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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 disordéis@nbidity) in

children is a significant cause for conceiinthe sustainable development goal 3 of ensuring
healthy lives andhe promotion of weHlbeing for allespecially in the associated aim of ending
preventable deaths of nedvorns and children nsti be achieved by 203 the past, most studies
conducted in Nigeria andomeother least developed nations of the world focused on these
multiple diseases by employing conventional analytical techniques to examine them separately as
distinct disease eities. 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 anagmalaria, malnutritiorand their multimorbidity

among children aged 6 to 59 months in Nigeria.

Methods: The study used two nationally representative esessional surveys, the 2018 Nigeria
Demographic and Health Survey and the 2018 National Humael@®nent Report. Aeries of
multilevel mixed effect ordered logistic regression medelere used to investigate the
associations between child/parent/household variables (at level 1), comnaleieyl variables
(at level 2) and areeelated variables {devel 3), and the multimorbidity outcome (no disease, one
disease only, two or more diseas@#$e interaction effectsetweerchild's sex, age, and household
wealth quintiles and the outcomevhile accounting for some covariates in the maoglete also
investigated

Results: 48.3%(4,917/10,18) of the sample of children aged5® months cohabit wittwo or

more of the disease outcoméshild's sex, age, maternal educationp t h anaeing status.
household wealth quintiles, the proportion of communitghthestatus, 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 werccounted for.



Conclusions: The prevalence of MAMMbserved irthe sample is large, with almost halftbé

children living with two or more of the diseases at the time of the survegemedalpotentially

modifiable risk factors have been identified.f sui t abl e actions are not
ability to actudise the SDG 3 will be in grave dangdherefore, pssibleactions 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 IPreamble
1.0 Introduction
Childhood mortality and morbidity rates are still very high, especially in-Land Medium
Income Countries (LMIC). These have resulted in a severe public health §fWwddd Health
Organization, 202). 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 fordeiseantrol
and Preventionabout 25% of the world's population is anaemic, with expectant mothers and
children under the agef dive being the most vulnerabi®e Benoistet al., 2008; Nkoi and
Anthamatten, 2013; Obasoha al., 2020a) but since 2016, the prevalence of anaemia has
increased globally by more than 40% annu@Norld Health Organisatior2017). Similarly, over
the last twenty years, malaria has remained a primary public health q@izasoharet al.,
2021a) with over 300 million cases reported in 2qQ2A§chiluhm et al.,2020) It has remained a
leading cause of morbidity and mortality. Low and Meditnoome Countries (LMICs),
especially Suisaharan Africa (SSA), contribute more than 86#4he global malaria burden
(Bennettet al.,2017; Ugwu and Zewotir, 2020Though a considerable global decline has been
noticed in childhood stuntingyer 150 million, 50 million and 38 million children remain stunted,
wasted and overweight, respectivé{ylobal Nutrition Report2020. However, in 2018, there
were more than 40 million overweight children under the age of five, which was contrary to
expectations and in keeping wighglobal target on malnutrition to keep the rate of childhood
obesity constan{UNICEF / WHO / World Bank Group, 2019ndicating a gradual global rise in
overweight childrenit becomes more worrisome when children simultaneousiylzabit two or
more of these disease conditions. Despite its contplethe relationship between malaria,
anaemia, and malnutrition is essential for our knowledge of childhood morbidity and the
formulation of successful intervention methqérhardtet al.,2006. Furthermore, the lack of
proper understanding of the causes, predictors, and prevention of these emerdirgphdaibns
(multimorbidity) in children is of great conceparticularly in the realization of the sustainable
development goal 3 of ensuring healthy lives and promotion ofbweéllg for all especially in the

associated aim of ending preventable deatlmewborns and children by 2030



1.1 Rationale of the study

In the past, most studies done in Nigeria and most other least developed countries of tbe world
multiple health conditionbaveaddressed these emerging public health conditions in adults and
children by examining them independently as single disease conditions using traditional analytical
methods(Khatab and Kandal&®011 Oladeindeet al., 2012; AsafeAgyei, Antwi and Nguah,

2013; Akosu and Afolaranmi, 2015; Aliclat al.,2017; Morakinyo, Balogun and Fagbamigbe,
2018 Ali et al.,2019; Parbet al.,2019; Sakwest al.,2019. However, these la¢th conditions

exist in the same ecological epidemiology system that may exhibit common causes, epidemiology,
socioeconomic, demographic and environmental risk fadideseeraet al., 2015 Khatab,
Adegboye and Mohamme#é016 Tehet al.,2018. The biggest challenge that these conditions
pose to clinicians, researchers and health care provagershe complex ways in which the
conditions interact with socioeconomic, demographic and environmental pgtéraisband
Kandala,2011, McGeorge2012 Bramley and Moody2016 Pathirana and Jacks®(18.

