; Mother's height, 

educational level, took parasite controlling drugs 

during pregnancy, number of days of daily intake of 
iron tablets, breastfeeding within the first hour after 

birth and household's wealth index, size, access to 

improved water, improved toilet facility, and 
household place of residence, region altitude 

Childôs sex is male: 1.51 (1.25ï1.82); Childôs age is 6-23 months: 4.91 (3.16ï
7.62), 24-59 months: 6.34 (4.07ï9.89); Childôs birth weight is >2500g: 2.12 

(1.39ï3.23) Motherôs height is >145cm: 3.27 (1.89ï5.64); Motherôs highest 

education is Primary: 1.71 (1.25ï2.34), No education: 2.00 (1.37ï2.92); 
Mother took parasite drug during pregnancy (No): 1.29 (1.09ï1.53); Middle: 

1.45 (1.12ï1.86), Low(poor): 1.82 (1.45ï2.29) 

Ssentongo et al 

(2019)(Ssentongo et 
al., 2019) 

  

stunting, wasting and 

underweight 

27%, 4% 

and 7%  

Child age, sex, birth order, Vitamin A 

supplementation, deworming, had diarrhoea, anaemia 
level, wealth status, mother educated, father educated, 

mother working, father working, Iodised salt owns the 

land for agriculture, owns livestock, place of 
residence, region 

Took vitamin A (Yes): 1.55 95% CI: 1.2ï 1.9 

Takele et at 

(2019)(Takele, 

Zewotir and 
Ndanguza, 2019) 

  

stunting Nil  Childôs sex, age, birth interval, Motherôs BMI, 

household wealth index, source of drinking water, 

type of toilet facility, breastfed, motherôs education 
level and region 

Child is female: 0.84 (ī0.271, ī 0.079); Childôs age is 12-23 months: 5.556 

(1.413, 2.001),  24-59 months: 7.479 (1.746, 2.228); Maternal BMI is <18.5: 

0.812 (ī1.064, ī 0.200); Wealth status is middle: 0.791 (ī0.399, ī 0.084) 
Rich: 0.648 (ī0.571, ī 0.256); Use of internet is Yes: 0.433 (ī1.289, ī 

0.332); Type of toilet is Latrine: 1.405 (0.006, 0.638), No facility: 1.523 
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(0.064, 0.726); Breastfed (No): 1.225 (0.093, 0.312); Primary: 0.869 

(ī0.251, ī 0.006) Secondary+: 0.638 (ī 0.636, ī 0.186) 

Tusting et al (2020) 
(Tusting et al., 

2020) 

stunting, wasting and 
underweight 

30%, 8% 
and 22% 

improved drinking water, improved sanitation, house 
built with finished materials Improved house, the 

household head had secondary education+; children 

mean age, child sex 

Improved materials: 0.88(0.83, 0.92), Improved housing: 0.83(0.77,0.88) 

Ukwuani  & 

Suchindran 

(2003)(Ukwuani and 
Suchindran, 2003) 

 

 

Stunting and wasting 42.6% and 

8.9% 

Women's economic activity, maternal education, 

paternal education, occupation, wealth index, type of 

marriage, religion, duration of breastfeeding, sex of 
the child, birth order, prenatal care, place of delivery, 

birth size, food supplement, immunisation, had to 

fever, had to cough, had diarrhoea, source of drinking 
water, types of toilets, place of residence, region 

Maternal education is primary: 1.33, Secondary+: 1.37; Wealth status is 

medium: 0.79, High: 0.64; Christian: 0.70; Duration of breastfeeding 

(Median): 1.04 Maternal age at birth: 0.98; Childôs sex is (male): 1.14; Birth 
order is 4-6: 1.36, 7+: 1.53; Birth size is Very large: 0.78; Child had 

immunization (Yes): 0.79; Child had diarrheal (yes): 1.48; South south: 0.80; 

Childôs age: 1.01; Child had fever (Yes): 1.23; Types of toilet is flush: 1.4 

Yaya et al 

(2019)(Yaya et al., 

2019) 

stunting, wasting, 

underweight and 

overweight 

Nil  Inter-pregnancy interval (<24 months, 24-36 months, 

37-59 months and Ó 60 months) 

Inter-pregnancy interval is <24 months:1.26 (1.21ï1.31), 37-59 months: 

0.88 (0.85ï0.91), >60 months: 0.74 (0.71ï0.77) 
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3.5.3  Conclusion 

In this scoping review, several significant risk factors predicted that a child under five years of age 

in an SSA country would develop malnutrition were identified. The evaluation also found that 

stunting as an index was preferred above other anthropometric measures of malnutrition due to 

study bias. When overweight and/or micronutrient deficiencies were disregarded as indicators of 

malnutrition, the analysis also uncovered several shortcomings in the recent research examined. 

According to the authors, the omission may have something to do with the difficulties associated 

with the methodology used to determine the true level of malnutrition when these indicators are 

considered. Several of the nationally representative surveys utilised in the research reviewed were 

gathered about the overweight and/or micronutrient status of children under five years old. Iron, 

iodine, and vitamin A consumption levels are used to determine the degree of micronutrient 

deficiencies in children under five in developing nations. Iodine and vitamin A were assessed 

subjectively by looking at the kind of foods the child consumed the day before the survey, in 

contrast to iron, which was quantified through a biomarker evaluation of blood samples to ascertain 

the anaemia status [47]. This method cannot objectively evaluate a child's micronutrient status. As 

a result, it can be challenging for researchers to consider them when figuring out the nutritional 

status of kids under five in impoverished nations. Finally, with only five years left until the 

deadline for achieving the WHO's nine targets for reducing childhood malnutrition, a conclusion 

was drawn from this scoping review that a comprehensive research strategy is required to 

adequately address all the anthropometric indicators of malnutrition in a population. Many 

planners and policymakers will access crucial documents from such results to help them make 

educated decisions. 

3.6 Comparing the predictors for the four outcomes (anaemia, malaria, malnutrition, 

and multimorbidity) 

This section compares the significance and direction of predictors for all four outcome variables 

considered in this study. Though the table was a bit complex to generate due to the papers 

considered not using the same classifications for the variables. However, the situation was 

managed so that standard classification and reference categories were chosen. A situation where 

other studies had chosen the reverse as the reference; it reported the directions in the opposite. In 
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so doing, the results in the following Tables are to a higher degree of accuracy has placed the 

studies in their correct perspectives. 

3.6.1 Child-related variables 

Table 3.14 presents the comparisons among child-related characteristics. The sex of the child was 

not a significant predictor of children contracting malaria fever among children below five years 

of age in Sub-Saharan Africa. All the papers on malnutrition reported that the sex effect was more 

protective for females than males. Also, the child's age was a significant factor across the four 

outcome variables. Most studies reported that the child's age was a harmful effect as the child's 

age increased. In the malaria studies, only one study (Siri, 2014) reported that age was protective. 

Similarly, five out of the seven studies that found the child's age as a significant predictor reported 

a protective effect for age  (Atsu, Guure and Laar, 2017; Tran et al., 2019; Adedokun, 2020; Duah 

et al., 2020; Mulatya and Mutuku, 2020). Furthermore, children having fever two weeks before 

the survey was a common predictor for all the outcome variables, and all reported a 'harmful effect' 

except one study in the anaemia group who reported a protective effect for fever (Nikoi and 

Anthamatten, 2013). Two studies found contradicting results of the significant effect of anaemia 

status on children contracting malaria fever (Chitunhu and Musenge, 2015; Ugwu and Zewotir, 

2018).  
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Table 3 14 The directions (Harmful or Protective) effects common to all outcome variables among child-related variables 

S/N Variables Significance Levels Anaemia Malaria  Malnutrition  Multimorbidity  

1 Sex of the child 
(Male as 

reference) 

Harmful effects 
Increased Significant 

Factors (ISF) 

(Nikoi and Anthamatten, 
2013; Immurana and Urmi, 

2017) 

  (Tran et al., 2019) 
 

Protective effects 

Decreased Significant 

Factors (DSF) 

(Douglas Andabati Candia, 
2017; Moschovis et al., 

2018; Mohammed, Larijani 

and Esmaillzadeh, 2019; 
Ntenda et al., 2019; Ojoniyi 

et al., 2019; Duah et al., 

2020) 

 (Adekanmbi et al., 2013; 
Akombi, Agho, Hall, Merom, et 

al., 2017; Akombi et al., 2019; 

Amaral et al., 2017; Amare et al., 
2019; Gebru et al., 2019; Hv & S, 

2017; Kuche et al., 2020; 

Machisa et al., 2013; Magadi, 
2011; Miller CM et al., 2007; 

Nankinga et al., 2019; 

Nshimyiryo et al., 2019; Takele 
et al., 2019; Ukwuani & 

Suchindran, 2003) 

(Geda et al., 2021) 
(Duah et al., 2020) 

2 Age of the child 
(Younger age as 

reference) 

(ISF) (Ngnie-Teta, Receveur and 
Kuate-Defo, 2007; Austin, 

Fawzi and Hill, 2012; 

Semedo et al., 2014; Muchie, 
2016; Moschovis et al., 

2018; Ntenda, Nkoka, et al., 

2018; Mohammed, Larijani 
and Esmaillzadeh, 2019; 

Asresie, Fekadu and 

Dagnew, 2020) 

(Berendsen et al., 2019), 
(Chitunhu and Musenge, 

2015), (Morakinyo, Balogun 

and Fagbamigbe, 2018), 
(Semakula et al., 2015), 

(Semakula et al., 2015),  

(Siri, 2014), (Ugwu and 
Zewotir, 2018), (Wanzira et 

al., 2017), (Zgambo, 

Mbakaya and Kalembo, 
2017) 

(Adekanmbi et al., 2013; 
Agadjanian & Prata, 2003; 

Akombi et al., 2019; Amare et 

al., 2019; Gebru et al., 2019; Hv 
& S, 2017; Machisa et al., 2013; 

Magadi, 2011; Miller CM et al., 

2007; Nshimyiryo et al., 2019; 
Takele et al., 2019; Ukwuani & 

Suchindran, 2003)  

(Geda et al., 2021) 
(Tran et al., 2019) 

 (DSF) (Douglas Andabati Candia, 

2017; Duah et al., 2020; 

Hershey et al., 2017; 
Immurana & Urmi, 2017; 

Kawo et al., 2018; Menon et 

al., 2015; Mohammed et al., 
2019; Moschovis et al., 

2018; Nambiema et al., 

2019; Nikoi & Anthamatten, 
2013; Ntenda, Chuang, et al., 

2018; Ntenda et al., 2019; 
Ojoniyi et al., 2019)  

(Siri, 2014) (Akombi, Agho, Merom, Hall, et 

al., 2017; Nankinga, Kwagala and 

Walakira, 2019; Acharya et al., 
2020; Justice Moses K. Aheto, 

2020; Kuche et al., 2020)  

(Adedokun, 2020), (Atsu, Guure 

and Laar, 2017), (Tran et al., 

2019), (Duah et al., 2020) 
(Mulatya and Mutuku, 2020) 

 

 

3 Has health 

insurance 

(No as reference) 

ISF (Nikoi & Anthamatten, 2013; 

Ojoniyi et al., 2019) 

   

DSF (Duah et al., 2020; Immurana 
& Urmi, 2017) 

   

4 Birth size ISF   (Ukwuani and Suchindran, 2003; 

Nshimyiryo et al., 2019) 
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(Small as 

reference) 

DSF (Kawo et al., 2018; Machisa 

et al., 2013; Mohammed et 
al., 2019) 

 (Magadi, 2011; Akombi, Agho, 

Hall, Merom, et al., 2017; Gebru 
et al., 2019; Nankinga, Kwagala 

and Walakira, 2019; Justice 

Moses K. Aheto, 2020)  

(Adedokun, 2020) 

5 Vaccination status ISF:     

DSF:  (Berendsen et al., 2019) (Agadjanian and Prata, 2003; 

Ukwuani and Suchindran, 2003) 

3, 25 

(Atsu, Guure and Laar, 2017) 

6 Product of 
multiple birth 

(No vs Yes) 

ISF (Ojoniyi et al., 2019)  (Magadi, 2011; Adekanmbi, 
Kayode and Uthman, 2013)  

 

DSF     

7 Preceding birth 

interval 
(None as 

reference) 

ISF:  (Berendsen et al., 2019) (Adekanmbi, Kayode and 

Uthman, 2013)   

 

DSF:   (Magadi, 2011; Machisa, 

Wichmann and Nyasulu, 2013; 

Yaya et al., 2019) 

 

8 Birth order 
(Lower order as 

reference) 

ISF: (Immurana & Urmi, 2017; 
Moschovis et al., 2018; 

Ngnie-Teta et al., 2007) 

(Berendsen et al., 2019) 
(Chitunhu and Musenge, 

2015), (Njau et al., 2014) 

(Ukwuani and Suchindran, 2003)  

DSF:   (Magadi, 2011)   

9 Breastfeeding 
status 

ISF:    Duration: (Ukwuani and 
Suchindran, 2003; Magadi, 2011; 

Adekanmbi, Kayode and Uthman, 
2013; Akombi, Agho, Hall, 

Merom, et al., 2017) 

 

DSF:  (Berendsen et al., 2019)   (Atsu, Guure and Laar, 2017) 

10 Had diarrhoeal 2 
weeks before 

survey 

ISF (Machisa et al., 2013; Ngnie-
Teta et al., 2007; Semedo et 

al., 2014) 

 (Ukwuani and Suchindran, 2003; 
Akombi, Agho, Hall, Merom, et 

al., 2017; Hv and S, 2017) 

(Atsu, Guure and Laar, 2017) 

DSF (Moschovis et al., 2018)  (Akombi, Agho, Merom, Hall, et 

al., 2017; Justice Moses K. 
Aheto, 2020) 

 

11 Fever in the last 2 

weeks 

ISF: (Asresie et al., 2020; Jones et 

al., 2018; Moschovis et al., 
2018; Ntenda, Chuang, et al., 

2018; Ntenda et al., 2019) 

(Ugwu and Zewotir, 2018) (Ukwuani and Suchindran, 2003; 

Akombi, Agho, Merom, Hall, et 
al., 2017; Hv and S, 2017) 

(Duah et al., 2020) 

DSF: (Nikoi & Anthamatten, 2013)    

12 Child had acute 
respiratory 

diseases 

ISF     

DSF     

13 Child took vitamin 

A syrup  

ISF   (Ssentongo et al., 2019)  

DSF (Mohammed et al., 2019; 
Ntenda et al., 2019) 

   

14 Minimum dietary 

Diversity 

ISF   (Kuche et al., 2020)  

DSF (Austin et al., 2012)    

15 Minimum meal 

frequency 

ISF     

DSF (Mohammed et al., 2019)    
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16 Deworming in last 

6 months before 
survey 

ISF (Ntenda et al., 2019)  (Nankinga, Kwagala and 

Walakira, 2019) 

 

DSF (Moschovis et al., 2018)    

17 Anaemia status ISF:  (Ugwu and Zewotir, 2018)   

DSF:  (Chitunhu and Musenge, 

2015) 

  

18 Malaria status ISF (Hershey et al., 2017; Menon 
et al., 2015; Nambiema et al., 

2019; Ntenda et al., 2019) 

   

DSF     

19 Stunting 
(No versus Yes) 

ISF (Moschovis et al., 2018; 
Muchie, 2016; Ngnie-Teta et 

al., 2007; Ntenda, Chuang, et 

al., 2018) 

   

DSF     

20 Wasting 

(No versus Yes) 

ISF (Muchie, 2016)    

DSF     

21 Underweight ISF (Asresie et al., 2020)     

DSF (Ntenda, Chuang, et al., 

2018) 

   

22 Overweight ISF (Ojoniyi et al., 2019)    

DSF     

23 Place of delivery ISF:   (Akombi, Agho, Hall, Merom, et 

al., 2017; Akombi, Agho, 
Merom, Hall, et al., 2017) 

 

DSF:  (Berendsen et al., 2019) (Aheto, 2020)  

24 Child slept under 

a mosquito bed 
net 

ISF:  (Morakinyo, Balogun and 

Fagbamigbe, 2018), 
(Semakula et al., 2015) 

  

DSF:  (Chitunhu and Musenge, 

2015) (Semakula et al., 
2015) 
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3.6.2 Parental-related variables 

Among the parental-related characteristics in Table 3.15, maternal age and education level statuses 

were reported as significant predictors for all four outcomes. Some studies from all four outcomes 

reported decreased significant effects for children of older mothers with Berendsen et al 

(Berendsen et al., 2019) in malaria and Mulatya et al (Mulatya and Mutuku, 2020) in 

multimorbidity. Additionally, some studies in anaemia (Asresie et al., 2020; Douglas Andabati 

Candia, 2017; Duah et al., 2020; Moschovis et al., 2018; Ngnie-Teta et al., 2007; Semedo et al., 

2014), and malnutrition (Adekanmbi et al., 2013; Aheto, 2020) reported increased significant 

effects. Paternal education level had protective effects for anaemia, malnutrition and 

multimorbidity but was not part of the variables selected as a predictor in malaria fever studies. 
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Table 3 15 The directions (Harmful or Protective) effects common to all outcome variables among parental-related variables 

   Anaemia Malaria  Malnutrition  Multimorbidity  

S/N Variables Significance 

Levels 

    

1 Maternal age Increased 

Significant 
Factors (ISF) 

(Asresie et al., 2020; Douglas 

Andabati Candia, 2017; Duah et al., 
2020; Moschovis et al., 2018; 

Ngnie-Teta et al., 2007; Semedo et 

al., 2014) 

 (Adekanmbi, Kayode and Uthman, 

2013; Justice Moses K. Aheto, 2020) 

 

Decreased 
Significant 

Factors (DSF) 

(Immurana & Urmi, 2017; Ntenda, 
Chuang, et al., 2018) 

(Berendsen et al., 2019) (Magadi, 2011; Akombi et al., 2019; 
Nankinga, Kwagala and Walakira, 

2019) 

(Mulatya and Mutuku, 2020) 

2 Maternal 
education 

status 

(ISF) (Moschovis et al., 2018; Muchie, 
2016; Semedo et al., 2014) 

(Ugwu and Zewotir, 2018) 
 

(Ukwuani and Suchindran, 2003; Gebru 
et al., 2019; Nshimyiryo et al., 2019; 

Kuche et al., 2020) 

(Mulatya and Mutuku, 2020) 

 (DSF) (Asresie et al., 2020; Austin et al., 
2012; Douglas Andabati Candia, 

2017; Duah et al., 2020; Immurana 

& Urmi, 2017; Jones et al., 2018; 
Kawo et al., 2018; Mohammed et 

al., 2019; Moschovis et al., 2018; 

Ngnie-Teta et al., 2007; Semedo et 
al., 2014) 

(Berendsen et al., 2019), (Siri, 
2014), (Wanzira et al., 2017) 

(Agadjanian and Prata, 2003; Magadi, 
2011; Adekanmbi, Kayode and Uthman, 

2013; Akombi, Agho, Merom, Hall, et 

al., 2017; Hv and S, 2017; Akombi et 
al., 2019; Amare, Ahmed and Mehari, 

2019; Gebru et al., 2019; Nankinga, 

Kwagala and Walakira, 2019; Takele, 
Zewotir and Ndanguza, 2019; Acharya 

et al., 2020)  

(Geda et al., 2021) (Tran et al., 

2019) 

3 Paternal 

education 

status 

(ISF)     

(DSF) (Immurana & Urmi, 2017)  (Akombi, Agho, Merom, Hall, et al., 
2017; Akombi et al., 2019) 

(Duah et al., 2020) (Geda et al., 
2021) 

4 Maternal 

work status 

(ISF) (Immurana & Urmi, 2017; Muchie, 

2016; Ojoniyi et al., 2019) 

 (Akombi, Agho, Merom, Hall, et al., 

2017)  

 

(DSF) (Kawo et al., 2018; Nambiema et 
al., 2019) 

 (Miller CM et al., 2007)   

5 Fatherôs alive (ISF)     

(DSF)     

6 Maternal 

body mass 
index 

ISF (Moschovis et al., 2018; Nikoi & 

Anthamatten, 2013) 

   

DSF  (Berendsen et al., 2019)   

7 Maternal 

anaemia 
status 

ISF (Asresie et al., 2020; Machisa et al., 

2013; Moschovis et al., 2018; 
Muchie, 2016; Nambiema et al., 

2019; Nikoi & Anthamatten, 2013; 

Ntenda, Nkoka, et al., 2018)  

   

DSF (Mohammed et al., 2019; Ntenda, 
Chuang, et al., 2018) 

   

8 Maternal 

religious 
status 

ISF     

DSF (Immurana & Urmi, 2017; Muchie, 

2016)  

   

9 ISF     
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Maternal 

ante-natal 
care 

DSF  (Njau et al., 2014)   

10 Number of 

births in 5 

years 

ISF:  (Berendsen et al., 2019)   

DSF:     

11 Maternal 

knowledge of 

malaria fever 

ISF  (Njau et al., 2014)   

DSF  (Yang et al., 2020)   

12 Number of 
children ever 

born 

ISF:  (Njau et al., 2014)   

DSF:     

13 Mother has 

access to 

phone/media 

ISF:     

DSF:  (Njau et al., 2014)  (Adedokun, 2020) 
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3.6.3 Household-related variables 

 In the household-related variables, Table 3.16 shows that only household wealth status was a 

common predictor of all four outcomes. More studies reported decreased significant effects than 

increased significant effects. One study (Nikoi & Anthamatten, 2013) from among the anaemia 

studies reported the harmful effect of increased household wealth quintile, followed by two studies 

from malnutrition and multimorbidity studies. In multimorbidity, Mulatya et al and Tran et al (Tran 

et al., 2019; Mulatya and Mutuku, 2020) found protective effects of household wealth status. 

Additionally, three outcomes (anaemia, malaria, and multimorbidity) found the 'number of under-

five years children in a household as a significant predictor. It is also worthy of note that malaria 

fever studies considered and found more significant predictor variables than the three other 

outcomes. 
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Table 3 16 The directions (Harmful or Protective) effects common to all outcome variables among household-related variables: 

   Anaemia Malaria  Malnutrition  Multimorbidity  

1 Household 
wealth 

status 

ISF: (Nikoi & Anthamatten, 2013) (Berendsen et al., 2019) 
(Morakinyo, Balogun and 

Fagbamigbe, 2018), (Ugwu and 

Zewotir, 2018), (Zgambo, Mbakaya 
and Kalembo, 2017) 

(Akombi, Agho, Hall, Merom, et al., 
2017; Akombi et al., 2019) 

(Adedokun, 2020) (Atsu, Guure 
and Laar, 2017) 

DSF: (Austin et al., 2012; Douglas 

Andabati Candia, 2017; Duah et al., 
2020; Hershey et al., 2017; 

Immurana & Urmi, 2017; Kawo et 

al., 2018; Mohammed et al., 2019; 
Moschovis et al., 2018; Muchie, 

2016; Nambiema et al., 2019; 

Ngnie-Teta et al., 2007; Ntenda, 
Chuang, et al., 2018; Ntenda, 

Nkoka, et al., 2018; Ojoniyi et al., 

2019; Semedo et al., 2014) 

(Chitunhu and Musenge, 2015), 

(Njau et al., 2013), (Njau et al., 
2013), ) (Njau et al., 2013), (Njau et 

al., 2014),  (Siri, 2014), Wanzira et 

al., 2017) 

(Ukwuani and Suchindran, 2003; Miller 

CM et al., 2007; Adekanmbi, Kayode 
and Uthman, 2013; Machisa, Wichmann 

and Nyasulu, 2013; Hv and S, 2017; 

Amare, Ahmed and Mehari, 2019; 
Gebru et al., 2019; Nshimyiryo et al., 

2019; Takele, Zewotir and Ndanguza, 

2019; Acharya et al., 2020; Justice 
Moses K. Aheto, 2020; Kuche et al., 

2020) 

(Mulatya and Mutuku, 2020) 

(Tran et al., 2019) 

2 Household 

had bed net 

ISF:     

DSF:  (Njau et al., 2013), (Njau et al., 

2013), (Njau et al., 2013), (Njau et 

al., 2014) 

  

3 Age of 

household 

head 

ISF  (Njau et al., 2013), (Njau et al., 

2013), (Ugwu and Zewotir, 2018) 

  

DSF  (Njau et al., 2013)   

4 Insecticide 

residual 

spray 

ISF     

DSF  (Morakinyo, Balogun and 
Fagbamigbe, 2018), (Wanzira et al., 

2017) 

  

5 Household 
size 

ISF (Machisa et al., 2013; Moschovis et 
al., 2018; Ngnie-Teta et al., 2007) 

(Berendsen et al., 2019), (Njau et 
al., 2013), (Njau et al., 2013), (Njau 

et al., 2013), (Njau et al., 2014), 

(Siri, 2014), (Ugwu and Zewotir, 
2018) 

  

DSF (Moschovis et al., 2018)   (Duah et al., 2020) 

6 Number of 

under-5 in 
household 

ISF (Kawo et al., 2018; Ojoniyi et al., 

2019) 

(Njau et al., 2013) 

 

 (Duah et al., 2020) 

DSF (Muchie, 2016) (Njau et al., 2013), (Njau et al., 

2013) 

  

7 Source of 

water 
outside 

ISF (Moschovis et al., 2018)    

DSF  (Chitunhu and Musenge, 2015)   

8 Improved 

water 
source 

ISF:  (Semakula et al., 2015), (Semakula 

et al., 2015) (Semakula et al., 2015) 
(Yang et al., 2020) 

 

  



  
 

75 

 

DSF: (Kawo et al., 2018; Muchie, 2016) (Semakula et al., 2015), (Semakula 

et al., 2015), (Semakula et al., 
2015) (Semakula et al., 2015) 

(Yang et al., 2020) 

 

(Miller CM et al., 2007)  

9 Improved 
toilet 

facility 

ISF  (Semakula et al., 2015), (Semakula 
et al., 2015), (Semakula et al., 

2015), (Ugwu and Zewotir, 2018), 

(Yang et al., 2020) 

(Ukwuani and Suchindran, 2003; 
Amare, Ahmed and Mehari, 2019; 

Takele, Zewotir and Ndanguza, 2019) 

 

DSF (Jones et al., 2018)  (Berendsen et al., 2019), (Semakula 

et al., 2015), (Semakula et al., 

2015), (Semakula et al., 2015), 
(Yang et al., 2020) 

  

10 Sex of 

household 

head 

ISF (Jones et al., 2018)     

DSF  (Njau et al., 2013)   

11 Use 

biomass for 

cooking 

ISF  (Semakula et al., 2015), (Semakula 

et al., 2015) 

  

DSF  (Semakula et al., 2015)   

12 Under 5 
years child 

slept under 

bed net 

ISF (Ngnie-Teta et al., 2007) (Wanzira et al., 2017)   

DSF  (Tusting et al., 2020)   

13 Household 
ownership 

of livestock 

ISF (Jones et al., 2018) (Semakula et al., 2015), (Semakula 
et al., 2015) 

 

  

DSF  (Semakula et al., 2015), (Semakula 

et al., 2015), (Semakula et al., 

2015) 

  

14 Improve 
building 

materials 

ISF:  (Morakinyo, Balogun and 
Fagbamigbe, 2018), (Tusting et al., 

2020) 

  

DSF:   (Tusting et al., 2020)  

15 Household 
head 

education 

status 

ISF:  (Njau et al., 2013), (Njau et al., 
2014) 

 

(Mill er CM et al., 2007)  

DSF:   (Amaral, Herrin and Gulere, 2017)  

16 Household 
connected 

electricity 

ISF:  (Ugwu and Zewotir, 2018)   

DSF:     

17 Roofing 

material 

ISF     

DSF  (Ugwu and Zewotir, 2018)   
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3.6.4 Community-related variables 

Apart from place and region of residence, most community or contextual-related variables were 

not observable variables in the studies. However, the only place of residence (urban and rural) was 

unique for all studies that considered the variables. Nevertheless, the regions of residence varied 

depending on the country of study. Table 3.17 shows that place of residence was protective for 

children who live in a rural area for some studies across the four outcome variables. At the same 

time, it was reported harmful in some studies only in anaemia, malaria, and malnutrition. 

Community wealth, distance to the health facility, cluster altitude, community insecticide net use, 

and community free bed net were found to significantly affect malaria fever significantly.   
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Table 3 17 The directions (Harmful or Protective) effects common to all outcome variables among community-related variables 

   Anaemia Malaria  Malnutrition  Multimorbidity  

1 Community 
wealth status 

ISF  (Siri, 2014)   

DSF     

2 Community 

distance to 

health facilities 

ISF  (Njau et al., 2013), (Njau et al., 

2013) 

  

DSF     

3 Cluster altitude ISF  (Ugwu and Zewotir, 2018)   

DSF     

4 Community 

insecticide net 

use 

ISF  (Levitz et al., 2018)   

DSF     

5 Regional 

variations 

ISF:    (Adedokun, 2020) 

DSF:     

6 Malaria 

endemicity 

ISF  (Njau et al., 2013), (Njau et al., 

2013), (Njau et al., 2013), (Njau et 
al., 2014) 

 

  

DSF     

7 Free bed net in 

community 

ISF  (Njau et al., 2013) 

 

  

DSF   (Njau et al., 2013), (Njau et al., 

2013) 

  

8 Multi 

Dimension 

Poverty Index 

ISF (Jones et al., 2018; Machisa et 

al., 2013) 

   

DSF     

9 Place of 
residence 

ISF (Menon et al., 2015; Moschovis 
et al., 2018) 

(Berendsen et al., 2019), (Chitunhu 
and Musenge, 2015), (Morakinyo, 

Balogun and Fagbamigbe, 2018), 

(Njau et al., 2013), (Njau et al., 
2014), (Ugwu and Zewotir, 2018) 

(Magadi, 2011; Akombi et al., 2019; 
Gebru et al., 2019) 

 

DSF (Duah et al., 2020; Nambiema et 

al., 2019; Ngnie-Teta et al., 2007) 

(Semakula et al., 2015), (Semakula 

et al., 2015), (Siri, 2014) 

(Akombi, Agho, Merom, Hall, et al., 

2017; Amaral, Herrin and Gulere, 2017) 

(Tran et al., 2019) 
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3.7 Strengths and Weaknesses 

The strengths of this review are that to the best of the researcher's knowledge this is the first 

scoping review on risk factors associated with anaemia, malaria, malnutrition, and multimorbidity 

of childhood diseases among children aged under-five years in SSA countries that have used 

statistical regression modelling techniques on nationally representative survey samples. However, 

there are some limitations but not restricted to the following: (i) some potential studies may have 

been excluded due to the search strategies adopted. (ii) since SSA countries include non-English 

speaking, some potential papers that were not written in English may have been lost to search (iii) 

the studies included had analytical techniques restricted to classical statistics regression methods. 

Therefore, potential papers that used Bayesian statistical techniques in their analyses were 

excluded, (iv) there was no assessment of the potential risk of publication bias conducted   

3.8 The chapter summary 

According to evidence from this recent scoping literature review, variations in the individual and 

contextual factors continue to influence anaemia, malaria, malnutrition and multimorbidity of 

childhood diseases in SSA. It is still not well understood if these predictors overlap in the 

determinants of multimorbidity among children. However, tentative results generated from the 

scoping data presented in this synthesis strongly support the interdependencies of anaemia, malaria, 

and malnutrition status in a child's health. It is advised that more research be done to confirm these 

preliminary findings and bridge existing knowledge gaps. This is what this thesis is out to 

contribute. Furthermore, the next chapter will describe the two data sets used in this thesis. Also, 

it describes the methodology and statistical analysis plans that will be adopted to achieve our 

objectives in the thesis 
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Chapter 4 Methods and Materials 
4.0 Introduction 

This study did not collect data on its own but utilised two nationally representative cross-

sectional data sets from the 2018 Nigeria Demographic and Health Survey (NDHS 2018), and 

the 2018 National Human Development Report (NHDR 2018)(United Nations Development 

Programme (UNDP), 2018).  

This chapter aims to give a general summary of the research methodology used in this 

quantitative study. First, the chapter recalls the aims and objectives of the study. Then, it 

describes the study setting, the two data sets, the outcome variables, the predictor variables, 

and the statistical methods used in this study. 

4.1 The aims and study setting 

4.1.1 The research aims and objectives 

As stated in Chapter 1, this study aims to investigate the multiple overlaps in the impact of 

individual and contextual variables on the prevalence of the multimorbidity of anaemia, malaria, 

and malnutrition among children aged 6 to 59 months in Nigeria.  

The specific objectives of the thesis include: 

i. To undertake a comprehensive scoping review of literature on individual and 

contextual risk factors associated with the prevalence of anaemia, malaria fever, 

malnutrition, and multimorbidity among children under under-five years in Sub-

Sahara Africa (SSA). 

ii.  To determine the prevalence of anaemia, malaria, malnutrition, and their 

interactions among children aged 6 to 59 months in Nigeria using data from the 

2018 Nigeria Demographic and Health Survey (NDHS) 

iii.  To investigate the prevalence and association of individual and contextual risk 

factors of anaemia among children 6-59 months in Nigeria using data from the 2018 

NDHS (with some incorporated contextual data from the National Human 

Development Report (2018 NHDR)). 

iv. To investigate the prevalence and association of individual and contextual risk 

factors of malaria among children 6-59 months in Nigeria using data from the 2018 

NDHS (with the incorporated contextual data from the National Human 

Development Report (2018 NHDR)). 
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v. To investigate the prevalence and association of individual and contextual risk 

factors of malnutrition among children under-five years in Nigeria using data from 

the 2018 NDHS (with the incorporated contextual data from the National Human 

Development Report (2018 NHDR)). 

vi. To describe the spatial distributions of the prevalence of multimorbidity of malaria, 

anaemia, and malnutrition among children 6-59 months across Nigeria's state and 

geopolitical regions using data from the 2018 NDHS (with the incorporated 

contextual data from the National Human Development Report (2018 NHDR)). 

vii.  To investigate the individual and contextual risk factors of multimorbidity of 

malaria, anaemia, and malnutrition among children 6-59 months in Nigeria using 

data from the 2018 NDHS (with the incorporated contextual data from the National 

Human Development Report (2018 NHDR)).  

viii.  To determine the interaction effects of a child's age, sex, and household 

socioeconomic status on the individual and contextual risk factors of MAMM 

among children aged 6-59 months in Nigeria 

4.1.1 Study Setting 

Nigeria is a country located in West Africa, sharing boundaries with Cameroon, Niger, Benin 

Republic and the Atlantic Ocean with a total area of 923,768 Square Kilometres (National 

Population Commission (NPC), National Malaria Control Program (NMCP) and ICF Macro, 

2012; National Malaria Elimination Program (NMEP), National Population Commission 

(NPopC), National Bureau and ICF International, 2016). The Nigerian population grew from 

over 140 million people in 2006 population census (Kayode, Adekanmbi and Uthman, 2012; 

Macrotrends, 2020), to more than 180 million people in 2016. The population is expected to 

rise to over 260 million by 2030 with an estimated annual national growth rate of 2.38%, 

making her the most populous black nation in the world (Macrotrends, 2020). Nigeria's 

population density was estimated at about 215 people per square kilometre in 2018 from 

approximately 194 people per square kilometre in 2015 (Tradingeconomics, 2020). The 

country has a variety of rich ethnic groups of over 250 (Kayode, Adekanmbi and Uthman, 

2012), speaking different dialects and customs. The three major ethnic groups with a population 

of 68% are the Fulani/Hausa, Yoruba and Igbo, while the Bini, Ijaw, Kanuri, Ibibio, Ebira, 

Nupe Tiv and other minority ethnic groups accounted for 32% (Mustapha, 2005; Kayode, 

Adekanmbi and Uthman, 2012).  



  
 

81 

 

4.2 Describing the data sets 

This study uses two independent data sets, with one data set incorporated into another. The 

original data set was the 2018 Nigeria Demographic and Health Survey (otherwise known as 

2018 NDHS), and the second data set was the 2018 National Human Development Report 

(known as NHDR 2018). The two datasets are described in this section. However, for statistical 

analyses, three components of NHDR 2018: the Human Development Index (HDI), the Multi-

dimensional Poverty Index (MPI), and the Gender Inequality Index (GII), were incorporated 

into the 2018 NDHS as contextual variables at the state level. The merging approach could not 

directly compare individual, household, and community data because the NHDR survey did 

not visit the same residences as the NDHS. However, the state definitions and identification 

numbers used in both surveys were the same. As a result, it was easy to combine NHDR's 

variables (MPI, HDI, and GII) at the state level and then merge to NDHS individuals, 

households and communities based on state identifiers (Smith and Shively, 2019).  

4.2.1 2018 Nigeria Demographic and Health Survey (2018 NDHS)  

4.2.1.1 The Etymology of 2018 NDHS 

Demographic and Health Survey (DHS) is an organisation which started in 1984 to collect 

comparable population-based data on fertility, contraception, maternal and child health, and 

nutrition in developing countries (Fabic, Choi and Bird, 2012). In the 1970s and 1980s, 

organisations now is DHS operated as World Fertility Survey and Contraceptive Prevalence 

Surveys (Fabic, Choi and Bird, 2012), respectively. Since its inception in over 90 countries, 

DHS has overseen over 300 demographic and health surveys (Wikipedia Contributors, 2019). 

The first DHS for Nigeria (NDHS) was carried out in 1990 (1990 NDHS) and published in 

1992. The 1990 NDHS was conducted by the Federal Office of Statistics of Nigeria with 

technical assistance from Institute for Research Development-IRD/Macro International and 

was solely funded by United States Agency for International Development (USAID) (Federal 

Office of Statistics[Nigeria] and IRD/Macro International, 1992). The 2018 NDHS was the 

sixth in the series but the fifth to be collected by National Population Commission. Unlike the 

earlier version of the survey (1990-2013-Nigeria Demographic and Health Surveys), conducted 

by the National Population Commission (NPC), the 2018 Nigeria Demographic and Health 

Survey (2018 NDHS) was unique because the National Population Commission (NPC) and 

National Malaria Elimination Programme (NMEP) of the Federal Ministry of Health, Nigeria 

(National Population Commission (NPC) and ICF International, 2014; National Population 

Commission (NPC)[Nigeria] and ICF, 2019) jointly conducted it. Also, the 2018 NDHS, was 
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funded by the United States Agency for International Development (USAID) with the support 

of other international donors such as Global Fund, the United Nations Population Fund 

(UNFPA), Bill and Melinda Gates Foundation (BMGF), and World Health Organisation 

(WHO)(National Population Commission (NPC)[Nigeria] and ICF, 2019). However, the 

technical assistance for the 2018 NDHS like in every other past surveys was provided by Inner 

City Fund-ICF International via the MEASURE DHS program, a USAID-funded project 

(National Population Commission (NPC)[Nigeria] and ICF, 2019) 

4.2.1.2 The Purpose of 2018 NDHS 

Demographic and Health Surveys (DHS) are conducted to provide a broad nationally-

representative household data to monitor and evaluate the impact of some population, health 

and nutrition indicators such as "fertility, reproductive health, maternal and child health, 

immunisation and survival, HIV/AIDS, maternal and child mortality, malaria, and women and 

children nutrition statuses" in the various countries of interest (Wikipedia Contributors, 2019; 

The DHS Program, 2020). The National Population Commission is the agency in Nigeria with 

the statutory responsibility of collecting, collating, and analysing demographic data for Nigeria 

(National Population Commission (NPC) and ICF International, 2014). The 2018 NDHS was 

designed to generate reliable estimates for key indicators at the national level that will assist 

policymakers and programme managers and have a basis for an informed decision on issues 

that will improve the health of the people in the country. It was also to provide relevant 

indicators for the Sustainable Development Goals (SDGs) for Nigeria (National Population 

Commission (NPC)[Nigeria] and ICF, 2019) 

4.2.1.3 The Population Settings 

Nigeria has 37 administrative divisions (36 states and the Federal Capital Territory (FCT). 