Furthermore, the complete absence of suitable models of multimorbidity care adaptable to
developing countries is an additional task for clinicians, researchérbeailth 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
admissionEyowaset al.,2019; Abebeet al.,2020; Mofinaet al.,2020) To change the trajectory

of providing adequate treatment for children living with multimorbidity, more research with a
developingcountry in focus is urgently requiredo understandhe causes and risk factors
associated with multimorbidity in children iNigeria This is a step in the right direction in
understanding epidemiology and determinants of multimorbafigtommon childhood diseases

that will help government and policy makers and implementors to come up with an integrate model
suitable for managyg the multiple occurrences of diseases in childfé&e purpose of this study

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

their multimorbidity among children ageé5® months in Nigeria.
1.2 The resarch 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,



malnutrition, and their cooccurrence among childrésB6nonths 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 uma¢tEhrhardtet al.,2006, and

this will strongly mpact the realization of ending preventable deaths ofbwws 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 multimasgb{&hrhardtet al.,2006, using more
suitable stasitical methodologies that will adequately describe the coexistence of these health
disordergKhatab, Adegboye and Mohamme®16 Pathirana and Jacks®18. Attempting to
investigate these health conditions independently may lead to disregarding the aviaility

that could be broken down into within and between variabil{iss, 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 thesmltimorbidity (Khatab and Karala, 2011 Khatab, Adegboye and
Mohammed2016. Characterizations of individual illnesses in Nigeria and perhaps elsewhere are
still being studiedKhatab, Adegboye and Mohamme2f)1§. However, research focusing on
determinants of the combination of the diseases is lagkiogdei, KunleOlowu and Peterside,

2013. The biggestallenge 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 patterighatab and Kandal&011, McGeorge2012 Bramley and Moody,

2016 Pathirana and Jacksd)18. Policymakers and healthcare professionals may discover that
identifying illness combinations and the charactess of people exhibiting comparable
multimorbidity patterns can be highly helpfulsnccessfully addressimgultimorbidity in atrisk
groups.(Park, Lee and Park, 2019)herefore, 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
staistical models to explain the determinants of multimorbidity in childoehelppolicymakers



in determining most appropriate way forward in reducing multimorbidity among children in

Nigeria and increase her pdshties of realising the SD&.

1.4

The am 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, malnufrdiac their multimorbidityamong

children aged 6 to 59 months in I&igg.

The specific objectives of the thesis include:

Vi.

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 chileh undeifive years in Suisahara
Africa (SSA).

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)

To investigate the prevalence and association of individual and contextual risk factors
of anaemia among childrer®® months in Nigeria using data from the 2018 NDHS
(with some incorporated contextual data from the National Human Development
Report (2018 NHDR)

To investigate the prevalence and association of individual and contextual risk factors
of malaria among children-89 months in Nigeria using data from the 2018 NDHS
(with the incorporated contextual data from the National Human Development Report
(2018 NHDR)).

To investigate the prevalence and association of individual and contextual risk factors
of malnutrition among childreaged 659 monthsn Nigeria using data from the 2018
NDHS (with the incorporated contextual data from the National Human Development
Report (2018 NHDR)).

To describe the spatial distributions of the prevalenamufimorbidity of anaemia,
malaria, and malnutrition among children-3 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)).

4



vii.  To investigate the individual and dertual risk factors omultimorbidity of malaria,
anaemia, and malnutrition among childreB®months in Nigeria using data from the
2018 NDHS (with the incorporated contextual data from the National Human
Development Report (2018 NHDR)).

viii.  To determinehe 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 ahdacy analysis of two nationally
representative crossectional surveys of the 2018 Nigeria Demographic and Health Survey
(NDHS) and 2018 National Human Development Report (NHORgre were 10,481 children
aged 659 monthswith some of the contextual nables 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 faligwhis, 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 healthequalities. Chapter Three presents the reports from the scoping review on
anaemia, malaria, malnutrition and multimorbidity among children inSalaran Africa (SSA).

This chapter opens with the rationale statement for focusing on SSA in the reévieyisr 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) variallteslso provides a statement justifying the
methods used, followed by concise descriptions hd tlata 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 remrts the results of the multilevéindividuals/households nested within
communities nested within statem)alysis of the predictors of the three different outcomes of
anaemia, malaria, and malnutritiddhapter seven contains the results of the multilexdered

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



children were captured in this stud¥hapter eight peentsthe results of including of some
interaction terms to the choice model, attte summary and comparison of the four
models/outcomes and risk factors. Finally, Chapter nine discusses the principal findings, the

strengths and limitations of the studgnclusions, and recommendations.



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 terl®n in 2020.
Themortality 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 2G2¢orld Health Organizatior2022) However,

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

a severe public health burd@oNICEF, 2022; World Health Organization, 202@hd making it
extremely difficult to trust that the SDG 3 target aim of engirgyentable deaths akw-borns

and childrencould be reafied ly 203Q The countries’ socioeconomic and quality of life are
functions of childhood health stat&Khatab, 2007) The most common diseases anead
contributors to mortality among children undise years in developing countries, especially in
subSaharan Africa (SSA), include malnutrition, anaemia, malaria, diarrhoeal, fever, and acute
respiratory infectiongN.-B. Kandalaet al.,2011; UNICEF, 2022; World Health Organization,
2022) A correct understanding of the socultural, ancenvironmental 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 amg children. The burden of multimorbidity could be too high for most
developing countries to bear. The proper understanding of how these disdade=d to the
individual's socioeconomic, demographic, and contextual factors will helglicymakingbased

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 stug sought to investigate the multiple overlaps in the impact of individual and
contextual variables on the prevalence of anaemia, malaria, malnytitdtheir multimorbidity
among children aged 6 to 59 months in Nigeria. The topics under investigaionracate and

multifaceted; definitions of each term used in this thesis are explained below.



2.1.1 Underfive Mortality

There were concerted efforts by the global communities through the Millennium Development
Goals (MDGs4) declaration to reduce tiggobal burden of undefive mortality (U5M) by more

than 60% by 2015. From 1990 to 2012, the global U5M decreased byA0#h, 2013) Three

years after, the rate had dropped to 41 deaths per 1000 live births. By 2018, global US5M was 5.3
million, which means 1 in every 28 children died before their fifth year fromnikialirate of 1

out of every 11 children that died in 19@8¥orld Health Oganization (WHO), 2017Despite this
remarkable reduction in U5SM worldwide, there continued to be variations across regions of the
world (Atrash, 2013; World Health Organization (WHO), 2Q1FQr instance, there are more USM

in developing countries compared to developed cour{itvesld Health Organisation, 201,1yith

an 18fold increase in USM in SSA compared to more advanced econofHiéset 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 50rpent of the global prevalen¢8alakoet al.,

1990; Suzuki, 20150ver ten yeardrom 2003 to 2013), the U5M rate in Nigeria dropped by 73
deaths per 1000 live birttif®basohan, 202@nd subsequently reduced by 19 deaths per 1000 live
births in 2015. Despite these achievements, Nigeria couldatteih the MDG to reduce the
mortality rate to at most 64 deaths per 1000 live births in POb&sohan, 2020Dne out of every

ten global undefive deaths is traceable to Nigeria, second behind India, accountiogeio20%

U5M worldwide (Hill et al., 2012) The causes of U5SM are numerous and include primarily
preventable and infectious diseases that were not attended to promptly. Malaria and Malnutrition
(World Health Organisation, 2019nd perhaps anaemia is significantly among the major
contributors to undefive morbidity and mortality, especially in S§E&hrhardtet al.,2006.

2.1.2 Anaemian Undefrfive years

Anaemia is a primary haematological and nutritional disease affecting adults and children in many
countries globally, especially in St8aharan AfricdEwusieet al.,2014; Ezeonwet al.,2014;

Akodu et al., 2016; Belachew and Tewabe, 2028)report (Kassebaunet al., 2014) cited in
(Demirchyaret 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
underfive years bear the mosignificant global burden of anaemia, with 47.4%, while men bear



the lowest (27.4%)De Benoistet al, 2008; World Health Organisation, , 2017he global
prevalence of anaemia with its aetiology cut across geographical, age and sex variations
(Demirchyaret al.,2016) In the last thirty years, the global prevalence of anaemia in finder

years has witnessed a steady decline from 51.4% in 1990 to 41.4% in 2014 but ros&tm41.7
2016 (World Health Organisain, 2017) The United States of America and Canada have the
lowest proportion of unddive anaemia at less than 10%. Mali and Yemen have the highest
prevalence of more than 83@/orld Health Organisation, 201 A\hile in Nigeria, the estimate

of the prevalence of anaemia amongatah undeifive years was 68% in 2017.