These 37 political and administrative areas are sub-divided into 774 Local Government Areas 

(LGAs), and each of the LGAs was divided into wards, with each LGA having between 10 and 

15 political 'wards (OpenStreetMap Wiki contributors, 2020). Estimates for key indicators in 

this survey were presented both in national, geopolitical zones, the states, the Federal Capital 

Territory (FCT), and rural and urban areas (National Population Commission (NPC)[Nigeria] 

and ICF, 2019). Nevertheless, the last National Population and Housing Census (NPHC) 

conducted in 2006 formed the bases upon which the previous three NDHSs (2008, 2013 and 

2018) built their sampling designs. For possible administrative convenience in the 2006 

population census, the 2006 NPHC divided LGA into smaller localities (not political Wards) 
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to smaller manageable areas known as census enumeration areas (EAs). So, the 2018 NDHS 

sampling frame was based on these NPHC EAs demarcations. NDHS used the EAs as the 

Primary Sampling Units (PSU) (National Population Commission (NPC)[Nigeria] and ICF, 

2019) 

4.2.1.4 How was 2018 NDHS Data collected? 

In 2018 NDHS, the 36 states and FCT were separated into urban and rural areas (the 

visualisation of the sampling procedure is shown in figure 4.1). Any locality with more than 

20,000 people was considered an urban area (National Population Commission (NPC)[Nigeria] 

and ICF, 2019),  resulting in the identification of 74 strata (Each state and FCT having urban 

and rural). In NDHS, samples were selected separately from the strata using a two-stage 

stratified cluster design.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 1 Flowchart Describing the Sampling Procedure 

At the first stage, representative 1,400 enumeration areas (EAs) were selected as the sampling 

units with probability proportional to the EA size, doing this survey with the largest sample 

size compared to other five previous surveys (National Population Commission (NPC)[Nigeria] 

and ICF, 2019). The second stage involved a complete listing of households in each of the 

selected 1,400 EAs. A fixed number of 30 households were randomly selected from each EA 

using equal probability sampling. 11 EAs were excluded from being captured because of 

National Level 

State and Federal Capital 
Territory 

Local Government Areas 

Localities 

Rural Areas 

1400 Enumeration Areas  (EAs) selected 

1389 EAs were used, 11 EAs were excluded for in-security 

30 Households were selected from each EA (41,668 Households) 

Urban Areas 

40,427 Households 
(Occupied/Interviewed) 
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insecurity. As a result, a total of 41,668 households were earmarked for sampling, but only 

40,427 households representing a response rate of 99.4% were finally captured in the survey 

(National Population Commission (NPC)[Nigeria] and ICF, 2019). 

The target groups were women aged 15-49 years from all the randomly picked households and 

men aged 15-59 years in one-third of all randomly selected households across Nigeria (National 

Population Commission (NPC)[Nigeria] and ICF, 2019). Manôs questionnaire was not 

originally part of the DHS (National Population Commission (NPC)[Nigeria] and ICF, 2019; 

The DHS Program, 2020). One eligible woman in each of the chosen man's subsamples of the 

household was randomly picked to answer additional questions concerning domestic violence 

(National Population Commission (NPC)[Nigeria] and ICF, 2019). The 2018 NDHS marked 

the first time in Nigeria DHS that a computer-assisted personal interview (CAPI) that allowed 

faster data transmission was used. Besides, children 6-59 months in 14,000 households 

(representing one-third of the selected households) had their blood samples taken for malaria 

(via Rapid Diagnostic Test-RDT), anaemia, and genotype testing. Two-thirds of the children 

tested for malaria using RDT, were further tested for malaria using the macroscopic test. In all, 

four questionnaires (The Household Questionnaire, the Woman's Questionnaire, Man's 

Questionnaire, and the Biomarker Questionnaire) which were extracted from the standard 

Demographic and Health Survey (DHS-7) questionnaires and reflected health indicators 

important to Nigeria were used for the 2018 NDHS: 

4.2.1.5 When was 2018 NDHS Data collected? 

2018 Nigeria Demographic and Health Survey began with a pre-test training that lasted for 3-

weeks from 30 April to 20 May 2018. This training was designed to prepare the trainers for the 

primary training and ensure they can use the questionnaires and procedures in the major 

Nigerian languages. Forty-five participants were included in the training, which focused on 

critical parts of the survey, interview techniques, and methods for completing the questionnaire. 

The training was carried out by ICF staff (National Population Commission (NPC)[Nigeria] 

and ICF, 2019).  

Before the primary training, Biomarker training on biomarker data collection and recording for 

37 nurses and 37 laboratory scientists was held from 25 June to 6 July 2018. The initial 

preparation for 2018 NDHS was carried out for 358 participants from the state level across the 

country. The training lasted for five weeks, from 16 July 2018 to 13 August 2018 (National 

Population Commission (NPC)[Nigeria] and ICF, 2019).  
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The 2018 NDHS data collection fieldwork started on 14 August 2018 and ended on 29 

December 2018. Thirty-seven teams of nine data collectors each (made up of one supervisor, 

field editor, nurse, and lab scientist; two male and three female interviewers) were assigned 

across the different clusters in the zones. The fieldwork was regularly monitored by the NDHS 

team, the state coordinators from NPC and NMEP, and ICF staff (National Population 

Commission (NPC)[Nigeria] and ICF, 2019)  

4.2.1.6 What Kind of data was collected? 

Generally, information was collected on fertility levels, fertility preferences, awareness and use 

of family planning methods, marriage, child feeding practices, nutritional status of women and 

children, adult and childhood mortality, knowledge and attitudes regarding HIV/AIDS, fistula 

and female genital mutilation (National Population Commission (NPC)[Nigeria] and ICF, 

2019). Specifically, the nutritional status of both women and children in the selected 

households was assessed (National Population Commission (NPC)[Nigeria] and ICF, 2019). 

Furthermore, malaria slides were assessed at the household and laboratory levels using rapid 

diagnostic tests and microscopy on thick blood smears for children aged 6-59 months, 

respectively. In addition, haemoglobin measurement for anaemia was taken from the eligible 

women and children from the household containing sub-samples for men.  

Also, the 2018 NDHS marked Nigeria's first-time sickle cell anaemia testing. The experience 

acquired from this testing will form the basis upon which other DHS surveys for the disease 

will be captured globally. Also, in response to various stakeholders' requests, additional data 

were included in 2018 NDHS. These include: social and behavioural change communication 

(SBCC) on malaria, minimum dietary diversity among women, female genital mutilation, 

fistula and disability (National Population Commission (NPC)[Nigeria] and ICF, 2019) 

The household questionnaire collected demographic information on the age, sex, marital status, 

education, and relationship to the head of the household from all members and visitors to the 

selected household. Other information contained in the household questionnaire includes 

characteristics of the household's dwelling, such as type of toilet facilities; the source of 

drinking water; materials used for flooring, roofing and external walls; ownership of mosquito 

nets and ownership of various durable goods (National Population Commission (NPC)[Nigeria] 

and ICF, 2019). From this household questionnaire, data relating to age, sex and marital status 

were used to identify women eligible for the woman's questionnaire (must be aged 15 ï 49 

years). The questions asked in the woman's questionnaire centred on the following: 
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Background characteristics (including educational attainment, media exposure and age), 

History of birth and child survival, family planning methods: Knowledge, use, and source), 

minimum dietary diversity, marriage and sexual activity, fertility preferences (including the 

desire for more children and the ideal number of children)(National Population Commission 

(NPC)[Nigeria] and ICF, 2019). Also collected were information on antenatal, delivery, and 

postnatal care, vaccinations and childhood illnesses, breastfeeding and infant feeding practices; 

women's work status and husbands' background characteristics, knowledge, attitude and 

practice (KAP) regarding HIV/AIDS and other sexually transmitted diseases (STDs), 

Knowledge, attitudes, and practice concerning other health concerns (e.g., smoking), Fistula, 

Female genital cutting,  Adult and maternal mortality, and Domestic violence (National 

Population Commission (NPC)[Nigeria] and ICF, 2019) (The DHS Program, 2020) 

The man's questionnaire was used to collect data from all eligible men aged 15-59 in one-third 

of the entire selected household (i.e., from 14,000 households). The man's questionnaire was 

patterned the same way as the woman's but excluded questions on maternal and child health. 

On the other hand, the biomarker questionnaire was used to record the outcomes of 

anthropometry measurements and other biomarkers for women and children. Another 

questionnaire used for this survey was the fieldworker questionnaire which was used to collect 

necessary background information on those who collect data from the field(National 

Population Commission (NPC)[Nigeria] and ICF, 2019) 

4.2.2 2018 National Human Development Report (NHDR 2018) 

United Nations Development Program-Human Development Report (UNDP-HDRs) started in 

1990 to provide total indicators on human development beyond the usual income and wellbeing  

(United Nations Development Programme (UNDP), 2018). The 2018-NHDR for Nigeria 

focuses on the human devastation in the North-East of Nigeria with the view of coming up with 

multidimensional UN-Humanitarian Development and Peace Nexus using the sub-national 

region as a case study. 

The data source for the report was from combination of some national representative surveys: 

(i) National Bureau of Statistics (NBS), (ii) Multiple Indicator and Cluster Survey (MICS), and 

(iii) National Bureau of Statistics/United Nation Development Program Survey conducted in 

2017- known as Human Development Index-HDI 2017 Survey. Nigeria has 36 states and the 

Federal Capital Territory (FCT). Each state and FCT was divided into urban and rural settings. 

The enumeration areas used in this survey were as demarcated by the National Integrated 

Survey of Household (NISH). A total of 66,600 households (HHs) were chosen for the study, 
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with 15 HHs coming from each of the 120 EAs in each of the 36 states and the FCT. HDI-2017 

covers data on demographic status; all forms of human mortality, work history, access to 

potable water, sanitation, housing materials, information on primary industries, information 

from Ministry, Department and Agencies (MDAs), educational level from HHs, and 

anthropometric indices. Four significant indicators of human development were constructed 

from these data sources. These include Human Development Index (HDI), the 

Multidimensional Poverty Index (MPI); the Inequality-adjusted Human Development Index (I-

HDI), and Gender Inequality Index (GII). In this study, data were extracted for HDI, MPI, and 

GII as part of our contextual risk factors at the state level. It is well known that national 

socioeconomic development captured by Human Development Index (HDI) (Alijanzadeh, 

Asefzadeh and Zare, 2016; Shao et al., 2019), and the Multidimensional Poverty Index (MPI), 

are strong determinants of public health outcomes. Nevertheless, the ways these socioeconomic 

indicators may be associated with childhood multimorbidity, especially in LMICs, are still 

lacking in the literature. These formed parts of the areas this thesis will address. 

4.2.2.1 Human Development Index (HDI) 

Human Development Index is all about people being able to live their full potential  (United 

Nations Development Programme (UNDP), 2018). It summarises human progress in 3 

dimensions: (i) Longevity (health and wellbeing), (ii) Exposure (educational attainment, and 

(iii) standard of living (income). In 2018-UNDP/NBS compilation for HDI was done at 

Nigeria's state and FCT levels. The HDI was computed by taking the geometric mean of the 3-

dimension indices of HDI  (United Nations Development Programme (UNDP), 2018). Further 

description of the variable and its compilation are reported in 2018 NHDR  (United Nations 

Development Programme (UNDP), 2018). In this study, HDI was considered an indicator of 

state socioeconomic status. Not only is HDI a valuable indicator of socioeconomic progress, 

but it is also an excellent predictor of infant and maternal mortality rates for certain nations 

(Lee et al., 1997), hence an expected useful predictor of child's health outcomes at state levels. 

4.2.2.2 Multidimensional Poverty Index (MPI) 

The Multidimensional Poverty Index (MPI) was developed by Oxford Poverty & Human 

Development Initiative (OPHI) in collaboration with UNDPôs Human Development Report 

(UNDP-HDR) as a measure of acute poverty (Oshio & Kan, 2014; Santos & Alkire, 2011; 

United Nations Development Programme (UNDP), 2018). MPI was computed from the 2017 

HDI Survey. It measures the percentage of the dimensions in which the people are 
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multidimensionally poor (United Nations Development Programme (UNDP), 2018). MPI has 

4-dimensions with 11 indicators. (i) Health (2 indicators); (ii) Education (2 indicators); (iii) 

Standard of living (6 indicators); and (iv). Labour force participation (1 indicator). MPI was 

compiled at the state level. It is essential to understand that an absolute monetary definition of 

poverty does not accurately portray the complexity of hardship. According to the Lancet article 

(Oldfield, 2019), the Global Multidimensional Poverty Index classifies 689 million childrenð

nearly two in fiveðas multidimensionally poor, meaning that they experience deprivation in 

at least a third of these indicators at the household level. Though the assessment is based on 

ten weighted indicators that span living standards, education, and health, children are more 

frequently and severely affected by multidimensional poverty than adults in 103 countries with 

data from 2006 to 2016, with 87 per cent of these children living in sub-Saharan Africa and 

South Asia (Oldfield, 2019). 

4.2.2.3 Gender Inequality Index (GII) 

The percentage of potential human development lost because of gender disparity is known as 

the Gender Inequality Index (GII). It discusses gender-based discrimination or accomplishment 

gaps in particular areas and how much such gaps hinder human progress. It ranges from 0 

(where men and women perform equally) to 1 (when one gender performs as poorly as possible) 

across all measured dimensions. The indicators listed below represent the aspects of 

reproductive health, empowerment, and the labour market that make up GII in this study 

(United Nations Development Programme (UNDP), 2018). GII has three dimensions 

reproductive health index, empowerment index, and labour market index. GII was also 

compiled at the state level. 

4.2.2.4 Description of data merging 

Fig 4.2 shows that 40,427 households were surveyed in NDHS, having 34,192 under-five (U-

5) children. Anthropometric and biomarkers data were obtained from U-5 children from one-

third of households with U-5 children. Anthropometric data was used to measure the nutrition 

indicators, which were obtained from 11,731 U-5 children and information stored in the 'De 

jure household population' (PR) file. Similarly, biomarkers used to measure anaemia and 

malaria (RDT) Status were obtained from 10,480 children aged 6-59 months. Information for 

anaemia was stored in the kid recode file (KR), while malaria was stored in the same file as 

nutrition status (PR file). When PR was finally merged to the KR file, the number of children 
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aged 6-59 months with the three outcomes was 10,451 (the number included in this study). 

However, 10,184 children aged 6-59 months had complete information on the three outcomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 4 2 Flowchart describing the number of children and categories of variables 

4.3 Variable Descriptions 

This section describes the variables used (both the dependent and the independent variables) at 

the various levels (Individual, Household, and community). 

4.3.1 The Dependent Variables 

Three response (dependent) variables are considered in this study as indicators for childhood 

multimorbidity: anaemia, malaria, and malnutrition statuses. These variables were captured at 

the individual level. The rationale for choosing the three outcome variables was explained, 

along with a brief explanation of how each was categorised and used in this study. The 

significant overlaps among the three outcomes were also described and categorised. 

Kid Recode (KR) Files: Anaemia 

Level for children 
  De jure household population (PR): Malaria 

and Malnutrition Level for children 

PR merged with KR 

Total number of children under five years from 40427 households=34192 

Number of children under five years from 1/3 of households (13514) =11731 

Number of children with anthropometric measures 

(6-59 months) for multimorbidity = 10451 (Included in 

the study) 

Household-

related 

variables 

Parental-

related 

variables 

Child-

related 

variables 

Community-

related 

variables 

Households: Number of households 
interviewed=40427 

One-third Households: Number of households sampled for biomarkers=13514 

Number of children under 5 years tested for 

Anaemia & Malaria (RTD) (6-59 months) 1/3 of 

households (13514) for biomarkers =10480  

Number of children under 5 years for 

anthropometric data from 1/3 of 

households for malnutrition (13514) =11731 

2018 NHDR Data merge to NDHS  

Area-

related 

variables 

2018 NDHS Data  

Individual (level 1) Community (level 2) State (level 3) 

N=10,184 

had all 

three 

outcomes 
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4.3.1.1 Anaemia Status 

The anaemia status for children 6-59 months was determined by reading the haemoglobin (Hb) 

levels from a finger-prick/stick blood sample using HemoCure Hb 201+ device. There was an 

adjustment in EAs whose altitude is more than 1,000 metres for the haemoglobin levels. The 

anaemia status was classified such that a haemoglobin (Hb) level less than 11.0 grams per 

decilitre was considered 'anaemic', between 10.0 and 10.9 grams per decilitre was considered 

as 'mildly anaemic', between 7.0 and 9.9 grams per decilitre was considered as 'moderately 

anaemic', less than 7.0 grams per decilitre was considered 'severely anaemic', and 11.0 grams 

per decilitre or greater was considered 'not anaemic'. However, for this study, these anaemia 

statuses (whether mildly, moderately, or severely anaemic) were collapsed into one group, such 

that haemoglobin level less than 11.0 grams per decilitre was regarded as 'anaemic' and 

classified as '1', otherwise, for 11.0 grams or more than was 'not anaemic' and classified as '0'.  

4.3.1.2 Malaria Status 

In 2018 NDHS diagnostic tests for malaria parasites were carried out for children aged 6 ï 59 

months in approximately one-third of the selected households (where a men's questionnaire 

was administered). Malaria is a fever, but not all fever is malaria. The policy in Nigeria does 

not allow presumptuous treatment of all fever as malaria until it has been appropriately 

diagnosed (National Population Commission (NPC)[Nigeria] and ICF, 2019). Two testing 

methods were adopted in 2018 NDHS to assess the presence or absence of malaria:  

(i) Malaria Rapid Diagnostic Tests (mRDTs) were conducted on blood samples from 

pricking the finger or heal of children from the household. Men's questionnaire was 

administered using SD Bioline Ag Pf (HRP-II). The RDTs detect the Histidine-rich 

protein-II (HRT-II) human whole blood (antigen). The results were either positive 

or negative for plasmodium falciparum (Pf). 

(ii)  Laboratory microscopy investigation on thick blood smears was done for a three-

quarter of the households where mRDTs was done. Malaria results were also 

classified as either positive or negative. 

Most researchers preferred using thick microscopy blood smear results to classify the presence 

or absence of Pf. However, Azikiwe et al (2012)(Azikiwe et al., 2012) found that mRDTs and 

microscopy laboratory investigation for malaria Pf yield similar results, with mRDTs being 

more precise than blood smears (Azikiwe et al., 2012; Adinan, Damian and Msuya, 2015). 

Also, in a recent scoping review (Obasohan et al., 2021a), mRDT was more frequently used in 
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studies than microscopic smears. Additionally, in 2018 NDHS, mRDTs accounted for more 

samples than microscopic blood smear laboratory tests. Moreover, the test of independence 

between the mRDT and microscopic blood smear results showed that they are dependent. 

Therefore, in this study, the malaria status of children 6 ï 59 months of age in Nigeria using 

mRDT was classified as ó1ô if the result was positive and ó0ô when the result was negative. 

4.3.1.3Malnutrition status 

In NDHS, the malnutrition status (MNS) of children under-five years was determined through 

the measurement of anthropometric indices expressed as (i) Stunting: measured as height-for-

age Z-score (HAZ) of less than minus two standard deviations from the median of the reference 

population. It is an indicator of growth retardation. (ii) Wasting: a measure of weight-for-height 

Z-score (WHZ) of less than minus two standard deviations from the median of the reference 

population. (iii) Underweight: a measure of weight-for-age Z-score (WAZ) of less than minus 

two standard deviations from the median of the reference population (N. B. Kandala et al., 

2011; National Population and I. C. F. International, 2019); these are measures of 

undernutrition. (iv) Overweight is also a measure of weight-for-height Z-score (WHZ) of more 

than plus (+) two standard deviations above the median of the reference population (National 

Population and I. C. F. International, 2019), considered as a measure of 'overnutrition'.The 

measure of malnutrition was considered in this study as the outcome of either undernutrition 

or overnutrition indicators. A recumbent length for children less than two years old was taken 

lying down, while children two years and above had their height standing up using Shorr Board 

measuring instrument. On the other hand, the weights of the children were measured with the 

SECA scale (model 878U) (National Population Commission (NPC)[Nigeria] and ICF, 2019). 

In this study, a measure of the overall description of malnutrition status among children aged 

6-59 months in Nigeria was taken. The composite index for malnutrition was computed using 

the four indicators (stunting, wasting, underweight, and overweight). Children with no trace of 

anthropometric failure were classified as '0', labelled as 'well nourished', and those that have at 

least one of the four indicators were classified as '1', labelled as 'poorly nourished' (Nandy and 

Jaime Miranda, 2008; Bamiwuye, Wet and Adedini, 2013; Nandy, Daoud and Gordon, 2016). 

4.3.1.4 Biomarker measurements in NDHS 

Results of anthropometry measures and other biomarkers for women and children were 

recorded using the Biomarker Questionnaire. Only in the subsample where men's survey (one-

third of the entire households surveyed) was administered were these measurements obtained. 
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Height and weight measurements for women aged 15 to 49 years and children aged 0 to 59 

months, haemoglobin testing for women aged 15 to 49 years and children aged 6 to 59 months 

and testing for malaria and sickle cell disease in children aged 6 to 59 months were all included 

as biomarkers in this survey. 

4.3.2 Rationale for choice of the three disease outcomes 

There were seven different childhood diseases captured in the 2018 NDHS. These include acute 

respiratory infection (ARI), Pneumonia as the most severe outcome, non-malaria fever, 

diarrhoeal, anaemia, malaria, malnutrition, and sickle cell disease. Information about these 

illnesses in the survey was either obtained subjectively or objectively. The statuses of the first 

three: ARI, non-malaria fever, and diarrhoeal, were obtained subjectively by asking the mother 

or caregiver if the child had had any symptoms relating to the disease in the last two weeks 

before the survey. Given Nigeria's low maternal literacy level, the power of recall and the 

ability to correctly diagnose the actual disease presentation may be deficient (Masangwi et al., 

2015). As such, the data collected may not be accurate (Kandala, 2013). Whereas the statuses 

of the rest four (anaemia, malaria, malnutrition, and sickle cell disease) were objectively 

obtained using appropriate WHO-recommended procedures (National Population Commission 

(NPC)[Nigeria] and ICF, 2019). The use of objective measures of the cooccurrence of diseases 

has essential advantages, which include a better understanding of the disease burden and its 

patterns (Abebe et al., 2020). However, sickle cell disease, though a noncommunicable disease, 

was dropped because it is a genetic acquired illness (National Health Service (NHS), 2017), 

which may not align with the same disease etiological processes as with anaemia, malaria, and 

malnutrition. In this study, these diseases have been used as proxies for multimorbidity (health 

status) in children aged 6-59 months in Nigeria (Kandala et al., 2007; Khatab and Kandala, 

2011). Additionally, the 2018 NDHS was the first time these three diseases, anaemia, malaria, 

and malnutrition, have been captured simultaneously in any nationally representative health 

survey. Therefore, a research gap existed. 

4.3.3 Multimorbidity Status 

To classify multimorbidity across anaemia, malaria, and malnutrition of children 6-59 months 

in Nigeria, the 'Composite Index of Multi-morbidity' (CIMM), a technique adapted from the 

Composite Index of Anthropometric Failure (CIAF), was used (Nandy and Jaime Miranda, 

2008; Nandy, Daoud and Gordon, 2016). In general, the classification often results in 2n 

mutually exclusive parameters. The multimorbidity (with three outcomes) was classified into 
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eight independent groups, such that it can have multi-categorical responses represented in three 

intersecting sets of anaemia, malaria, and malnutrition (Figure 4.3):                                           

 

Figure 4 3 Diagram representing the intersection of the three outcome diseases 

From the intersecting diseases (Figure 4.3), it recognises four distinct groups/categories: Those 

that had 'no disease' at all and are classified as '0'; those that had 'one disease only' and are 

classified as '1'; those that had two diseases only, and classified as '2', and those that had 'all 

three diseases, and classified as '3'. However, to align with the multimorbidity of cooccurrence 

of two or more diseases in an individual without reference to an index disease, categories 2 and 

3 were grouped into one (having two or more diseases). Therefore, the ordered set of 

multimorbidity conditions is S = {0, 1, 2}. 

4.3.4 Independent variables (Predictor variables) 

The four independent scoping reviews conducted for anaemia, malaria, malnutrition, and 

multimorbidity identified several significant potential predictor variables. Apart from the DHS 

data set, some studies reviewed used other nationally representative surveys. The observable 

variables were added together, mainly at the individual, parental, and household levels. Those 

found in 2018 NDHS were identified, defined, and classified by levels, and to be comparable 

to previous research, most of the factors were reclassified (Kandala et al., 2007; Kandala, 

2013). Table 4.1 shows the variables that were identified, found in DHS, and included for 

analysis. In this study, there are no principal predictors of interest. The inclusion of these 

variables was subject to the following priority conditions: (i) Is the variable captured in NDHS 

2018? (ii) Is the variable associated with multimorbidity? (iii) Is the variable associated with 

all three disease outcomes? (iv) Is the variable associated with at least two disease outcomes? 

Some exceptional cases arose where some variables that served as risk factors for any outcome 

were considered at the researcher's discretion. 
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Table 4 1 showing the variables identified and included for analysis 

1.  Variables NDHS Anaemia Malaria  Malnutrition  Multimorbidity  Number Included Remarks 

2.  Sex of the child YES YES NO YES YES 3 YES  

3.  Age of the child YES YES YES YES YES 4 YES  

4.  Birth size YES YES NO YES YES 3 YES  

5.  Vaccination status YES NO YES YES YES 3 YES  

6.  Product of multiple birth NO YES NO YES NO 2 NO  

7.  Preceding birth interval YES NO YES YES NO 2 YES  

8.  Birth order YES YES YES YES NO 3 YES  

9.  Breastfeeding status YES NO YES YES YES 3 YES  

10.  Had diarrhoeal 2 weeks 
before the survey 

YES YES NO YES YES 3 YES  

11.  Fever in the last 2 weeks YES YES YES YES YES 4 YES  

12.  Child had acute respiratory 

diseases (Cough) 

YES NO NO NO NO 0 YES  

13.  Child took vitamin A syrup  YES YES NO YES NO 2 YES  

14.  Minimum dietary diversity YES YES NO YES NO 2 NO Aged 6-23 

months 

15.  Minimum meal frequency YES YES NO NO NO 1 NO Aged 6-23 

months 

16.  Deworming in last 6 months 

before the survey 

YES YES NO YES NO 2 YES  

17.  Anaemia status YES NO YES NO NO 1 YES One of the 

outcomes 

18.  Malaria status YES YES NO NO NO 1 YES One of the 

outcomes 

19.  Stunting YES YES NO NO NO 1 YES Used in an 

outcome 

20.  Wasting YES YES NO NO NO 1 YES Used in an 

outcome 

21.  Underweight YES YES NO NO NO 1 YES Used in an 

outcome 

22.  Overweight YES YES NO NO NO 1 YES Used in an 

outcome 

23.  Place of delivery YES NO YES YES NO 2 YES  

24.  Child slept under a mosquito 
bed net 

YES NO YES NO NO 1 NO  

25.  Maternal age YES YES YES YES YES 4 YES  

26.  Maternal education status YES YES YES YES YES 4 YES  

27.  Paternal education status YES YES NO YES YES 3 YES  

28.  Maternal work status YES YES NO YES NO 2 YES  

29.  Maternal body mass index YES YES YES NO NO 2 YES  

30.  Maternal anaemia status YES YES NO NO NO 1 YES Perceived 
important 

31.  Maternal religious status YES YES NO NO NO 1 YES Perceived 

important 

32.  Has health insurance cover YES YES NO NO NO 1 NO  

33.  Maternal ante-natal care YES NO YES NO NO 1 NO  

34.  Number of births in 5 years YES NO YES NO NO 1 NO  

35.  Maternal knowledge of 

malaria fever 

YES NO YES NO NO 1 NO  

36.  Number of children ever born YES NO YES NO NO 1 NO  

37.  Mother has access to 

phone/media/television 

YES NO YES NO YES 2 YES  

38.  Mother health seeking 

behaviour 

YES NO NO YES NO 1 NO  

39.  Maternal stature NO NO NO YES NO 1 NO  
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Potential individual socioeconomic, demographic, and contextual determinants, as well as their 

classification as proximal and other factors for children, are described in the following section, 

and grouped as child-, parental-, household-, community-, and area-related variables. 

4.3.5 Variable definitions and classifications 

The predictor variables considered for this study were found through previous scoping reviews 

(Obasohan et al., 2020a, 2020b, 2021a), categorised following earlier research and as presented 

in the NDHS 2018 final report (Wanzira et al., 2017). Children under the age of five (Kidsô 

Recode) and household members (Peopleôs Recode) were two files in the 2018 NDHS that 

were combined using a common identifier to produce variables suitable for this research 

40.  Maternal HIV status NO NO NO YES NO 1 NO  

41.  Paternal orphan YES NO NO YES NO 1 NO  

42.  Household wealth status YES YES YES YES YES 4 YES  

43.  Household had bed net YES NO YES NO NO 1 YES Perceived 
important 

44.  Age of household head YES NO YES NO NO 1 YES Perceived 

important 

45.  Insecticide residual spray YES NO YES NO NO 1 NO  

46.  Household size YES YES YES NO YES 3 YES  

47.  Number of under-5 in 

household 

YES YES YES NO YES 3 YES  

48.  Source of water outside YES YES YES NO NO 2 NO Also 

improved 

water 
source 

49.  Improved water source YES YES YES YES NO 3 YES  

50.  Improved toilet facility YES YES YES YES NO 3 YES  

51.  Sex of household head YES YES YES NO NO 2 YES  

52.  Use biomass for cooking YES NO YES NO NO 1 YES Perceived 
important 

53.  Under 5 years, child slept 

under bed net 

YES YES YES NO NO 2 YES  

54.  Household ownership of 
livestock 

NO YES YES NO NO 2 NO  

55.  Improve building materials YES NO YES YES NO 2 YES  

56.  Household head education 

status 

YES NO YES YES NO 2 YES  

57.  Household connected 

electricity 

YES NO YES NO NO 1 YES Perceived 

important 

58.  Roofing material YES NO YES NO NO 1 YES Perceived 

important 

59.  Household ownership of 

radio 

YES NO NO YES NO 1 NO  

60.  Watch television YES NO NO YES NO 1 NO  

61.  Household staple budget 

share 

NO NO NO YES NO 1 NO  

62.  Household spending status NO NO NO YES NO 1 NO  

63.  Fruits and vegetables NO NO NO YES NO 1 NO  

64.  Household land ownerships NO NO NO YES NO 1 NO  

65.  Household HIV status NO NO NO YES NO 1 NO  

66.  Household use of internet YES NO NO YES NO 1 NO  



  
 

96 

 

(Demographic and Health Survey, 2021). A population's health status, whether good or bad, 

depends on several linked elements at both the individual and environmental levels (Murdock, 

2017). These elements are referred to as determinants and are categorised into three primary 

groups: personal traits, environmental and social factors, and health services (Murdock, 2017). 

Regarding individual determinants, these are, on the one hand, biologically uncontrollable 

factors present at birth that set one child's health condition apart from another, such as age, sex, 

and parentage. 

On the other hand, they might be child-specific behavioural traits that can be changed using 

restrictions like diet, vaccinations, food supplements, and others In addition, the physical and 

social environment of the home is related to other factors that affect children's health outcomes 

(Murdock, 2017). In this study, the factors that affect a childhood's risk of contracting 

multimorbidity of anaemia, malaria, and malnutrition (MAMM) were broken down into factors 

related to the child, the parents, the home cluster, and the area.  

4.3.5.1 Child-related characteristics 

The child's age was divided into quintiles of one-year intervals, with the reference group (6-11 

months) denoting the time before the child started to walk. Twelve to twenty-three months is 

another significant milestone (for instance, immunisation completion), followed by 24-36 

months for some children, and 36 months and above denotes the start of preschool. In addition, 

the mother's perception of the child's birth size was classified into three categories: large, 

average, and small. Their birth order determines the child's rank among the other children of 

the same mother; the impact of this on the child's health result is not fully understood (Black, 

2017). Although breastfeeding is beneficial for a child in the first few years of life (Northern 

Ireland, 2015), this was categorised as: (i) ever breastfed, not currently breastfeeding (ii) never 

breastfed (iii) still breastfeeding; whether the child had taken iron, vitamin A, and deworming 

treatment in the previous six months. These provide the child with some of the nutrients needed, 

strengthening the child's natural immunity against diseases. 

Additionally, two weeks before the survey, a child's Diarrhoea, fever, or acute respiratory 

infection (ARI) was considered. The conventional way of malnutrition is measured is by 

stunting, wasting, and undernutrition which together measures the level of undernutrition, and 

overweight/obesity as a measure of overnutrition. The anthropometric measure for each of 

these indicators are used to identify the ópresence ofô or ónotô of poor nourishment in children. 

From the data available to us (NDHS) we can only identify malnutrition as having either of 
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undernutrition or/and overnutrition indicators. So, using the composite index of anthropometric 

failure (CIAF), nutritional status was determined by constructing a composite index from the 

four nutrition indicators (stunting, wasting, underweight, and overweight) (Nandy and Jaime 

Miranda, 2008; Myrskylä and Fenelon, 2012; Bamiwuye, Wet and Adedini, 2013). Children 

were categorised as "well-nourished" if there was no sign of anthropometric failure, and as 

"poorly nourished" if at least one of the four signs was present. Anaemia status was derived 

from the record of whether the child was mildly, moderately, or severely anaemic. It was 

collapsed into one group, such that a child with a haemoglobin level less than 11.0 g per 

decilitre was regarded as being "anaemic" and classified as "one"; otherwise, for 11.0 g or more 

was "not anaemic" and classified as "zero" (Obasohan et al., 2021b). 

4.3.5.2 Parental-related characteristics 

According to similar studies, the age of the mother at her most recent birthday was categorised 

as younger (under 25 years old), middle-aged, and older (over 34 years old) moms (Myrskylä 

and Fenelon, 2012; Duncan et al., 2018; Adedokun and Uthman, 2020). The mother's age at 

the time of her first child's birth was also crucial for the analysis. Younger moms have less 

expertise in caring for infants, and the health of their offspring is very likely to suffer. The age 

at first birth was divided into three categories: (i) 10ï19 years, (ii) 20ï29 years, and (iii) 30 

years and older (Jennings-Edquist, 2020). Age groups of women are frequently supported at 

10-year intervals. Maternal and child health heavily depends on the mother's employment 

status, the father's employment status, and the mother's educational status. The knowledge, 

attitude, and practice (KAP) of some common paediatric disorders can be improved by 

maternal literacy. Also, it is essential to investigate the impact of fathers' educational attainment 

on their children's health. This effect will probably moderate maternal features' impact on the 

child's health. Mother slept under a mosquito net; mother's body mass status (kg/m2); marital 

status (never in a union, in a union, widow/divorced/separated); mother's education status (i) 

no education; (ii) primary; (iii) secondary, and (iv) tertiary; mother's marital status (never in a 

union, in a union, widow/divorced/separated); and maternal anaemia statuses (whether mild, 

moderate, or severe) were grouped so that mild, moderate, or severe were considered to be 

"anaemic" and categorised as: "one", otherwise, it was "not anaemic" and classified as "zero". 

Several antenatal care visit mothers attended during the child's pregnancy were also provided. 

The WHO suggested a minimum of four visits at the time of the survey (Obasohan, Karo and 

Obasohan, 2018; National Population and I. C. F. International, 2019). The composite index 

score from the mother's level of engagement in decisions about her health, significant 
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purchases, and family trips were used to calculate maternal autonomy (Bamiwuye, Wet and 

Adedini, 2013). Three and four are "less" autonomous, while five and six are "more" 

autonomous. The scale extended from three to six. There are four categories for maternal 

ethnicity, and religion status was included because it affects both mother and child health 

outcomes and helps define people's worldviews (Obasohan, 2014). 

4.3.5.3 Household-related characteristics 

When utilising the principal component analysis (PCA), to create a composite score from a few 

durable products, one can determine the wealth level of a household. Originally from the data 

set, wealth status was divided into quintiles. Data from the full country sample was used to 

create a single asset index, which is then used in all its tabulations that are shown in DHS 

reports. But, based on either rural data or urban data, separately constructed household wealth 

indices were not created for the two demographic groupings (The DHS Program, 2016) . This 

is one major identified limitation of using the wealth status as it is presently constructed in 

NDHS data set and will not reflect the socio-economic status in Nigeria for the rural/urban 

dichotomy. However, in this study, five categories of wealth status were derived: poorest, 

poorer, middle, richer, and richest groups. The number of bedrooms in the home, even though 

in the survey, the number of sleeping spaces in a home was given as scale values, where less 

than 10% indicated having five or more sleeping spaces. Since a typical Nigerian building has 

one, two, three, or four bedrooms, this variable was divided into five groups in this analysis. 

Other variables include households have mosquito bed nets; the household number measures 

the number of people who live in a household. It was initially a scale variable; however, for 

this analysis, it was classified into four categories by the average typical family sizes of four to 

five members Additionally, improved drinking water sources, toilet facilities, floor materials, 

roofing materials, and wall materials (these materials can be raw, rudimentary, or finished. 

Unimproved materials are raw and rudimentary, and the finished materials are improved (Lia 

and Taylor, 2016). The number of children under five years old in the household was also 

treated as a category, as in previous studies (Kawo, Asfaw and Yohannes, 2018; Oguoma et 

al., 2021); household head sex; household head age (years) in groups. Particularly on the issue 

of health, the age of the household head is significant in several developing nations because it 

affects how maturely final decisions are made: (i) less than 34 years, (ii) 35-44 years, (iii) 45-

55 years, (iv) 56 years or more. The number of under-five years children who slept under a bed 

net the night before the survey: (i) none, (ii) all children, (iii) some children, (iv) no children 

(National Population and I. C. F. International, 2019). Whether the home had electricity was 
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also categorised as óNoô or óYesô. The presence or absence of electricity in the household can 

impact food storage, and cooling at specific seasons can also affect children's health. The kind 

of cooking fuel used at home was also considered. 

4.3.5.4 Community-related characteristics 

At the community level, the proportion of cluster households without bed nets and the 

proportion of communities whose distance to the nearest medical facility is not a significant 

issue; the proportion of low maternal education level and low cluster wealth were considered 

in this study. There was no direct collection of data for these variables at cluster level, so they 

were derived by aggregating their individual household characteristics. Based on the median 

(50th percentile) score for each variable as is the case in previous studies for ease of 

comparison, the categories of 'low' and 'high' were determined (Dhewantara, Ipa and Widawati, 

2019). 

4.3.5.5 Area-related characteristics 

The six geopolitical zones in Nigeria that the child dwells in make up the region of residence. 

Seasonal differences among the zones can have different effects on health outcomes, especially 

for children under five; place of residence is the area in which the child's household is located 

and is divided into urban and rural areas; state human development index (SHDI). The average 

of important measures of area human development is determined by each state's human 

development index. Children from these communities will be more resistant to diseases the 

higher the HDI. These state HDI classifications used in this study were taken from NHDR 2018 

(United Nations Development Programme (UNDP), 2018); State socioeconomic situation is 

assessed using the state multidimensional poverty index (SMPI), which is used as a stand-in 

for the multidimensional poverty index of the communities 

Table 4 2 Classifications of the variables used in the analysis 

Variables Classifications Variables Classifications 

Child-related variables 
 

Household-related variables  

Age of the child (i) 6-11 months (ii) 12-23 months (iii) 

24-35 months (iv) 36-47 months (v) 

48-59 months 

Wealth status (i) Poorest (ii) Poor (iii) Middle 

(iv) Rich (v) Richest 

Sex of the child (i) Male, (ii) Female Household had bed net (i) No (ii) Yes 

Motherôs perceived Birth 

Size of the child 

(i) large (ii) average (iii) small Household size (i) 2-3 (ii) 4-6 (iii) 7-9 (iv) 10+ 

Child Ever Had Vaccination 

Status 

(i) No, (ii) Yes Under-five years child slept under net (i) No, (ii) Yes 
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Preceding Birth Interval (i) None (ii) 8-24 months (iii) 25-35 

months (iv) 36-59 months (v) 60+ 

months 

Number of children U5 in household (i) 0-3 (ii) 4-6 (iii) 7 and above 

Birth Order (i) 1st order (ii) 2nd or 3rd order (iii) 

4th-6th order (iv) 7th+ order 

Improved Source of drinking water (i) No (ii) Yes 

Iron supplement (i) No, (ii) Yes Improved Type of toilet facilities  (i) No (ii) Yes 

Duration of Breastfeeding (i) ever breastfed, not currently 

breastfed (ii) never breastfed (iii) still 

breastfeeding 

Unsafe stool disposal (i) No (ii) Yes 

Had Diarrhoea in last 2 

weeks 

(i) No, (ii) Yes Improved Floor material type (i) No (ii) Yes 

Had fever in last 2 weeks (i) No, (ii) Yes Sex of Household Head (i) Male (ii) Female 

Child had acute respiratory 

infection in 2 weeks before 

survey 

(i) No, (ii) Yes Household head educated (i) No education, (ii) Primary, 

(iii) Secondary (iv) Tertiary 

Vitamin A Consumption (i) No, (ii) Yes Shared Toilet Facilities with Others 

household members 

(i) No (ii) Yes 

Treatment for intestinal 

worms in the last 6 months 

(i) No, (ii) Yes Use Biomass for cooking (i) No (ii) Yes 

Nutritional Status (i) Well-nourished (ii) Poorly 

nourished 

Under-5 slept under a mosquito net 

last night 

(i) No (ii) Yes 

Stunting (i) No, (ii) Yes Community-related variables  

Wasting (i) No, (ii) Yes The proportion of Community wealth 

level 

(i) Low (ii) High 

underweight (i) No, (ii) Yes The proportion of community distance 

to a health facility is no big problem 

(i) Low (ii) High  

Overweight (i) No, (ii) Yes The proportion of community 

maternal education level 

(i) Low (ii) High 

Malaria status (RTD) (i) No, (ii) Yes The proportion of community 

households with no bed net 

(i) Low (ii) High 

Anaemia status (i) No, (ii) Yes Area-related variables  

Place of delivery (i) Home (ii) Public Health facility 

(iii) Private health facility (iv) 

Elsewhere 

State Multidimensional Poverty Index 

(SMPI) 

(i) Low (ii) High 

Parental-related variables 
 

State Human Development Index 

(SHDI) 

(i) Low (ii) High 

Motherôs age group (i) <18 years, (ii) 19-24 years, (iii) 25-

34 years (iv) 35 years+ 

Community Female Education (i) Low (ii) High 

Motherôs age at first birth (i) <18 years, (ii) 19-24 years, (iii) 25-

34 years (iv) 35 years+ 

Region of residence (i) North Central (ii) North-

East (iii)North-West (iv) South-

East (v) South-South (vi) 

South-West 

Mother working Status (i) Not working (ii) Working Place of residence (i) Rural (ii) Urban 

Motherôs educational status (i) No education, (ii) Primary, (iii) 

Secondary (iv) Tertiary 

  

Fatherôs educational status (i) No education, (ii) Primary, (iii) 

Secondary (iv) Tertiary  

  

Father's Occupation (i) Not working (ii) Working   
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. The MPI of a community indicates how vulnerable its residents are to disease. In the NHDR 

2018 (United Nations Development Programme (UNDP), 2018), this categorisation of MPI 

per state is also included. Finally, gender inequality index was also considered and derived 

from NHDR 2018. 

4.4 Analyses Techniques 

To effectively answer the research questions and establish the objectives listed in sections 1.2 

and 1.4, this section describes the various statistical techniques used. The first part describes 

the data set-up (the incorporation of the two data sets into one another), followed by the 

applied statistical methods. 

4.4.1  Data merging 

The original data set is a nationally representative sample from the 2018 Nigeria Demographic 

and Health Survey (2018 NDHS). The NDHS is a complex, multi-factor, and multidimensional 

data set. Although there is a single unit data recode, for distribution purposes, it is placed in 

different recode files by the unit of analysis (Demographic and Health Survey, 2022). The units 

of analysis in this study are children 6-59 months of age living in a household. All information 

required to answer the research questions is stored in: 

(i) Kid Recode (KR) file. This has information about the children born within the last 

five years before the survey date. The KR holds the data for one of the outcome 

diseases, anaemia status among children 6-59 months of age.  

(ii)  People's Recode (PR) file. This also has information on every household member 

who slept in the house the previous night. In addition, the PR file holds the data for 

the two other outcome diseases: malaria fever and malnutrition statuses among 

children 6-59 months of age, and under-five years of age, respectively.   

Mother's marital status (i) Married (ii) Not married (iii) 

Divorce/Separated/Widowed 

  

Motherôs body mass index 

(kg/m2) 

(i) <18.5 (ii) 18.5-25.0 (iii) >25.0   

Motherôs anaemia status (i) Normal (ii) Anaemic   

ANC attendance/Health 

seeking 

(i) 0 (ii) 1-3 (iii) >4   

Religion status (i) Catholic (ii) Other Christians (iii) 

Muslim (iv) Others (traditional) 

  

Motherôs iron 

supplementation during 

pregnancy 

(i) No (ii) Yes   

A mother living with a 

Partner 

(i) Living with a partner (ii) living 

somewhere else 
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The PR file was merged to the KR file through a unique identifier to produce one single file-

PR-KR merge (a detailed description is displayed in figure 4.2), a subset of the 2018 NDHS. 

The second data, the 2018 National Human Development Report (2018 NHDR), is a nationally 

representative sample conducted by the United Nations Development Program (UNDP-

Nigeria). The three contextual variables of interest (Human Development Index (HDI), Multi-

dimensional Poverty Index (MDPI), and Gender Inequality Index (GII) were captured at the 

state, and Federal Capital Territory (FCT) levels and so were extracted. The state and FCT 

identifiers incorporated these three variables into the merged file. 

4.4.1.1 Rationale for the sub-sample of children 6-59 months 

The 2018 NDHS was designed to capture information from different age brackets, especially 

for children born within five years of the survey. The initial survey was conducted with women 

of reproductive age (15-49 years) and men (15-59 years). This thesis used three disease 

conditions with data collected for different age groups. First, anaemia and malaria statuses were 

collected for children 6-59 months in one-third of all the selected households (the households 

where the men's questionnaire was administered). On the other hand, anthropometric 

measurements used to determine the nutrition status were taken from children aged under-five 

years from one-third of all the selected households in the survey. Since the outcome of interest 

in this thesis is the multimorbidity of these three disease conditions, and it involved computing 

the intersections of the three diseases, invariably, children 0-5 months of age in the nutrition 

status were automatically excluded because they do not have data for anaemia and malaria. 

Therefore, the age range for the units of analysis is 6-59 months.  

4.4.2 Statistical analysis methods 

The statistical analyses used in this study to adequately address the different dimensions of the 

research questions and objectives were carried out in four stages. First, all the responses and 

predictor variables were coded into categorical variables (Table 4.1).  

4.4.2.1 Research Questions 

The following was the main research question addressed in this thesis: 

What are the multiple overlaps in the impact of individual and contextual variables on the 

MAMM among children 6-59 months in Nigeria? 

However, in more specific terms, the study addressed the following sub-questions in four stages: 

1. What are the descriptions of individual and contextual characteristics of children under-

five years in Nigeria at baseline (response rates), as captured in 2018 NDHS? 
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2. What is the independent prevalence of the three outcomes of anaemia, malaria, and 

malnutrition concerning the individual and contextual characteristics among children 

6-59 months of age in Nigeria? 

3. What are the differences between groups in the individual and contextual characteristics 

concerning the three outcomes of anaemia, malaria, and malnutrition among children 

6-59 months in Nigeria?  

4. Are there variations in the proportion of children in each outcome of anaemia, malaria, 

and malnutrition across the communities and states levels 

5. What are the significant independent effects of individual and contextual factors on the 

outcomes of anaemia, malaria, and malnutrition among children 6-59 months of age in 

Nigeria? 

6. What are the differences between groups in the individual and contextual characteristics 

concerning the number of occurrences of MAMM among children 6-59 months in 

Nigeria?  

7. Are there variations in the MAMM across the levels of clusters? 

8. What are the multiple overlaps in the associations of individual and contextual factors 

with the MAMM among children 6-59 months in Nigeria? 

9. What are the interaction effects of a child's sex, age, and household socioeconomic 

status on the impact of individual and contextual risk factors of MAMM among children 

6-59 months of age in Nigeria? 

4.4.2.2 Data Analysis Procedure 

At the first level of analysis, the thesis addressed research questions one, two, and three. Firstly, 

frequency counts and percentages were computed at the baseline to determine the response 

rates for all the variables considered in this study. Secondly, frequency counts and percentages 

were also calculated to describe the characteristics of both the response (dependent) and 

predictor (independent) variables, performed a series of independent bivariate analyses of the 

associations between the child-, parental-, household-, and community-related predictors with 

each of the three categorical response variables using Chi-square test. At the second level of 

analysis, questions four and five were addressed. Given the hierarchical structure of the 2018 

NDHS data set and the correlation structure of the data that frequently occurs in such a 

multistage survey sampling (Dey and Raheem, 2016), this study found some clustering in the 

data. Children, parents, and households were taken as individual characteristics at level-1, 

nested in communities/clusters at level-2, and nested in 36 states of Nigeria and the Federal 
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Capital Territory (FCT) at level-3. Therefore, 3-level mixed effect logistic regression models 

were fitted to test the effects of all the selected predictors with each disease outcome variable 

(anaemia, malaria, and malnutrition) to avoid possible under-estimation of parameters 

associated with the single-level model (Dey and Raheem, 2016). In the third level of analysis, 

it proffers solutions to questions six, seven, and eight, where it conducted a series of bivariate 

analyses of the association between the child-, parental-, household-, and community-related 

variables and the interactions between the three outcome diseases (such that it take into 

consideration multi-categorical responses of the number of diseases a child has (See section 

4.3.3), following a natural order of 0, 1, 2 or more. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 4 Flow chart describing the step-by-step analysis procedures 

Furthermore, three-level mixed-effects ordered logistic regression models were fitted to 

determine the multiple overlaps in the variables that simultaneously predict the number of 

occurrences of MAMM among children 6-59 months of age in Nigeria. Finally, at the fourth 

level, the interaction effects of a child's sex, age, and household socioeconomic status on the 

impact of individual and contextual risk factors of MAMM among children 6-59 months of age 
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in Nigeria were computed. All the analyses were performed using Stata MP4 version 17 

(StataCorp, College Station, USA), at 5% alpha level of statistical significance. 

4.4.3 Rationale for the methods 

The main aim of this study is to investigate the individual, contextual and area risk factors 

associated with occurrences of MAMM among children 6-59 months of age in Nigeria using 

three-level mixed-effects ordered logistic regression models. 

4.4.3.1 Modelling the outcome variables independently 

In the past, different statistical methods have been proposed for analysing problems of 

multimorbidity from a complex data set. One such method is modelling each disease 

independently as a function of several predictors, then multiplying the estimated risks, which 

is a potentially naive method of multi-outcome risk predictions. This strategy does not take 

advantage of the potential links between the outcomes and is only effective if the outcomes are 

conditionally independent given the covariates (Martin et al., 2021). Previous studies 

(Kazembe et al., 2007; El-Sayed et al., 2010; Osterbauer et al., 2012; Alicke et al., 2017; Ali 

et al., 2019), applied the single-level logistic regression method for independent analyses of 

each outcome of interest in their studies. Adopting this approach in this current study may solve 

the problem of identifying which of these three outcomes (anaemia, malaria, and malnutrition) 

are predicted by specific explanatory variables of interest. However, the single-level logistic 

method may ignore other issues of interest. (i) Intra-cluster correlation may be present in an 

individual having more than one of the outcomes, especially with clusters in a complex data 

set such as the one used in this study. (ii) By carrying out several tests on the same variables 

from the same data set in independent analyses on each outcome will produce an increased type 

I error that may result in wrong estimation of the effect size, thereby leading to a biased 

conclusion. (iii) The primary construct of interest in this study is multimorbidity; therefore 

independent analyses of each outcome will ignore this underlying conditions (Das, Poole and 

Bada, 2004). (iv) Another issue is that, as the model becomes more complex, some explanatory 

factors in one equation become dependent variables in another, both of which are a part of the 

same model, which, when ignored, may lead to endogeneity biases (Kandala, 2013). 

4.4.3.2 Multivariate multilevel logistic modelling 

To avoid the problem of ignoring clustering in a complex data set (limitation (i) above), 

Masangwi et al; Mothale & Ncayiyana; and Halliday et al, have applied multilevel logistic 

regression to the analysis of cooccurrence of childhood diseases, but would not correctly 

account for limitations (ii), (iii), and (iv). Furthermore, some studies, Das et al (Das, Poole and 
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Bada, 2004), and Gaston et al (Gaston, Ramroop and Habyarimana, 2021) have used a 

multivariate joint analysis within the generalised linear mixed model. The focus of these two 

studies is to jointly model the outcome of interest in longitudinal perspectives while also 

determining the outcome-specific effects. This method highlights the ability to consider the 

residual correlation parameters. Martins et al recognised that the degree of dependencies 

between the outcomes that the approach can handle has been proven in prior studies to be 

impacted by the residual correlation parameter, being bound by the marginal probabilities and 

hence unable to take values in the complete [-1, 1] range (Martin et al., 2021).  

4.4.3.3 Multinomial logistic regression 

Alaba and Chola used multinomial logistic regression to analyse the cooccurrence of chronic 

health conditions in an adult population (Alaba and Chola, 2013). Participants in the South 

African National Income Dynamic Survey (SA-NIDS) were questioned about whether they 

were currently suffering from one or more chronic health conditions, such as cancer, high blood 

pressure, diabetes or high blood sugar, stroke, asthma, or tuberculosis (TB), as determined by 

a doctor. For the study, these medical conditions were combined to create a summative 

multimorbidity index ranging from 0 to 4. The following three conditions were then generated 

as a categorical variable: 0) no chronic disease, 1) the presence of one chronic disease, and 2) 

multimorbidity (i.e., presence of 2 or more chronic diseases) (Alaba and Chola, 2013). Though 

the study used Stata's stratified multistage design feature, this will not account for the random 

effects at various clusters; therefore, limitation (i) could not be resolved. However, in another 

study, Dey and Raheem applied a multilevel multinomial logistic regression model (MMLRM) 

using SAS 9.4's PROC GLIMMIX for multinomial distribution to predict the haemoglobin 

level among children aged 6-59 months in India. The outcome variable included four ordinal 

categories: the degree of anaemia (severe, moderate, mild, and non-anaemic). In addition, the 

state of residency was considered the level-2 variable in this multivariate logistic regression 

model with a two-level random intercept (Dey and Raheem, 2016). The study considered the 

'ordinal categories' as nominal in the analysis. However, in a similar investigation, Kandala 

2013 considered the different levels of anaemia as ordinal and used multilevel ordinal logistic 

regression models (Kandala, 2013). Often, multinomial was recommended as an alternative to 

analysing ordinal categories, especially when parallel assumptions have been violated 

(McNulty, 2021).  
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4.4.3.4 Multivariate Poisson regression modelling 

While studying the overweight with concurrent stunting, Atsu et al used a multivariable 

Poisson regression model, but the conditions were investigated independently (Atsu, Guure 

and Laar, 2017). Poisson regression (PR) could have been applied to model multimorbidity if 

the results had been viewed as count variables instead of ordinal ones. When the dependent 

variable in PR is a count, for instance, of events like the arrival of a phone call at a call centre, 

it is possible. Although it is understood that covariates like the time of day impact the 

probability of occurrences per unit of time, the events must be independent because the arrival 

of one call will neither increase nor decrease the likelihood of another. But in this study 

1) It is unclear whether the three diseases or outcomes are independent. 

2) Because NDHS is cross-sectional data rather than longitudinal data and is just calculating 

the number of outcomes (multimorbidity) present at a specific time rather than the number of 

outcomes in a person over time (the data of the survey). 

3) The designs are not quantifying the incidence of the multimorbidity but the prevalence when 

results from a Poisson model are reported as an incidence rate ratio (IRR). 

4) The Poisson model assumes no theoretical upper bound on the range of possible values for 

the (counts) variable. However, in our scenario, there are all three multimorbidity; therefore, 

the maximum is 3. As a result, it was determined that using PR to model the multiple outcomes 

and multimorbidity as count outcomes was inappropriate for the reasons mentioned above 

(McCullagh and Nelder, 1989; StataCorp., 2021; Walters, Campbell and Machin, 2021). 

However, Atsu et al (Atsu, Guure and Laar, 2017) applied a Multivariable Poisson regression 

model while accounting for clustering variations but treated each disease separately. 

 4.4.3.5 Multivariate Bayesian modelling 

Though this current study is highly tinted towards the frequentist's approach, other studies have 

examined the determinants of multimorbidity in children with SSA using different Bayesian 

methods. For instance, in Khatab and Kandala, the latent individual unobserved variable 

"health state" or "frailty" of children was modelled using the geo-additive latent variable model 

(LVM), which used the three observable illness variables (Diarrhoea, cough, and fever) as 

indicators. Using this modelling technique, they could study how common risk factors affect 

kids' specific vulnerabilities while automatically considering the correlation between diseases 

and indicators of health status (Khatab and Kandala, 2011). Using the 2003 Demographic and 

Health Surveys (DHS) data for Nigeria, the LVM was expanded to examine the impact of risk 

variables and the spatial effects on the unobservable variable "health status" of a child under 
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the age of five. Furthermore, Kandala and others have used Bayesian geo-additive model based 

on Markov-chainïMonte-Carlo techniques to examine the predictors of different childhood 

diseases across some SSA countries (Kandala, Magadi and Madise, 2006; Kandala et al., 2008, 

2009). The approach was justified because strictly linear predictors could not be assumed due 

to the existence of non-linear effects for some covariates and the data's geographic characters. 

Also, Khatab et al (Khatab, Adegboye and Mohammed, 2016) used the Bayesian approach to 

determine area-specific predictors of co-morbidity of diarrhoeal, cough, and fever. This 

technique recognised and accounted for the three limitations of the single-level logistic model 

stated above.  

4.4.3.6 Structural equation model 

Some previous studies have applied latent component analysis (LCA) to establish the pattern 

of multimorbidity. For instance, Park et al used LCA in Korean adult population over some 

chronic diseases because they believed these diseases cluster. The study opined that 

multimorbidity is a complicated condition. It is far more practicable to use statistics to divide 

a population into a few subgroups with similar chronic disease combinations rather than 

analysing every possible disease combination. The LCA patterns for multimorbidity can be 

extracted using 'generalised structural equation model' (gsem) platforms in Stata. In Park et al 

study, following the best model choice, each respondent was allocated to the class for which 

their computed membership probability was the highest (An ideal fit is indicated when the 

average posterior probability is higher than 70%). Then multinomial logistic regression was 

performed to determine the risk factors. However, the study did not consider the multistage 

design in Korean National Health and Nutrition Examination Survey (KNHANES), therefore 

ignoring the data's hierarchy. Nevertheless, in this current study applying LCA could only 

result in two non-distinct latent classes (both contained the three outcomes but at different 

intensities), which could result in categorising the latent construct into 'low' or 'high' MAMM. 

This outcome will not fit well into the focus of this current study design and the definition of 

multimorbidity, which is the cooccurrence of two or more diseases. 

4.4.3.7 Ordinal logistic regression model 

Ordinal (ordered) logistic regression model is another technique applied in some previous 

studies to model the determinants of multimorbidity. For instance, Adedokun (Adedokun, 2020) 

proposed using a generalised ordered logistic regression model to determine the correlates of 

childhood morbidity of Pneumonia, diarrhoeal, and fever in Nigeria. The paper considered 

overlaps among the three outcome variables, classifying the diseases into four ordinal groups 
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of 'no disease', 'one disease', 'two diseases', and 'three or more diseases. This approach is like 

the one used in this present study but differs in some ways.  

(i) The analysis unit was children under-five years in Nigeria, whereas this current 

study used a sample of children aged 6-59 months in Nigeria.  

(ii)  The outcome variables described in Adedokun (2020) were Diarrhoea, fever, and 

ARI, whereas, for this current study, they are anaemia, malaria, and malnutrition. 

(iii)  The data set was 2013 NDHS, but this current study uses 2018 NDHS. For the first 

time, data for anaemia, malaria fever, and malnutrition indicators were captured 

simultaneously in any nationally representative secondary survey.  

(iv) The measurement of the three outcome variables, Pneumonia, fever, and Diarrhoea, 

used in the previous study was subjectively obtained by asking the mothers of the 

children to state if the children had suffered any of the conditions in the last two 

weeks before the survey. However, the three outcomes in the current study were 

obtained via laboratory tests and standard measurements as recommended by 

WHO.  

(v) Also, in 2013 NDHS being a multistage cluster survey, the hierarchical nature of 

the data set was not considered, such that variations across the levels of clusters 

were ignored. However, this study applied a three-level mixed effect ordered 

logistic regression model and recognised the need to break down the overall 

variability into within and between cluster variabilities.  

Similarly, Kandala (2013) used 'the standard modelling techniques', multilevel ordinal logistic 

regression to model the association between socioeconomic and demographic variables and 

anaemia among children aged under-five years and women in three SSA countries. The 

anaemia status was classified as 'not anaemic', 'mild', and 'moderate/severe. In addition, the 

complex sampling design mentioned above was considered using multilevel models. 

It is worthy of note that the advantages of using this model (multilevel mixed-effect ordinal 

logistic regression) in this study over traditionally treating each outcome independently using 

binary logistics. This is because (i) it recognises the possibilities of carrying out multiple 

comparisons and avoids any possible increase in Type I error (random error correlations), 

which results from ignoring the simultaneous relationships among the diseases resulting in 

biased conclusions (Gabr, 2016). Furthermore, this approach recognised the complexities in 

the data set by applying a hierarchical concept. The ordinal concept is that the interactions of 

these diseases were taken as ordered counts, rather than nominal, such that the children who 
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had 'no disease at all, 'had one disease only', and 'had two or more diseases' were classified 

respectively as. 0, 1, or 2. This classification falls under multimorbidity, defined as the 

coexistence of two or more diseases in an individual without reference to an index disease 

(Abebe et al., 2020). The composite scores for the three diseases (malnutrition, malaria, and 

anaemia) are calculated to reflect the child's total number of diseases. In addition, being a 

baseline aged-specific study, it has adopted this simplified approach of creating a composite 

score that defined the order of occurrence of the combination of these diseases. We recognised 

that this simplified approach would stimulate the needed interest for further study, leading to 

more understanding of the determinants of multimorbidity among children in LMIC. 

4.4.4 Model Specifications 

This section describes the various model used to address the research questions beginning 

with the multilevel mixed effect logistic regression model to the multilevel mixed effect 

ordered logistic regression. It then concluded with a brief description of multilevel 

moderation analysis.  

4.4.4.1 Multilevel mixed effect logistic regression 

The multilevel logistic model is nothing more but an extension of the single-level logistic 

regression by including the source of variations between and within clusters while considering 

the hierarchical nature of the data set. Carle (Carle, 2009) outlined three benefits of MLM to 

analysts, including identifying which covariates predict individual-level differences, predicting 

cluster-level differences, and determining within and between cluster-level variations. In this 

section, a description of binary logistic regression was given first before extending it to MLM. 

Logistic Regression Model (LRM) 

Our interest in this study is getting a model that correctly predicts the probability of occurrence 

of disease conditions from covariates of interest. The body of statistics that handles prediction 

better is regression analysis. Linear regression applies when the outcome variable (dependent 

variable) is continuous (interval or scale). However, when the outcome variable is dichotomous 

(categorical or binary), logistic regression could handle the analysis better than linear 

regression. 

In binary outcomes where 'no disease'  is coded as '0' and 'having disease' is coded as '1', it is 

observed that the predicted values can take values from 0 and 1. Nevertheless, linear regression 

for this Type of outcome can spool out of the range of 0 and 1. It is unbounded between -Ð and 

+Ð , which is inappropriate in these circumstances (Sommet and Morselli, 2017). The 

interpretations of the results when linear regression (LR) is used differ from when binary 
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logistic regression (BLR) is applied. For instance, in the case of a child having the disease, LR 

will produce the predicted mean at any independent variable value; this is not the interest here. 

However, to predict the probability that a child will come up with the disease, given that the 

independent variable is at a value of interest. Binary logistic regression can do this better. So, 

ὖὣ ρ  
 

            (1) 

Where:  ὣ = the conditional probability that the outcome variable result into 1 (having the 

disease condition of interest) 

               ὢ = the predictor variable for a child i. 

Given the exponentiation in the equation, the function results in an S- shape ranging from 

between 0 and 1 along the y-axis. 

 

 

 

 

 

 

Figure 4 5 Logistic function 

ɓj is the jth coefficient of the j th independent variables, and ɓ0 is the intercept. 

The S-shape depends on whether ɓj<0 or ɓj>0 (See fig 4.5). 

The study prefers to find the conditional probability that the outcome is present (ˊ) over the 

probability that the outcome is not present (1- ˊ) in order to make meaningful interpretations 

rather than simply making predictions about the conditional probability that the outcome is 

present (represented as ˊ). A link function that can convert the conditional probability of an S-

shaped distribution into a linear combination as a function of the predictors is therefore 

necessary; the logit transformation is advantageous for making the function normal. (Gabr, 

2016; Kawo, Asfaw and Yohannes, 2018). 

Now, consider the odds of having the outcome disease. 

ὕὨὨί 
 

  έὶ 
 

         (2) 

This ratio is the probability of being in the state of interest over the probability of not being in 

the state, known as odds. Then the logit transformation results into 

ʌ ὰέὫὭὸὕὨὨίὰέὫ
 

           (3) 

1 

0 

X0 X 
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By substituting ὖὣ ρ in equation (1) into equation (3), it turns into a linear combination 

of predictors (equation 4) 

ʌ ὰέὫὭὸὕὨὨί ‍ В ‍ὢ А       (4) 

‍ are the coefficients of their corresponding covariates ὢ and could be interpreted as the effect 

of the predictor variable ὢ on the log-odds of having the disease. In other words, it could mean 

the amount an increase (or decrease) of one unit in the predictor variable will produce as an 

expected increase (or decrease) in the log-odds of having the disease after adjusting for other 

covariates (in the case of multivariate analysis). The exponentiation of ‍ gives the odds ratio, 

which refers to the amount one can multiply the probability of the outcome of interest occurring 

rather than not occurring (Sommet and Morselli, 2017).  

Alternatively, it can convert the log-odds of the outcome of interest to the predicted probability 

of the outcome of interest for ease of interpretation (Williams, 2012; Dey and Raheem, 2016), 

using: 

ὖὶὩὨὭὧὸὩὨ ὴὶέὦὥὦὭὰὭὸώ ὖὖ ”  
В А

 
В А

      (5) 

Multilevel Logistic Model (MLM)  

At the second level of analysis, multilevel mixed-effect logistic models were fitted for each of 

the outcome diseases (anaemia, malaria, and malnutrition), as a function of individual and 

contextual covariates. The model specification for a three-level mixed-effects logistic 

regression such that children, parents, and households were grouped as individual 

characteristics at level-1, nested in communities/clusters at level-2, and nested in states and 

federal capital territory (FCT) at level-3 were described. The 'mixed effects' imply that it 

contains more than one source of variabilities. In addition, it contains both 'fixed effect' and 

'random effect' components, such that the random effects are specified for states and 

communities nested in states (Stata.com, 2021). 

The dependent variable of interest is dichotomous and follows the Bernoulli (“ ) distribution 

with a logit link function: 

– ‍ȟ
ᶻ В ‍ȟ

ᶻὡ ȟ  В ‍ȟ
ᶻ ὢȟ В ‍ȟ

ᶻὤ  ‐ȟ  ‐ȟ ‐ȟ  (6) 

Where –  is the predicted log odds of individual child i (level 1) in community (com) j (level-

2), and in state (sta) k (level-3). ‍ȟ
ᶻ  represent the overall intercept (the grand mean of level-3), 

‍ȟ
ᶻȟ ‍ȟ

ᶻ , and ‍ȟ
ᶻ  are, respectively, the nth, the mth, and the pth coefficients associated with 

W (level-1), X (level-2), and Z (level-3) predictors, respectively. And ‐ȟ  represent the 
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random effect of jth community in kth state, while ‐ȟ denotes the state level random effect, 

with the assumption that ‐ȟ  Ḑὔπȟ„  and ‐ȟ Ḑὔπȟ„   are mutually 

independently distributed (Gabr, 2016; Rozi et al., 2016; StataCorp., 2021), and ‐ȟ Ḑ

ὔπȟ , and independent of the random intercepts(StataCorp., 2021). Equation (6) has a 

logistic transformation.  

– ὰὲ           (7) 

and it denotes the probability that an ith child in jth community and in kth state will suffer 

from the outcome of interest. 

4.4.4.2 Multilevel mixed effects ordered logistic regression model  

The focus of this thesis is to investigate the multiple overlaps in the individual, contextual and 

area factors associated with the occurrences of MAMM among children 6-59 months of age in 

Nigeria using three-level mixed-effects ordered logistic regression models. 

The outcome variable is the occurrence of MAMM classified into 'no disease', one disease only', 

two or more diseases' as functions of other covariates grouped into child-, parental-, household-, 

community-, and state-related factors. This section described the model specification for three-

level mixed-effects ordered logistic regression.  

Schematic description of a three-level data structure 

This study considered that a level-3 structure was better than a level-2 structure. Therefore, the 

model was structured along a three-level structure such that children/parental/household units 

at level-1, because children from the same parent and household tend to be more similar than 

children from other households because they share the same characteristics, are nested within 

communities/clusters at level-2, and nested within states at level-3. 

  

  s1    s2 é   sp          level-3 

                 c1        c2   c3  c4   c5    é.     cm           level-2 

 

        i1    i2 i3 i4 i5 i6 i7 i8 i9 i10    i11     i12 éin   level-1 

Figure 4 6 A schematic diagram representing a three-level data structure 

Multilevel mixed-effects ordinal logistic model specification 

The specification of the three-level mixed-effects ordinal (or ordered) logistic model in this 

thesis followed the one described in Raman & Hedeker (Raman and Hedeker, 2005). There are 

i=1,2,..,n individual-level units nested within j=1, 2,é,m community-level units that are 
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further nested within k=1, 2, é, p state-level units. There are three ordered categories (c=0, 1, 

2), representing the number of co-occurrences of the diseases in the individual child. Therefore, 

the response variable of interest is ordinal and follows the logistic (ὣ ) distribution with a 

logit link function: 

ὣ ‍ȟ
ᶻ В ‍ȟ

ᶻὡ ȟ  В ‍ȟ
ᶻ ὢȟ В ‍ȟ

ᶻὣȟ  ȟ  ȟ  ‐ȟ  (8) 

Where ‍ȟ
ᶻ  represents the overall intercept (the grand mean of level-3), ‍ȟ

ᶻȟ ‍ȟ
ᶻ , and ‍ȟ

ᶻ  are, 

respectively, the nth, the mth, and the pth coefficients associated with W (level-1), X (level-2), 

and Y (level-3) covariate vectors, respectively. And ȟ  represents the random effect of jth 

community in kth state, while ȟ denotes the state level random effect, with assumption that 

ȟ Ḑὔπȟ„  and ȟḐὔπȟ„   are identical and independently distributed (Gabr, 

2016; Rozi et al., 2016), and ‐ȟ Ḑὔπȟ , assumed to follow standard logistic distribution 

(Raman and Hedeker, 2005). 

The underlying latent variables are the three outcomes: anaemia, malaria, and malnutrition, and 

each are classified as binary ('0' marked the absence of the disease, and '1' marked the presence 

of the disease), which is related to the unobserved ordinal primary response variable Y 

(classified as '0', 'no disease'; '1', 'one disease only'; '2', 'two or more diseases')  resulting into 

two thresholds Õ, such that 1 Ò Õ Ò c-1, with c representing the categories of co-occurrences of 

the condition of the child. The sample size is not equal across the three levels. So, consider that 

an individual child i in community j in state k is picked, the probability that Yijk is in ordered 

response category c, after accounting for the random effects at community level ȟ , and 

state-level ȟ, while assuming a logit function, is given by: 

ὖὣ ὧ ȟȟ ȟ ‫ ‘ • ‫ ‘ •       (9) 

where •  В ‍ȟ
ᶻὡ ȟ  В ‍ȟ

ᶻ ὢȟ В ‍ȟ
ᶻὣȟ  ȟ  ȟ , an extract 

from (8), and •‫ is the cumulative distribution function (cdf), represented as (.)‫

Ȣ (Raman and Hedeker, 2005). 

As proposed in Raman & Hedeker (Raman and Hedeker, 2005), the set ‍ȟ
ᶻ π, such that it 

estimates C-1 cut-offs. Then, the cumulative probabilities for the ordinal categories 1ÒcÒC are 

given as:  

ὖὶȾ ὖὣ ὅ ȟȟ ȟ ‘‫ •            (10) 

However, (10) can be written differently as finding the probability of observing the outcome c 

in this format. 
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ὖὶȾ ὖὣ ὅὧȟ ȟȟ ȟ ‘‫ •  ‘‫ • , where ‘ = -Ð and 

‘  Њ (StataCorp., 2021). 

The mixed effect ordered logistic regression in (10) is now written in terms of cumulative logits 

for proportional odds assumption to include random effects at community level ȟ , and state-

level ȟ as: 

ὰέὫ Ⱦ

Ⱦ
‘ В ‍ȟ

ᶻὡ ȟ  В ‍ȟ
ᶻ ὢȟ В ‍ȟ

ᶻὣȟ ȟ ȟ  (11) 

Finally, the study obtained the likelihood equations by the standardisation of the random effects 

at the state level with —„  , and community level with —„  , to be on the same scale as 

the regression estimates, then 

•  В ‍ȟ
ᶻὡ ȟ  В ‍ȟ

ᶻ ὢȟ В ‍ȟ
ᶻὣȟ —„  —„          (12) 

4.4.5 Test of assumptions 
This section outlined the basic assumptions of the ordered logistic regression and presented a 

step-by-step approach to the assumptions that were confirmed in the thesis. 

4.4.5.1 Assumptions of Ordered Logistic Regression 

Four important assumptions ordered logistic regression needs to fulfil before one can trust the 

results (Laerd Statistics, 2018; Lee, 2019) 

1. The ordinal nature of the response variable. The response variable should be categorical 

that follow a natural order in it, E.g., 0, 1, 2, 3, etc. In this study, the outcome variable 

of interest, the order of occurrences of MAMM takes the values 0, 1, or 2, representing 

'none of the three diseases', 'one of the diseases only', and 'two or more diseases' 

conditions. 

2. At least one or more of the predictor variables are either continuous, ordinal (which 

may not be taken as ordinal when performing ordinal analysis), categorical or 

dichotomous variables. However, in this thesis, all the predictor variables are 

categorical. 

3. There must be no multicollinearity among the independent variables. That is, there 

should not be any two or more predictor variables that are highly correlated with one to 

another. 

4. The proportional odds assumption should not be violated. This assumption means that 

the coefficients for each pair of outcomes at each cumulative cut-off are the same, 

resulting in one model. 
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From equation (12), the covariates W, X, and Y could fall into three categories. The model, 

which includes covariates that did not violate the proportional assumption, is considered a 

proportional odds model. Also, the model which contains both covariates that violate and do 

not violate the proportional assumption is called a partial proportional odds model. The model 

contains all covariates that violate the proportional assumption is known as the non-

proportional odds model (Raman and Hedeker, 2005). 

4.4.5.2 Multicollinearity of binary and ordinal logistic 

Multicollinearity is a statistical phenomenon characterised by highly correlated predictor 

variables in a logistic regression model (Midi, Sarkar and Rana, 2010). The presence of 

multicollinearity can lead to unreliable and unstable estimates and erroneous variances, 

affecting confidence intervals and hypothesis tests(Midi, Sarkar and Rana, 2010). The problem 

is that when the independent variables get more highly correlated, determining which predictor 

variable is causing the effect on the outcome becomes increasingly tricky (Williams, 2015). 

Identifying these variables is commonly done through the computations of the correlation 

coefficient matrix for the independent variables, but not a sufficient mode (Midi, Sarkar and 

Rana, 2010). An additional way is to calculate the tolerance and variance inflation factors (VIF), 

which estimates how much a coefficient's variance is "inflated" due to linear correlation with 

other predictors (Allison, 2012). The rule of thumb is that VIF is usually greater than or equal 

to one. Allison (Allison, 2012) thinks that if VIF is greater than 2.50 it can constitute a problem 

(Williams, 2015). Others have suggested that VIF between 5 and 10 may be problematic 

(Williams, 2015; Fissuh, 2017). A way of dealing with multicollinearity is that the 

objectionable variable is "dropped." However, if the variable has a legitimate place in the model, 

this might lead to a specification error, which is much worse than multicollinearity (Williams, 

2015). For logit transformation cases, as in our study, 'collin' command (written by Philip Ender 

at UCLA) in STATA was used. 

4.4.5.3 Resolving the violation of proportional odds assumption 

In ordinal logistic analysis, proportional odds assumptions are often violated (expecting the 

coefficients of the covariate to be the same for each value of c (categories)). Ignoring the 

violation may 'lead to incorrect, incomplete, or misleading results' (Williams, 2006). 

Nevertheless, in some situations, the issue of violation of assumption may not cause serious 

problems, especially when the sample size is large. This study involved fitting three-level 

mixed-effects ordinal logistic regression models. To test the violation of proportional 

assumption in Stata is challenging, and is not straightforward, especially using brant and 
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omodel tests after mixed effect ordered logistic regression (The Stata Forums, 2021). However, 

this approach is a straightforward generalisation of the single-level model to account for the 

data set's hierarchical structure (Kandala, 2013). In that case, the thesis adopted a naïve way to 

check whether the assumption is violated or not. In this study, there is no restriction on 

theoretical frame regarding the inclusion of any specific independent variable of interest; 

therefore, all variables that scaled through the multicollinearity test were equally essential and 

examined for proportionality assumption in the following steps as recommended in (The Stata 

Forums, 2021): 

1. On the full model (considering all the independent variables), brant test was used after 

ordinal logistic regression to identify which variables were proportional in their 

coefficients or not. Then the individual predicted probabilities and the mean ὼӶwere 

computed. 

2. Brant test was also performed on the partial model (after removing those variables that 

violated the proportionality assumption in step 1) and found no more violation of the 

proportionality assumption. Then, individual predicted probabilities and the mean 

ὼӶwere computed. 

3. The test of difference in the two predicted means ὼӶ ὼӶ was computed and found 

no significant difference at 5% level (both at two- or at one-tailed test). 

Given the above, the assumption of non-violation of proportionality was upheld while using 

the mixed effects ordered logistic regression analysis method to investigate the multiple 

overlaps in the association between the individual, contextual, and MAMM among children 6-

59 months of age in Nigeria. 

4.6 Model Building 

4.6.1 Outcome variable classifications 

Section 4.3.3 Venn diagram was used to express the three outcome variables into the eight 

possible interactions. The eight interacting sets were coded in the following dichotomous 

outcomes in Table 4.3, and for each of the diseases, anaemia, malaria, and malnutrition, the 

score of '0' was allotted to 'no presence of the disease, and a score of '1' was allotted to 'presence 

of the disease'. 
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Table 4 3 Coding system used for the outcome classifications 

S/N Variables Outcomes Scores 

1 No disease No anaemia 

No Malaria 

No malnutrition 

0 

0 

0 

2 Anaemia only Anaemic 

No malaria 

No malnutrition 

1 

0 

0 

3 Malaria only No anaemia 

Malaria positive 

No malnutrition 

0 

1 

0 

4 Malnutrition only No anaemia 

No malaria 

Poorly nourished 

0 

0 

1 

5 Anaemia and malaria Anaemic 

Malaria positive 

No malnutrition 

1 

1 

0 

6 Anaemia and 

malnutrition 

Anaemic 

No malaria 

Poorly nourished 

1 

0 

1 

7 Malaria and 

malnutrition 

No anaemia 

Malaria positive 

Poorly nourished 

0 

1 

1 

8 Anaemia, malaria, and 

malnutrition 

Anaemia 

Malaria positive 

Poorly nourished 

1 

1 

1 

S/N=Serial numbering 

Table 4.4 shows the combination of the outcome classifications from Table 4.3 to form the 

order of occurrence of the multimorbidity outcomes. 