2.1.3 Malariain Underfive years

In 2015, over 214 million malaria cases, with over 260,000 being diveéeyears, occurred
worldwide, translating into one child dying every two minutes in Z0Efvakiet al.,2016) With

over 430,000 deaths annually, Ssaharan Africa contributes to over 90% of global malaria
deaths. In Nigeria, malaria fever alone contributes to more than 30 per cent ebundgality
(World Health Organisation, 2014\igeria has about 51 million cases and 200,000 deaths per
year, making it the highest malaeademic nation in the world, resulting in more than 30% of
child mortality as aesult of malaria casg®National Population Commission (NPC), National
Malaria Control Program (NMCP) and ICF Macro, 2012; Davedkil.,2016)

The risk of malaria infection cuts across all age segments, with women (especially the pregnant),
and children (especially those undie years), the most vulnerab{€DC-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
malariainduced mortality and morbiditlpy 2020(World Health Organization, 2014The Roll

Back Malaria (RBM) programme was lalmed 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 mailadiaced US5M by half in

2010 through prompt diagsis, treatment, and use of insectididmted net§Gup, Udo Nnorom

and Amadi, 2013)These efforts are targeted primarily to improve the healttied quality of life

of the child(Gup, Udo Nnorom and Amadi, 2013jurthermore, by 2018, some commvealth

nations renewed their commitment to preventing more than 650,000 deaths arising from malaria
infections by 2023Ready to Beat Malaria (RBM)., 2020)



Between 2001 and 2014, Nigeria implemented fdational Malaria Strategic Plans (NMSPs),

with the most recent, which ended in 2020 (2@020), aimed at reducing malarated deaths

to zero by 2020(National Malaria Elimination Program (NMEP), National Population
Commission (NPopC), National Bureau, and ICF Inteonal, 2016) Unfortunately, this was far

from being achieved. However, to scale up the intervention strategies through elnidsedelata,
Nigeria has conducted three nationally representative surveys, with the baseline survey conducted
in 2010 anddllowed 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, 2018heplasmodiunparasites that are most prevalent in
SSA areP. falciparum, P. vivax, P. ovale, P. malariae and P. knswl@aston, Ramroop and
Habyarimana, 201). With over 95% transmission rateBlasmodium falciparunms the most
prevalent parasite causing malaria infection in Nigeria, whileAhepheles gambiaand A.
funestusare the most common carriers of the paragitagional Population Commission (NPC)
[Nigeria], 2012; National Malaria Elimination Program (NMEP), National Population
Commission (NPopC), National Bureau, and ICtetnational, 2016)

2.1.4 Malnutritionin Underfive years

Mal nutrition, which Arefers to deficiencies,
and nu {WorldeHealths Grganisation, 2020has continued to be a public health concern
world overand especially in developing countriésndris, Asefa and Dube, 201 Qver 200

million children undeffive years are either undernourished overweight (World Health
Organisation, 2020)Jndernutrition in children contributes to about 45% of usfoler mortality
worldwide (World Health Organisation, 2020)he prevalence of malnutrition in unefere years

is higher than in other age grou(sndris, Asefa and Dube, 201 Hlowever, 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, .20208)geria, the 2013
Nigeria Denographic and Health Survey (NDHS) reported that 37%, 18% and 29% of the children
underfive years are stunted, wasted and underweight, respect{idyional Population
Commission and ICF Macro, 2014)nderstanding how different socioeconomic, demographic,

and contextual factors determine childhood malnutritiongiseat 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 ruradreagNational Population and I. C. F. International, 2004; Babatehde,

2011)

2.1.5 Morbidity

The dictionary definitionsfanorbidity stand on therpmises of two opposite ends of a p@iges,

Bruce and Chakravarty, 2010)n one end, morbidity is defined as the 'latent trait' contributing to
adverse healthelated quality of life, illnesses, or weakness. At the other end of the pole is the
‘diagnosiscounting metrics' of morbidity, which refers to the count of chronieadiss in an
individual, an approach that is very common in many secondary dafarsedet al.,2004; Fries,
Bruce and Chakravarty, 2011y a more simplified definition, morbidity is coined from the Latin
word, 'morbidus’, which means the statéeing sick or unhealthySlidetoDoc, 2021)However,

in a more specific term, morbidity isefoccurrence of a single disease condition in an individual.

Concerning agspecific mortality, older people are more morbid than younger péBpielic

Health England, 2018)The burden of mortality increases with age, whiekans that as the
population is ageing, higher mortality rates are experieriPedblic Health England, 2018)
However, childhood morbidity remains a global cause of childhood mortality and a threat to the
public health systeniThe 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 malnutriamn
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 $8dedokun and Yaya, 2020)
2.1.6 Comorbidity and Multimorbidity