Table 4 4 Distribution of classifications of multimorbidity 

S/N Outcomes combination classifications 

1 None of the three 

diseases 

1 0 
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2 Had only one of the 

three diseases 

2, 3, & 4 1 

3 Had two or more 

diseases 

5, 6, 7 & 8 2 

S/N=Serial numbering 

4.6.2  Predictor variables classifications 

The predictor variables considered in this thesis were classified into child-, parental-, 

household-, community-, and state-related variables. The following tables describe the coding 

methods used for the analysis. All the categorical predictor variables were used as factor 

variables in analysis (In Stata these are treated like dummy variables) 

(i) Child-related variables 

Table 4 5 Coding system for child-related variables 

Variables Classifications Coding 

Age of the child (i) 6-11 months  

(ii)  12-23 months 

(iii)  24-35 months  

(iv) 36-47 months 

(v) 48-59 months 

0 

1 

2 

3 

4 

Sex of the child (i) Male 

(ii)  Female 

0 

1 

Motherôs perceived Birth Size of 

the child 

(i) large  

(ii)  Average 

(iii)  small 

0 

1 

2 

Preceding Birth Interval (i) None 

(ii)  8-24 months 

(iii)  25-35 months  

(iv) 36-59 months  

(v) 60+ months 

0 

1 

2 

3 

4 

Birth Order (i) 1st order  

(ii)  2nd or 3rd order 

(iii)  4th-6th order  

(iv) 7th+ order 

0 

1 

2 

3 
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Iron supplement (i) No 

(ii)  Yes 

0 

1 

Duration of breastfeeding (i) Ever breastfed, not 

currently breastfed  

(ii)  Never breastfed 

(iii)  Still breastfeeding 

0 

 

1 

2 

Had diarrhoea in last 2 weeks 

before the survey 

(i) No 

(ii)  Yes 

0 

1 

Had fever in last 2 weeks before 

the survey 

(i) No 

(ii)  Yes 

0 

1 

Child had acute respiratory 

infection in last 2 weeks before 

the survey 

(i) No 

(ii)  Yes 

0 

1 

Vitamin A consumption (i) No 

(ii)  Yes 

0 

1 

Treatment for intestinal worms 

in the last 6 months 

(i) No 

(ii)  Yes 

0 

1 

Place of delivery (i) Home 

(ii)  Public Health facility 

(iii)  Private health facility 

(iv) Elsewhere 

0 

1 

2 

3 

 

(ii)  Parental-related variables 

Table 4 6 Coding system for parental-related variables 

Motherôs age in 10-year group (i) 15-24 years 

(ii)  25-34 years 

(iii)  35years+ 
 

0 

1 

2 

Motherôs age at first birth (i) 10-24 years 

(ii)  25-36 years 

(iii)  37-49 years 

0 

1 

2 

Mother working status (i) Not working 

(ii)  Working 

0 

1 
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Motherôs educational status (i) No education 

(ii)  Primary 

(iii)  Secondary 

(iv) Tertiary 

0 

1 

2 

3 

Fatherôs educational status (i) No education 

(ii)  Primary 

(iii)  Secondary 

(iv) Tertiary  

0 

1 

2 

3 

Father's occupation (i) Not working 

(ii)  Working 

0 

1 

Motherôs body mass index 

(kg/m2) 

(i) <18.5 

(ii)  18.5-25.0 

(iii)  >25.0 

0 

1 

2 

Motherôs anaemia status (i) Normal 

(ii)  Anaemic 

0 

1 

ANC attendance/Health 

seeking 

(i) 0  

(ii)  1-3 

(iii)  Ó4 

0 

1 

2 

Religion status (i) Catholic  

(ii)  Protestant 

(iii)  Muslim 

(iv) Others (traditional) 

0 

1 

2 

3 

Motherôs iron supplementation 

during pregnancy 

(i) No  

(ii)  Yes 

0 

1 

 

(iii)  Household-related variables 

Table 4 7 Coding system for household-related variables 

Wealth status (i) Poorest  

(ii)  Poor  

(iii)  Middle  

(iv) Rich 

(v) Richest 

0 

1 

2 

3 

4 

Household had bed net (i) No  0 
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(ii)  Yes 1 

Household size (i) 2-3  

(ii)  4-6  

(iii)  7-9 

(iv) 10+ 

0 

1 

2 

3 

Under-five years child slept under 

net 

(i) No child 

(ii)  All children 

(iii)  Some children 

(iv) No net in household 

0 

1 

2 

3 

Number of children U5 in 

household 

(i) 0-3  

(ii)  4-6  

(iii)  7 and above 

0 

1 

2 

Improved source of drinking water (i) No  

(ii)  Yes 

0 

1 

Improved Type of toilet facilities  (i) No  

(ii)  Yes 

0 

1 

Improved Floor material type (i) No  

(ii)  Yes 

0 

1 

Sex of household head (i) Male  

(ii)  Female 

0 

1 

Household head educated (i) No education 

(ii)  Primary 

(iii)  Secondary 

(iv) Tertiary 

0 

1 

2 

3 

Shared toilet facilities with others 

household members 

(i) No  

(ii)  Yes 

0 

1 

Use biomass for cooking (i) No  

(ii)  Yes 

0 

1 

Under-5 slept under a mosquito net 

last night 

(i) No  

(ii)  Yes 

0 

1 

 

(iv) Community-related variables 

Table 4 8 Coding system for household-related variables 



  
 

123 

 

   

Proportion of community wealth 

level 

(i) No 

(ii)  Yes 

0 

1 

Proportion cluster distance to health 

facility is no big problem 

(i) No 

(ii)  Yes 

0 

1 

Proportion of community maternal 

education level 

(i) No 

(ii)  Yes 

0 

1 

Proportion of community household 

with no bed net 

(i) No 

(ii)  Yes 

0 

1 

 

(v) Area-related variables 

Table 4 9 Coding system for area-related variables 

State Multidimensional Poverty 

Index (SMPI) 

(i) Lowest 

(ii)  Mild 

(iii)  Average 

(iv) Above average  

(v) Highest 

0 

1 

2 

3 

4 

State human development index 

(SHDI) 

(i) Lowest 

(ii)  Low 

(iii)  Average 

(iv) High  

(v) Highest 

0 

1 

2 

3 

4 

Gender inequality index (GII) (i) Lowest 

(ii)  Low 

(iii)  Average 

(iv) High  

(i) Highest 

0 

1 

2 

3 

4 

Region of residence (i) North-Central 

(ii)  North-East 

(iii)  North-West 

(iv) South-East 

(v) South-South  

0 

1 

2 

3 

4 
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(vi) South-West 5 

Place of residence (i) Rural  

(ii)  Urban 

0 

1 

 

4.6.3  Postestimation techniques 

After mixed effect ordinal logistic analysis, post estimation techniques of special interest 

include estimating intraclass correlations (ICC), nested groups' compositions, and displaying 

standard deviations and correlations. The most important in this group is the ICC which is 

described in more detail as follows: 

4.6.3.1  Intraclass correlation (ICC) 

The intraclass correlation coefficient (ICC) represents the proportion of the total variation in 

the model that can be accounted for by variations across the different levels of clusters. For 

example, in our model (three-level model), two intraclass correlation coefficients were 

identified: the one about children/individuals nested in community-level and community-level 

groups nested in the state-level group (Prestevez, 2016; Rozi et al., 2016). Therefore: 

Ὅὅὅ ὅέὶὶ–ᶻ ȟ–ᶻ  
 

  
     (13) 

Ὅὅὅ is the correlation between two children/individuals (unit of analysis) within the same 

community and state (MLwiN User Forum., 2009; Leckie et al., 2020; StataCorp., 2021). 

But equation (13), in terms of the variance partition coefficient (VPC) differs as it does not 

have a corresponding interpretation, therefore 

ὠὖὅ  
  

         (14) 

refers to the proportion of the total variance in the same state, but different communities (Leckie 

et al., 2020) 

Ὅὅὅ ὅέὶὶ–ᶻ ȟ–ᶻ  
  

     (15) 

Ὅὅὅ represents the correlation between two children/individuals within the same state but 

who live-in different communities/clusters. VPC refers to the proportion of the total variance 

attributable between state levels (Leckie et al., 2020). 

From (13), (14), and (15), „  is across community variance, „  is the across the state 

variance, and ḗσȢςω is the between children/individualsô variance with scale factor 1, and 
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for standard logistic distribution (Gabr, 2016). However, there is no definition for individual-

level intraclass correlation (StataCorp., 2021).  

Unlike the correlation coefficient between two variables whose values fall between -1 and +1, 

the values of intraclass correlations are between 0 and 1. The 95% confidence interval for the 

ICCs can be obtained through logit transformation of the point estimate of the ICCs (StataCorp., 

2021) using 

Logit (Ὥὧὧ ± ᾀ        (16) 

where Ὥὧὧ the point estimate of the intraclass correlation of level g 

ὛὉὭὧὧ is the standard error of the point estimate 

ᾀ is the 97.5th quantile of the standard normal distribution with Ŭ = 5%, and  

Logit is given as in (3) and (7) above. 

Let ὼ and ὼ be the upper and lower values, respectively, of the interval (16), then the 95%CI 

for Ὅὅὅis given by  ȟ . 

The values of ICCs help to establish the need for multilevel analysis as against the single-level 

analysis. The rule of thumb (but not a standard rule all the time) could be that hierarchical 

modelling may not be necessary when the ICC is less than 5% at the null model (Heck, Thomas 

and Tabata, 2014).  

4.6.3.2  Median odds ratios 

Some contentions regarding whether using intraclass correlation and its associated measures 

on the logistic scale to explain the geographical heterogeneity in epidemiological studies is 

appropriate. Studies have argued that in multilevel linear regression, individual and 

geographical heterogeneities are on the same scale, making between-level partitioning easy. 

Nevertheless, this is not the case in multilevel dichotomous regression, where the individual 

level is on the probabilistic scale, and the geographic level is on the logistic scale, making 

comparison difficult (Merlo et al., 2006). Lian (Lian, 2015) noted that the spatial variation in 

the multilevel model denoted by the area-level variance does not have meaningful units and is 

challenging to interpret in epidemiology. Alternative measures are the median odds ratio (MOR) 

and interquartile odds ratio (IqOR). In addition to computing the ICCs, the MORs were 

computed and interpreted. 

The MOR is the median of the odds ratio between the area or community at highest risk and 

the area or community at lowest risk of MAMM. In other words, MOR gave the mean 
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difference of the risk of multimorbidity of two children with the same level-1 characteristics 

and picked randomly from two states or communities. In a more practical interpretation, MOR 

tells us how much of an increased risk of MAMM is for a child moving from one state or 

community to another state or community, respectively, with a higher risk of the outcomes. 

The formula for computing MOR is given as: 

ὓὕὙ ÅØÐ ς ὼ „  ὼ πȢφχτυ 

Where 0.6745 is the ὤȢ  of a standard normal distribution with mean 0 and standard 

deviation1, and  „  is the state level variance. Alternatively: 

ὓὕὙ ÅØÐ πȢωπωω ὼ „   

The value of MOR will always be greater or equal to 1. MOR=1 signifies no difference in the 

probability of a child having two or more combinations of anaemia, malaria, and malnutrition 

between states, while greater than 1 indicates differences in the state level. 

 Also, other standard post-estimation techniques to help understand the model are described as 

follows. 

4.6.3.3  Assessing the Model fit statistic 

The model fit was determined using the combination of the following three measures: 

(i) Evaluating the log-likelihood 

The log-likelihood was computed to measure the goodness of fit of the model. The higher the 

log-likelihood, the better the model fit (ZACH, 2021). The values of log-likelihood range from 

-Ð to +Ð. The default integration method in STATA is the ómvaghermiteô that computes for 

mean and variance adaptive Gauss-Hermite quadrature, which has been used for random-effect 

models. The log-likelihood compared with a chi-square given as twice the difference between 

the log-likelihood of the 'new' (unrestricted) model and that of the 'baseline' (restricted) model, 

with a degree of freedom equals the difference between the number of parameters in the new 

model and the baseline model. 

c ςὰὰὲὩύ ὰὰὦὥίὩὰὭὲὩȟ 

ύὬὩὶὩȟὨὪ  ὴὥὶὥάὩὸὩὶίὲὩύ ὴὥὶὥάὩὸὩὶίὦὥίὩὰὭὲὩ 

Under this condition, the null hypothesis is that the two models are not different in their 

fitting, against the alternative hypothesis that the new model fits significantly better than the 

baseline model at the p-value<0.05. 

(ii)  Evaluating the Akaikeôs information criterion (AIC) and Bayesian information 

criterion (BIC) 
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This study evaluated ten models with varied numbers of predictors. AIC was used to measure 

how well each model fits the data. The AIC is a function of the number of predictors in the 

model and the log-likelihood. As much as possible, AIC penalises the models for using more 

parameters to avoid over-fitting and chooses the model that explains more variations in the 

dependent variable (Bevans, 2021). The model with the lowest value of AIC was considered 

the best fit, and if the difference between the AICs of the models being compared was more 

than 2, it was considered a better fit. The AIC has a derivation from the frequentist probability. 

Additionally, the Bayesian information criterion (BIC) complements the AICs for model fit 

selection. Given a set of models for the data, the smaller the BIC, the better fit the model. Just 

as in AIC, the BIC penalises for increased parameters. BIC was derived from Bayesian 

probability (Brownlee, 2019). When the decision criteria for AIC and BIC did not agree, the 

AIC was used as a preference for our choice of a better fit. 

(iii)  Significance of predictor estimates 

The predictor estimates were given in terms of proportional odds ratios and were obtained by 

stating the óorô options in the mixed effect ordered logistic regression command. In this study, 

the response variables are in 3-classes (k=0, 1, & 2), and should be seen from a cumulative 

perspective such that comparing children of certain predictor's category having the highest 

class (k=2) versus those in the combined classes of (k=0 or 1) of the response variable, have 

the proportional odds times larger (in the case odds ratios is greater than one), or times smaller 

(in the case odds ratios is less than one), or no difference (in the case odds ratio is equal to one), 

when compared with the children in the predictor's reference category, while other predictors 

in the model are held constant. However, for a continuous predictor variable, the interpretation 

would be that for every unit change in the predictor variable, the odds of children in the class 

(k=2) versus combined classes of (k=0 or 1) are the proportional odds times larger (in the case 

odds ratios is greater than one), or times smaller (in the case odds ratios is less than one), or no 

difference (in the case odds ratio is equal to one). For every proportional odds ratio, the 95% 

confidence interval was reported indicating the lower and upper limits within which there is 

95% chance for the true population parameter lies. All statistical significance was determined 

at p<0.05 level. 

4.6.4  Multilevel models Building 

In this study, the multilevel mixed effect ordinal logistic models were fitted systematically at 

the first step using the five major components (child-, parental- household-, cluster-, and 

state-related) of predictors considered in this project (Table 4.10). This fitting was done to 
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reduce the risk of over-fitting (Hartnell, 2011), and to control the complexity in adding 

components of the related predictors. 

 

Table 4 10: Overview of the model component structures at different predictors level 

Model Component structures Predictors 

0 Variance component only No predictor 

1 Child-related only Sex, age, birth size, birth order, prebirth interval, Child took iron syrup, child 

breastfeeding status, child took deworming syrup, the child had fever in the last 

two weeks before the survey 

2 Parental-related only Maternal educational status, maternal residing with partner, maternal religious 

status, maternal anaemia status, maternal body weight status, paternal work status 

3 Household-related only Household wealth status, household head age, children under-5 who slept under 

bed net last night before the survey, household size, 

4 Community-related only Community wealth status, community maternal education status, low community 

distance from the health facility, low community with bed net 

5 State-related only Multidimensional poverty index, human development index, Gender inequality 

index, region of residence, place of residence 

 

The second stage of the model fitting was to subsequently add each component of related 

predictors to the child-related component (model 1). By adding model 2 to model 1, model 3 

to model 1, combined model 1 to model 2 to model 3, then add model 4, and lastly, add 

model 5 (Table 4.11). 

Table 4 11 Overview of the model component structures combining predictors at different level 

Model Component structures Predictors 

6 Model 1 + Model 2 

(Child-related + Parental-related) 

Sex, age, birth size, prebirth interval, child took iron syrup, child 

breast feeding status, child took deworming syrup, child had fever in 

the last two weeks before the survey, childôs place of delivery, 

maternal educational status, maternal residing with partner, maternal 

antenatal care visit, maternal religious status, maternal anaemia 

status, maternal body weight status, paternal work status 

7 Model 1 + Model 3 

(Child-related + Household-related) 

The essence of this stage was done 

to investigate the changes that may 

occur to model 1 relative to model 3 

Sex, age, birth size, birth order, prebirth interval, child took iron 

syrup, child breast feeding status, child took deworming syrup, child 

had fever in the last two weeks before the survey, household wealth 

status, children under-5 who slept under bed net last night before the 

survey, sex of household head, household size 

8 Model 1 + Model 2 + Model 3 

(Child-related + Parental-related + 

Household-related) 

(Individual level characteristics) 

Sex, age, birth size, birth order, prebirth interval, child took iron syrup, 

child breast feeding status, child took deworming syrup, child had 

fever in the last two weeks before the survey, maternal educational 

status, maternal residing with partner, maternal religious status, 

maternal anaemia status, maternal body weight status, paternal work 

status, household wealth status, children under-5 who slept under bed 

net last night before the survey, sex of household head, household size 

9 Model 1 + Model 2 + Model 3 + 

Model 4 

Sex, age, birth size, birth order, prebirth interval, child took iron 

syrup, child breast feeding status, child took deworming syrup, child 
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(Child-related + Parental-related + 

Household-related + Community-

related) 

(Individual & community level 

characteristics) 

had fever in the last two weeks before the survey, maternal 

educational status, maternal residing with partner, maternal religious 

status, maternal anaemia status, maternal body weight status, paternal 

work status, household wealth status, children under-5 who slept 

under bed net last night before the survey, sex of household head, 

household size, community wealth status, community maternal 

education status, low community distance from health facility, low 

community with bed net 

10 

(Full Model) 

Model 1 + Model 2 + Model 3 + 

Model 4 + Model 5 

(Child-related + Parental-related + 

Household-related + Community-

related + Area-related) 

(Individual, community, & state 

level characteristics) 

Sex, age, birth size, birth order, prebirth interval, child took iron 

syrup, child breast feeding status, child took deworming syrup, child 

had fever in the last two weeks before the survey, maternal 

educational status, maternal residing with partner, maternal religious 

status, maternal anaemia status, maternal body weight status, paternal 

work status, household wealth status, children under-5 who slept 

under bed net last night before the survey, sex of household head, 

household size, community wealth status, community maternal 

education status, low community distance from health facility, low 

community with bed net, multidimensional poverty index, human 

development index, region of residence, place of residence 

 

Furthermore, some interaction terms were considered in this analysis in addition to the chosen 

model of interest (model 10). by adjusting model 10 for all the possible interaction terms 

between Child's age, sex, and household wealth quintiles on the MAMM among children aged 

6-59 months in Nigeria. A two-way interaction effect tests the moderation effect of one 

predictor variable over the relationship between the other predictor and the outcome of interest 

(multimorbidity) (Dawson, 2014). For instance, a two-way interaction effect of a child's sex 

and wealth quintiles on multimorbidity outcome is the conditional association between wealth 

quintiles and multimorbidity relative to the child's sex. Similarly, a three-way interaction 

effects of a child's age, sex, and household wealth explain the effect of the child's sex (second 

variable) on the influence household wealth quintile and multimorbidity is moderated by the 

child's age (first variable). In other words, the variations in the child's sex in the effects of 

wealth index on multimorbidity differ by the child's age. Therefore, Table 4.12 shows the five 

models generated to illustrate these analyses. 

Table 4 12 Overview of the model component structures with interaction terms. 

Model Component structures Predictors 

11 Model 10 + interactions of sex and 

household wealth 

Sex, age, birth size, birth order, prebirth interval, the child took iron 

syrup, child breastfeeding status, child took deworming syrup, the child 

had fever in the last two weeks before the survey, maternal educational 

status, maternal residing with partner, maternal religious status, 

maternal anaemia status, maternal body weight status, paternal work 

status, household wealth status, children under-5 who slept under bed 

net last night before the survey, sex of household head, household size, 
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community wealth status, community maternal education status, low 

community distance from health facility, low community with bed net, 

multidimensional poverty index, human development index, region of 

residence, childôs sex*household wealth 

12 Model 10 + interactions between sex 

and age 

Sex, age, birth size, birth order, prebirth interval, child took iron syrup, 

child breastfeeding status, child took deworming syrup, child had fever 

in the last two weeks before the survey, maternal educational status, 

maternal residing with partner, maternal religious status, maternal 

anaemia status, maternal body weight status, paternal work status, 

household wealth status, children under-5 who slept under bed net last 

night before the survey, sex of household head, household size, 

community wealth status, community maternal education status, low 

community distance from the health facility, low community with bed 

net, multidimensional poverty index, human development index, region 

of residence, child's sex*child's age 

13 Model 10 + interactions between age 

and household wealth 

Sex, age, birth size, birth order, prebirth interval, child took iron syrup, 

child breastfeeding status, child took deworming syrup, child had fever 

in the last two weeks before the survey, maternal educational status, 

maternal residing with partner, maternal religious status, maternal 

anaemia status, maternal body weight status, paternal work status, 

household wealth status, children under-5 who slept under bed net last 

night before the survey, sex of household head, household size, 

community wealth status, community maternal education status, low 

community distance from the health facility, low community with bed 

net, multidimensional poverty index, human development index, region 

of residence, child's age*household wealth 

14 Model 10 + interactions of sex and 

household wealth + interactions 

between sex and age + interactions 

between age and household wealth 

Sex, age, birth size, birth order, prebirth interval, child took iron syrup, 

child breastfeeding status, child took deworming syrup, child had fever 

in the last two weeks before the survey, maternal educational status, 

maternal residing with partner, maternal religious status, maternal 

anaemia status, maternal body weight status, paternal work status, 

household wealth status, children under-5 who slept under bed net last 

night before the survey, sex of household head, household size, 

community wealth status, community maternal education status, low 

community distance from the health facility, low community with a bed 

net, multidimensional poverty index, human development index, region 

of residence, child's age*household wealth, child's age*child's sex, 

child's sex*household wealth 

15 Model 14 + interactions between sex, 

age, and household wealth  

Sex, age, birth size, birth order, prebirth interval, child took iron syrup, 

child breastfeeding status, child took deworming syrup, child had fever 

in the last two weeks before the survey, maternal educational status, 

maternal residing with partner, maternal religious status, maternal 

anaemia status, maternal body weight status, paternal work status, 

household wealth status, children under-5 who slept under bed net last 

night before the survey, sex of household head, household size, 

community wealth status, community maternal education status, low 

community distance from the health facility, low community with a bed 

net, multidimensional poverty index, human development index, region 

of residence, child's age*child's sex*household wealth 
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4.7 The chapter summary 
 

An outline of the research methodology and data used in the current study is provided in this 

Chapter. The study's main aim was to investigate the multiple overlaps in the impact of 

individual and contextual variables on the prevalence of the multimorbidity of anaemia, malaria, 

and malnutrition among children aged 6 to 59 months in Nigeria. The study's specific objectives 

were first to investigate the individual and contextual risk factors associated with 

multimorbidity of anaemia, malaria, and malnutrition (MAMM) among children aged 6-59 

months in Nigeria. The second is to determine the interaction effects of a child's age, sex, and 

household socioeconomic status on the individual and contextual risk factors of MAMM 

among children aged 6-59 months living in Nigeria. Given these, nine research questions were 

formulated to direct the study.  

This study uses two separate data sets, with one of the data sets combined with the other. The 

first set of data came from the 2018 Nigeria Demographic and Health Survey (also known as 

the 2018 NDHS), while the second set came from the 2018 National Human Development 

Report (known as NHDR 2018). The study applied four levels of statistical analysis. At the 

first level of analysis, the thesis addressed research questions one, two, and three. At the second 

level of analysis, questions four and five were addressed. Given the hierarchical nature of the 

2018 NDHS data set, it identified some clustering in the data such that children, parents, and 

household were taken as individual characteristics at level-1, nested in communities/clusters at 

level-2, which in turn are nested in 36 states of Nigeria and Federal Capital Territory (FCT) at 

level-3. The third level of analysis proffers solutions to questions six, seven, and eight, where 

it conducted a series of bivariate analyses of the association between the child-, parental-, 

household-, and community-related variables and the interactions between the three outcome 

diseases. Finally, at the fourth level, the interaction effects of a child's sex, age, and household 

socioeconomic status on the impact of individual and contextual risk factors of MAMM among 

children 6-59 months of age in Nigeria were computed 

The following four chapters were designed to address each level of quantitative analysis. 

Chapter 5 addresses the first level of analysis (answers research questions 1-4), Chapter 6 

addresses the second level of analyses (question 5), while Chapter 7 devotes to the 3rd level of 

analysis and addresses questions 6, 7, and 8. Chapter 8 answers question 9 at the 4th level of 

analysis 
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Chapter 5 Quantitative analysis 1 
5.0 Introduction 

This Chapter started with the presentation of the sample description of variables considered in 

the analyses. The sample was based on 10,451 children aged 6-59 months whose data were 

collected for the outcome variables (anaemia, malaria, and malnutrition) in the 2018 edition of 

the Nigeria Demographic and Health Survey (NDHS).  

5.1 Findings 

This section presents the answers to research questions 1 ï 4 raised in this study. 

5.1.1 Baseline description of independent variables 

Research question 1: 

What are the descriptions of individual and contextual characteristics of children aged 

6-59 months in Nigeria at baseline (response rates), as captured in 2018 NDHS? 

The baseline sample characteristics comprised the description of all the variables considered 

in this study. If sample weights are correctly determined and used in tabulation, either an 

oversampling or an under-sampling of any stratum does not affect representation. The dataset 

in this study included sample weights, which were used for all tabulation and the preliminary 

model exploration (Kandala, 2013). ñSvysetò command in Stata was used to adjust for under- 

and over-reporting in the survey using a weighting factor of (v005/1000000), where v005 is 

the sample weight (Kawo, Asfaw and Yohannes, 2018; Adedokun, 2020). Therefore, a 

weighted sample of 10,481 children was extracted for this study. The descriptions of individual 

and contextual characteristics are presented in the following categories: child-, parental-, 

household-, community-, and state-related variables. The percentages of each category of the 

variables were based on the total number available for each variable.  

5.1.1.1  Child-related characteristics 

Table 5.1 shows that 51% (5363/10481) of the children were male. Children's age categories 

differ by 12 months interval, except in the first category (6-11 months). About 24% 

(2488/10481) of the children in the age group, 12-23 months, and 12% (1276/10481) in the 6 

-11 months category. More than a third of the children were perceived as average birthweight. 

Only about 26% (2751/10478), 16% (1711/10479), and 13% (1380/10478) reported having 

fever, cough, and diarrheal, respectively, in the last two weeks before the survey. More than 

50% of the children were born at home compared to 45% born in health facilities (public and 

private).  
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Table 5 1 Distribution of child-related characteristics 

 
Variables N % 

Sex of child 
  

Male 5363 51.2 

Female 5118 48.8 

Total 10481 100 

Child's age in group 
  

6-11 months 1276 12.2 

12-23 months 2488 23.7 

24-35 months 2219 21.2 

36-47 months 2276 21.7 

48-59 months 2221 21.2 

Total 10481 100 

Child's birth Size 
  

Small 950 9.2 

Average 8141 78.7 

Large 1255 12.1 

Total 10346 100 

Preceding birth interval 
  

None 2012 19.2 

8-24 months 2263 21.6 

25-35 months 2970 28.4 

36-59 months 2404 23 

60+ months 811 7.8 

Total 10461 100 

Took Vitamin A 
supplements 

  

No 5443 52.2 

Yes 4992 47.8 

Total 10435 100 

duration of 
breastfeeding 

  

ever breastfed, not 
currently breastfeeding 

7648 73.1 

never breastfed 171 1.6 

still breastfeeding 2644 25.3 

Total 10481 100 

Took Iron | 
supplements 

  

No 8443 80.8 

Yes 2002 19.2 

Total 10445 100 

Had Fever in last 2 
weeks before the 
survey 

  

No 7727 73.8 

Yes 2751 26.3 

Total 10478 100 

Had cough in last 2 
weeks before the 
survey 

  

No 8768 83.7 

Yes 1711 16.3 

Total 10479 100 

Diarrheal in last 2 weeks 
before the survey 

 
 

No 9098 86.8 

Yes 1380 13.2 

Total 10478 100 

Treatment for intestinal 
worms in the last 6 
months 

  

No 
  

Yes 
  

Place of child's delivery 
  

Home 5494 52.4 

Public facility 3058 29.2 

Private facility 1712 16.3 

Elsewhere 217 2.1 

Total 10481 100 

5.1.1.2  Parental-related characteristics 

In Table 5.2, over 50% (5427/10481) of the children in the sample whose mothers/caregivers 

were aged 25 - 34 years old. About a quarter of the sample were children whose 

mothers/caregivers worked. Children whose mothers/caregivers had their first baby were more 

than 84% (8822/10481) in the sample. Mothers/caregivers of 39% (4087/10481) of the children 



  
 

134 

 

have no formal education compared with just 10% (1017/10481) with higher education. Fewer 

than 10% (897/10014) of the children whose mothers/caregivers do not reside with their partner. 

Mothers of about 64% (4182/6555) of the children attended antenatal care more than three 

times during their conception. Mothers/caregivers of over 58% (5946/10198) of the children 

were anaemic. Only about 3% (311/10481) have fathers that do not work, and 30% (2984/9882) 

are with no formal education. 

Table 5 2 Distribution of parental-related characteristics 

 
Variables N % 

Maternal age group in 10 years 
 

15-24 years 2132 20.4 

25-34 years 5427 51.8 

35 years+ 2922 27.9 

Total 10481 100 

Respondent is currently 
working 

  

No 3084 29.4 

Yes 7397 70.6 

Total 10481 100 

Maternal age at first birth  
  

10-24 years 8822 84.2 

25-36 years 1628 15.5 

37-49 years 30 0.3 

Total 10481 100 

Highest educational level 
  

No education 4087 39 

Primary 1688 16.1 

Secondary 3688 35.2 

Higher 1017 9.7 

Total 10481 100 

Currently residing with 
husband/partner 

  

Living with her partner 9117 91 

Staying elsewhere 897 9 

Total 10014 100 

Maternal autonomy level 
  

Low autonomy 5223 49.8 

High autonomy 5258 50.2 

Total 10481 100 

Total 10481 100 

Ante-Natal Care visits during 
pregnancy of the child 

  

None 1383 21.1 

1-3 visits 991 15.1 

4 and above visits 4182 63.8 

Total 6555 100 

Maternal religious status 
  

Catholic 1050 10 

Other Christians 3533 33.7 

Islam 5832 55.6 

Traditional & others 66 0.6 

Total 10481 100 

Mother took iron tab during 
pregnancy 

  

No 1840 27.7 

Yes 4812 72.3 

Total 6652 100 

Mother's anaemia status 
  

Not Anaemic 4252 41.7 

Anaemic 5946 58.3 

Total 10198 100 

Maternal body mass index 
  

Normal 5401 60.8 

underweight 899 10.1 

Overweight 1704 19.2 

Obese 882 9.9 

Total 8887 100 

Paternal Work Status 
  

No 311 3 

Yes 10170 97 

Total 10481 100 

Partner education status 
  

No education 2984 30.2 

Primary education 1444 14.6 

Secondary education 3833 38.8 

Tertiary education 1620 16.4 

Total 9882 100 
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5.1.1.3  Household-related characteristics 

From Table 5.3, the number of children 6-59 months in each household wealth quintile varies. 

There were more children in the richer household, 21.1% (2212/10481), followed by the middle 

wealth household, 21% (2197/10481).  

Table 5 3 Distribution of household-related characteristics 

Variables N % 

Household wealth index 
  

Poorest 1954 18.6 

Poorer 2027 19.3 

Middle 2197 21 

Richer 2212 21.1 

Richest 2091 20 

Total 10481 100 

Household head age group 
  

less 34 years 2936 28 

35-44 years 4046 38.6 

45-55 years 2158 20.6 

56 years+ 1340 12.8 

Total 10481 100 

Children under 5 slept under 
a mosquito bed net last 
night  

  

No child 1351 13 

All children 4841 46.5 

Some children 1017 9.8 

No net in household 3198 30.7 

Total 10406 100 

Under-5 in household 
  

0-3 9340 89.1 

4-6th 1077 10.3 

7th+ 65 0.6 

Total 10481 100 

Household had electricity 
  

No 4414 42.6 

Yes 5948 57.4 

Total 10362 100 

Source of drinking water 
  

Unimproved source 3196 30.5 

Improved source 7285 69.5 

Total 10481 100 

Type of toilet facility 
  

Unimproved toilet facilities 4737 45.2 

Improved toilet facilities 5744 54.8 

Total 10481 100 

Type of cooking fuel 
  

Electricity & Gas 1252 12 

Biofuel 9225 88.1 

Total 10477 100 

Floor Materials 
  

Unimproved floor materials 2971 28.4 

Improved floor materials 7510 71.7 

Total 10481 100 

Wall Materials 
  

Unimproved wall materials 3367 32.1 

Improved wall materials 7114 67.9 

Total 10481 100 

Sex of household head 
  

Male 9357 89.3 

Female 1124 10.7 

Total 10481 100 

Shared Toilet Facilities 
  

No 4915 61.8 

Yes 3044 38.3 

Total 7959 100 

Household had mosquito 
bed net for sleeping 

  

No 3225 30.8 

Yes 7256 69.2 

Total 10481 100 

Number of people in the household 
 

2-3 1014 9.7 

4-6 5001 47.7 

7-9 2512 24 

10+ 1954 18.6 

Total 10481 100 

Youngest child's stool 
disposed Properly (Unsafe) 

  

No 3710 56.3 

Yes 2884 43.7 

Total 6594 100 
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About 38% (4046/10481) of the children are from a household whose head is middle aged, 35-

44 years. 34% (3578/10481) of the children reside in a two-bedroom household compared with 

8.4% (884/10481) who live in a household with more than four bedrooms. A little above 57% 

(5948/10362) reside in a household connected to electricity. 30% (3196/10481) of the children 

aged 6-59 months were living in a household not connected to an improved source of drinking 

water. 

Furthermore, about 89% (9357/10481) of the children reside in a male-headed household. The 

households of about 31% (3225/10481) of the children do not have mosquito bed nets for 

sleeping. There were more children in a household with 4-6 members, 47.7% (5001/10481), 

followed by a household with 7-9 members, 24% (2512/10481). 

5.1.1.4 Community-related characteristics 

Table 5.4 aggregated the distribution of cluster wealth levels from the household wealth 

quintiles. In the sample, there were 54% (5698/10481) of the children aged 6-59 months 

residing in a community classified as high wealth level (median and above), compared with 

46% (4783/10481) of the children living in low community wealth level (less than median). 

About 54% (5629/10481) of the children were associated with a high (median and above) 

proportion of community mothers/caregivers whose distance to a health facility to get medical 

help for themselves is no big problem. 

Similarly, the proportion of maternal community education level was constructed by 

aggregating the maternal education level and computing the mean education level for every 

respondent. This was classified as either low (below median) or high (median and above). An 

approximately equal number of children (50.8% and 49.2%) were associated with low and high 

community maternal education levels, respectively. In addition, children from the high 

proportion of community households with no bed net were more, 51.3% (5374/10481), 

compared to those children from the low proportion of community households with no bed net, 

48.7% (5107/10481). 
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Table 5 4 Distribution of community-related characteristics 

Variables N % 95% CI 

Proportion of community wealth level 
  

 

Low 4783 45.6  

High 5698 54.4  

Total 10481 100  

Proportion community distance to 
health facility is no big problem 

  
 

Low 4852 46.3  

High 5629 53.7  

Total 10481 100  

Proportion of community maternal 
education level 

  
 

Low 5156 49.2  

High 5325 50.8  

Total 10481 100  

Proportion of community households 
with no bed net 

  
 

Low 5107 48.7  

High 5374 51.3  

Total 10481 100  

 

5.1.1.5  Area-related characteristics 

Table 5.5 presents the sample of children's distributions by state-related variables. Three 

variables, the multidimensional poverty index (MPI), the human development index (HDI), 

and Gender Inequality Index (GII) were extracted from the 2018 National Human Development 

Report and incorporated into the 2018 NDHS. In MPI, 30.2% (3168/10481) of children aged 

6-59 months were associated with above-average deprivation in states, followed by 22.5% 

(2359/10481) associated with averagely deprived in MPI states. Similarly, 26.3% (2759/10481) 

of the children are from the states with high human development index, followed by children 

from the states with low HDI, 23.5% (2464/10481). Also, about 40% (4145/10481) of the 

children are from tates classified to have high GII followed by states with lowest GII (27%). 
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Table 5 5 Distribution of state-related characteristics 

Variables N % 

Multidimensional 
poverty index by state 

  

Highly deprived 899 8.6 

Above averagely 
deprived 

3168 30.2 

Averagely deprived 2359 22.5 

Mildly deprived 1994 19 

Lowest deprived 2062 19.7 

Total 10481 100 

Human development 
index (HDI) by state 

  

Lowest HDI 2232 21.3 

Low HDI 2464 23.5 

Average HDI 2271 21.7 

High HDI 2759 26.3 

Highest HDI 754 7.2 

Total 10481 100 

Gender inequality 
index by State (GII) 

  

Lowest GII 2810 26.8 

Low GII 1206 11.5 

Average GII 986 9.4 

High GII 4145 39.6 

Highest GII 1333 12.7 

Total 10481 100 

Region of residence 
  

North-central 1451 13.8 

North-east 1635 15.6 

North-west 3050 29.1 

South-east 1368 13.1 

South-south 1118 10.7 

South-west 1859 17.7 

Total 10481 100 

Type of place of 
residence 

  

Urban 4624 44.1 

Rural 5857 55.9 

Total 10481 100 

Furthermore, among the six geopolitical zones in Nigeria, children from South-south were the 

least represented, 10.7% (1118/10481), while children from North-west geopolitical zone had 

the highest, 29.1% (3050/10481). More children aged, 6-59 months were captured in the survey 

from the rural area, 55.9% (5857/10481), compared with their counterparts from the urban area, 

44.1% (4624/10481). 

5.2 Spatial distribution of the proportions of the three outcomes 

Research question 2 

Are there variations in the proportion of children in each of the three outcomes of 

anaemia, malaria, and malnutrition across the states and regional levels? 

5.2.1 Spatial distribution of proportions of the three outcome variables by states 

Figure 5.1 presents the spatial variations in the proportion of each of the three outcome 

variables by states and FCT. Map (Fig. 5.1a) shows Nigeria's proportion of anaemic children. 

Zamfara state, with 0.84 (266/317), had the highest proportion of anaemic children in Nigeria, 

followed by Jigawa state, 0.81 (286/351). Only three states, Kaduna, Bauchi, Adamawa, (and 

FCT), from northern Nigeria, had a proportion of anaemic children in the lowest quintile, with 

Kaduna, 0.50 (283/572), having the lowest proportion of anaemic children in the country. In 
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the case of malaria (Fig. 5.1b), the proportion of malaria-positive children was highest (topmost 

quintile) among those living in the north-west region (Sokoto, Zamfara, Kebbi, Katsina), 

including two states from the north-east region (Bauchi and Gombe), and Osun state (in South-

west), while children living in the south-east region were least prone to malaria attack. Also, 

for malnutrition (Fig. 5.1c), the proportions of poorly nourished children were generally highest 

in northern Nigeria- Kebbi, Zamfara, Katsina, Kano, Jigawa, Bauchi and Gombe states. Edo 

and Lagos states are among the states with the least poorly nourished children. 

 

       
(a):  Anaemia   (b):  Malaria 

 

 
    (c): Poorly nourished 

Figure 5 1 Spatial maps describing the proportions of the outcome variables by states & FCT 

Source: Data computed from Nigeria DHS 2018 
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5.2.2 Spatial distribution of proportions of the three outcome variables by regions 

Figure 5.2a represents the spatial distribution of anaemic children over the six geopolitical 

zones of Nigeria. North-east had the highest proportion of anaemic children, 0.71. In 

comparison, only the North-central and South-west geopolitical zones had a proportion of 

anaemic children below the national average of 0.68. On the other hand, North-west, 0.49 

recorded the highest proportion of malaria-positive children aged 6-59 months in Nigeria, while 

the South-south geopolitical zones recorded the lowest, 0.24. Also, North-west geopolitical 

zones had the highest proportion of poorly nourished children aged 6-59 months in Nigeria, 

followed by the North-east region with a proportion of 0.58. The south-east geopolitical zone 

had the lowest, 0.23. 

            
(a)  Anaemia    (b)  Malaria 

 
(c) Poorly nourished 

Figure 5 2 Spatial representation of the three outcomes across the regions 

Source: Data computed from Nigeria DHS 2018 
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5.3 Distributions of the three outcome variables 

Research question 3 

What is the independent prevalence of the three outcomes of anaemia, malaria, and 

malnutrition, and concerning the individual and contextual characteristics among 

children aged 6-59 months in Nigeria? 

Three childhood diseases, anaemia, malaria, and malnutrition, whose data were objectively 

measured using the standard WHO protocols selected from the 2018 NDHS were considered 

for this study. This section presented the distribution of each of the three outcome variables in 

graphical format, followed by their prevalence concerning the individual and contextual 

characteristics classified under child-, parental-, household-, community-, and state-related 

variables, which were presented in tabular format.  

5.3.1 Prevalence of anaemia 

A range of anaemia indicators in the 2018 NDHS was used to establish the anaemia status of 

the children. These indicators (severe, moderate, mild, and not anaemic) were classified 

according to haemoglobin levels of less than 7.0 grams per decilitre, between 7.0 and 9.9 grams 

per decilitre, 10.0 and 10.9 grams per decilitre, and 11 grams per decilitre or higher, 

respectively. Figure 5.3 (a & b) present the distribution of anaemia status among children aged 

6-59 months in Nigeria. 

(a)   (b)  

Figure 5 3 Prevalence of anaemia status among children aged 6-59 months in Nigeria: (a) by indicators (b) composite 

status. 

As displayed on the chart, only 3% (307/10222), 95%CI (2.70-3.36) of the children were 

severely anaemic, while 32% (3260/10222), 95%CI (31.0-32.8) were without anaemia. 

However, in this analysis, anaemia status was dichotomised into two categories: anaemic 



  
 

142 

 

(severe, moderate, & mild), and not anaemic. Figure 5.3b shows that the number of children 

anaemic was 68.1% (6961/10222), 95%CI (67.87-69.67). 

Similarly, the anaemia status, as displayed in Figure 5.4a, shows that the highest percentage of 

children aged 6-59 months by region of residence in Nigeria (20.4%), were anaemic. They 

reside in North-West geopolitical zone of the country, while the lowest percentage (2.9%) is 

among those that do not have anaemia. They live in South-South geopolitical zone of Nigeria. 

Also, in Figure 5.4b, out of the 68.1% of anaemic children, 41% reside in rural areas, and 27% 

reside in urban areas. At the same time, Figure 5.4c reports that 35.6% are male children. Of 

the 32% of children aged 6-59 months in Nigeria that are not anaemic, the percentage increases 

as the age increases (Figure 5.4d). 

(a)   (b)  

(c)    (d)  

Figure 5 4 Prevalence of anaemia status among children aged 6-59 months in Nigeria (a) by region of residence (b) by 

place of residence (c) by childôs sex (d) by childôs age. 

5.3.2 Prevalence of malaria 

In this study, the malaria status of the child was assessed through the rapid diagnostic test (RDT) 

of the blood sample taken from children in the household where the men's questionnaire was 

administered (one-third of all the households used in the survey). Figure 5.5 shows the 
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distribution of malaria statuses using RDT and thick blood smear tests. There were about 35.5% 

(3618/10186), 95%CI (34.59-36.45) of the children who had mRDT positive, while 22% 

(1650/7442), 95%CI (21.24-23.13) had malaria positive using blood smear (from a smaller 

sample size). 

 

Figure 5 5 Distribution of malaria statuses using RDT and thick blood smear tests 

 

(a)   (b)  

(c)  (d)  

Figure 5 6 Prevalence of malaria status among children aged 6-59 months in Nigeria (a) by place of residence (b) by region 

of residence (c) by childôs sex (d) by childôs age 
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Furthermore, the malaria status shown in Figure 5.6a reveals that 26.2% of children aged 6-

59 months in Nigeria who were malaria positive reside in rural areas. Similarly, 14.4% of 

children captured for RDT and residing in North-West geopolitical zones of Nigeria were 

malaria positive compared to 14.7% from the same malaria-negative region of residence 

(Figure 5.6b). Also, out of 51% of the male children, 18.4% were shown to contract malaria 

fever (Figure 5.6c). At the same time, Figure 5.6d shows that the same number of children 

(8.8%) were malaria positive in the age categories, 36-47 months and 48-59 months. 

5.3.3 Prevalence of malnutrition 

Four indicators were used to establish the nutrition status of the children: stunting, wasting, 

underweight, and overweight. Children with any of these indicators were classified as '1', and 

absence was classified as '0'. The 'composite of anthropometric failure' was used to classify the 

children as poorly nourished if the child had any indicators and represented as '1', and well-

nourished otherwise. Figure 5.7 indicates that 56.6% (5931/10481), 95%CI (55.63-57.53) of 

the children are well nourished. In addition, about 38% (3942/10481), 95%CI (36.7-38.5) of 

the children aged 6-59 months in Nigeria are stunted, 7% (709/10481), 95%CI (6.30-7.26) are 

wasted, 22% (2296/10481), 95%CI (21.12-22.71) are underweight, while about 2% 

(172/10481), 95%CI (1.42-1.91) are overweight. 

 

Figure 5 7 Prevalence of malnutrition status by indicators 
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(a)  (b)  

(c)  (d)   

Figure 5 8 Prevalence of malnutrition status by (a) place of residence (b) region of residence (c) childôs sex (d) childôs age 

Similarly, the malnutrition status by some selected characteristics is displayed in Figure 5.8 (a-

d). Figure 5.8a reveals that 29.8% of children aged 6-59 months in Nigeria were well nourished 

and lived in urban areas, while 29.1% were poorly nourished and resided in rural areas. 

Additionally, 18.8% of all the children captured for malnutrition indices and residing in North-

West geopolitical zones of Nigeria were poorly nourished compared to 9.1% of children 

residing in the North-East. Also, out of 51% of the male children, 23.6% were poorly nourished 

(Figure 5.8c). In comparison, Figure 5.8d shows that the same number of children (10.6%) 

were poorly nourished in the 2nd and 3rd-year categories. 

5.4 Distribution of participants across the three outcomes by factors 

Table 5.6 shows the distribution of the participants across the three outcome variables 

concerning individual and contextual characteristics. 
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5.4.1 Distribution of anaemia, malaria, and malnutrition by variables 

5.4.1.1 Child-related characteristics of anaemia 

A weighted sample of 10,222 children aged 6-59 months in Nigeria was captured for anaemia 

in the 2018 NDHS. Table 5.6 and the anaemia panel show that there were more male children, 

51.2% (5230/10222), than female children. Likewise, the proportion of children anaemic was 

higher for male children, 69.7% (3643/5230), compared to their female counterparts, 66.5% 

(3318/4992). The sample also contained more children in the 12-23 months age band, 23.8% 

(2438/10222). Approximately the same proportion of children anaemic was recorded in both 

6-11 months, 78.5% (968/1233), and 12-23 months, 78.7% (1920/2438), age bands. Children 

in the age band, 48-59 months, 57% (1225/2151), were the least anaemic. Furthermore, there 

were 78.7% (7948/10096) averaged birth size children in the sample, out of which 67.5% 

(5366/7948) were anaemic, while 28.4% (347/1223) were not anaemic. With the number of 

children in the sample, 15.2% (1553/10222), the 7th and above birth order were the least 

represented, and disproportionately the one with the highest proportion of anaemic children, 

73.5% (1142/1553). In the preceding birth interval of 25-35 months, 71% (2055/2895) had the 

highest proportion of anaemic children. Children who took vitamin A supplements, 66.5% 

(3228/4854), within the last six months before the survey had a lower proportion of anaemic 

children than those who never took. Unexpectedly, the proportion of children still breastfeeding, 

80.4% (2976/2584), being anaemic is higher than their counterparts in 'never breastfed', 64.4% 

(110/171) and 'ever breastfed, not currently breastfeeding', 63.9% (4775/7467). About 71% 

(7265/10170) of children in the survey had not been dewormed in the six months before the 

survey. Also, 26.4% (2701/10220) contracted fever in the last two weeks prior to the survey. 

Similarly, 72% (1202/1662) of those children who reported having cough, and 75.7% 

(1026/1255) of the children who reported having diarrheal, were found anaemic. More than 

half of the children in the sample were delivered at home, but the proportion of those delivered 

elsewhere (e.g., marketplace, farm, or on a journey, etc.) being anaemic was highest, 76% 

(152/200). 

5.4.1.2 Child-related characteristics of malaria 

Similarly, the results in Table 5.6 (malaria panel) include the description of the proportion of 

children who were malaria positive. A weighted sample of 10,185 children aged 6-59 months 

in Nigeria was involved in a rapid diagnostic test for malaria (mRDT) in the 2018 NDHS. Male 

children were more in the sample, 51.2% (5217/10185), than female children. Also, the 

proportion of malaria-positive male children, 35.9% (1871/5217), is almost the same as their 
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female counterparts, 35.2% (1747/4968). The sample also contained more children in the 12-

23 months, 23.78% (2422/10185). The highest proportion of malaria-positive children was 

recorded among those aged 48-59 months, 41.9 (898/2143). Furthermore, 78.7% (7915/10185) 

averaged birth-size children in the sample, out of which 35.7% (2822/7915) were malaria 

positive. With the number of children in the sample, 34.2% (3483/10185), the 2nd or 3rd birth 

order were the most represented, while 7th or above had the highest proportion of malaria-

positive children, 47.8% (740/1549). Among the preceding birth intervals, 25-35 months, 38.5% 

(1109/2884) had the highest proportion of malaria children. Also, children who took vitamin 

A supplements in the last six months before the survey, 29.0% (1399/4832), had a lower 

proportion of malaria-positive children than those who never took them. Expectedly, the 

proportion of children who never breastfed, 40.2% (696/171), being malaria positive is higher 

than their counterparts in 'still breastfeeding', 29.9% (769/2572) and 'ever breastfed, not 

currently breastfeeding', 37.4% (2780/7441). About 71% (7235/10185) of children in the 

survey had not been dewormed in the six months before the survey. The proportion of malaria-

positive children among those who had diarrhoea in the last two weeks before the survey was 

43.3% (585/1350). The proportion of children in the sample delivered at home and are malaria 

positive was highest, 44.8% (2394/5348), compared with those who were delivered in a public 

health facility, 28.2% (840/2977), or in a private health facility, 19.6% (326/1660). 
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Table 5 6 Distribution and association of child-related characteristics on the three outcomes (Anaemia, malaria, malnutrition) 

 Anaemia Malaria  Malnutrition  

Variables N (%) Not Anaemic 

N (%) 

Anaemic 

N (%) 

N (%) Negative 

N (%) 

Positive 

N (%) 

N (%) Well-nourished 

N (%) 

Poorly nourished 

N (%) 

Childôs sex 
 

ɢ2 (1) =11.88, P = 0.0040 
 

ɢ2 (1) = 0.55, P = 0.5163  ɢ2 (1) = 31.37, P<0.0001 

Male 
5230(51.16) 

1587(30.34) 3643(69.66) 5217(51.22) 
3346(64.14) 1871(35.86) 

5363(51.17) 
2892(53.93) 2471(46.07) 

Female 
4992(48.84) 

1674(33.52) 3318(66.48) 4968(48.78) 
3221(64.84) 1747(35.16) 

5118(48.83) 
3038(59.37) 2080(40.63) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 10185(100) 
6567(64.48) 3618(35.52) 

10481(100) 
5931(56.59) 4550(43.41) 

Child's age in group 

  

ɢ2 (4) = 344.80, P<0.0001 

      

 ɢ2 (4) = 116.88, P<0.0001  

  

6-11 months 
1233(12.06) 

265(21.46) 968(78.54) 1232(12.1) 
925(75.09) 307(24.91) 

1276(12.17) 
849(66.55) 427(33.45) 

12-23 months 
2438(23.85) 

518(21.27) 1920(78.73) 2422(23.78) 
1686(69.62) 736(30.38) 

2488(23.74) 
1379(55.43) 1109(44.57) 

24-35 months 
2168(21.21) 

712(32.84) 1456(67.16) 2160(21.21) 
1379(63.86) 780(36.14) 

2219(21.17) 
1112(50.11) 1107(49.89) 

36-47 months 
2231(21.83) 

839(37.6) 1392(62.4) 2228(21.88) 
1332(59.78) 896(40.22) 

2276(21.72) 
1229(53.98) 1048(46.02) 

48-59 months 
2151(21.04) 

926(43.05) 1225(56.95) 2143(21.04) 
1245(58.08) 898(41.92) 

2221(21.19) 
1362(61.31) 860(38.69) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 10185(100) 
6567(64.48) 3618(35.52) 

10481(100) 
5931(56.59) 4550(43.41) 

Child's birth size 

 

ɢ2 (2) = 8.21, P = 0.0580 

      

 ɢ2 (2) = 65.11, P<0.0001 

  

Large 
925(9.16) 

295(31.94) 629(68.06) 923(9.17) 
631(68.35) 292(31.65) 

950(9.18) 
615(64.71) 335(35.29) 

Average 
7948(78.72) 

2582(32.48) 5366(67.52) 7915(78.68) 
5094(64.35) 2822(35.65) 

8141(78.69) 
4645(57.06) 3496(42.94) 

Small 
1223(12.11) 

347(28.37) 876(71.63) 1222(12.15) 
764(62.56) 457(37.44) 

1255(12.13) 
600(47.84) 655(52.16) 

Total 
10096(100) 

3224(31.93) 6872(68.07) 10060(100) 
6489(64.5) 3571(35.5) 

10346(100) 
5861(56.64) 4486(43.36) 

Childbirth order  

  

ɢ2 (3) = 51.80, P<0.0001 

      

 ɢ2 (3) = 221.15, P<0.0001 

  

1st 
1951(19.09) 

728(37.33) 1223(62.67) 1945(19.1) 
1363(70.06) 582(29.94) 

2012(19.2) 
1275(63.36) 737(36.64) 

2nd or 3rd 
3494(34.18) 

1142(32.68) 2352(67.32) 3483(34.2) 
2388(68.56) 1095(31.44) 

3602(34.37) 
2213(61.42) 1390(38.58) 

4-6th 
3223(31.53) 

979(30.36) 2245(69.64) 3207(31.49) 
2008(62.59) 1200(37.41) 

3294(31.43) 
1789(54.29) 1506(45.71) 

7th+ 
1553(15.19) 

411(26.48) 1142(73.52) 1549(15.21) 
809(52.21) 740(47.79) 

1572(15) 
655(41.65) 917(58.35) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 10185(100) 
6567(64.48) 3618(35.52) 

10481(100) 
5931(56.59) 4550(43.41) 

Preceding birth interval 

  

ɢ2 (4) =   56.71, P<0.0001 

      

 ɢ2 (4) = 122.41, P<0.0001 
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None 1951 

(19.12) 

728 (37.3) 
1223 (62.7) 

1945(19.13) 

1363(70.06) 582 (29.94) 

2012(19.24) 

1275(63.36) 737 (36.64) 

8-24 months 
2196(21.52) 

657(29.93) 1539(70.07) 2191(26.65) 
1356(61.91) 835(38.09) 

2263(26.78) 
1171(51.77) 1091(48.23) 

25-35 months 
2895(28.37) 

840(29.02) 2055(70.98) 2884(35.09) 
1775(61.54) 1109(38.46) 

2970(35.15) 
1566(52.73) 1404(47.27) 

36-59 months 
2363(23.16) 

724(30.63) 1639(69.37) 2351(28.6) 
1515(64.43) 836(35.57) 

2404(28.45) 
1349(56.12) 1055(43.88) 

60+ months 
798(7.82) 

303(38) 495(62) 795(9.67) 
544(68.41) 251(31.59) 

811(9.6) 
555(68.34) 257(31.66) 

Total 
10203(100) 

2524(30.59) 5727(69.41) 10166(100) 
5190(63.13) 3031(36.87) 

10460 (100) 
4641(54.94) 3807(45.06) 

Took Vitamin A 

supplements   

ɢ2 (1) = 11.27, P = 0.0114  

      

  ɢ2 (1) = 196.73, P<0.0001 

  

No 
5323(52.3) 

1618(30.4) 3705(69.6) 5309(52.35) 
3106(58.5) 2203(41.5) 

5443(52.16) 
2722(50.01) 2721(49.99) 

Yes 
4854(47.69) 

1627(33.51) 3228(66.49) 4832(47.65) 
3433(71.04) 1399(28.96) 

4992(47.84) 
3178(63.65) 1814(36.35) 

Total 
10178(100) 

3245(31.89) 6932(68.11) 10141(100) 
6539(64.47) 3603(35.53) 

10435(100) 
5900(56.54) 4535(43.46) 

Took Iron supplements 

  

 ɢ2 (1) = 2.86, P = 0.1861 

      

 ɢ2 (1) = 98.70, P<0.0001 

  

No 
8255(81.03) 

2604(31.54) 5652(68.46) 8224(81.01) 
5183(63.03) 3041(36.97) 

8443(80.83) 
4577(54.21) 3866(45.79) 

Yes 
1933(18.97) 

648(33.53) 1285(66.47) 1928(18.99) 
1367(70.9) 561(29.1) 

2002(19.17) 
1331(66.47) 671(33.53) 

Total 
10188(100) 

3252(31.92) 6936(68.08) 10152(100) 
6550(64.52) 3602(35.48) 

10445(100) 
5908(56.56) 4537(43.44) 

Duration of breastfeeding 

  

 ɢ2 (2) = 238.00, P<0.0001 

      

 ɢ2 (2) = 4.78, P = 0.2231  

  

Ever breastfed, not 

currently breastfeeding 7467(73.05) 

2692(36.05) 
4775(63.95) 

7441(73.06) 

4662(62.65) 2780(37.35) 

7648(72.97) 

4374(57.2) 3274(42.8) 

Never breastfed 
171(1.67) 

61(35.57) 110(64.43) 171(1.68) 
102(59.77) 69(40.23) 

175(1.67) 
91(52.33) 83(47.67) 

Still breastfeeding 
2584(25.28) 

507(19.64) 2076(80.36) 2572(25.25) 
1803(70.1) 769(29.9) 

2658(25.36) 
1465(55.11) 1193(44.89) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 10185(100) 
6567(64.48) 3618(35.52) 

10481(100) 
5931(56.59) 4550(43.41) 

Child took deworming 

drug in last 6months   

ɢ2 (1) = 48.45, P<0.0001 

      

 ɢ2 (1) = 342.52, P<0.0001 

  

No 
7265(71.44) 

2169(29.86) 5095(70.14) 7235(71.4) 
4330(59.85) 2905(40.15) 

7436(71.3) 
3785(50.9) 3651(49.1) 

Yes 
2905(28.56) 

1075(37) 1830(63) 2898(28.6) 
2204(76.03) 695(23.97) 

2993(28.7) 
2118(70.79) 874(29.21) 

Total 
10170(100) 

3244(31.9) 6925(68.1) 10133(100) 
6534(64.48) 3600(35.52) 

10429(100) 
5903(56.6) 4526(43.4) 

Child had Fever in last 2 

weeks before the survey   

ɢ2 (1) = 123.29, P<0.0001  

      

 ɢ2 (1) = 70.33, P<0.0001  

  

No 
7519(73.57) 

2630(34.98) 4889(65.02) 7487(73.52) 
5201(69.47) 2286(30.53) 

7727(73.74) 
4561(59.02) 3167(40.98) 

Yes 
2701(26.43) 

630(23.34) 2070(76.66) 2696(26.48) 
1366(50.67) 1330(49.33) 

2751(26.26) 
1369(49.78) 1381(50.22) 
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Total 
10220(100) 

3260(31.9) 6959(68.1) 10183(100) 
6567(64.49) 3615(35.51) 

10478(100) 
5930(56.6) 4548(43.4) 

Child had cough in last 2 

weeks before the survey   

ɢ2 (1) = 16.10, P = 0.0009 

      

 ɢ2 (1) = 2.78, P = 0.1451   

  

No 
8558(83.74) 

2800(32.72) 5758(67.28) 8525(83.72) 
5489(64.38) 3036(35.62) 

8768(83.67) 
4930(56.24) 3837(43.76) 

Yes 
1662(16.26) 

460(27.69) 1202(72.31) 1658(16.28) 
1078(65.03) 580(34.97) 

1711(16.33) 
1000(58.42) 712(41.58) 

Total 
10220(100) 

3260(31.9) 6960(68.1) 10183(100) 
6567(64.49) 3616(35.51) 

10479(100) 
5930(56.59) 4549(43.41) 

Child had diarrheal in last 

2 weeks before the survey   

ɢ2 (1) = 41.51, P<0.0001 

      

 ɢ2 (1) = 145.58, P<0.0001  

  

No 
8865(86.75) 

2931(33.07) 5934(66.93) 8832(86.74) 
5801(65.68) 3031(34.32) 

9098(86.83) 
5357(58.87) 3742(41.13) 

Yes 
1355(13.26) 

329(24.29) 1026(75.71) 1350(13.26) 
765(56.68) 585(43.32) 

1380(13.17) 
574(41.57) 806(58.43) 

Total 
10219(100) 

3260(31.9) 6959(68.1) 10182(100) 
6566(64.49) 3616(35.51) 

10478(100) 
5930(56.6) 4548(43.4) 

Place of child's delivery 

  

ɢ2 (3) = 138.28, P<0.0001 

      

 ɢ2 (3) = 800.97, P<0.0001 

  

Home 
5365(52.48) 

1459(27.2) 3905(72.8) 5348(52.51) 
2953(55.22) 2394(44.78) 

5494(52.42) 
2413(43.92) 3081(56.08) 

Public facility 
2989(29.24) 

1083(36.23) 1906(63.77) 2977(29.23) 
2137(71.8) 840(28.2) 

3058(29.18) 
2037(66.62) 1021(33.38) 

Private facility 
1668(16.32) 

670(40.17) 998(59.83) 1660(16.3) 
1334(80.38) 326(19.62) 

1712(16.33) 
1316(76.86) 396(23.14) 

Elsewhere 
200(1.96) 

48(23.95) 152(76.05) 200(1.96) 
142(71.08) 58(28.92) 

217(2.07) 
165(75.93) 52(24.07) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 10185(100) 
6567(64.48) 3618(35.52) 

10481(100) 
5931(56.59) 4550(43.41) 
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5.4.1.3 Child-related characteristics of malnutrition 

On the part of malnutrition, Table 5.6 (malnutrition panel) shows that a weighted sample of 

10,481 children aged 6-59 months in Nigeria was captured in the 2018 NDHS. There were 

more male children, 51.2% (5363/10481), than female children. Likewise, the proportion of 

poorly nourished children was higher for male children, 46.1% (2471/5363), compared to their 

female counterparts, 40.6% (2080/5118). The sample captured more children in the 12-23 

months age band, 23.7% (2488/10481). The proportion of poorly nourished children was 

highest for children aged 24-35 months, 49.9% (1107/2219), followed by children aged 36-47 

months, 46% (1048/2276). Children aged 6-11 months, 33.5% (427/1276), were the least 

poorly nourished. In addition, the proportion of poorly nourished children in the small birth 

group, 52.2% (655/10481), was the highest, while 47.8% (600/1255) were well-nourished. The 

preceding birth interval of 8-24 months, 48.23% (1091/2263), had the highest proportion of 

poorly nourished children in the sample. Children who did not take vitamin A supplements, 

50% (2721/5443) within the last six months before the survey were proportionally higher 

among the poorly nourished children compared with those who took the supplement. 

Furthermore, the proportion of children 'never breastfed', 47.7% (83/175), being poorly 

nourished is higher than their counterparts in 'ever breastfed', 42.8% (3274/7648) and 'still 

breastfeeding', 44.9% (1193/2658). Similarly, 58.4% (1000/1711) of those children who 

reported having cough, and 41.6% (574/1380) of the children who reported having diarrheal, 

were well nourished. 

5.4.2.1 Parental-related characteristics of anaemia 

Table 5.7 (anaemia panel) shows that children of mothers aged 15-24 years; not currently 

working-class mothers; who had their first baby at the age 10-24 years; had no education; and 

currently living with a partner were respectively having the highest proportion of 73% 

(1509/2055), 70% (2106/2990), 69% (6000/8605), 75% (2984/3984), 68% (6072/8889) of 

being anaemic. The proportion of children whose mothers did not sleep under a bed net the 

night before the anaemic survey was 65% (3063/4684). Similarly, the proportion of anaemic 

children whose mothers did not attend ante-natal care during their pregnancy was highest, 77.7% 

(1044/1344), compared with those whose mothers had 1-3 visits, 76% (735/961), and 4 & 

above, 68% (2799/4092). Also, the proportion of children whose mothers are Muslims, 71% 

(4013/5671), that are anaemic, was higher than any other religious status. About 40% 

(4077/10222) of the children in the sample are Hausa/Fulani/Kanuri/Seribiri ethnic group, and 

72% (2920/4077) of these were anaemic. 
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Furthermore, the proportion of children of anaemic mothers was 58% (5875/10090), out of 

which 74% (4363/5875) of the children were also anaemic. Similarly, 76% (676/888) of 

children of underweight mothers were anaemic, while 58% (506/873) of children of the obese 

mother were anaemic. As was reported for the case of children whose mothers do not have any 

education, children whose fathers do not have any form of education have the highest 

proportion of anaemic children, 76% (2198/2884). 

5.4.2.2 Parental-related characteristics of malaria 

Also, in Figure 5.7 (malaria panel), children of mothers aged 15-24 years, 38.7% (784/2049), 

not currently working-class mothers, 37.7% (1123/2978), had their first baby aged 10-24 years 

38.5% (3299/8578), no education 50.8% (2018/3970), and currently living with a partner, 36.0 

(3194/8862) were being malaria positive. The proportions of malaria-positive children whose 

mothers had low autonomy and did sleep under a bed net the night before the survey was 41% 

(2124/5071), and 39.7% (2189/5514), respectively. The proportion of malaria-positive children 

whose mothers did not attend ante-natal care during their pregnancy was highest, 46.7% 

(627/1342), compared with those whose mothers had 1-3 visits, 35.5% (329/954), and 4 & 

above, 26.8% (1092/4079). In the same way, the proportion of malaria-positive children whose 

mothers are Muslims, 42.3% (2389/5655), was higher than for any other religious status. About 

45.3% (1841/4067) of the children out of the 39.9% (4067/10185) in the sample representing 

the Hausa/Fulani/Kanuri/Seribiri ethnic group were malaria positive. Furthermore, the 

proportion of malaria-positive children of the anaemic mother was 39.8% (2328/5847). 

Similarly, 15.8% (137/869) of the children of underweight mothers were malaria positive, 

while 39.4% (2092/5311) of the children of mothers with normal body mass index were malaria 

positive. 

5.4.2.3 Parental-related characteristics of malnutrition 

Similarly, among the parental-related variables in the malnutrition panel in Table 5.7, children 

of mothers aged 15-24 years, not currently working-class mothers, who had their first baby 

aged 10-24 years, had no education, and currently living with a partner were respectively 

having the highest proportion of 48.9% (1043/2132), 49.5% (1527/3084), 46.7% (4119/8822), 

62.1% (2536/4087), 44.7% (4079/9117), of being poorly nourished. The proportion of poorly 

nourished children whose mothers have low autonomy was 52.9% (2761/5223). Also, the 

proportion of poorly nourished children whose mothers did not attend ante-natal care during 

their pregnancy was highest, 58.1% (803/1383), compared with those whose mothers had 1-3 

visits, 53.4% (529/991), and '4 & above', 36.6% (1531/2651). In addition, the proportion of 
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poorly nourished children whose mothers are Muslims, 56.3% (3282/5832), was higher, 

followed by children of 'traditionalist & others', 37.1% (25/66). About 62.9% (2636/4190) of 

the children of Hausa/Fulani/Kanuri/Seribiri mothers were poorly nourished. 

Furthermore, the proportion of poorly nourished children of anaemic mothers was 45.9% 

(2730/5946). Similarly, children of mothers who did not take iron tablets during their children's 

pregnancies had a proportion of poorly nourished children, 50.8% (936/1840). Also, the 

proportion of poorly nourished children of underweight mothers was highest, 60.5% (543/899), 

while 24.3% (214/882) of children of the obese mother were poorly nourished. Finally, the 

proportion of poorly nourished children whose fathers do not work and do not have any 

education was 48.1% (150/311) and 62.1% (1853/2984), respectively. 
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Table 5 7 Distribution and association of parental-related characteristics on the three outcomes (Anaemia, malaria, malnutrition) 

 Anaemia Malaria  Malnutrition  

Variables N (%) Not Anaemic 

N (%) 

Anaemic 

N (%) 

N (%) Negative 

N (%) 

Positive 

N (%) 

N (%) Well-nourished 

N (%) 

Poorly nourished 

N (%) 

Maternal age group in 

10years   

ɢ2 (2) = 34.62, P<0.0001  

    

ɢ2 (2) = 14.59, P = 0.0095 

    

ɢ2 (2) = 32.95, P = 0.0001  

  

15-24 years 
2055(20.1) 

545(26.55) 1509(73.45) 
2049(20.12) 

1265(61.73) 784(38.27) 
2132(20.34) 

1090(51.11) 1043(48.89) 

25-34 years 
5283(51.68) 

1737(32.88) 3546(67.12) 
5262(51.66) 

3481(66.15) 1781(33.85) 
5427(51.78) 

3159(58.22) 2267(41.78) 

35 years+ 
2884(28.21) 

978(33.89) 1907(66.11) 
2874(28.22) 

1821(63.38) 1052(36.62) 
2922(27.88) 

1681(57.55) 1240(42.45) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Mother/Caregiver currently 

working   

ɢ2 (1) = 10.69, P = 0.0126 

    

ɢ2 (1) = 8.83, P = 0.0380 

    

ɢ2 (1) = 65.72, P<0.0001  

  

No 
2990(29.25) 

883(29.55) 2106(70.45) 
2978(29.24) 

1855(62.28) 1123(37.72) 
3084(29.42) 

1557(50.5) 1527(49.5) 

Yes 
7232(70.75) 

2377(32.87) 4855(67.13) 
7207(70.76) 

4712(65.39) 2494(34.61) 
7397(70.58) 

4373(59.12) 3024(40.88) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Age of mother at first birth  

  

ɢ2 (2) = 65.30, P<0.0001  

    

ɢ2 (2) = 203.78, P<0.0001  

    

ɢ2 (2) = 242.26, P<0.0001 

  

10-24 
8605(84.18) 

2605(30.28) 6000(69.72) 
8578(84.22) 

5279(61.55) 3299(38.45) 
8822(84.17) 

4704(53.32) 4119(46.68) 

25-36 
1590(15.55) 

643(40.47) 946(59.53) 
1580(15.51) 

1266(80.16) 313(19.84) 
1628(15.53) 

1203(73.88) 425(26.12) 

37-49 
27(0.26) 

12(42.35) 16(57.65) 
27(0.27) 

22(79.4) 6(20.6) 
30(0.29) 

24(79.27) 6(20.73) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Maternal/caregiver highest 

educational level   

ɢ2 (3) = 264.90, P<0.0001 

    

ɢ2 (3) = 929.69, P<0.0001  

    

ɢ2 (3) = 1119.82, P<0.0001 

  

No education 
3984(38.97) 

1000(25.1) 2984(74.9) 
3970(38.98) 

1951(49.16) 2018(50.84) 
4087(38.99) 

1551(37.94) 2536(62.06) 

Primary 
1646(16.1) 

475(28.85) 1171(71.15) 
1643(16.13) 

985(59.93) 658(40.07) 
1688(16.11) 

948(56.13) 741(43.87) 

Secondary 
3609(35.31) 

1294(35.86) 2315(64.14) 
3598(35.33) 

2750(76.44) 847(23.56) 
3688(35.19) 

2611(70.79) 1077(29.21) 

Higher 
983(9.62) 

491(49.99) 492(50.01) 
974(9.56) 

881(90.42) 93(9.58) 
1017(9.7) 

821(80.76) 196(19.24) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Mother is currently residing 

with husband/partner   

ɢ2 (1) = 1.20, P = 0.3892  

    

ɢ2 (1) = 7.43, P = 0.0291 

    

ɢ2 (1) = 31.36, P<0.0001  

  

Living with her partner 
8889(91.01) 

2818(31.7) 6072(68.3) 
8862(91.05) 

5668(63.96) 3194(36.04) 
9117(91.04) 

5038(55.26) 4079(44.74) 

Staying elsewhere 
877(8.98) 

294(33.51) 583(66.49) 
871(8.95) 

598(68.62) 273(31.38) 
897(8.96) 

583(65.03) 314(34.97) 
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Total 
9767(100) 

3112(31.86) 6655(68.14) 
9733(100) 

6266(64.37) 3468(35.63) 
10014(100) 

5621(56.14) 4392(43.86) 

Maternal autonomy level 

  

 ɢ2 (1) = 44.08, P<0.0001 

    

ɢ2 (1) = 178.05, P<0.0001  

    

ɢ2 (1) = 376.73, P<0.0001  

  

Low autonomy 
5082(49.72) 

1464(28.81) 3618(71.19) 
5071(49.79) 

2947(58.12) 2124(41.88) 
5223(49.83) 

2462(47.14) 2761(52.86) 

More autonomy 
5140(50.28) 

1796(34.94) 3344(65.06) 
5114(50.21) 

3620(70.79) 1494(29.21) 
5258(50.17) 

3468(65.97) 1790(34.03) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Maternal/caregiver slept 

under mosquito bed net   

ɢ2 (1) = 29.19, P<0.0001 

    

ɢ2 (1) = 91.02, P<0.0001 

    

ɢ2 (1) = 174.16, P<0.0001 

  

No 
4684(45.82) 

1621(34.61) 3063(65.39) 
4671(45.86) 

3242(69.4) 1429(30.6) 
4816(45.95) 

3059(63.53) 1757(36.47) 

Yes 
5538(54.18) 

1639(29.6) 3898(70.4) 
5514(54.14) 

3325(60.31) 2189(39.69) 
5665(54.05) 

2871(50.69) 2794(49.31) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Ante-Natal Care visits during 

pregnancy of the child   

ɢ2 (2) = 55.65, P<0.0001 

    

ɢ2 (2) = 186.0, P<0.0001 

    

ɢ2 (2) = 238.20, P<0.0001 

  

None 
1344(21.01) 

300(22.34) 1044(77.66) 
1342(21.05) 

715(53.29) 627(46.71) 
1383(21.1) 

580(41.94) 803(58.06) 

1-3 visits 
961(15.02) 

226(23.52) 735(76.48) 
954(14.96) 

624(65.46) 329(34.54) 
991(15.12) 

462(46.64) 529(53.36) 

4 and above visits 
4092(63.96) 

1293(31.6) 2799(68.4) 
4079(63.98) 

2987(73.23) 1092(26.77) 
4182(63.8) 

2651(63.4) 1531(36.6) 

Total 
6398(100) 

1819(28.44) 4578(71.56) 
6375(100) 

4326(67.87) 2048(32.13) 
6555(100) 

3693(56.34) 2862(43.66) 

Mother's religious status 

  

ɢ2 (3) = 41.10, P<0.0001  

    

ɢ2 (3) = 255.02, P<0.0001  

    

ɢ2 (3) = 888.51, P<0.0001 

  

Catholic 
1028(10.06) 

360(34.99) 668(65.01) 
1027(10.08) 

754(73.39) 273(26.61) 
1050(10.02) 

788(75.04) 262(24.96) 

Other Christian 
3458(33.83) 

1220(35.27) 2239(64.73) 
3438(33.76) 

2509(72.96) 930(27.04) 
3533(33.71) 

2552(72.22) 982(27.78) 

Islam 
5671(55.48) 

1658(29.24) 4013(70.76) 
5655(55.52) 

3266(57.75) 2389(42.25) 
5832(55.64) 

2550(43.72) 3282(56.28) 

Traditionalist & others 
64(0.63) 

22(34.84) 42(65.16) 
64(0.63) 

39(60.39) 25(39.61) 
66(0.63) 

42(62.92) 25(37.08) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Maternal ethnicity  

  

ɢ2 (3) = 66.78, P<0.0001 

    

ɢ2 (3) = 325.93, P<0.0001  

    

ɢ2 (3) = 1148.48, P<0.0001 

  

Hausa/Fulani/Kanuri/Seribiri 
4077(39.88) 

1157(28.38) 2920(71.62) 
4067(39.93) 

2226(54.74) 1841(45.26) 
4190(39.98) 

1555(37.1) 2636(62.9) 

Ibos 
1656(16.2) 

529(31.94) 1127(68.06) 
1650(16.2) 

1273(77.12) 377(22.88) 
1701(16.23) 

1321(77.68) 380(22.32) 

Yoruba 
1497(14.64) 

596(39.78) 902(60.22) 
1490(14.63) 

1068(71.68) 422(28.32) 
1538(14.67) 

1074(69.86) 463(30.14) 

Others 
2991(29.26) 

979(32.72) 2013(67.28) 
2978(29.24) 

2001(67.18) 977(32.82) 
3052(29.12) 

1980(64.89) 1071(35.11) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 



  
 

156 

 

Mother took iron tablets 

during pregnancy   

ɢ2 (1) = 10.14, P = 0.0188 

    

ɢ2 (1) = 55.83, P<0.0001 

    

ɢ2 (1) = 56.42, P<0.0001 

  

No 
1784(27.48) 

459(25.74) 1324(74.26) 
1778(27.48) 

1086(61.07) 692(38.93) 
1840(27.66) 

904(49.14) 936(50.86) 

Yes 
4709(72.52) 

1401(29.75) 3308(70.25) 
4692(72.52) 

3322(70.8) 1370(29.2) 
4812(72.34) 

2857(59.37) 1955(40.63) 

Total 
6493(100) 

1860(28.65) 4633(71.35) 
6470(100) 

4408(68.13) 2062(31.87) 
6652(100) 

3761(56.54) 2891(43.46) 

Mother's Anaemia status 

  

ɢ2 (1) = 245.14, P<0.0001  

    

ɢ2 (1) = 128.01, P<0.0001  

    

ɢ2 (1) = 29.71, P<0.0001  

  

Not Anaemic 
4215(41.77) 

1707(40.49) 2508(59.51) 
4206(41.84) 

2991(71.12) 1214(28.88) 
4252(41.69) 

2531(59.53) 1721(40.47) 

Anaemic 
5875(58.23) 

1512(25.74) 4363(74.26) 
5847(58.16) 

3519(60.18) 2328(39.82) 
5946(58.31) 

3216(54.09) 2730(45.91) 

Total 
10090(100) 

3219(31.9) 6871(68.1) 
10053(100) 

6510(64.76) 3543(35.24) 
10198(100) 

5747(56.36) 4451(43.64) 

Maternal body weight status 

  

ɢ2 (3) = 106.63, P<0.0001  

    

ɢ2 (3) = 273.05, P<0.0001 

    

ɢ2 (3) = 390.19, P<0.0001 

  

Normal 
5331(60.84) 

1592(29.85) 3739(70.15) 
5311(60.82) 

3219(60.61) 2092(39.39) 
5401(60.77) 

2878(53.29) 2523(46.71) 

Underweight 
888(10.13) 

212(23.83) 676(76.17) 
885(10.14) 

513(58.04) 371(41.96) 
899(10.12) 

355(39.54) 543(60.46) 

Overweight 
1670(19.06) 

636(38.08) 1034(61.92) 
1668(19.1) 

1246(74.68) 422(25.32) 
1704(19.17) 

1198(70.32) 506(29.68) 

Obese 
873(9.96) 

367(42.03) 506(57.97) 
869(9.95) 

732(84.22) 137(15.78) 
882(9.92) 

668(75.73) 214(24.27) 

Total 
8763(100) 

2806(32.03) 5956(67.97) 
8732(100) 

5710(65.39) 3022(34.61) 
8887(100) 

5100(57.39) 3786(42.61) 

Paternal Work Status 

  

ɢ2 (1) = 4.47, P = 0.1120  

    

ɢ2 (1) = 0.29, P = 0.7133 

    

ɢ2 (1) = 2.87, P = 0.2099  

  

No 
305(2.98) 

80(26.33) 225(73.67) 
304(2.98) 

191(63.01) 112(36.99) 
311(2.97) 

162(51.89) 150(48.11) 

Yes 
9916(97.01) 

3180(32.07) 6737(67.93) 
9881(97.02) 

6376(64.53) 3505(35.47) 
10170(97.03) 

5769(56.73) 4400(43.27) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Partner education status 

  

ɢ2 (3) = 199.51, P<0.0001 

    

ɢ2 (3) = 718.72, P<0.0001  

    

ɢ2 (3) = 699.76, P<0.0001  

  

No education 
2884(29.93) 

686(23.78) 2198(76.22) 
2872(29.9) 

1369(47.65) 1504(52.35) 
2984(30.2) 

1131(37.91) 1853(62.09) 

Primary education 
1425(14.79) 

419(29.38) 1006(70.62) 
1423(14.82) 

817(57.4) 606(42.6) 
1444(14.61) 

759(52.54) 685(47.46) 

Secondary education 
3752(38.93) 

1279(34.08) 2474(65.92) 
3742(38.96) 

2725(72.82) 1017(27.18) 
3833(38.79) 

2512(65.52) 1322(34.48) 

Tertiary education 
1576(16.35) 

689(43.73) 887(56.27) 
1566(16.31) 

1294(82.59) 273(17.41) 
1620(16.39) 

1160(71.63) 460(28.37) 

Total 
9637(100) 

3072(31.88) 6565(68.12) 
9604(100) 

6204(64.6) 3400(35.4) 
9882(100) 

5562(56.29) 4320(43.71) 
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5.4.3.1 Household-related characteristics of anaemia 

In Table 5.8, the result shows that the proportion of children from the poorest households that 

are anaemic is very high, 81% (1532/1898). The proportion of anaemic children decreases as 

the household wealth index increases. Also, the proportions of anaemic children from a 

household without electricity, with unimproved drinking water, and unimproved toilet facilities, 

were 76% (3277/4310), 74% (2281/3095), 75% (3454/4622), respectively. Similarly, children 

from a household built with the unimproved floor, roof, or wall materials had a higher 

proportion of anaemic than their counterparts in households built with improved materials. The 

proportion of anaemic children from a female-headed household was lower, 67% (733/1095) 

than those from male-headed households.  