In contrast, comorbidityvas originally referredo asthe cooccurrence of two chronic disease
conditions in an individual, while multimorbidityas referedto as the simultaneousccurrence

of more than two disease condits (McGeorge,2012 Abebeet al., 2020) Comorbidity and
multimorbidity are emerging related constructs often used interchand¥®albderaset al.,2009)
However, a significant conceptual difference in the definitions ef ttho concepts is that

comorbidity is often associated with an index condition, while multimorbidity is with no regard to
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any index diseasgMofina et al.,2020) This distinction by index disease has been enshrined in
MESH since 2018Tugwell and Knottnerus, 2019y herefore, 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 theooccurrence of two or more diseases in an individual without reference
to an index disease. €main focus of thishesisis Multimorbidity of anaemia, malaria, and

malnutrition(MAMM ) in childrenand assumes there is no index disease

The elderly populgon are the most vulnerable to multimorbidity, with over 70 per cent of those
aged 65 years and above affe¢i¢dGeorge 2012 Bramley and Moody2016. There are more

than 33% prevalence rates of multimorbidity worldwitliguyenet al.,2019) Children are also

not left out as research begins to unveil that many children suffer from multimoridity 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, smokimgjexcessive alcohol use); and psychosocial
factors(Eyowaset al.,2019) However, thebiggest 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 pattéfhstab and Kandala201Z
McGeorge, 2012; Bramley and Mood®016 Pathirana and Jackso2018. In addition, the
increase in the prevalence of multimorbidity in depeng countries with poor health systems and
overburdened 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 atldnal 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 prevémusgikal admission
(Eyowaset al., 2019; Abebeet al., 2020; Mofinaet al., 2020) A constructive step toward
comprehending epideiology 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-finderears. In a recent study
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conduced on SSA, Malnutrition is a vital factor causing a high proportion of maielased
mortality (Ehrhardtet al.,2006. Malaria is strongly related to anaemia in childi@ambeleet al.,

2015; Wanziraet al.,2017). Though the relationship between malaria and malnutrition has shown
some controversy, Sakvet al. (Sakweet al.2019 found a significant interrelationship between
malnutrition and malaria. Also, due to malaria's relationship with anaemia and malnutritien Teh
al. (Tehet al.2018 recommended that reasonable control of anaemia and malnutrition will require
adeguate control of malaria infection. The anaemic child presents a more significant measure of
undernutrition(Sakweet al., 2019. On the other hand, most importantly is the emergence of

coexistence othese 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 individsaih societiegWorld Health Organization, 2018A\

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 ethnicitfWorld Health Organization, 2018for instance, socioeconomic disparities

in health outcoras have received good attention in developed countries through constant
evaluation of the system for policy formulation to tackle tiféfagstaff, 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 whatdsheulone 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 consequentiumésas in the
immediate, visible circumstances of people's livéiseir access to
health care, schools, and education, their conditions of work and
leisure, their homes, communities, towns, or citiesd their
chances of leading a flourishing life. Thisequal distribution of
healthdamaging 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 Mideadth
system(Abubakaret al.,2022) There is a need for mostudies 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 fomany health disparities between and within natidnsessence, social,
demographic, and economic policies determine whether a child may reach their full potential, live
a fulfilling life, or suffer from a depressed lif@/orld Health Organization, 2008)

221 LYRA@GARdzZrf OKAf RQA OKIFNIOGSNRAGAOA

The health status (healthy or not) of a child iropyation is a function of interrelated factors at
both individual and environmental levelglurdock, 2017) These determinants are divided into
three main groups: individual characteristics, physical and social, and health s@viodsck,

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 humafdurdock, 2017) They include those factors that can be derived from the
individuals in thecommunities 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 outcomedMore attention is being placed on the significance of comééxactors, namely
where individuals reside, for policy and the implementation of health interve#iojwin et al.,

2020) Contextual facts include the 'proportion of educated females in the community,
‘community access to health facilities, 'access to clean water and ‘general safiitei&tyPATI,

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 couldnsultaneously 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 fékteeraet al.,2015

Khatab, Adeghoye and Mohamme)16 Teh et al., 2018. The biggest challenge that these
conditions pose to clinicians, reselaers and health care providers are the complex ways in which

the conditions interact with socioeconomic, demographic and environmental p@teateto and
Kandala2011 McGeorge2012 Bramley and Moody2016 Pathirana and Jacks@@18. These
predictors common to these diseases are what is referred to as ‘'multiple overlaps' and are significant
to chant the course gdroviding cost effective and integratechre for children living with
multimorbidity with the bid to speed up the realization of SDG 3 as it relates to preventable deaths

of undetfive years in Nigeria.