5.4.3.2 Household-related characteristics of malaria 

Also, the malaria panel in Table 5.8 shows that the proportion of malaria-positive children 

increases as the household wealth index decreases. The result shows that the proportion of 

children from the wealthiest household that is malaria positive is 9.8% (197/2020). Also, the 

proportion of malaria-positive children from a household headed by someone aged 56 years+ 

or above was highest, 39.8% (524/1319). The household with only one sleeping room had the 

lowest proportion of malaria-positive children, 30.5% (855/2807). Similarly, children from a 

household built with an unimproved source of drinking water, 48% (1477/3079), toilet facility, 

48.9% (2251/4607), had a higher proportion of being malaria positive compared with their 

counterparts in a household with the improved source of drinking water and toilet facility, 

respectively. The proportion of malaria-positive children from a male-headed household was 

higher, 36% (3273/9098) than those from female-headed households. Interestingly, the 

proportion of malaria-positive children from a household where the youngest child's stool is 

not disposed of properly, 34.9% (1257/3606), is like the counterpart where such stool is 

disposed of correctly, 34.5% (967/2803). 

5.4.3.3 Household-related characteristics of malnutrition 

As with the other two outcome variables in Table 5.8, the proportion of poorly nourished 

children decreases as the household wealth index increases. Also, the proportions of poorly 

nourished children from a 4-bedroom household, a household without electricity, with 

unimproved drinking water, unimproved toilet facilities, were respectively 50.5% (514/1018), 

54% (2384/4414), 56.1% (1791/3196), 51.4% (2434/4737). Also, a household using biofuel 

for cooking had a higher proportion of poorly nourished children, 46.6% (4295/9225). 

Similarly, children from households built with unimproved floor, roof, or wall materials had a 
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higher proportion of being poorly nourished than their counterparts in households built with 

improved materials. The proportion of poorly nourished children from a male-headed 

household was 44.4% (4155/9357), compared with those children from female-headed 

households. 
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Table 5 8 Distribution and association of household-related characteristics on the three outcomes (Anaemia, malaria, malnutrition) 

 Anaemia Malaria  Malnutrition  

Variables N (%)  Not Anaemic 

N (%)  

Anaemic 

N (%)  

N (%)  Negative 

N (%)  

Positive 

N (%)  

N (%)  Well-nourished 

N (%)  

Poorly nourished 

N (%)  

Household wealth 

index 

 ɢ2 (4) = 391.21, P<0.0001 

  

 ɢ2 (4) =1240.51, P<0.0001   ɢ2 (4) = 994.65, P<0.0001  

  

Poorest 
1898(18.57) 

366(19.29) 1532(80.71) 
1893(18.59) 

809(42.73) 1084(57.27) 
1954(18.64) 

713(36.47) 1241(63.53) 

Poorer 
1995(19.52) 

499(25.04) 1495(74.96) 
1989(19.53) 

1004(50.47) 985(49.53) 
2027(19.34) 

865(42.68) 1162(57.32) 

Middle 
2151(21.04) 

718(33.4) 1433(66.6) 
2139(21) 

1335(62.42) 804(37.58) 
2197(20.96) 

1225(55.76) 972(44.24) 

Richer 
2154(21.07) 

731(33.93) 1423(66.07) 
2144(21.05) 

1596(74.47) 547(25.53) 
2212(21.1) 

1481(66.95) 731(33.05) 

Richest 
2024(19.8) 

945(46.71) 1078(53.29) 
2020(19.83) 

1823(90.25) 197(9.75) 
2091(19.95) 

1647(78.77) 444(21.23) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Household Head age 

group   
ɢ2 (3) = 3.48, P = 0.5367 

  

 

 ɢ2 (3) = 27.14, p<0.0026 
 ɢ2 (3) = 10.72, P = 0.0980  

  

Less 34 years 
2838(27.76) 

873(30.77) 1965(69.23) 
2828(27.77) 

1825(64.52) 1003(35.48) 
2936(28.01) 

1635(55.7) 1301(44.3) 

35-44 years 
3959(38.73) 

1302(32.88) 2658(67.12) 
3946(38.74) 

2648(67.11) 1298(32.89) 
4046(38.6) 

2360(58.32) 1686(41.68) 

45-55 years 
2100(20.54) 

664(31.63) 1436(68.37) 
2091(20.53) 

1300(62.15) 792(37.85) 
2158(20.59) 

1171(54.27) 987(45.73) 

56 years+ 
1324(12.95) 

421(31.78) 903(68.22) 
1319(12.95) 

794(60.24) 524(39.76) 
1340(12.79) 

764(57.03) 576(42.97) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Children under 5 

slept under mosquito 

bed net last night   

ɢ2 (3) = 48.15, P<0.0001  

  
 

 ɢ2 (3) = 104.81, P<0.0001  
 

 ɢ2 (3) = 151.49, P<0.0001 

  

No child 
1320(13.01) 

426(32.26) 894(67.74) 
1317(13.02) 1351(12.98) 

816(60.37) 
1351(12.98) 1320(13.01) 

426(32.26) 

All children 
4734(46.64) 

1497(31.63) 3236(68.37) 
4715(46.63) 4841(46.52) 

2523(52.11) 
4841(46.52) 4734(46.64) 

1497(31.63) 

Some children 
1000(9.85) 

229(22.9) 771(77.1) 
996(9.85) 1017(9.77) 

487(47.93) 
1017(9.77) 1000(9.85) 

229(22.9) 

No net in household 
3096(30.51) 

1073(34.66) 2023(65.34) 
3084(30.5) 3198(30.73) 

2050(64.12) 
3198(30.73) 3096(30.51) 

1073(34.66) 

Total 
10149(100) 

3225(31.78) 6924(68.22) 
10112(100) 10406(100) 

5876(56.47) 
10406(100) 10149(100) 

3225(31.78) 

Number of children 

under-5 years in 

household   

ɢ2 (2) = 28.42, P = 0.0002  

  
 

 ɢ2 (2) = 103.78, P<0.0001 
 

 ɢ2 (2) = 111.21, P<0.0001 

  

0-3 
9099(89.01) 

2979(32.74) 6120(67.26) 
9070(89.05) 9340(89.11) 

5452(58.37) 
9340(89.11) 9099(89.01) 

2979(32.74) 

4-6 
1059(10.36) 

261(24.65) 798(75.35) 
1051(10.32) 1077(10.28) 

454(42.2) 
1077(10.28) 1059(10.36) 

261(24.65) 

7th+ 
64(0.63) 

21(32.01) 44(67.99) 
64(0.63) 65(0.62) 

25(38.34) 
65(0.62) 64(0.63) 

21(32.01) 



  
 

160 

 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 10481(100) 

5931(56.59) 
10481(100) 

5931(56.59) 4550(43.41) 

Number of bedrooms 

in household   
ɢ2 (4) = 1.26, P = 0.9405 

  

 
 ɢ2 (4) = 47.58, P<0.0001   

 ɢ2 (4) = 117.03, P<0.0001  

  

One-room 
2814(27.53) 

895(31.8) 1919(68.2) 
2807(27.56) 

1952(69.55) 855(30.45) 
2910(27.76) 

1881(64.65) 1028(35.35) 

Two rooms 
3498(34.22) 

1115(31.87) 2383(68.13) 
3490(34.27) 

2221(63.65) 1268(36.35) 
3578(34.14) 

1971(55.09) 1607(44.91) 

Three rooms 
2044(20) 

666(32.58) 1378(67.42) 
2030(19.93) 

1239(61.03) 791(38.97) 
2091(19.95) 

1105(52.84) 986(47.16) 

Four rooms 
988(9.67) 

317(32.09) 671(67.91) 
981(9.63) 

604(61.57) 377(38.43) 
1018(9.71) 

504(49.52) 514(50.48) 

Five+ rooms 
878(8.59) 

268(30.48) 610(69.52) 
877(8.61) 

551(62.8) 326(37.2) 
884(8.43) 

470(53.11) 415(46.89) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Household had 

electricity   
ɢ2 (1) = 217.23, P<0.0001 

  

 

 ɢ2 (1) = 590.90, P<0.0001  

 ɢ2 (1) = 341.57, P<0.0001  

  

No 
4310(42.66) 

1034(23.98) 3277(76.02) 
4296(42.68) 

2186(50.9) 2109(49.1) 
4414(42.6) 

2030(45.98) 2384(54.02) 

Yes 
5793(57.33) 

2193(37.86) 3600(62.14) 
5771(57.33) 

4296(74.44) 1475(25.56) 
5948(57.4) 

3822(64.25) 2127(35.75) 

Total 
10104(100) 

3227(31.94) 6877(68.06) 
10066(100) 

6482(64.39) 3584(35.61) 
10362(100) 

5851(56.47) 4511(43.53) 

Source of drinking 

water   
ɢ2 (1) = 63.73, P<0.0001  

  

 

 ɢ2 (1) = 298.76, P<0.0001  

 ɢ2 (1) = 297.91, P<0.0001 

  

Unimproved drinking 
water 3095(30.28) 

814(26.3) 2281(73.7) 
3079(30.23) 

1601(52.01) 1477(47.99) 
3196(30.49) 

1405(43.95) 1791(56.05) 

Improved drinking 

water 7127(69.72) 
2446(34.32) 4680(65.68) 

7106(69.77) 
4966(69.88) 2140(30.12) 

7285(69.51) 
4526(62.13) 2759(37.87) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Type of toilet facility 

  
ɢ2 (1) = 169.71, P<0.0001  

  

 
 ɢ2 (1) = 650.38, P<0.0001   

 ɢ2 (1) = 222.94, P<0.0001 

  

Unimproved toilet 

factories 4622(45.22) 
1168(25.27) 3454(74.73) 

4607(45.23) 
2357(51.15) 2251(48.85) 

4737(45.2) 
2303(48.61) 2434(51.39) 

Improved toilet 
factories 5600(54.78) 

2092(37.36) 3508(62.64) 
5578(54.77) 

4210(75.49) 1367(24.51) 
5744(54.8) 

3628(63.16) 2116(36.84) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Type of cooking fuel 

  
ɢ2 (1) = 205.47, P<0.0001  

  

 

 ɢ2 (1) = 384.85, P<0.0001   

 ɢ2 (1) = 309.69, P<0.0001  

  

Electricity & Gas 
1213(11.87) 

606(49.93) 608(50.07) 
1211(11.89) 

1088(89.85) 123(10.15) 
1252(11.95) 

998(79.76) 253(20.24) 

Biofuel 
9006(88.13) 

2653(29.46) 6353(70.54) 
8971(88.11) 

5477(61.06) 3494(38.94) 
9225(88.05) 

4930(53.45) 4295(46.55) 

Total 
10219(100) 

3259(31.89) 6960(68.11) 
10182(100) 

6565(64.48) 3617(35.52) 
10477(100) 

5929(56.59) 4548(43.41) 

Floor Materials 

  
ɢ2 (1) = 152.06, P<0.0001  

  

 

 ɢ2 (1) = 329.83, P<0.0001  

 ɢ2 (1) = 488.55, P<0.0001 

  

Unimproved floor 

materials 2885(28.22) 
658(22.81) 2227(77.19) 

2878(28.26) 
1460(50.73) 1418(49.27) 

2971(28.35) 
1175(39.55) 1796(60.45) 
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Improved floor 
materials 7337(71.78) 

2602(35.47) 4735(64.53) 
7307(71.74) 

5107(69.89) 2200(30.11) 
7510(71.65) 

4756(63.33) 2754(36.67) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Roof Materials 

  

ɢ2 (1) = 51.28, P<0.0001 

  

 ɢ2 (1) = 87.80, P<0.0001  
  

 ɢ2 (1) = 152.16, P<0.0001  

  

Unimproved roof 

materials 1132(11.07) 
255(22.52) 877(77.48) 

1125(11.05) 
583(51.85) 542(48.15) 

1160(11.07) 
460(39.64) 700(60.36) 

Improved roof 
materials 9090(88.93) 

3005(33.06) 6085(66.94) 
9060(88.95) 

5984(66.05) 3076(33.95) 
9320(88.92) 

5471(58.7) 3850(41.3) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Wall materials 

  
ɢ2 (1) = 175.32, P<0.0001 

  

 

ɢ2 (1) = 638.88, P<0.0001   
 ɢ2 (1) = 579.49, P<0.0001 

  

Unimproved wall 

materials 3282(32.11) 
755(23) 2527(77) 

3265(32.06) 
1535(47) 1731(53) 

3367(32.12) 
1334(39.62) 2033(60.38) 

Improved wall 

materials 6940(67.89) 
2505(36.1) 4434(63.9) 

6919(67.93) 
5032(72.73) 1887(27.27) 

7114(67.88) 
4597(64.62) 2517(35.38) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Sex of household 

head   
ɢ2 (1) = 0.79, P = 0.4591  

  

 
 ɢ2 (1) = 7.82, P = 0.0283   

 ɢ2 (1) = 34.54, P<0.0001 

  

Male 
9127(89.29) 

2898(31.75) 6229(68.25) 
9098(89.33) 

5824(64.02) 3273(35.98) 
9357(89.28) 

5202(55.6) 4155(44.4) 

Female 
1095(10.71) 

362(33.08) 733(66.92) 
1087(10.67) 

743(68.32) 344(31.68) 
1124(10.72) 

728(64.81) 395(35.19) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Shared toilet 

facilities   
ɢ2 (1) = 0.11, P = 0.8216  

  

 
 ɢ2 (1) = 8.36, P = 0.0691   

 ɢ2 (1) = 24.51, P = 0.0005  

  

No 
4781(61.64) 

1624(33.97) 3157(66.03) 
4761(61.62) 

3157(66.32) 1603(33.68) 
4915(61.75) 

2640(53.72) 2274(46.28) 

Yes 
2975(38.36) 

1000(33.6) 1976(66.4) 
2966(38.38) 

2064(69.58) 902(30.42) 
3044(38.25) 

1813(59.56) 1231(40.44) 

Total 
7756(100) 

2624(33.83) 5132(66.17) 
7727(100) 

5221(67.57) 2506(32.43) 
7959(100) 

4454(55.96) 3505(44.04) 

Household has 

mosquito bed net for 

sleeping   

ɢ2 (1) = 18.22, P = 0.0015 

  

 

 ɢ2 (1) = 65.71, P<0.0001 

 ɢ2 (1) = 110.68, P<0.0001 

  

No 
3123(30.55) 

1089(34.87) 2034(65.13) 
3111(30.54) 

2187(70.29) 924(29.71) 
3225(30.77) 

2072(64.24) 1154(35.76) 

Yes 
7098(69.44) 

2171(30.59) 4927(69.41) 
7074(69.46) 

4381(61.93) 2693(38.07) 
7256(69.23) 

3859(53.19) 3397(46.81) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Number of people in 

household   
ɢ2 (3) = 32.08, P = 0.0006  

  

 
 ɢ2 (3) = 159.22, P<0.0001   

 ɢ2 (3) = 300.94, P<0.0001 

  

2-3 
982(9.61) 

329(33.54) 653(66.46) 
980(9.62) 

698(71.2) 282(28.8) 
1014(9.67) 

615(60.67) 399(39.33) 

4-6 
4851(47.46) 

1651(34.03) 3200(65.97) 
4836(47.48) 

3322(68.7) 1514(31.3) 
5001(47.71) 

3174(63.47) 1826(36.53) 
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7-9 
2472(24.18) 

758(30.65) 1715(69.35) 
2462(24.17) 

1521(61.79) 941(38.21) 
2512(23.97) 

1335(53.12) 1178(46.88) 

10+ 
1917(18.75) 

522(27.25) 1394(72.75) 
1908(18.73) 

1026(53.8) 881(46.2) 
1954(18.64) 

807(41.29) 1147(58.71) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Youngest child's 

stool disposed 

Properly   

ɢ2 (1) = 0.02, P = 0.9240 

  

 
ɢ2 (1) = 0.10, P = 0.8208 
  

 ɢ2 (1) = 56.06, P<0.0001  

  

No 
3621(56.26) 

1032(28.49) 2590(71.51) 
3606(56.26) 

2348(65.13) 1257(34.87) 
3710(56.26) 

1989(53.6) 1721(46.4) 

Yes 
2815(43.74) 

806(28.63) 2009(71.37) 
2803(43.74) 

1837(65.52) 967(34.48) 
2884(43.74) 

1812(62.82) 1072(37.18) 

Total 
6436(100) 

1838(28.55) 4598(71.45) 
6409(100) 

4185(65.3) 2224(34.7) 
6594(100) 

3801(57.64) 2794(42.36) 

Frequency of 

watching television   
ɢ2 (2) = 228.63, P<0.0001 

  

 
 ɢ2 (2) = 751.11, P<0.0001  

  ɢ2 (2) = 856.25, P<0.0001 

  

Not at all 
5057(49.47) 

1289(25.49) 3768(74.51) 
5046(49.54) 

2609(51.71) 2437(48.29) 
5185(49.47) 

2200(42.43) 2985(57.57) 

Less than once a week 
1990(19.47) 

656(32.95) 1334(67.05) 
1984(19.48) 

1421(71.62) 563(28.38) 
2036(19.43) 

1352(66.39) 684(33.61) 

At least once a week 
3175(31.06) 

1315(41.44) 1859(58.56) 
3154(30.97) 

2537(80.42) 618(19.58) 
3260(31.1) 

2379(72.97) 881(27.03) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 
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5.4.4.1 Community-related characteristics of anaemia 

Results in Figure 5.9 show that children from the community whose household wealth level is 

below the median (low) have a higher proportion of anaemic children, 75.7% (3536/4669). In 

addition, children whose proportion of community distance to any health facility is 'no big 

problem' is low have a higher proportion of anaemic children, 72.5% (3422/4721). Similarly, 

children from the community where the proportion of maternal education is high have less than 

the national proportion of anaemic children, 63.4% (3286/5183). 

5.4.4.2 Community-related characteristics of malaria 

Also, from the malaria panel of Table 5.9, children from the community whose household 

wealth level is below the median (low), have a higher proportion of malaria-positive children, 

51.7% (2404/4647). In addition, children with a low proportion of community distance to any 

health facility are 'no big problem' and have a higher proportion of malaria-positive children, 

43.4% (2038/4702). Similarly, children from the community where the proportion of maternal 

education is high have a lower proportion of malaria-positive children, 47.6% (2390/5025). 

5.4.4.3 Community-related characteristics of malnutrition 

Table 5.9 (malnutrition panel) shows that children from the community where the proportion 

of household wealth level is above the median (high), have a higher proportion of well-

nourished children, 69.4% (3956/5698). Also, children whose community distance to any 

health facility is 'no big problem' is low have a higher proportion of poorly nourished children, 

48.5% (2353/4852). In addition, the proportion of poorly nourished children from a community 

with a low proportion of community maternal education level is 59.2% (3050/5156). Similarly, 

children from the community where the proportion of 'community household with no bed net' 

is low have a proportion of poorly nourished children, 52.7% (2693/5107). 
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Table 5 9 Distribution and association of community-related characteristics on the three outcomes (Anaemia, malaria, malnutrition) 

 Anaemia Malaria  Malnutrition  

Variables N (%) Not Anaemic 

N (%) 

Anaemic 

N (%) 

N (%) Negative 

N (%) 

Positive 

N (%) 

N (%) Well-nourished 

N (%) 

Poorly nourished 

N (%) 

Community wealth level  ɢ2 (1) = 229.84, P<0.0001 

  

 ɢ2 (1) = 977.40, P<0.0001  

  

 ɢ2 (1) = 835.29, P<0.0001 

  

Low 
4669(45.68) 

1133(24.26) 3536(75.74) 
4647(45.63) 

2243(48.27) 2404(51.73) 
4783(45.63) 

1975(41.29) 2808(58.71) 

High 
5553(54.32) 

2128(38.32) 3425(61.68) 
5537(54.36) 

4324(78.08) 1214(21.92) 
5698(54.37) 

3956(69.42) 1742(30.58) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Proportion of community 

distance to health facility is 

no big problem   

ɢ2 (1) = 77.11, P<0.0001 

  

 

 ɢ2 (1) = 233.12, P<0.0001   

  ɢ2 (1) = 94.78, P<0.0001 

  

Low 
4721(46.18) 

1299(27.52) 3422(72.48) 
4702(46.17) 

2664(56.65) 2038(43.35) 
4852(46.29) 

2499(51.5) 2353(48.5) 

High 
5501(53.82) 

1961(35.65) 3540(64.35) 
5483(53.83) 

3903(71.2) 1579(28.8) 
5629(53.71) 

3432(60.97) 2197(39.03) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Proportion of community 

maternal education level   

ɢ2 (1) = 107.11, P<0.0001  

  

 

 ɢ2 (1) = 625.72, P<0.0001  

 ɢ2 (1) = 1020.16, P<0.0001 

  

Low 
5039(49.3) 

1363(27.05) 3676(72.95) 
5025(49.34) 

2635(52.44) 2390(47.56) 
5156(49.19) 

2106(40.85) 3050(59.15) 

High 
5183(50.7) 

1897(36.61) 3286(63.39) 
5160(50.66) 

3932(76.21) 1228(23.79) 
5325(50.81) 

3824(71.82) 1500(28.18) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Proportion of community 

households with no bed net   

ɢ2 (1) = 22.32, P = 0.0049 

  

 

 ɢ2 (1) = 210.75, P<0.0001  

 ɢ2 (1) = 350.34, P<0.0001 

  

Low 
4999(48.9) 

1483(29.66) 3516(70.34) 
4982(48.92) 

2861(57.43) 2121(42.57) 
5107(48.73) 

2414(47.28) 2693(52.72) 

High 
5223(51.1) 

1777(34.03) 3446(65.97) 
5203(51.08) 

3706(71.23) 1497(28.77) 
5374(51.27) 

3516(65.43) 1858(34.57) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 
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5.4.5.1 State-related characteristics of anaemia 

Furthermore, Table 5.10 reveals that the proportion of anaemic children decreases as the 

deprivation of multidimensional poverty index (MPI) of the state of residence decreases. For 

example, the proportion of anaemic children from highly deprived MPI states was 76.4% 

(649/850), compared with 63% (1254/1992) from the lowest deprived MPI states. Nevertheless, 

as the human development index (HDI) of the state of residence increases, the proportion of 

anaemic children decreases from 72.2% (1556/2157) for the lowest HDI to 55.2% (395/715) 

for the highest HDI. However, the proportion of anaemic children associated state gender 

inequality index (GII) did not show a similar pattern as with MPI or HDI. The highest 

proportion of anaemic children, 73.3% (923/1260), was associated with the states with the 

highest GII, followed by children from the state with average GII, 69.7% (682/979). 

The results also show that South-south has the highest proportion of anaemic children, 72.3% 

(786/1087), compared with children from North-central, 66.4% (954/1437), and South-west 

with the lowest proportion, 60.2% (1085/1803). In addition, the proportion of anaemic children 

from rural areas, 72.7% (4164/5728), was higher than their counterparts in urban areas, 62,3% 

(2798/4494). 

5.4.5.2 State-related characteristics of malaria 

Similarly, from the malaria panel (Table 5.10), the proportion of malaria-positive children is 

highest in the state with above averagely deprived multidimensional poverty index (MPI), 46.4% 

(1434/3093), followed by the states with highly deprived MPI, 43.2% (366/847). Similarly, 

children from the states with low human development index (HDI) recorded the highest 

proportion of positive malaria cases, 46.4% (1120/2416), compared with children from the 

states of residence with the highest HDI, 8.67% (62/716). However, the proportion of malaria-

positive children associated state gender inequality index (GII) decreases as the GII increases. 

The highest proportion of malaria-positive children, 73.8% (2074/2727), was associated with 

the states with the lowest GII. 

The results also show that North-west has the highest proportion of malaria-positive children, 

49.4% (1465/2967), followed by children from the North-central, 36.9% (530/1436), and 

South-south recorded the lowest proportion, 24% (260/1085). Furthermore, the proportion of 

malaria-positive children from rural areas, 46.9% (2671/5700), was higher than their 

counterparts in urban areas, 21.1% (947/4485). 
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5.4.5.3 State-related characteristics of malnutrition 

Table 5.10 also shows that the proportion of poorly nourished children decreases as the 

deprivation of multidimensional poverty index (MPI) of the state of residence decreases. The 

proportion of poorly nourished children from highly deprived MPI states dropped from 66.5% 

(597/899) to 23.1% (476/2062) for children from the lowest deprived MPI states. Also, as the 

human development index (HDI) of the state of residence increases, the proportion of poorly 

nourished children decreases from 63.7% (1423/2232) for the lowest HDI to 21.9% (166/754) 

for the highest HDI. However, the proportion of poorly nourished children associated with the 

state gender inequality index (GII) indicates that the higher the GII, the higher the proportion 

of poorly nourished children. The highest proportion of poorly nourished children, 59.9% 

(798/1333), was associated with the states with the highest GII, while children from the state 

with the lowest GII, 26.2% (736/2810). 

The results also show that North-west has the highest proportion of poorly nourished children, 

64.8% (1976/3050), followed by children from the North-east, 58.4% (954/1635), and the 

lowest proportion was for children from the South-east, 23.5% (321/1368). In addition, the 

proportion of poorly nourished children from rural areas, 52.0% (3046/5857), was higher than 

their counterparts in urban areas, 32.5% (1504/4624). 
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Table 5 10 Distribution and association of state-related characteristics on the three outcomes (Anaemia, malaria, malnutrition) 

 Anaemia Malaria  Malnutrition  

Variables N (%)  Not 

Anaemic 

N (%)  

Anaemic 

N (%)  

N (%)  Negative 

N (%)  

Positive 

N (%)  

N (%)  Well-nourished 

N (%)  

Poorly nourished 

N (%)  

Multidimensional poverty 

index by state (MPI) 

 ɢ2 (4) = 96.03, P<0.0001  

  

 ɢ2 (4) = 364.70, P<0.0001 

  

 ɢ2 (4) = 1213.44, P<0.0001  

  

Highly Deprived 
850(8.32) 

200(23.58) 649(76.42) 
847(8.32) 

481(56.79) 366(43.21) 
899(8.58) 

302(33.55) 597(66.45) 

Above averagely deprived 
3104(30.37) 

853(27.49) 2251(72.51) 
3093(30.37) 

1659(53.65) 1434(46.35) 
3168(30.23) 

1173(37.04) 1994(62.96) 

Averagely Deprived 
2327(22.76) 

763(32.8) 1563(67.2) 
2319(22.77) 

1500(64.68) 819(35.32) 
2359(22.51) 

1468(62.25) 890(37.75) 

Mildly Deprived 
1950(19.08) 

706(36.2) 1244(63.8) 
1939(19.04) 

1395(71.94) 544(28.06) 
1994(19.02) 

1402(70.3) 592(29.7) 

Lowest Deprived 
1992(19.49) 

737(37.03) 1254(62.97) 
1988(19.52) 

1533(77.11) 455(22.89) 
2062(19.67) 

1586(76.91) 476(23.09) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Human development index 

by state (HDI)    
ɢ2 (4) = 79.55, P = 0.0001  

  

 
 ɢ2 (4) = 456.50, P<0.0001   

  ɢ2 (4) = 1161.02, P<0.0001 

  

Lowest HDI 
2157(21.1) 

601(27.85) 1556(72.15) 
2150(21.11) 

1220(56.73) 930(43.27) 
2232(21.3) 

810(36.27) 1423(63.73) 

Low HDI 
2420(23.67) 

717(29.64) 1702(70.36) 
2416(23.72) 

1297(53.65) 1120(46.35) 
2464(23.51) 

1005(40.8) 1459(59.2) 

Average HDI 
2239(21.9) 

719(32.12) 1520(67.88) 
2223(21.83) 

1511(67.98) 712(32.02) 
2271(21.67) 

1508(66.41) 763(33.59) 

High HDI 
2690(26.32) 

903(33.56) 1788(66.44) 
2680(26.31) 

1886(70.39) 793(29.61) 
2759(26.32) 

2019(73.18) 740(26.82) 

Highest HDI 
715(6.99) 

320(44.76) 395(55.24) 
716(7.03) 

654(91.32) 62(8.68) 
754(7.19) 

589(78.02) 166(21.98) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Gender inequality index by 

state (GII)  

ɢ2 (4) = 21.49, P = 0.0353  

ɢ2 (4) = 348.78, P<0.0001 

 ɢ2 (4) = 764.51, P<0.0001 

Lowest GII 
2732 (26.73) 

921(33.73) 1810(66.27) 
2727(26.77) 

2033 (74.55) 694 (25.45) 
2810(26.81) 

2074 (73.81) 736 (26.19) 

Low GII 
1177 (11.51) 

384 (32.65) 792 (67.35) 
1171(11.50) 

910 (77.71) 261 (22.29) 
1206(11.51) 

855 (70.9) 351 (29.1) 

Average GII 
979 (9.55) 

297 (30.33) 682 (69.67) 
977(9.60) 

605 (61.95) 372 (38.05) 
986 (9.41) 

548 (53.57) 438 (44.43) 

High GII 
4073 (39.85) 

1321 (32.42) 2753 (67.58) 
4054(39.80) 

2282 (56.30) 1772 (43.70) 
4145 (39.55) 

1918 (46.28) 2227(53.72) 

Highest GII 
1260 (12.33) 

337 (26.74) 923 (73.26) 
1256(12.33) 

737 (58.66) 519 (41.34) 
1333 (12.72) 

535 (40.14) 798 (59.86) 

Total 
10222 (100) 

3260 (3189) 6962 (68.11) 
10185 (100) 

6567 (64.48) 3618 (35.52) 
10481 (100) 

5931 (56.59) 4550 (43.41) 

Region of residence 

  
ɢ2 (5) = 74.73, P<0.0001  

  

 
 ɢ2 (5) = 428.79, P<0.0001  

 ɢ2 (5) = 1313.74, P<0.0001 

  

North-central 
1437(14.06) 

483(33.59) 954(66.41) 
1436(14.1) 

906(63.09) 530(36.91) 
1451(13.84) 

955(65.79) 496(34.21) 
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North-east 
1589(15.54) 

461(29.05) 1127(70.95) 
1573(15.44) 

1034(65.76) 539(34.24) 
1635(15.6) 

680(41.62) 954(58.38) 

North-west 
2973(29.08) 

891(29.99) 2081(70.01) 
2967(29.13) 

1502(50.61) 1465(49.39) 
3050(29.1) 

1074(35.22) 1976(64.78) 

South-east 
1334(13.05) 

406(30.44) 928(69.56) 
1328(13.04) 

992(74.69) 336(25.31) 
1368(13.05) 

1047(76.52) 321(23.48) 

South-south 
1087(10.63) 

301(27.68) 786(72.32) 
1086(10.66) 

826(76.03) 260(23.97) 
1118(10.67) 

837(74.81) 282(25.19) 

South-west 
1803(17.64) 

718(39.81) 1085(60.19) 
1794(17.61) 

1307(72.86) 487(27.14) 
1859(17.74) 

1338(71.97) 521(28.03) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 

Type of place of residence 

  
ɢ2 (1) = 126.25, P<0.0001 

  

 
 ɢ2 (1) = 724.32, P<0.0001  

 ɢ2 (1) = 397.70, P<0.0001  

  

Urban 
4494(43.96) 

1697(37.75) 2798(62.25) 
4485(44.04) 

3538(78.89) 947(21.11) 
4624(44.12) 

3119(67.47) 1504(32.53) 

Rural 
5728(56.04) 

1563(27.3) 4164(72.7) 
5700(55.96) 

3029(53.14) 2671(46.86) 
5857(55.88) 

2811(48) 3046(52) 

Total 
10222(100) 

3260(31.89) 6962(68.11) 
10185(100) 

6567(64.48) 3618(35.52) 
10481(100) 

5931(56.59) 4550(43.41) 
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5.5 Individual and contextual factors associated with the three outcome variables 

Research Question 4: 

What are the differences between groups in the individual and contextual characteristics 

concerning the three outcomes of anaemia, malaria, and malnutrition among children 6-

59 months in Nigeria? 

As per the study design, all the variables were classified as categorical. To answer the above 

question, a chi-square statistic was used to establish the association between the individual and 

contextual characteristics with each of the three outcomes. Tables 5.6-5.10 also contained the 

results of the associations between the characteristics classified as a child-, parental-, 

household-, community-, and states-related, respectively, with anaemia, malaria, and 

malnutrition among children aged 6-59 months in Nigeria. 

5.5.1 Associations of child-related characteristics 

Table 5.6 also displays the associations between child-related variables and the three outcome 

variables. The childôs sex was significantly associated with anaemia, with male more likely to 

be anaemic than the female children (ɢ2 (1) =11.88, P = 0.0040) and for malnutrition, male 

children were significantly more likely to be poorly nourished than the female children, (ɢ2 (1) 

= 31.37, P<0.0001), but not significantly associated with malaria status (ɢ2 (1) = 0.55, P = 

0.5163) among children aged 6-59 months in Nigeria. The child's age, birth order, and 

preceding birth interval were significantly associated with the three outcomes. However, the 

childôs birth size was not statistically significantly associated with anaemia and malaria but 

was significantly associated with malnutrition (ɢ2 (2) = 65.12, P<0.0001), with children born 

with small birth size more likely to be poorly nourished compared with children born either 

average of large birth size. The child having taken vitamin A supplements and dewormed in 

the last six months before the survey was statistically significantly associated with the three 

outcomes. But the child taken iron supplements in the last six months before the survey was 

associated with malaria (ɢ2 (1) = 42.17, P<0.0001) and malnutrition (ɢ2 (1) = 98.70, P<0.0001). 

Those who took iron supplements were less likely to be malaria positive or poorly nourished 

but was not associated with anaemia (ɢ2 (1) = 2.86, P = 0.1861). Similarly, the difference in 

fever and diarrheal statuses in the last two weeks before the survey was statistically 

significantly associated with the three outcomes. Having cough in the last two weeks before 

the survey was found to be significantly associated with anaemia (ɢ2 (1) = 16.10, P = 0.0009), 

with having reported having cough more likely to be anaemic compared with children who did 
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not have cough, but not significantly associated with malaria (ɢ2 (1) = 0.25, P = 0.6851) and 

malnutrition (ɢ2 (1) = 2.78, P = 0.1451). 

5.5.2 Associations of parental-related characteristics 

Moreover, Table 5.7 shows that the variations in some numbers of maternal characteristics 

were simultaneously statistically associated with the three outcome variables. Differences in 

maternal age group, currently working status, age group at first birth, highest educational status, 

maternal autonomy level, ante-natal care visit during the childôs pregnancy, maternal religious 

status, maternal ethnicity, maternal anaemia status, body weight status, and paternal education 

status were statistically significantly associated with the three outcomes. However, the results 

show that mother currently residing with a partner is not significantly associated with anaemia 

(ɢ2 (1) = 1.20, P = 0.3892), but significantly associated with malaria (ɢ2 (1) = 7.43, P = 0.0291) 

and malnutrition (ɢ2 (1) = 31.36, P<0.0001), with children of mothers currently living with 

partners more likely to be malaria positive and poorly nourished when compared with children 

whose mothers stay elsewhere. Also, paternal work status was not statistically associated with 

the three outcomes of interest.  

5.5.3 Associations of household-related characteristics 

Differences in household wealth indices were found to be statistically associated with anaemia 

(ɢ2 (4) = 391.21, P<0.0001), malaria (ɢ2 (4) =1240.51, P<0.0001), and malnutrition (ɢ2 (4) = 

994.65, P<0.0001), such that, the richer the households, the less likely the children will cohabit 

with either of the three diseases. (See Table 5.8). All household-related characteristics 

considered in this study were significantly associated with the malnutrition status of the 

children aged 6-59 months in Nigeria, except the household head age group (ɢ2 (3) = 10.72, P 

= 0.0980). Similarly, only variations in shared toilet facilities (ɢ2 (1) = 8.36, P = 0.0691), and 

younger childôs stool disposal status (ɢ2 (1) = 0.10, P = 0.8208), were not statistically 

significantly associated with malaria status of children aged 6-59 months in Nigeria. However, 

variations in age group of household head (ɢ2 (3) = 3.48, P = 0.5367), number of bedrooms in 

the household (ɢ2 (4) = 1.28, P = 0.9405), sex of household head (ɢ2 (1) = 0.79, P = 0.4591), 

household shared toilet facilities (ɢ2 (1) = 0.11, P = 0.8216), younger childôs stool disposal 

status (ɢ2 (1) = 0.02, P = 0.9240), were also reported as not statistically associated with anaemia 

status of children aged 6-59 months in Nigeria. However, children from households that use 

electricity & gas as source of cooking fuel were significantly less likely to either be anaemic, 

(ɢ2 (1) = 205.47, P<0.0001), or malaria positive (ɢ2 (1) = 384.85, P<0.0001) or poorly 

nourished (ɢ2 (1) = 309.69, P<0.0001) when compared with children from the households that 
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use biofuel for cooking. Similarly, but unexpectedly, children residing in households having 

mosquito bed net for sleeping where significantly more likely to be anaemic, (ɢ2 (1) = 18.22, 

P = 0.0015), malaria positive, (ɢ2 (1) = 65.71, P<0.0001), and poorly nourished (ɢ2 (1) = 110.68, 

P<0.0001), when compared with their counterparts living in households without mosquito bed 

net 

5.5.4 Associations of community-related characteristics 

All the community-related variables considered in this study, community wealth status, the 

proportion of community distance to a health facility is no big problem, the proportion of 

community maternal education level and proportion of community household with no bed net 

were statistically significantly associated with the outcomes, anaemia, malaria, and 

malnutrition (Results shown in Table 5.9) 

5.5.5 Associations of state-related characteristics 

Similarly, in Table 5.10, the variations in all the states-related variables were statistically 

significantly associated with the three outcomes of interest. For instance, multidimensional 

poverty index (MPI) was significantly associated with anaemia, showing that the less deprived 

in MPI, the less likely the children from such state will be anaemic, (ɢ2 (4) = 96.03, P<0.0001), 

while, for malaria, children from above averagely deprived states were more likely to be 

malaria positive compared to other statuses (ɢ2 (4) = 364.70, P<0.0001), and for malnutrition, 

children living in a state that is highly deprived multidimensionally in poverty, the more likely 

they are poorly nourished when compared to other children from other states (ɢ2 (4) = 1213.44, 

P<0.0001). Also, the gender inequality index was statistically significantly associated with 

anaemia among children aged 6-59 months in Nigeria at 5% significance but was not at a 1% 

significance level. 

5.6 The Chapter Summary 

With the presentation of a sample description of the variables utilised in the study, the first 

level of the study of the quantitative methods attempted to address research questions 1 through 

4. It detailed the fundamental traits for each variable considered in the study. This objective 

was effectively achieved with the secondary analysis of two integrated data (2018 NDHS & 

NHDR). The analysis includes a thorough investigation of the independent associations 

between the baseline traits classified into child-, parental-, household-, community-, and area-

related factors with each of the outcomes (anaemia, malaria, and malnutrition) 
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Chapter 6 Quantitative analysis 2 
6.0 Introduction 

This chapter answers question five using multilevel logistic analysis of predictors of the three 

outcome variables of anaemia, malaria, and malnutrition separately. Following an extensive 

array of characteristics associated with the likelihood of children 6-59 months in Nigeria 

contracting any of the three outcome variables, the chapter's opening section discussed the 

multicollinearity problem and how to solve it. The findings of the multilevel analyses of 

anaemia, malaria, and malnutrition among children aged 6-59 months in Nigeria are presented 

in the second half. 

Question 5 

What are the independent effects of individual and contextual risk factors on the 

outcomes of anaemia, malaria, and malnutrition among children 6-59 months of age in 

Nigeria? 

6.1 Analysis of predictors of the outcome variables 

The last section performed a bivariate analysis of associations between the various 

characteristics and outcome variables. As much as bivariate analysis is essential to establish 

the associations or relationships between two variables, it has some pitfalls. Firstly, it only 

considered the association between an independent variable with a dependent variable of 

interest without accounting for other critical confounding variables (Kawo, Asfaw and 

Yohannes, 2018; DJS Research, 2022). Secondly, the chi-square test conducted can be 

sensitive to sample size. This study involved a large sample with small categories which might 

portray seemingly trivial relations to look statistically significant (Department of Sociology, 

2022). Thirdly, the established associations neither connote causal nor predictor effects or the 

strength of these predictions (Department of Sociology, 2022). To take care of the drawbacks 

of chi square's bivariate analysis mentioned above and to answer question 5, this chapter 

presents the results of the multilevel logistic regression analysis of the individual and 

contextual determinants of each of the three outcome variables, anaemia, malaria, and 

malnutrition among children aged 6-59 months in Nigeria. The first part of the chapter 

considered checking for multicollinearity problem and resolving it. The second part presents 

the results of a multilevel analysis of anaemia, followed by a multilevel analysis of malaria, 

and then the analysis of malnutrition among children aged 6-59 months in Nigeria. 

6.2 Multicollinearity check 

A pre-estimation procedure was performed to check for the existence of multicollinearity 

among the predictors that were extracted from the bivariate analysis. Since the analysis of the 
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predictors of the three outcome variables was carried out independently using the logistic 

regression method, the multicollinearity check using 'collin' command in STATA was done 

once for all the predictor variables. Variables whose variance inflation factor (VIF) was greater 

than five were considered a potential multicollinearity problem. Three variables (household 

had mosquito net (VIF=11.65), under-five slept under a mosquito net (VIF=6.55), and 

household wealth quintile (VIF=6.55)) had VIF greater than 5 out of 58 variables considered 

for multicollinearity checks with mean VIF=2.20. However, nine variables (source of drinking 

water, type of toilet facility, type of cooking fuel used in the household, household had 

television, main floor materials, main roofing materials, main wall materials, shared toilet 

facility, and disposal of youngest child's stool), which were part of the indicators for the 

derivation of household wealth index, and 'household had mosquito net'(which has a strong 

inverse correlation with 'children under-5 years slept under bed net the night before the survey'), 

making up ten variables that were dropped for analysis. The mean VIF for the 48 variables 

retained was 1.85. (See table in appendix A.1) 

6.2.1 Resolving additional collinearity problem 

Furthermore, it was observed that during the analysis, the estimate for a category in the 

'preceding birth interval' (60 months and above) was always omitted for the collinearity 

problem. Several diagnostic checks were carried out to detect where the problem was. From 

the original data set, the preceding birth intervals only captured data ranging from 8 to 236 

months, with 19.4% (2,036/10451), children missing (invariably, this was suspected to be the 

children who were first born or the only child in the household and would not be included in 

the preceding birth interval), subsequently, these children will be removed from the overall 

analysis (via listwise deletion in STATA). Further checks on the data set, it was found that 

among the birth order variable (ranging from 1 to 16), children who are in the first order were 

2,015 (invariably, these one will be missing among the preceding birth interval since they do 

not have any birth before them), so the analysis incorporated these set of children into the 

preceding birth interval variable and classified them as 'none'. Therefore, the birth order 

variable was dropped from the analysis to resolve the collinearity problem. 

6.3 Multilevel analysis of anaemia 

The first part of this analysis is titled: Individual, household, and area predictors of anaemia 

among children aged 6ï59 months in Nigeria. Public Health in Practice 3 2022, 100229, 

available online on: https://www.sciencedirect.com/science/article/pii/S2666535222000052 

was published in January 2022, and a copy of the publication is attached herein appendix C.5. 

https://www.sciencedirect.com/science/article/pii/S2666535222000052
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The publication used a single-level multiple logistic regression analysis to determine the risk 

factors of anaemia among children aged 6-59 months in Nigeria. The paper presented the 

results of both the adjusted odds ratios and predicted probabilities but reported and discussed 

in detail the results from the adjusted predicted probabilities of being anaemic among children 

aged 6-59 months in Nigeria at each mean of the predictor's category holding other variables 

constant at their means. However, this current study considered the hierarchical nature of the 

data set and applied a multilevel mixed-effect logistic regression to determine the risk factors 

associated with being anaemic among children 6-59 months of age in Nigeria. 

6.3.1 Variables selection 

The study applied the forward and backward stepwise selection methods at p>0.20 and p<0.2, 

respectively, and combined the outcomes of both forward and backward stepwise methods. In 

addition, Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) post-

estimation from the logistic analyses of the chosen variables were used to assess the goodness 

of fit from these three methods. 

Table 6 1 Evaluation of goodness of fit for variables selection methods in anaemia 

Goodness of fit Backward stepwise Forward stepwise Backward + forward 

AIC 8548.46 8478.6 8483 

BIC 9015.22 8938.8 8957 

The variables selected using the forward stepwise selection method yielded the least of both 

AICs and BICs. A total of 25 variables includes, child's sex, age, preceding birth order, the 

child took iron pills/syrup, duration of breastfeeding, deworming, malaria status, nutritional 

status, fever, and the child's place of delivery. Others are maternal highest education level, 

mother currently residing with a partner, maternal religious status, body mass index, anaemia 

status, and paternal highest educational level. Also included were household socioeconomic 

status (wealth quintile index), under-five slept under the bed net the night before the survey, 

number of under-5 years in the household, number of bedrooms in the household, sex of 

household head, household size, the state human development index, the state gender inequality 

index, and household region of residence. These variables were grouped into child-, parental-, 

household-, and state-related variables. Unfortunately, none of the community-related 

variables was among the selected factors for further analysis. 

6.3.2 Model Set-up 

Given the complex/hierarchical nature of the data sets, such that children/parental/household 

in individual units at Level-1 (since children from the same parent and household tend to be 

more similar than children from other households because they share the same characteristics) 
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(Obasohan et al., 2021b), are nested in communities/clusters at Level-2 and nested in states at 

Level-3, multiple multilevel mixed-effects logistic regression models were fitted to determine 

the predictors of anaemia status among 6ï59 months of age in Nigeria. Also, a likelihood ratio 

test was carried out to establish that the three-level model was more appropriate than the two-

level model (the likelihood-ratio test is LR ɢ2 = 99.38, p < 0.001 for Level-2 nested in Level-

3). 

6.3.3 Model Building 

The study built five multilevel logistic models. Model 1 is a null model (or empty model), with 

no predictors. The essence is to measure the variations across the communities and the states. 

Model 2 included only child-related variables; Model 3, had model 2 adjusted for/parental-

related variables, while Model 4 contained level-1 factors only (i.e., household-related 

variables were added to Model 3; Model 5 (full model) was derived for all the selected variables 

including the area-related variables (level-3 variables). The goodness of fit was determined 

using log-likelihood (LLH), Akaike's information criteria (AIC) and Bayesian information 

criteria (BIC), such that the model with the highest LLH and lowest AIC and/or BIC was 

chosen as the best fit (Obasohan et al., 2021b). 

6.3.3.1 Multilevel model results 

This section describes the results from the analysis using multilevel mixed-effects logistic 

regression. A weighted number of 7896 children had complete information for the included 

variables and were analysed. There were 1361 communities (level 2) with an average of 6 

persons per community, nested in 37 states with the number of children per state ranging 

between 95 and 373 and an average of 214 children. 

A Measure of Variation (Random Effects) 

Model 1 is an empty model with no predictors and shows that the random effect of the 

proportions of the total variations due to differences in the communities and the states were, 

respectively, 0.494 and 0.157, while the variance due to individual level is 3.29 (ˊ2/3), which 

is fixed for logit. Therefore, the variations in the prevalence of anaemia status due to the three-

level factors were assessed through an intrastate correlation coefficient of 0.0398 (95% CI: 

0.023ï0.069) and intracommunity correlation coefficient of 0.1652 (95% CI: 0.134ï0.202), 

indicating that 3.98% and 16.52% of the total variation in the odds of being anaemic among 

children 6-59 months in Nigeria were respectively due to state and community levels.  
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Table 6 2 Multilevel multivariate models of predictors of anaemia with adjusted odds ratios (AOR) among children aged 6ï

59 months in Nigeria

 
(Model 5) N=7896 

Variables AOR P-value (95%CI) 
    

Child's sex 
   

Male 1 
  

Female 0.83 0.001 (0.748-0.932) 

Child's age in group 
   

6-11 months 1 
  

12-23 months 0.91 0.377 (0.729-1.127) 

24-35 months 0.52 <0.0001 (0.39-0.683) 

36-47 months 0.41 <0.0001 (0.311-0.546) 

48-59 months 0.30 <0.0001 (0.227-0.402) 

Preceding birth interval 
   

None 1 
  

8-24 months 1.31 0.004 (1.089-1.587) 

Duration of breastfeeding 
   

Ever breastfed, not 
currently breastfeeding 

1 
  

Never breastfed 0.82 0.367 (0.531-1.264) 

Still breastfeeding 1.36 0.006 (1.093-1.68) 

Malaria status 
   

Negative 1 
  

Positive 3.7 <0.0001 (3.218-4.251) 

Nutritional status 
   

Well-nourished 1 
  

Poorly nourished 1.31 <0.0001 (1.159-1.484) 

Child had Fever in last 2 
weeks before the survey 

   

No 1 
  

Yes 1.26 0.001 (1.102-1.45) 

Maternal/caregiver 
highest educational level 

   

No education 1 
  

Higher 0.73 0.028 (0.547-0.966) 

Mother's religious status 
   

Catholic 1 
  

Islam 1.47 0.005 (1.124-1.915) 

Mother's Anaemia status 
   

Not Anaemic 1 
  

Anaemic 1.74 <0.0001 (1.552-1.949) 

Household wealth index 
   

Poorest 1 
  

Poorer 0.94 0.58 (0.765-1.161) 

Middle 0.75 0.009 (0.599-0.928) 

Richer 0.68 0.002 (0.538-0.867) 

Richest 0.63 0.001 (0.48-0.833) 

Children under 5 slept 
under mosquito bed net 
last night 

   

No child 1 
  

No net in household 0.83 0.047 (0.685-0.998) 

Region of residence 
   

North-central 1 
  

South-east 1.96 0.004 (1.236-3.104) 

South-south 2.46 <0.0001 (1.544-3.926) 

Intercept 2.06 0.068 (0.947-4.484) 

Random effect 
   

Community-level variance 0.2042 
 

(0.124-0.337) 

State-level variance 0.0717 
 

(0.036-0.142) 

VPC: community-level 
   

VPC: state-level 
   

ICC: community-level 0.077 
 

(0.053-0.112) 

ICC: state-level 0.02 
 

(0.010-0.039) 

MOR: community 
   

MOR: state 1.291 
 

(1.198-1.432) 

AOR: adjusted odds ratios, ICC: intraclass correlation coefficient, VPC: variance partition coefficient, MOR: Median odds ratios, AIC: 

Akaike information criterion (given a set of candidate models for the data, the preferred model is the one with the minimum AIC value), 

BIC: Bayesian information criterion 

 

The variance partition coefficient (VPC) at the state level corresponds with the ICC at the state 

level (0.0398). However, the VPC at the community level is 0.1254, signifying that 12.54% of 

the total variance is collectively attributed to both the state and community levels.  

The performance of the models for the goodness of fit was achieved using the most negligible 

value of AIC and the highest LLH. Model 5 contains all the variables in the analysis, with the 
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smallest AIC = 8478.3 and LLH = -4173.3. From the choice model (Model 5) in Table 6.2 (the 

results for all the models are displayed in Appendix A.2). The ICC at the community level has 

dropped from 0.117 in the null model to 0.077 (95% CI: 0.053-0.112), meaning the correlation 

between two children/individuals (unit of analysis) within the same community and the same 

state is 0.077, and the ICC at state-level dropped from 0.042 to 0.020 (95% CI: 0.020ï0.039), 

and both had remained significant.  

Similarly, in model 5, the median odds ratio (MOR) computed for states was 1.291, indicating 

the mean difference of the risk of being anaemic for two children with the same level-1 

characteristics and picked randomly from two states. In more practical terms, it means there is 

a 30% increased risk of a child being anaemic if he/she moves from one state to another with 

an increased risk of anaemia. Also, MOR=1.54 at the community level signifies there is a 54% 

increased risk of a child being anaemic if he/she moves to another community with a higher 

risk of anaemia. 

Measures of Association (Fixed Effects) 

Table 6.2 also includes the results of the adjusted odds ratios (AOR) for each of the variables 

considered in the analysis after adjusting for other variables in the model. Model 5 (the choice 

model with the least AIC) represents the model fitting all the variables selected for analysis: 

child's sex, age is older than two years, preceding birth interval is between 8-24 months, the 

child is still breastfeeding, malaria and malnutrition statuses, had fever two weeks before the 

survey, mother/caregiver had higher education, she is a Muslim, the mother is anaemic, 

household wealth is middle and above, no net in the household and the regions of residence is 

south-east and South-south, were statistically significant predictors of anaemia status among 

children 6ï59 months of age in Nigeria. The child's iron supplement, deworming statuses, place 

of child's delivery, mother residing with a partner, mother's body weight status, partner's 

education level, number of under-five years in the household, the number of bedrooms, and 

people in the household, sex of household head, human development index, and gender 

inequality index were not statistically significant predictors of anaemia among children aged 

6-59 months in Nigeria. 

Furthermore, the odds of a child whose mother has a higher education (AOR=0.73, 95%CI 

0.547-0.966) is less likely to be anaemic compared with a child of a mother without any formal 

education. The results further reveal that as the household wealth quintile increases, the odds 

of children from such households decrease significantly compared to children from the poorest 

household when other variables are constant. 
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With respect to a variable ónumber of children under-five years who slept under bed netsô, 

implies that children from households without mosquito bed nets have 0.17 reduced odds of 

being anaemic compared with children from households without under-five years of slept under 

a mosquito bed net. The odds of children aged 6-59 months from South-south geopolitical 

zones of Nigeria are 2.46 times more likely to be anaemic compared with children from North-

central geopolitical zones. 

6.4 Multilevel analysis of malaria status 

A part of the study titled: Individual and contextual factors associated with malaria among 

children 6ï59 months in Nigeria: A multilevel mixed-effect logistic model approach. Int. J. 

Environ. Res. Public Health 2021, 18, 11234. https://doi.org/10.3390/ijerph182111234 was 

published in October 2021. The full text of the publication has been attached herein the 

Appendix C.4 

This current analysis was performed on the same data but with reclassifications of maternal 

education and household wealth index and addition variable (state gender inequality index) in 

line with other outcome variables and applied the same multilevel multivariate mixed effects 

logistic regression analysis. 

6.4.1 Multivariable Multilevel Models of Predictors of Malaria Fever Status 

In the first instance, all the variables that serve as proxies for nutritional status and household 

wealth were excluded from the multilevel analysis. Furthermore, a multicollinearity test (See 

section 6.2) checks for highly correlated predictors. It also used a forward stepwise variable 

selection procedure by entering all variables statistically associated with the malaria status of 

children 6ï59 months of age in Nigeria at a 5% significance level, and removal was by p > 

0.20. Because of this, 26 variables (child's sex and age, birth size, duration of breastfeeding, 

anaemia status, nutritional status, fever status, deworming, maternal education status, paternal 

education and work status, maternal religion, ethnicity, anaemia status, household wealth, 

household head age group, under-five slept under a bed net, number of bedrooms, low cluster 

wealth level, cluster distance to a health facility is no big problem, state multidimensional 

poverty index, state human development index, state gender inequality index, region of 

residence, and place of residence), were finally retained for the multilevel model building. 

6.4.2 Multilevel Model Results 

A Measure of Variation (Random Effects) 

Model 1 is the null model (no predictors) with the fixed effect showing that the proportions 

https://doi.org/10.3390/ijerph182111234
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of the total variations due to differences in the communities and the states were 1.305 and 0.614, 

while the variance due to individual level is 3.29 (ˊ2/3), which is fixed for logit. Therefore, the 

variations in the prevalence of malaria status due to the three-level factors were assessed 

through an intrastate correlation coefficient of 0.1188 (95% CI: 0.73ï0.184) and 

intracommunity correlation coefficient of 0.368 (95% CI: 0.32ï0.42), indicating that 11.9% 

and 36.8% of the total variation in the odds of malaria positive were respectively due to state 

and community levels. The variance partition coefficient (VPC) at the state level corresponds 

with the ICC at the state level. However, the VPC at the community level is 0.025, meaning 

that 2.5% of the total variance is collectively attributed to both the state and community levels. 

However, from the chosen model (Model 6) in Table 6.3, the ICC at the community level has 

dropped from 36.8% in the null model to 18% (95% CI:14ï22%), meaning the correlation 

between two children/individuals (unit of analysis) within the same community and the same 

state is 0.21, and the ICC at state-level dropped from 11.88% to 2.6% (95% CI: 1.3ï5.2%), 

both had remained significant. The performance of models was established using AIC and 

likelihood ratio. Improvements in model fit was achieved at Model 6 (full model), with AIC = 

8058, BIC= 8594, and log-likelihood = ī3952. 

Measures of Association (Fixed Effects) 

Table 6.3 shows the results of the adjusted odds ratios (AOR) for each of the variables 

considered in the analysis after adjusting for the rest variables. Model 2 represents the model 

fitting with child-related variables only: age, sex, birth size, prebirth intervals, the child's 

duration of breastfeeding, fever two weeks before the survey, dewormed in the last six months 

before the survey, the anaemic status of the child, and nutrition status. The child's age, the 

childôs duration of breastfeeding, the child is dewormed, the child is anaemic and has a fever 

were statistically significant risk factors of being malaria positive. Also, maternal education, 

ethnicity, maternal is anaemic, is obese, household wealth, the age of household head, the 

number of children under-five years in the household, the sex of household head, the proportion 

of community distance to a health facility is no big problem is high, living in a state that is 

above averagely deprived MDPI, high HDI, states with low gender inequality index, living in 

north-east zone of Nigeria, and place of residence were statistically significant predictors of 

malaria status among children 6ï59 months of age in Nigeria. The child's sex, birth size, 

preceding birth intervals, nutritional status, maternal age group, age at first birth, paternal work 

status, and education status, the number of under-five years who slept under a bed net the night 

before the survey, and the number of bedrooms and number of people in the household were 
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not statistically significant predictors. However, after including all the predictor variables 

(Model 6), the significant status of the child-specific factors (model 2) remains.  

Table 6 3 Multilevel multivariate logistic models of predictors of malaria with adjusted odds ratios (AOR) among children 

6-59 months in Nigeria 

 
Model 6 (N=7808) 

(Level 1, 2, 3 variables) 

Individual variables AOR p-value 95% CI 

Child's sex 
   

Male 1 
  

Female 0.93 0.252 (0.83-1.05) 

Child's age in group 
   

6-11 months 1 
  

12-23 months 1.31 0.015 (1.05-1.62) 

24-35 months 1.83 <0.001 (1.37-2.45) 

36-47 months 2.41 <0.001 (1.79-3.23) 

48-59 months 2.8 <0.001 (2.07-3.78) 

Child's birth size 
   

Large 1 
  

Average 0.93 0.521 (0.76-1.15) 

Small 0.97 0.832 (0.75-1.27) 

Preceding birth interval 
   

None 1 
  

8-24 months 0.95 0.636 (0.76-1.18) 

25-35 months 0.98 0.828 (0.79-1.21) 

36-59 months 0.97 0.796 (0.77-1.22) 

60+ months 0.89 0.45 (0.66-1.2) 

Duration of breastfeeding 
   

Ever breastfed, not currently 

breastfeeding 

1 
  

Never breastfed 1.44 0.144 (0.88-2.34) 

Still breastfeeding 0.63 <0.001 (0.5-0.79) 

Child took deworming drug 

in last 6months 

   

No 1 
  

Yes 0.76 0.001 (0.64-0.89) 

Malnutrition status 
   

Well-nourished 1 
  

Poorly nourished 1.05 0.443 (0.92-1.2) 

Anaemia status 
   

Not anaemic 1 
  

Anaemic 3.83 <0.001 (3.3-4.44) 

Child had Fever in last 2 

weeks before the survey 

   

No 1 
  

Yes 2.03 <0.001 (1.77-2.33) 

Maternal age group in 10 
years 

   

15-24 years 1 
  

25-34 years 1.02 0.812 (0.85-1.24) 

35 years+ 1.21 0.117 (0.95-1.54) 

Age of mother at first birth  
   

10-24 years 1 
  

25-36 years 0.87 0.226 (0.7-1.09) 

37-49 years 0.45 0.206 (0.13-1.54) 

Maternal/caregiver highest 

educational level 

   

No education 1 
  

Primary 0.85 0.127 (0.69-1.05) 

Secondary 0.74 0.008 (0.6-0.93) 

Higher 0.45 <0.001 (0.31-0.66) 

Maternal ethnicity 
   

Hausa/Fulani/Kanuri/Seribiri 1 
  

Ibo 1 0.998 (0.59-1.69) 

Yoruba 1.68 0.016 (1.1-2.57) 

Others 1.31 0.032 (1.02-1.67) 

Mother's Anaemia status 
   

Not Anaemic 1 
  

Anaemic 1.23 0.001 (1.09-1.4) 

Maternal body mass index 
   

Normal 1 
  

Underweight 0.89 0.251 (0.73-1.08) 

Overweight 0.86 0.105 (0.72-1.03) 

Obese 0.72 0.011 (0.55-0.93) 

Paternal Work Status 
   

No 1 
  

Yes 1.3 0.164 (0.9-1.9) 

Partner education status 
   

No education 1 
  

Primary education 0.95 0.622 (0.76-1.17) 

Secondary education 0.83 0.078 (0.68-1.02) 

Tertiary education 0.87 0.298 (0.66-1.13) 

Household wealth index 
   

Poorest 1 
  

Poorer 0.9 0.325 (0.74-1.11) 

Middle 0.69 0.002 (0.55-0.87) 

Richer 0.6 <0.001 (0.46-0.78) 

Richest 0.26 <0.001 (0.18-0.36) 

Household Head age group 
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Less 34 years 1 
  

35-44 years 0.83 0.03 (0.7-0.98) 

45-55 years 0.9 0.312 (0.72-1.11) 

56 years+ 1.04 0.771 (0.81-1.32) 

Children under 5 slept under 

mosquito bed net last night 

   

No child 1 
  

All children 0.89 0.237 (0.72-1.08) 

Some children 1.17 0.231 (0.9-1.52) 

No net in household 0.98 0.85 (0.80, 1.21) 

Number of under-5 in household 
  

0-3 1 
  

4-6th 1.29 0.038 (1.01-1.64) 

7th+ 1.38 0.404 (0.64-2.97) 

Number of bedrooms in 

household 

   

One-room 1 
  

Two rooms 1.04 0.659 (0.88-1.23) 

Three rooms 1.08 0.458 (0.88-1.34) 

Four rooms 0.92 0.511 (0.71-1.19) 

Five+ rooms 0.78 0.109 (0.58-1.06) 

Sex of household head 
   

Male 1 
  

Female 0.78 0.024 (0.62-0.97) 

Number of people in 

household 

   

2-3 1 
  

04-6 1.01 0.949 (0.78-1.3) 

07-9 0.96 0.809 (0.72-1.3) 

10+ 1.03 0.852 (0.73-1.47) 

Proportion of community 

distance to health facility is 
no big problem 

   

Low 1 
  

High 0.78 0.006 (0.65-0.93) 

Multidimensional Poverty 
Index by State MPI 

   

Highly Deprived 1 
  

Above averagely deprived 2.08 0.011 (1.19-3.64) 

Averagely Deprived 1.25 0.569 (0.58-2.71) 

Mildly Deprived 1.18 0.689 (0.52-2.68) 

Lowest Deprived 0.94 0.897 (0.35-2.51) 

Human Development Index 

by State HDI 

   

Lowest HDI 1 
  

Low HDI 1.5 0.13 (0.89-2.53) 

Average HDI 1.81 0.076 (0.94-3.5) 

High HDI 2.66 0.016 (1.2-5.88) 

Highest HDI 1.47 0.402 (0.6-3.6) 

Gender Inequality Index by 

State GII 

   

Lowest GII 1 
  

Low GII 0.56 0.032 (0.33-0.95) 

Average GII 1.16 0.593 (0.67-2.02) 

High GII 1.34 0.242 (0.82-2.17) 

Highest GII 1.63 0.113 (0.89-2.99) 

Region of residence 
   

North-central 1 
  

North-east 0.44 0.015 (0.22-0.85) 

North-west 1.3 0.488 (0.62-2.74) 

South-east 1.32 0.457 (0.64-2.71) 

South-south 0.7 0.265 (0.38-1.31) 

South-west 1.55 0.208 (0.78-3.07) 

Type of place of residence 
   

Urban 1 
  

Rural 1.98 <0.001 (1.63-2.41) 

Intercept 0.04 <0.001 (0.01-0.14) 

Random effect    

Community-level variance 0.63  (0.48-0.81) 

State-level variance 0.10  (0.05-0.21) 

VPC: community-level 0.16   

VPC: state-level 0.02   

ICC: community-level 0.18  (0.15-0.22) 

ICC: state-level 0.03  (0.01-0.05) 

MOR: community 2.13  (1.94-2.42) 

MOR: state 1.35  (1.24-1.55) 

AOR: Adjusted Odds Ratios, ICC: Intraclass Correlation Coefficient, VPC: Variance Partition Coefficient, AIC: Akaike Information 

Criterion (Given a set of candidate models for the data, the preferred model is the one with the minimum AIC value) 

The odds of a child having malaria increased as the child's age increased. The odds of children 

between the age of 48ï59 months experiencing malaria fever were 2.8 times the odds of 

children 6ï11 months of age (AOR = 2.8, 95% CI: 2.07ï3.78). Children who were still 

breastfeeding (AOR = 0.63, 95% CI: 0.50ï0.79), and dewormed (AOR = 0.76, 95% CI: 0.64ï
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0.89), had 37% and 24% reduced odds of contracting malaria infection, respectively relative to 

their reference category.  

In addition, the higher the maternal educational attainment, the less likely the children will 

contract malaria fever. Children whose mothers (AOR = 0.45, 95% CI: 0.31ï0.66) had higher 

education has 55% reduced odds of being malaria fever positive. The wealthier the household, 

the less likely the child can be malaria positive. Children living in the wealthiest households 

have 74% reduced odds of contracting malaria parasites compared to children from the poorest 

households. Within the community-related variables, children from a community with a high 

proportion of mothers who said distance to the nearest health centre is "no big problem" had 

lower odds of malaria fever positive. The result from among the area-specific variables shows 

that children from the states that are 'above averagely deprived in multidimensional poverty 

index are significantly two folds more likely to have malaria when compared with children 

from the states with the highest deprived (AOR = 2.08, 95% CI: 1.19ï3.64). 

Similarly, children residing in states with high human development index were more than two 

and a half folds more likely to contract malaria fever when compared with children from the 

state with lowest human development index. Also, children living in North East geopolitical 

zones were less likely to have malaria fever when compared with children from the North 

central geopolitical zone. On the contrary, children from rural areas (AOR = 1.98, 95% CI: 

1.63ï2.41) were more likely to suffer from malaria infection than children from urban areas. 

6.5 Multilevel analysis of malnutrition status 

As part of the study, a paper titled: Spatial disparities in prevalence and socioeconomic 

predictors of malnutrition among children under-five years in Nigeria was presented at the 

Royal Statistical Society (RSS) international conference held in Aberdeen, United Kingdom, 

between 2-6 September 2022. The full text of the presentation has been attached herein, the 

Appendix D.1. The analysis for this presentation focused on children aged under-five years in 

Nigeria. In contrast, this thesis focused on the subset of children aged 6-59 months in Nigeria 

(see section 4.4.1.1 for the reasons). Therefore, the content of the multilevel multivariate mixed 

effect logistic analysis of predictors of malnutrition among children aged 6-59 months in 

Nigeria is presented in the following section. 

6.5.1 Multilevel Multivariate Models of Predictors of Malnutrition Status 

In the first instance, a multicollinearity test (See section 6.2) was conducted to check for highly 

correlated predictors. The study examined the variable selection using the backward and 

forward stepwise procedures by testing all 48 variables that scaled through the multicollinearity 
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checks. The removal was by p Ó 0.20 for backward, and entry was p < 0.20 for stepwise forward 

methods, also combined the outcomes of both forward and backward stepwise methods. 

Furthermore, check the goodness of fits (Table 6.4) from these three methods using AIC and 

BIC post-estimation from the logistic analyses of the variables selected for each stepwise 

method. Combining the backward and forward stepwise variables yielded the least AIC 

(9124.917). 

Table 6 4 Evaluation of goodness of fit for variables selection methods in malnutrition 

Goodness of fit  Backward stepwise Forward stepwise Backward + forward 

AIC 9262.6 9154.846 9124.917 

BIC 9729.8 9635.162 9639.811 

 

Given above, 31 potential variables (child's age, sex, birth size, preceding birth interval, child 

took iron syrup in the last six months before the survey, duration of breastfeeding, malaria 

status, anaemia status, cough status, diarrhoeal status, and child's place of delivery, mother 

lives with partner, maternal education status, maternal ethnic group, maternal religious status, 

paternal education status, maternal body weight status, maternal anaemia status, household 

wealth, household head age group, number of bedrooms, low cluster wealth level, cluster 

distance to a health facility is no big problem, low cluster maternal education level, low cluster 

household with bed net, state human development index, state gender inequality index, region 

of residence, and place of residence), were finally retained for the multilevel model building. 

6.5.2 Model Set-up 

Given the complex/hierarchical nature of the data sets, such that children/parental/household 

in individual units at Level-1 (since children from the same parent, and household tend to be 

more similar than children from other households because they share the same characteristics) 

(Obasohan et al., 2021b), are nested in communities/clusters at Level-2 and nested in states at 

Level-3, multiple multilevel logistic regression models were fitted to determine the predictors 

of malnutrition status among 6ï59 months of age in Nigeria. Furthermore, a likelihood ratio 

test was carried out to establish that the three-level model was more appropriate than the two-

level model (the likelihood-ratio test is LR ɢ2 = 448.73, p < 0.001 for Level-2 nested in Level-

3). 

6.5.3 Model Building 

The analysis built six multilevel logistic models. Model 1 is a null model (or empty model) 

with no predictors. The essence is to measure the variations across the communities and the 

states. Model 2 included only child-related variables; model 3 adjusted model 2 for parental-
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related covariates, while model 4 (level-1 factors only), model 2, was adjusted for both 

parental- and household-related variables. Model 5 contains level-1 and level-2 factors only; 

that is, community-related variables were added to Model 4; Model 6 (full model) was derived 

for all the selected variables, including the area-related variables (level-3 variables). Intra-class 

correlation coefficients (both the communities and the states), variance partition coefficients 

(both for the communities and states), and median odds ratios (MOR) were the post-estimation 

techniques used to evaluate the models. The goodness of fit was determined using Log-

likelihood (LLH), Akaike's information criteria (AIC) and Bayesian information criteria (BIC), 

such that the model with the highest LLH and  lowest AIC and/or BIC was chosen as the best 

fit (Obasohan et al., 2021b) 

6.5.3.1 Multilevel Model Results 

This section presents the results from the analysis using multilevel mixed-effects logistic 

regression. To consider appropriate balance in the number of cases while comparing the models 

for fit, a total of 7770 children with complete information for the included variables were 

analysed. These result into 1361 communities (level 2) with an average of 6 persons per 

community, nested in 37 states with the number of children having data for malnutrition per 

state ranging between 92 and 373 and on average of 210 children per state. 

A Measure of Variation (Random Effects) 

Model 1 is the null model (no predictors) with the random effect showing that the proportions 

 of the total variations due to differences in the communities and the states were, respectively, 

0.322 (95%CI: 0.234 to 0.443) and 0.595 (95%CI: 0.367 to 0.966), while the variance due to 

individual level is 3.29 (ˊ2/3), which is fixed for logit. Therefore, the variations in the 

prevalence of malnutrition status among children aged 6-59 months in Nigeria due to the three-

level factors were assessed through an intrastate correlation coefficient of 0.1415 (95% CI: 

0.092ï0.210) and intracommunity correlation coefficient of 0.218 (95% CI: 0.165ï0.281), 

indicating that 14.15% and 21.8% of the total variation in the odds of malnutrition were 

respectively due to state and community levels. Therefore, the variance partition coefficient 

(VPC) at the state level corresponds with the ICC at the state level. However, the VPC at the 

community level is 0.076, meaning that 7.6% of the total variance is collectively attributed to 

both the state and community levels.  

The performance of models was established using AIC and likelihood ratio. Improvements in 

model fit were achieved at Model 6 (full model), with AIC = 9118.5 and log-likelihood = 

ī4490.3. Therefore, this study interpreted the results of model 6. From this chosen model 
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(Model 6) in Table 6.5, the ICC at the community level in the null model has dropped from 

21.8% to 4.6% (95% CI:17ï25%), meaning the correlation between two children/individuals 

(unit of analysis) within the same community and the same state is 0.046, and the ICC at state-

level also dropped from 14.1% to 0.1% (95% CI: 0.1ï4.4%), both had remained significant.  

The variance partition coefficient (VPC) is the same as the ICC at the state level (0.002). 

Nevertheless, the VPC at the community level is 0.045, meaning that 4.5% of the total variance 

is collectively attributed to both the state and the community levels.  

Similarly, in model 6, the median odds ratio (MOR) computed for states was 1.077, signifying 

that there exist a mean difference of the risk of being poorly nourished for two children with 

the same level-1 characteristics and picked randomly from two states. It means there is a 7.7% 

increased risk of a child being poorly nourished if he/she moves from one state to another state 

of increased risk of poorly nourished. Additionally, there is a 46% increased risk of a child 

being poorly nourished if he/she moves to another community with a higher risk of being 

poorly nourished. 

Measures of Association (Fixed Effects) 

Table 6.5 presents the results of the adjusted odds ratios (AOR) for the variables used in the 

analysis after adjusting for the other variables in the model. Model 6 represented the model 

with the best fit and contained all the variables from the three levels (individual variables at 

level 1, community variables at level 2 and state/area variables at level 3). Variables at level-1 

are child's age, sex, birth size, preceding birth interval; the child took iron syrup in the last six 

months before the survey, anaemia status, the child had diarrhoea in the last two weeks before 

the survey, mother currently works, maternal education status, maternal ethnicity, paternal 

education status, maternal body weight status, household wealth, and several bedrooms in the 

household were statistically significant predictors of malnutrition among children 6-59 months 

of age in Nigeria. Among the community-related variables (level 2-related), cluster distance to 

a health facility is no big problem and was a statistically significant predictor of malnutrition. 

Gender inequality index and region of residence among the area variables were also significant 

predictors of malnutrition. On the other hand, the child who took iron syrup in the last six 

months before the survey, the child's duration of breast-feeding status, malaria RDT status, the 

child had cough two weeks before the survey, and place of delivery were not statistically 

significant predictors of malnutrition. Also, maternal religious status, maternal anaemia status, 

household head age group, number of people in the household, community wealth status, the 

proportion of community maternal education status, proportion of community households with 
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no net, and type of place of residence, were not statistically significant predictors of 

malnutrition among children aged 6-59 months in Nigeria. 

The odds of female children being poorly nourished (AOR=0.74, 95% CI 0.67-0.82) are 

significantly lower than their male counterparts. Also, the odds of children aged 24-35 months 

developing malnutrition were 2.22 times the odds of children 6ï11 months of age (AOR = 2.22, 

95% CI: 1.72ï2.86). The smaller the birth size of the children is, the more likely they will be 

poorly nourished. Children who were born with average birth size (AOR = 1.26, 95% CI: 1.05ï

1.51), and born with small birth size (AOR = 1.79, 95% CI: 1.45ï2.26), had 26% and 79% 

increased odds of contracting malnutrition when compared with children born with large birth 

size. Anaemic children (AOR = 1.33, 95% CI: 1.18ï1.51) and those who had diarrhoeal (AOR 

= 1.27, 95% CI: 1.08ï1.49) two weeks preceding the survey were more prone to being poorly 

nourished compared with children who do not have any of these conditions.  