2.3 Sustainable Development Goal 2030 and the Nalibealth Policy in Nigeria

At the Millennium Summit held in September 200Gte UnitedNations(UN) headquarters in
New York, member States overwhelmingly endorsed the Millennium Declaration. The eight
Millennium Development Goals (MDGS) to ematreme poverty by 2015 were developed as a
result of the summif{United Nations, 2022) which initiativeswere to help the world most
vulnerable peopl@United Nations, 2008)Three out of the eight goals were healttated targets

set to: (i) reduce child mortality, (ii) improve maternal health, and (iii) combat HIV/AIDS, malaria
and othediseasesAlso, d the UN Sustainable Development Summit in September 2015, the post
2015 development agenda was adopted as the#@@B@a for Sustainable Development focusing
on 17 SDGs. Of utmost important to us in this study is the SDéhich is tageted at esuring
healthy lives and promote wdiking for all at all agesSince 2015Nigeria is fully dedicated to
leading and taking control of the implementation process to achieve the global goals through

technical support of UN in Nigeri@nited NationsNigeria, 2022)

Nigeria has so famplemented three nationakalth policies since 1988 when the first one was
launchedThe second was in 2004, whileetcurrent policy came into effect on the 22 June 2016
to achieve the universal health coverage (UHC) and other hreddtled sustainable development
targets(Nigeria Finder, 2022Yhe essence of these current policy was to create access to basic
health care after the aeviement attained in the health sector over the last twimetyears which
include combating the menace of HIV/AIDS, Tuberculosis, Malaria, Poliovirus, Guinea worm
infection, the spread oEbola, as well as issues relating to maternal and ¢tiaidth (MCH)

(Nigeria Finder, 2022)f'wo major points ofnterest inthis health policy are (i) the reductiam
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maternal and infant mortality, the uptake of vaccines, and the better management and avoidance
of public health emergencies, and @yoviding all Nigerians with financial risk protection,
especially the country's most vulnerable and poor pe®plefirst point relates strongly with the

SDG 3, and particularly in the associated goals which seek to lower the rate of materrsal death
worldwide and eliminate unnecessary infant and child d€bthised Nations, 2022)he second

is at the heart of the whole SDG goalhich recognise that by ending poverty can improve
whatever strategies are adopted to increasehhstalius, access to education, eliminate inequality,

and stimulate wealth of the nation

As for the SDGS3, in Nigeria,the UN and global partners have committed over 290 million US

Dollars to ensure maximum dividend for the target vulnerable pdbpited NationsNigeria,

2022) However, Nigeria needs more than $USD350 Millio fully achieve all the SDGs, an
amount far more than 800 % oAjala 2022)Aswithutinetheaghé s 2 0 -
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 lessthamb% t h e n a.tThisoccandardlyb u d g et
be enough to meet up with the realisations of the current national health pdlities count r y 0
low commitment to the socieconomic development that is the bane of the SDGs achievement
means Nigerigs very unlikdy to meet the SDGs by 203Bor instance, ¥2019indexreport, the

country was ranked 18%ut of 162 countries in achieving SDGs so(fsala, 2022)This is even

more worrisome now that the public health sector is being saddled with an emerging
multimorbidity of childhood diseasek 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 ra#r than independent approach.

2.4  Ethical approval
The School of Health and Related Research (ScHARRics 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 Na@l Human Development Report and the 2018 Nigeria
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Demographic and Health Survey were used with permission fronmtteeCity Fund (ICF}

International and the United Nations Development Program (UNDP

25 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 malnutrititcoagistence 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,peially 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, thdack 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 hawvwestigatedthe determinants of cooaaence 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, malnutritiord arultimorbidity of childhood diseases in SSA.

The findings of these four reviews are presented in the following chéy¢eextended 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 evideme@emia, malaria, malnutrition,
MAMM and other childhood diseases among children aged tfivadeyears in sutSaharan Africa.

It begins with the rationale for conducting scoping reviews, the review objectives, scoping review
on multimorbidity of childhood diseases among children aged tingeyears in Sutsaharan
Africa (SSA), and the results from evidence from individual scopivigwnes 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 muchtattebecause coccurring diseases

in children in highincome countries have not becoseemucha public health problem. However,

the same is not valid for lovand mediurincome countries (LMIC), where the health system is
overwhelmed with many challengescluding children's health. Furthermore, the-aeailability

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
representate survey that has captured data simultaneously for anaemia, malaria, and malnutrition
in children aged unddive years.

The focus of the current study is the multimorbidity of three of the most common childhood
diseases (anaemia, malaria, and malnaftrjtiamong children aged-3® 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 justhe multimorbidity of childhood diseases but also individual outcome variables of
anaemia, malaria, and malnutrition (as they were available in the literature);Sakatan Africa.
However, these health conditions (anaemia, malaria, and malnutrixish}agether in the same
ecological epidemiology system and, as such, may exhibit common causes, epidemiology,
socioeconomic, demographic, and environmental risk fadtdaseeraet al., 2015 Khatab,
Adegboye and Mohamme#016 Tehet al.,2018. Therefore, the identification and description

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

enhance the direction of this thesis.
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3.11 Review Objectives

The objectives of this scoping review were explicithydoateand examine the existing studies
conducted on nationally representative health sudatyg to identify individual socioeconomic,
demographic, and contextual risk factors for developing (i) multimorbidity of childhood diseases,
(i) anaemia, (iif) malaria, (iv) malnutrition among children aged under five years iS8ldran

Africa (SSA).

3.12 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 scopiuagwes of evidence from studies relating to the

risk factors associated with multimorbidity among children wfider years in sukbaharan
African countries. Th&ectionis followed by reports extracted from three other scoping reviews
conducted on anaemiaalaria, and malnutrition. Firstly, the paper titlddScoping Review of the

Risk Factors Associated with Anaemia among Children Under Five Years-BaBaban African
Countrieswas conducted on selected papers published between 1 January 1990 aned?220u

The outcome of this review was publishedhalnternational Journal of Environmental Research

and Public Health2020(Obasoharet al.,2020a) Secondly, the scoping review tittedl Scoping
Review of Selected Studies on Predictor Variables Associated with the Malaria Status among
Children under Five Years in St8aharan Africavas conducted for existing publications between

1 January 1990 and 31 December 2020. The review's outcosneuvished irthe International
Journal of Environmental Research and Public Hea2®20on 22 February 202(Obasoharet

al., 2021a) Thirdly, the scoping review titledRisk Factors Associated with Malnutrition among
Children UndefFive Years in SusaharanAfrican Countries: A Scoping Reviewas carried out

on included papers published between 1 January 1990 and 31 July 2020. The review's outcome
was also published ithe International Journal of Environmental Research and Public Health
20200n 26 Novembe202(QObasohart al.,2020b) The full textsof these papers are attached in
Appendix C1, C.2, and C.3yespectively. 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 faars 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 childezh ag
underfive years in susaharan 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 (Ngugeral., 2019). However,
children are not excluded, however, as research shows that a sizable pnopbrtioildren
experience multimorbidity (Ferret 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 aloatrmdumption), and demographic changes
(such as the ageing population and gender inequalities) (Eyaivehs2019). The intricate way

these disorders interact with socioeconomic, demographic, and environmental patterns presents
the biggest challenge to dors, 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 system$&urden of chronic diseasesd the realization of SDG

3 by 2030 The scoping review of these studies is significantly more important than their
importance for making evidendmsed healthcare decisions about the prevention of
multimorbidity in Nigeria and the SSAApparently, 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
componentgFortin et al.,2005; Roomanewgt 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 undeffive years of age in Su8aharan Africa (SSA), with the view to identify study gaps

in the outcome of interest, analytical approach, and geographical locatinereview regarding

the factors that influence the prevalence of multimorbidity in children under five inh@SAot

been done Consequently, this research tries to close this gap. Therefore, the aim of this scoping
review is finding anddescribepapers thattudiedthe relationship between socioeconomic,
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demographic, and contextual characteristics and the prevalencetiofionbidity among children
aged under fivgearsin SubSaharan Africaountries andhave 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 feen published.

3.2.2.1Design

This scoping review was tailored along with the enhanced framework of Arkey and O'Malley
(Arksey and OtheMradorhneegdation® 6fLécac et(hevac, Colquhoun and

O 06 Br i e pand gri@elin@s)of thegency for Healthcare Research and Quality (AHIREDA

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

the relevant study sources, (3) evidence and eligibility criteria selection, (4) data charting, and (5)
results collating, summarising and reportifMaphosaet al., 2020) However, the pattern of
reporting the results in this scapireview followed th&JNICEF extension for Scoping Reviews
(PRISMA-ScR) guidelinegLarissa Shamseer, 2015; Tricebal.,2018)

3.2.2.2Protocol and registration declaration
There was no review protocol and registration done for this scoping review
3.2.2.3ldentification 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 (PIC@ar8gwork of AHRQ

((FDA Media, 2020)The primaryresearch question for this scoping review is: "what are the risk
factors associated with multimorbidity among children undez fiears in susaharan Africa

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

1 What types ofrequentiststatistical analyseswere employed in the existing evidence to

determine the risk factors associated with multimorbidity amaéiidren under five?

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

structures examined in the eligible studies?
1 What are the possible gaps in knowledge identified from the selected literature?
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3.2.2.4Eligibility critea
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 SubSaharan Africa (SSArountry. The review also includes studies involving adults
(or/and abovdive years children) and undéryears children, provided data for undiee was

reported differently from others.

Intervention (I): Studies that focused on predictors or risk factors or ndeterts of
multimorbidity among undeb or preschool children in SSA that covered both individual and

contextual exposurassing classical regression methods only.