Similarly, children of working-class mothers have increased odds (AOR = 1.14, 95% CI: 1.01ï

1.29) of being poorly nourished compared with children whose mothers do not work. The 

educational levels attained by mothers and fathers are inversely proportional to the odds of 

their children being poorly nourished. Children of mothers with secondary education (AOR = 

0.71, 95% CI: 0.58ï0.86), tertiary education (AOR = 0.51, 95% CI: 0.38ï0.70), and fathers 

with tertiary education (AOR = 0.78, 95% CI: 0.62ï0.98), were respectively, 29%, 49%, and 

22% reduced odds of being poorly nourished compared with children whose mothers and 

fathers do not have any formal education. The results also show that the richer the household, 

the less likely the children will be poorly nourished compared with their counterparts in the 

poorest household. Also, the odds of children residing in a 3-bedroom household (AOR = 1.23, 

95% CI: 1.02ï1.47) are 1.23 times more likely to be poorly nourished than children residing in 

a one-bedroom household. Furthermore, among the community-related variables, children 

from a community where the proportion of the community distance to the nearest health centre 

is not a big problem are high; there are 17% reduced odds of being poorly nourished compared 

with children from a community with a low proportion. Moreover, from the area-related 

variables, the odds of children from a state where the gender inequality index is low (AOR = 

1.45, 95% CI: 1.14ï1.85) is significantly 1.45 times more likely to be poorly nourished when 

compared with children from the state with lowest gender inequality index. The odds of 

children from the North-east (AOR = 2.27, 95% CI: 1.77ï2.94), and the North-west (AOR = 

3.11, 95% CI: 2.40ï4.14), are 127% and 211% significantly more likely to be poorly nourished 

respectively. 
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Table 6 5 Multilevel multivariate logistic models of predictors of malnutrition with adjusted odds ratios (AOR) among 

children 6-59 months in Nigeria 

 
Model 6 (N=7770): Level 1, 2, & 3 

variables (Model 5 + area-related) 

Variables AOR P-value 95%CI 

Child's sex 
   

Male 1 
  

Female 0.742 <0.0001 (0.669, 0.824) 

Child's age in group 
   

6-11 months 1 
  

12-23 months 1.664 <0.0001 (1.381, 2.005) 

24-35 months 2.219 <0.0001 (1.722, 2.858) 

36-47 months 1.791 <0.0001 (1.384, 2.318) 

48-59 months 1.276 0.068 (0.982, 1.659) 

Child's birth size 
   

Large 1 
  

Average 1.260 0.014 (1.049, 1.514) 

Small 1.790 <0.0001 (1.419, 2.26) 

Preceding birth interval 
   

None 1 
  

8-24 months 1.311 0.004 (1.091, 1.575) 

60+ months 0.757 0.024 (0.594, 0.964) 

Anaemia status 
   

Not anaemic 1 
  

Anaemic 1.332 <0.0001 (1.178, 1.506) 

Child had diarrheal in last 2 

weeks before the survey 

   

No 1 
  

Yes 1.267 0.004 (1.08, 1.488) 

Mother/Caregiver currently 

working 

   

No 1 
  

Yes 1.140 0.042 (1.005, 1.294) 

Maternal/caregiver highest 

educational level 

   

No education 1 
  

Secondary 0.709 0.001 (0.583, 0.863) 

Higher 0.513 <0.0001 (0.378, 0.696) 

Maternal ethnicity 
   

Hausa/Fulani/Kanuri/Seribiri 1 
  

Ibos 0.633 0.034 (0.415, 0.966) 

Mother's Anaemia status 
   

Not Anaemic 1 
  

Anaemic 1.096 0.100 (0.983, 1.223) 

Maternal body weight status 
   

Normal 1 
  

Underweight 1.266 0.008 (1.063, 1.506) 

Overweight 0.710 <0.0001 (0.611, 0.824) 

Obese 0.596 <0.0001 (0.481, 0.737) 

Partner education status 
   

No education 1 
  

Tertiary education 0.780 0.031 (0.623, 0.977) 

Household wealth index 
   

Poorest 1 
  

Richest 0.732 0.040 (0.543, 0.986) 

Number of bedrooms in 

household 

   

One-room 1 
  

Two rooms 1.191 0.020 (1.028, 1.38) 

Three rooms 1.227 0.026 (1.024, 1.469) 

Four rooms 1.336 0.011 (1.068, 1.673) 

Proportion of community 

distance to health facility is 

no big problem 

   

Low 1 
  

High 0.867 0.033 (0.761, 0.988) 

Proportion of community 
households with no bed net 

   

Low 1 
  

High 0.972 0.678 (0.848, 1.113) 

Gender inequality index by 
state (GII) 

   

Lowest GII 1 
  

Low GII 1.454 0.002 (1.144, 1.849) 

Region of residence 
   

North-central 1 
  

North-east 2.272 <0.0001 (1.773, 2.912) 

North-west 3.111 <0.0001 (2.339, 4.138) 

Intercept 0.316 <0.0001 (0.182, 0.547) 

Random effect 
   

Community-level variance 0.155 
 

(0.089, 0.270) 

State-level variance 0.006 
 

(0.000, 0.159) 

VPC: community-level 0.045 
  

VPC: state-level 0.002 
  

ICC: community-level 0.047 
  

ICC: state-level 0.002 
  

MOR: community 1.456 
 

1.329, 1.641 

MOR: state 1.077 
 

1.014, 1.463 
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AOR: Adjusted Odds Ratios, ICC: Intraclass Correlation Coefficient, VPC: Variance Partition Coefficient, 

AIC: Akaike Information Criterion (Given a set of candidate models for the data, the preferred model is the one 

with the minimum AIC value) 

6.6 The Chapter Summary 
 

The quantitative analyses presented in the Chapter were the second level of the statistical 

analysis that provided answers to research question 5. A one-time multicollinearity check was 

done and resolved for use in all the outcome variables. Besides, variable selections were carried 

out for each of the outcome variables. Sections 6.3 ï 6.5 presented multilevel analyses for 

anaemia, malaria, and malnutrition. The findings show that the predictors of each outcome of 

interest span across the child-, parental-, household-, community-, and area-related 

characteristics presenting the possibility of overlaps in the determinants of MAMM. At the 

third level of statistical analysis in this study, the following Chapter is set to establish if there 

are multiple overlaps in the determinants of MAMM. 
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Chapter 7 Quantitative analysis 3 

7.0 Introduction 

This section presents the results of the analysis of prevalence and associations of predictors of 

multimorbidity to answers question 6. It starts by using graphs to illustrate the prevalence of 

MAMM in section 7.1, followed by analysing associations of the predictors with 

multimorbidity in section 7.2. Next, the spatial prevalence of MAMM was given via the map 

descriptions across the states & FCT and regions of residence in Nigeria. Next, an analysis of 

the predictors of MAMM using the multilevel mixed effect ordinal logistic regression models 

were presented in section 7.4. Finally, the multiple imputation method given in section 7.5 was 

used to check the missing mechanism and the effects on the analysis results. 

Research question 6 

What are the prevalence and differences between groups in the individual and contextual 

characteristics concerning the number of occurrences of MAMM among children 6-59 

months in Nigeria? 

7.1 Prevalence of multimorbidity 

The interactions between the three diseases (anaemia, malaria, and malnutrition) were 

considered as the state of multimorbidity of common childhood diseases among children aged 

6-59 months in Nigeria. Multimorbidity of childhood diseases was assessed using the counts 

of the interactions between the three outcome variables. Figure 7.1, the composite of 3 diseases, 

shows the distribution of the three diseases' possible interactions and their counts. There were 

more children cohabiting with anaemia only, 22.5% (2293/10183), 95%CI (21.72-23.34), 

compared with malaria only, 3% (308/10183), 95%CI (2.71-3.38), and malnutrition only, 9% 

(897/10183), 8.27-9.38). There are 16.9% (1721/10183), 95%CI (16.19-17.65) and 17.4% 

(1767/10183), 95%CI (16.64-18.10), almost equally many children in the sample who cohabit 

with the three disorders and those who do not.  
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Figure 7 1 : Distribution of prevalence of composite of 3 diseases 

Figure 7.2 shows the prevalence of multimorbidity among children aged 6-59 months in 

Nigeria. 

 

Figure 7 2 Distribution of national prevalence of multimorbidity 

The statuses show that the percentage of children with none of the outcome diseases, 'no 

disease' was 17.4% (1767/10183), 95%CI (16.63-18.10), while 48.3% (4917/10183), 95%CI 

(47.32-49.26) had two or more of the disease outcomes (multimorbidity), and 34.4% 

(3498/10183), 95%CI (33.44-35.29) had morbidity status (only one of the diseases). More 

children aged 6-59 months in Nigeria cohabit with two or more diseases than with one 

morbidity. 
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(a) (b)  

Figure 7 3 Distribution of national percentage of MAMM children by (a) sex and (b) age 

The data reported in Fig. 7.3a reveals that MAMM varies by sex. Male children were more 

prone to an increased MAMM prevalence than female children. Also, the prevalence of 'no 

disease' increases almost proportionally as age increases. The prevalence of MAMM was 

highest among children aged 12-23 months (Fig 7.3b). 

Similarly, the highest percentage of children aged 6-59 months in Nigeria found sick of 

MAMM lived in the North-west geopolitical zones of Nigeria (18.7%), followed by children 

from the North-East geopolitical zone (9.2%). 

(a)   (b)  

Figure 7 4 Distribution of national percentage of MAMM children by (a) region (b) place of residence 

Also, in Fig 7.4b, the percentage of children in Nigeria cohabiting with two or more diseases 

of anaemia, malaria, and malnutrition from the rural area is more than two folds the number of 

those residing in an urban area. 
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(a)  

 

(b) 

Figure 7 5 : Percentage of MAMM children (a) by sex and place of residence (b) by wealth index and sex 
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Fig. 7.5 displays a three-dimensional distribution between MAMM, sex, and place of residence. 

Fig 7.5a shows that children are cohabiting with two or more diseases of anaemia, malaria, and 

malnutrition, with the highest percentage being males (37%) from rural areas. Furthermore, 

female children living in urban areas without any of the three diseases had the highest 

percentage (10.1%). On the other hand, the 'tabulation plot' in Fig 7.5b shows that the highest 

number of children (774) cohabiting with MAMM reside in the poorest household. 

7.2 Association of individual, contextual characteristics and multimorbidity status 

7.2.1 Child-related characteristics 

In consideration of MAMM, Table 7.1 presents the distributions and the associations of child-

related variables on the MAMM among children aged 6-59 months in Nigeria. There were 51.2% 

(5217/10184) of male children in the sample of multimorbidity. Therefore, the proportion of 

children with two or more diseases was higher for male children, 50.62% (2641/5217), 

compared to their female counterparts, 45.8% (2277/4967). There were more children in the 

12-23 months age group, 23.8% (2422/10184), and had the highest proportion of children with 

two or more diseases (multimorbidity), 51.4% (1245/2422). followed by children in the age 

band 24-35 months, 51.1% (1102/2160). In addition, children with an average birth size of 

78.7% (7914/10059) were more represented in the sample, such that the proportion of those 

with multimorbidity among the small birth size group, 55.1% (673/1222), was the highest, 

followed by those with average birth size 47.8% (3785/7914). Children with birth order 7th and 

above 63% (976/1549), have the highest proportion of MAMM. The preceding birth interval 

of 25-35 months had the highest number, 28.4% (2884/10164) in the sample, and the highest 

proportion, 52.9% (1525/2884), of children with multimorbidity in the sample. Similarly, 

children who did not take vitamin A supplements, 55.2% (2928/5309), iron supplements, 50.2% 

(4128/8224), or deworming, 53.9% (3899/7235) within the last six months before the survey 

were proportionally higher among the children cohabiting with two or more of the diseases 

compared with those who took the supplements 

Table 7 1 Distribution of child-related characteristics and their association with MAMM status 

  
Multimorbidity status  

Variables Total None of the 

diseases 

One disease only Two or more 

the diseases  
N (%) N (%) N (%) N (%) 

Child-related characteristics 

Childôs sex 
 

ɢ2 (2) = 25.03, p=0.0002 

Male 5217(51.23) 841(16.13) 1734(33.25) 2641(50.62) 

Female 4967(48.77) 926(18.64) 1764(35.52) 2277(45.84) 
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Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Child's age in group 
 

ɢ2 (8) = 205.55, p<0.0001 

6-11 months 1232(12.1) 165(13.35) 566(45.91) 502(40.74) 

12-23 months 2422(23.78) 289(11.95) 888(36.66) 1245(51.39) 

24-35 months 2160(21.21) 363(16.82) 694(32.13) 1102(51.05) 

36-47 months 2227(21.87) 452(20.32) 664(29.83) 1110(49.85) 

48-59 months 2143(21.04) 498(23.23) 687(32.06) 958(44.71) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Child's birth size 
 

ɢ2 (4) = 38.28, P<0.0001 
 

Large 923(9.18) 190(20.63) 343(37.13) 390(42.23) 

Average 7914(78.68) 1387(17.53) 2741(34.64) 3785(47.83) 

Small 1222(12.15) 177(14.52) 371(30.37) 673(55.11) 

Total 10059(100) 1755(17.45) 3455(34.35) 4849(48.2) 

Childbirth order  
 

ɢ2 (6) = 242.19, P<0.0001 
 

1st 1944(19.09) 449(23.09) 689(35.42) 807(41.49) 

2nd or 3rd 3483(34.2) 662(19.01) 1315(37.77) 1506(43.23) 

4-6th 3207(31.49) 492(15.35) 1086(33.86) 1629(50.78) 

7th+ 1549(15.21) 164(10.58) 409(26.38) 976(63.04) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Preceding birth interval 
 

ɢ2 (8) = 135.23, P<0.0001 
 

None 1944(19.13) 449(23.09) 689(35.42) 807(41.49) 

8-24 months 2191(21.55) 319(14.56) 736(33.58) 1136(51.87) 

25-35 months 2884(28.38) 435(15.07) 924(32.05) 1525(52.88) 

36-59 months 2351(23.13) 383(16.28) 827(35.16) 1141(48.55) 

60+ months 795(7.82) 177(22.23) 317(39.88) 301(37.89) 

Total 10164(100) 1762(17.33) 3492(34.36) 4910(48.31) 

Took Vitamin A supplements 
 

ɢ2 (2) = 212.37, P<0.0001 
 

No 5309(52.36) 757(14.26) 1624(30.59) 2928(55.15) 

Yes 4831(47.64) 1004(20.77) 1853(38.36) 1974(40.87) 

Total 10140(100) 1761(17.37) 3477(34.29) 4902(48.35) 

Took Iron supplements 
 

ɢ2 (2) = 67.80, P<0.0001 
 

No 8224(81.02) 1347(16.38) 2748(33.42) 4128(50.2) 

Yes 1927(18.98) 416(21.62) 737(38.25) 773(40.13) 

Total 10150(100) 1764(17.38) 3485(34.34) 4902(48.29) 

Duration of breastfeeding 
 

ɢ2 (4) = 119.28, P<0.0001 
 

Ever breastfed, not currently 

breastfeeding 

7440(73.06) 1474(19.82) 2448(32.9) 3518(47.29) 

Never breastfed 171(1.68) 19(11) 68(39.89) 84(49.11) 

Still breastfeeding 2572(25.26) 274(10.65) 983(38.22) 1315(51.13) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Child took deworming drug in last 6months ɢ2 (2) = 348.84, P<0.0001 
 

No 7235(71.41) 1033(14.28) 2302(31.82) 3899(53.89) 

Yes 2897(28.59) 729(25.16) 1173(40.5) 995(34.33) 

Total 10132(100) 1762(17.39) 3476(34.31) 4894(48.3) 

Child had Fever in last 2 weeks before the survey ɢ2 (2) = 281.15, P<0.0001 
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No 7485(73.52) 1473(19.68) 2764(36.93) 3248(43.39) 

Yes 2696(26.48) 294(10.9) 735(27.25) 1667(61.85) 

Total 10181(100) 1767(17.36) 3499(34.36) 4915(48.28) 

Child had cough in last 2 weeks before the survey ɢ2 (2) = 0.96, P=0.7103 
 

No 8524(83.71) 1488(17.45) 2939(34.48) 4097(48.07) 

Yes 1658(16.29) 280(16.85) 560(33.78) 819(49.36) 

Total 10182(100) 1767(17.36) 3499(34.36) 4916(48.28) 

Child had diarrheal in last 2 weeks before the 

survey 

ɢ2 (2) = 142.48, P<0.0001 

No 8831(86.74) 1638(18.55) 3126(35.39) 4067(46.06) 

Yes 1350(13.26) 129(9.56) 373(27.64) 848(62.8) 

Total 10181(100) 1767(17.36) 3499(34.37) 4915(48.28) 

Place of child's delivery 
 

ɢ2 (6) =794.52, P<0.0001 
 

Home 5348(52.51) 572(10.69) 1543(28.86) 3233(60.45) 

Public facility 2975(29.22) 672(22.58) 1163(39.08) 1141(38.34) 

Private facility 1660(16.3) 490(29.52) 701(42.25) 469(28.23) 

Elsewhere 200(1.97) 34(16.83) 91(45.59) 75(37.59) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

7.2.1 Parental-related characteristics 

Similarly, Table 7.2 describes the distribution and association of the parental-related 

characteristics, children of mothers aged 15-24 years, not currently working-class mothers, 

who had their first baby aged 10-24 years, had no education, and currently living with a partner 

were respectively having the highest proportion of 54.4% (1115/2049), 53.4% (1590/2978), 

51.8% (4446/8578), 67.7% (2687/3970), 49% (4343/8861), of being cohabiting with 

multimorbidity. The results also revealed that the proportion of children cohabiting with 

multimorbidity was higher among mothers who slept under a mosquito bed net the night before 

the survey when compared with those whose mothers did not. Also, the proportion of children 

whose mother with no ante-natal care record/visit during the pregnancy of the child, is a 

Muslim, of Hausa/Fulani/Kanuri/Seribiri ethnicity, did not take iron tablets during pregnancy 

of the child. She is anaemic, were consistently higher compared with other children in other 

groups/categories. 

Table 7 2 Distribution of parental-related characteristics and their association with MAMM status 

Parental-related characteristics 
   

Maternal age group in 10 years ɢ2 (4) = 62.21, P<0.0001 
 

15-24 years 2049(20.12) 247(12.06) 687(33.53) 1115(54.41) 

25-34 years 5261(51.66) 988(18.78) 1831(34.8) 2442(46.42) 

35 years+ 2874(28.22) 532(18.51) 981(34.14) 1361(47.35) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Mother/Caregiver currently working  ɢ2 (2) = 44.71, P<0.0001 
 

No 2978(29.24) 449(15.07) 939(31.55) 1590(53.38) 
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Yes 7206(70.76) 1318(18.3) 2559(35.52) 3328(46.19) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Age of mother at first birth  
 

ɢ2 (4) = 330.39, P<0.0001 
 

10-24 years 8578(84.23) 1294(15.08) 2838(33.09) 4446(51.83) 

25-36 years 1578(15.5) 463(29.32) 653(41.37) 463(29.31) 

37-49 years 27(0.27) 11(39.12) 8(28.3) 9(32.58) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Maternal/caregiver highest educational level ɢ2 (6) = 1417.75, P<0.0001 

No education 3970(38.98) 332(8.37) 951(23.95) 2687(67.68) 

Primary 1643(16.14) 221(13.45) 581(35.35) 841(51.2) 

Secondary 3597(35.32) 832(23.13) 1542(42.88) 1223(34) 

Higher 974(9.56) 382(39.23) 425(43.64) 167(17.13) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Mother is currently residing with husband/partner ɢ2 (2) = 20.09, P=0.0022 
 

Living with her partner 8861(91.05) 1479(16.69) 3039(34.3) 4343(49.02) 

Staying elsewhere 871(8.95) 195(22.41) 298(34.22) 378(43.37) 

Total 9732(100) 1674(17.2) 3337(34.29) 4721(48.51) 

Maternal autonomy level 
 

ɢ2 (2) = 358.15, P<0.0001 
 

Low autonomy 5070(49.78) 635(12.52) 1529(30.15) 2907(57.34) 

More autonomy 5114(50.21) 1133(22.15) 1970(38.53) 2011(39.32) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Maternal/caregiver slept under mosquito bed net ɢ2 (2) = 175.43, P<0.0001 

No 4670(45.85) 964(20.65) 1777(38.06) 1928(41.29) 

Yes 5514(54.14) 803(14.56) 1722(31.22) 2990(54.22) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Ante-Natal Care visits during pregnancy of the child ɢ2 (4) = 314.09, P<0.0001 
 

None 1342(21.06) 120(8.97) 333(24.81) 889(66.21) 

1-3 visits 954(14.96) 112(11.76) 289(30.31) 552(57.93) 

4 and above visits 4078(63.97) 775(19.01) 1656(40.62) 1646(40.37) 

Total 6374(99.99) 1008(15.81) 2278(35.75) 3088(48.44) 

Mother's religious status 
 

ɢ2 (6) = 595.20, P<0.0001 
 

Catholic 1027(10.09) 241(23.43) 442(43.03) 344(33.54) 

Other Christian 3438(33.76) 835(24.28) 1378(40.09) 1225(35.63) 

Islam 5654(55.52) 682(12.07) 1651(29.2) 3321(58.73) 

Traditionalist & others 64(0.63) 9(14.57) 28(42.81) 27(42.62) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Maternal ethnicity  
 

ɢ2 (6) = 737.24, P<0.0001 
 

Hausa/Fulani/Kanuri/Seribiri 4067(39.94) 407(10) 1070(26.3) 2591(63.69) 

Ibo 1650(16.2) 404(24.49) 710(43.04) 536(32.47) 

Yoruba 1488(14.62) 392(26.34) 562(37.73) 535(35.93) 

Others 2978(29.24) 564(18.94) 1157(38.86) 1256(42.19) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Mother took iron tablets during pregnancy ɢ2 (2) = 90.87, P<0.0001 
 

No 1778(27.49) 245(13.78) 508(28.54) 1026(57.68) 
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Yes 4690(72.51) 791(16.87) 1814(38.67) 2085(44.46) 

Total 6469(100) 1036(16.02) 2321(35.88) 3111(48.1) 

Mother's Anaemia status 
 

ɢ2 (2) = 269.34, P<0.0001 
 

Not Anaemic 4206(41.84) 997(23.7) 1534(36.47) 1675(39.83) 

Anaemic 5847(58.16) 761(13.02) 1930(33.01) 3156(53.97) 

Total 10053(100) 1758(17.49) 3464(34.46) 4831(48.06) 

Maternal body weight status 
 

ɢ2 (6) = 518.14, P<0.0001 
 

Normal 5311(60.82) 776(14.62) 1757(33.09) 2777(52.29) 

Underweight 885(10.13) 84(9.48) 233(26.35) 568(64.17) 

Overweight 1668(19.1) 429(25.72) 689(41.3) 550(32.98) 

Obese 869(9.95) 255(29.39) 405(46.62) 208(23.99) 

Total 8732(100) 1544(17.69) 3085(35.32) 4103(46.99) 

Paternal Work Status 
 

ɢ2 (2) = 6.04, P=0.2041 
 

No 304(2.98) 37(12.09) 112(36.88) 155(51.02) 

Yes 9880(97.01) 1731(17.52) 3387(34.28) 4763(48.21) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Partner education status 
 

ɢ2 (6) = 969.76, P<0.0001 
 

No education 2872(29.91) 231(8.04) 651(22.66) 1990(69.3) 

Primary education 1423(14.82) 183(12.84) 485(34.1) 755(53.06) 

Secondary education 3741(38.95) 775(20.72) 1514(40.47) 1452(38.81) 

Tertiary education 1566(16.31) 471(30.1) 651(41.55) 444(28.35) 

Total 9603(100) 1660(17.29) 3301(34.38) 4641(48.33) 

 

7.2.3 Household-related characteristics 

Table 7.3 shows that the proportion of children with two or more diseases decreases as the 

household wealth index increases. The highest proportion was children from the poorest 

households, 73.6% (1393/1893). Also, the proportion of children with multimorbidity from a 

household headed by middle-aged (35-44 years) is the lowest, 45.2% (1783/3946), compared 

to other households in the survey. Additionally, the proportion of children with multimorbidity 

from households without electricity, with unimproved drinking water, and unimproved toilet 

facilities, were respectively 63.2% (2715/4296), 62.6% (1927/3079), 61.4% (2828/4607) 

higher.  

Table 7 3 : Distribution of household-related characteristics and their association with MAMM status 

Household-related characteristics 
   

Household wealth index 
 

ɢ2 (8) = 1635.53, P<0.0001 

Poorest 1893(18.59) 109(5.73) 392(20.7) 1393(73.57) 

Poorer 1989(19.53) 166(8.33) 555(27.9) 1268(63.77) 

Middle 2139(21) 328(15.35) 753(35.19) 1058(49.46) 

Richer 2144(21.05) 445(20.75) 876(40.85) 823(38.4) 

Richest 2019(19.83) 720(35.66) 924(45.75) 376(18.6) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 
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Household Head age group 
 

ɢ2 (6) = 29.79, P=0.0040 
 

Less 34 years 2827(27.76) 469(16.6) 952(33.66) 1406(49.75) 

35-44 years 3946(38.75) 720(18.25) 1443(36.57) 1783(45.18) 

45-55 years 2091(20.54) 338(16.17) 699(33.43) 1054(50.4) 

56 years+ 1319(12.95) 240(18.17) 405(30.7) 674(51.12) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Children under 5 slept under mosquito bed net last 

night 

ɢ2 (6) = 176.44, P<0.0001 

No child 1316(13.02) 250(19) 451(34.24) 615(46.75) 

All children 4715(46.64) 744(15.78) 1549(32.86) 2422(51.37) 

Some children 996(9.85) 114(11.42) 269(26.97) 613(61.61) 

No net in household 3083(30.5) 635(20.6) 1211(39.27) 1238(40.13) 

Total 10110(100) 1743(17.24) 3479(34.41) 4888(48.35) 

Number of under-5 in household ɢ2 (4) = 131.82, P<0.0001 

0-3 9068(89.04) 1656(18.26) 3210(35.4) 4202(46.34) 

4-6th 1051(10.32) 104(9.88) 268(25.49) 679(64.63) 

7th+ 64(0.63) 8(11.98) 20(31.77) 36(56.24) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Number of bedrooms in household ɢ2 (8) = 56.35, P<0.0001 
 

One-room 2806(27.55) 563(20.07) 1042(37.14) 1201(42.79) 

Two rooms 3489(34.26) 593(16.98) 1187(34.03) 1709(48.99) 

Three rooms 2030(19.93) 334(16.44) 660(32.54) 1036(51.02) 

Four rooms 981(9.64) 143(14.62) 321(32.75) 517(52.63) 

Five+ rooms 877(8.61) 134(15.31) 287(32.79) 455(51.91) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Household had electricity 
 

ɢ2 (2) = 700.88, P<0.0001 
 

No 4296(42.68) 418(9.73) 1163(27.07) 2715(63.2) 

Yes 5770(57.32) 1328(23.02) 2289(39.67) 2153(37.31) 

Total 10065(100) 1746(17.35) 3452(34.29) 4867(48.36) 

Source of drinking water 
 

ɢ2 (2) = 391.35, P<0.0001 
 

Unimproved drinking water 3079(30.23) 300(9.74) 851(27.65) 1927(62.61) 

Improved drinking water 7105(69.77) 1468(20.65) 2647(37.26) 2990(42.08) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Type of toilet facility 
 

ɢ2 (2) = 616.17, P<0.0001 
 

Unimproved toilet factories 4607(45.24) 489(10.61) 1290(28.01) 2828(61.38) 

Improved toilet factories 5576(54.76) 1279(22.93) 2208(39.6) 2089(37.47) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Type of cooking fuel 
 

ɢ2 (2) = 655.49, P<0.0001 
 

Electricity & Gas 1210(11.88) 464(38.33) 535(44.26) 211(17.42) 

Biofuel 8971(88.12) 1304(14.53) 2962(33.02) 4705(52.45) 

Total 10181(100) 1767(17.36) 3497(34.35) 4916(48.29) 

Floor Materials 
 

ɢ2 (2) = 599.36, P<0.0001 
 

Unimproved floor materials 2878(28.26) 210(7.29) 746(25.92) 1922(66.79) 

Improved floor materials 7306(71.74) 1557(21.32) 2753(37.68) 2996(41) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 
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Roof Materials 
 

ɢ2 (2) = 184.38, P<0.0001 
 

Unimproved roof materials 1125(11.05) 101(8.99) 268(23.85) 756(67.17) 

Improved roof materials 9059(88.95) 1666(18.39) 3230(35.66) 4162(45.94) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Wall materials 
 

ɢ2 (2) = 800.39, P<0.0001 

Unimproved wall materials 3265(32.06) 255(7.81) 781(23.91) 2230(68.28) 

Improved wall materials 6918(67.93) 1512(21.86) 2718(39.29) 2688(38.85) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Sex of household head 
 

ɢ2 (2) = 20.61, P=0.0007 
 

Male 9096(89.32) 1528(16.8) 3124(34.34) 4444(48.85) 

Female 1087(10.67) 239(21.98) 375(34.46) 473(43.56) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Shared toilet facilities 
 

ɢ2 (2) = 11.81, P=0.0464 
 

No 4761(61.62) 878(18.43) 1615(33.93) 2268(47.63) 

Yes 2965(38.38) 586(19.75) 1089(36.74) 1290(43.51) 

Total 7726(100) 1463(18.94) 2705(35.01) 3558(46.05) 

Household has mosquito bed net for sleeping ɢ2 (2) = 125.96, P<0.0001 
 

No 3111(30.55) 647(20.8) 1221(39.25) 1243(39.95) 

Yes 7073(69.45) 1120(15.84) 2278(32.2) 3675(51.96) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Number of people in household ɢ2 (6) = 247.76, P<0.0001 
 

0-3 979(9.61) 195(19.95) 354(36.18) 429(43.86) 

4-6 4836(47.48) 985(20.37) 1802(37.27) 2048(42.36) 

7-9 2462(24.17) 372(15.1) 842(34.21) 1248(50.69) 

10+ 1907(18.73) 215(11.28) 500(26.22) 1192(62.5) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Youngest child's stool disposed Properly ɢ2 (2) = 10.87, P=0.0428 
 

No 3606(56.26) 535(14.83) 1266(35.11) 1805(50.06) 

Yes 2803(43.74) 461(16.45) 1055(37.62) 1287(45.93) 

Total 6409(100) 996(15.54) 2321(36.21) 3092(48.25) 

Frequency of watching television ɢ2 (4) = 1152.14, P<0.0001 

Not at all 5046(49.55) 462(9.15) 1349(26.73) 3236(64.12) 

Less than once a week 1984(19.48) 401(20.2) 807(40.65) 777(39.15) 

At least once a week 3153(30.96) 905(28.69) 1343(42.6) 905(28.71) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

7.2.4 Community-related characteristics 

Similarly, Table 7.4 reveals that the children from the community whose household wealth 

level is below the median (high), have a higher proportion of multimorbidity children, 66.4% 

(3086/4647). Also, children whose community distance to any health facility is 'no big problem' 

is low have a higher proportion of multimorbidity children, 48.5% (2353/4852). Also, the 

proportion of children cohabiting with multimorbidity from a community with a lower than the 

median proportion of community maternal education level is 63.6% (3194/5025). Also, 
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children from the community where the proportion of 'community household with no bed net' 

is lower than the median have a proportion of multimorbidity children, 56.9% (2833/4982). 

Table 7 4 : Distribution of community-related characteristics and their association with MAMM status 

Community-related characteristics 
   

Proportion of community wealth 

level 

 
ɢ2 (2) = 1183.2950, P<0.0001 

Low 4647(45.63) 387(8.34) 1174(25.26) 3086(66.4) 

High 5536(54.36) 1380(24.92) 2325(41.99) 1832(33.08) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Proportion of community distance to health facility 

is no big problem 

ɢ2 (2) = 245.3836, P<0.0001 
 

Low 4702(46.17) 629(13.38) 1417(30.14) 2656(56.48) 

High 5481(53.82) 1138(20.76) 2082(37.98) 2262(41.26) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Proportion of community maternal education level ɢ2 (2) = 972.8534, P<0.0001 
 

Low 5025(49.34) 494(9.83) 1337(26.6) 3194(63.56) 

High 5158(50.65) 1273(24.68) 2162(41.91) 1723(33.41) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Proportion of community households with no bed 

net 

ɢ2 (2) = 298.7991, P<0.0001 
 

Low 4982(48.92) 661(13.27) 1488(29.86) 2833(56.87) 

High 5202(51.08) 1106(21.26) 2011(38.67) 2084(40.07) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

 

7.2.5 State-related characteristics 

Table 7.5 displays that the proportion of multimorbidity in children decreases as the deprivation 

of the multidimensional poverty index (MPI) of the state of residence decreases. The proportion 

of children cohabiting with multimorbidity from highly deprived MPI states dropped from 68.8% 

(582/847) to 29.2% (579/1987) for children from the lowest deprived MPI states. Similarly, as 

the human development index (HDI) of the state of residence increases, the proportion of 

multimorbidity children decreases from 65% (1397/2150) for the lowest HDI to 20.2% 

(144/715) for the highest HDI. However, the proportion of multimorbidity children associated 

with the state gender inequality index (GII) indicates that the higher the GII, the higher the 

proportion of children with multimorbidity. The results also show that North-west has the 

highest proportion of multimorbidity children, 64.0% (1900/2967), followed by children from 

the North-east, 59.5% (936/1573), and the lowest proportion was for children from the South-

east, 34% (452/1328). In addition, the proportion of multimorbidity children from urban areas, 

34.3% (1538/4483), was lower than their counterparts in rural areas, 59.3% (3379/5700). 
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Table 7 5 Distribution of area-related characteristics and their association with MAMM status 

Area-related characteristics 
    

Multidimensional Poverty Index by State (MPI) ɢ2 (8) = 913.2766, P<0.0001 
 

Highly Deprived 847(8.32) 57(6.7) 208(24.54) 582(68.75) 

Above averagely deprived 3093(30.37) 309(9.98) 791(25.59) 1992(64.43) 

Averagely Deprived 2319(22.77) 402(17.36) 884(38.14) 1032(44.51) 

Mildly Deprived 1939(19.04) 487(25.11) 720(37.16) 732(37.73) 

Lowest Deprived 1987(19.51) 512(25.8) 895(45.04) 579(29.16) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Human Development Index by State (HDI) ɢ2 (8) = 860.4636, P<0.0001 
 

Lowest HDI 2150(21.11) 201(9.35) 552(25.68) 1397(64.97) 

Low HDI 2416(23.73) 267(11.06) 690(28.56) 1459(60.39) 

Average HDI 2223(21.83) 442(19.9) 846(38.08) 934(42.02) 

High HDI 2680(26.31) 600(22.37) 1096(40.92) 984(36.71) 

Highest HDI 715(7.02) 257(35.97) 314(43.88) 144(20.15) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Gender Inequality Index by State (GII) ɢ2 (8) = 551.0941, P<0.0001 
 

Lowest GII 2726(26.77) 660(24.23) 1129(41.42) 936(34.35) 

Low GII 1171(11.5) 266(22.71) 507(43.26) 398(34.03) 

Average GII 977(9.59) 165(16.91) 301(30.79) 511(52.3) 

High GII 4054(39.81) 557(13.74) 1222(30.13) 2275(56.13) 

Highest GII 1256(12.33) 119(9.46) 341(27.13) 796(63.41) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Region of residence 
 

ɢ2 (10) = 761.2519, P<0.0001 

North-central 1436(14.1) 277(19.29) 523(36.43) 636(44.28) 

North-east 1573(15.44) 204(13) 433(27.5) 936(59.49) 

North-west 2967(29.13) 286(9.65) 781(26.31) 1900(64.04) 

South-east 1328(13.04) 292(22.01) 584(43.97) 452(34.02) 

South-south 1086(10.66) 224(20.61) 480(44.21) 382(35.19) 

South-west 1793(17.61) 483(26.95) 698(38.93) 612(34.12) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

Type of place of residence 
 

ɢ2 (2) = 682.0256, P<0.0001 
 

Urban 4483(44.02) 1117(24.92) 1828(40.77) 1538(34.31) 

Rural 5700(55.97) 650(11.4) 1671(29.31) 3379(59.28) 

Total 10184(100) 1767(17.35) 3499(34.36) 4918(48.29) 

 

On the chi square analysis of the associations of the variables considered in this study, all 

except ñChild had cough in last 2 weeks before the surveyò, (ɢ2 (2) = 0.9606, P=0.7103), and 

ñpaternal work statusò, (ɢ2 (2) = 6.0370, P=0.2041), were statistically significantly associated 

with multimorbidity of children aged 6-59 months in Nigeria 
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7.3 Spatial proportion of multimorbidity across states and regional levels of Nigeria 

Research question 7: 

Are there variations in the multimorbidity of two or more of anaemia, malaria, and 

malnutrition among children aged 6-59 months across Nigeria's states and geopolitical 

regions? 

7.3.1 Spatial proportions of the multimorbidity of two or more diseases by states 

Figure 7.6 presents the spatial variations in the proportion of multimorbidity of two or more 

diseases of anaemia, malaria, and malnutrition by states and FCT. It reveals that the proportion 

of children cohabiting with ó2 or more diseasesô in Nigeria was highest in Kebbi state with 0.83 

(95% CI:0.78-0.86), followed by Jigawa state, 0.73 (95% CI: 0.69-0.78). Ebonyi state has the 

highest proportion, 0.55 (95% CI: 0.50-0.59), of children having concurrent two or more 

diseases of anaemia, malaria, and malnutrition among the states in the southern part of Nigeria. 

Also, the map (Fig 7.6) shows that the three states with the lowest proportions of MAMM in 

Nigeria are Edo state, 0.31 (95% CI: 0.24-0.40), Anambra state, 0.26 (95% CI: 0.22-0.31), and 

Lagos state, 0.14 (95% CI: 0.10-0.18). FCT has 0.36 (95% CI: 0.30-0.42). 

 
 

Figure 7 6 Spatial maps describing the proportions of children with two or more diseases by states & FCT 

Source: Data computed from Nigeria DHS 2018. 

7.3.2 Spatial distribution of proportions of children with two or more diseases by regions 

Figure 7.7 represents the spatial distribution of children cohabiting with two or more diseases 

of anaemia, malaria, and malnutrition over the six geopolitical zones of Nigeria. North-west 

had the highest proportion of children with multimorbidity, 0.65 (95% CI: 0.62-0.67), followed 

by North-east geopolitical zones with a 0.59 (95% CI: 0.56-0.62) proportion of children living 

with two or more of anaemia, malaria, and malnutrition in Nigeria. All the geopolitical zones 

in the southern part of Nigeria had similar distributions of multimorbidity and below the 
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national average of 0.48 (95% CI: 0.47-0.49), including North-central with a proportion of 0.44 

(95% CI: 0.41-0.47).  

 

Figure 7 7 Spatial maps describing the proportions of children with two or more diseases by region 

Source: Data computed from Nigeria DHS 2018 

7.4 Multilevel analysis of multimorbidity status 

A multicollinearity check was carried out in section 6.2, and 47 variables were extracted. 

Furthermore, three variables which formed the proxies for multimorbidity, anaemia, malaria, 

and malnutrition, were excluded before the next stage of the analysis evaluated using variable 

selection methods to avoid over- or under-fitting across child-, parental-, and household-ð

community-, and area-related factors. 

7.4.1 Variables selection 

This study applied both backwards and forward stepwise variable selection methods. It 

recognised the many controversies surrounding using stepwise regression methods (koteletje, 

2020; Sribney, 2022). Some major limitations of using stepwise regression modeling as given 

by Frank Harrell (2001) were summarised in (Flom, 2018) as follows: 

1. R-square values are excessively skewed (i.e., High) 

2. The claimed distribution of the F statistics is missing. 

3. The parameter estimations have too tiny standard errors. 

4. The confidence intervals around the parameter estimates are therefore too small. 

5. Because of multiple comparisons, p-values are overly low and challenging to adjust. 

6. Parameter estimations have an asymmetry with respect to zero. 

7. Collinearity issues are aggravated. 




























































































































































































































































































































































































































































































































































































































































































































