Comparator (C)The presence of two or more diseases versus no diseases was the theus of
comparators in the studied/e restricted the search to papers that have used regression for the
purpose of manageable focus considering the time limitishatailablefor this project and for

the ease of comparg thefindingsacross papersn addtion, we omitted studies that have used
Bayesian approach because it would require specifying fmiobabilitiesand these may not be
appropriate comparing with studies using classical frequentist approach which do not require

priori-probability distritutions.

Outcomes (O): Studies thiamvolved 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 betwdebanuary 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-sexs®nal and longitudal studies focused

on risk factors as exposures.
Exclusion criteria
1. Studies involved older children, but no separate data involving diveéeyears was made.

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

diseaseamong 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 excludtndiesextracted for full
reading
1. If the study is multimorbidity, then

2. Is the unit of analysis children aged undiee 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

3.2.2.5Identify the relevant sources of evidence
Information sources

The candidat¢PEO) of the School of Health and Related Research (ScCHARR), 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 scienugutted

only papers written in Englistand the publication date was between January 1990 and March
2022. The search was first carried out on 19 September 2021 and upda&ilarch 2022.

3.2.2.6Selection 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 3.1with mapping by subject headings markBext, the sarch terms were derived from the

PICOTS categories. These terms were then repeated for other databases consulted.
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Table 31: Draft Search strategy and terms for MEDLINE (Ovid)

S/N Terms and keywords Results

1 0Swmharan Af r i c dldv-and RniddieiScame| 37452
countries

2 Socioeconomic OR demographic OR contextual | 3298141
environmental OR community OR determinants OR risk fa
OR predictor OR Association

3 comorbidity OR comorbidity OR multimorthty OR | 451419
multimorbidity OR multiple chronic conditions OR mul
diseases

4 Logistic regression OR multilevel regression OR multinor 55708
logistic OR randorreffects OR hierarchical OR fixed effects (
mixed-effects

5 1 AND 2 AND 3 AND 4 12

6 Limit 6 to human and English language and infant<to one vy
OR preschool child <1 to 6 years>
Limit to last 30 years (1990 to 2020) 12

Selection Process

overseeing a team of supervisors.

3.2.2.7Data Charting Management

difference in the appach, and study location.
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The reviewer, PEO, screened all the selected literature for titles and abstracts using tioa inclus
and extraction criteria as a benchmark. This process was done twice from two citation managers
platforms (Endnote and Zotero). The ftdkt first full-text report was conducted for all the

selected articles. Papers excluded were noted with reasoissprblcess was vetted by three

The data extracted from the included articles were first deposited into a Microsoft Excel sheet
designed by the reviewer for this review. The relevant infaonaxtracted 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




3.2.3 Results

The results section reports the profile of the quantitative analysis of risk factors associated with
multimorbidity among children aged uneeryears in SSA following the Preferred Reporting
Items forSystematic Reviews and Mefaalyses extension for Scoping Reviews (PRISHER)
checklistg(Larissa Shamseer, 2015; Tricepal.,2018)

3.2.3.1Selection 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 glected for fulltext 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 approach4), nortnational coveage (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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Records identified through database From references (n = 5)
searching (n = 256)

| |

Records after 22 duplicatesmmved
(n =239)

v

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

l Articles excludeavith reasongn =60)
(i) participants are above five years

(ii) not multimorbidity (MM) paper as

| per the definition of MM (B),

(i) Bayesian approach,

(iv) norrnational coverage (6),

(v) Systematic reviews (3),

(vi) No full text found (15)

Fulktext articles assessed fo
eligibility (n = 66) —

Studies included in the synthesis
(n=6)

Figure 31 PRISMA Flow charfor multimorbidity studies

3.2.3.2Characteristics of sources of evidence

To answer the scoping revieguestions 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
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Table 32 Distribution of hie study characteristics

Authors & Dates | Title Objectives Outcome variables | Sample size Methods of analysis| Country/Survey
(Prevalence) (particip

Adedokun Correlates of childhood morbidity if Correlates of childhood morbidity in Nigerig Pneumonia, 27,571 Generalised ordinal | Nigeria,

202Q/Adedokun, Nigeria: Evidene from ordinal analysi§ Evidence from ordinal analysis of cres diarrhoea, and logistic  regression Nigeria ~ Demographig

2020) of crosssectional data sectional data malaria mode and Health  Survey
(9.0%) (Under5) (NDHS 2013)

Atsu et al | Determinants of overweight witl This paper presents the burden, { overweight with | 7550 A multivariable | Ghana

20171Atsu, Guure| concurrent stunting among Ghanai{ individuatlevel, and contextual determinan concurrent stunting Poison  regression| Multiple Indicator

and Laar, 2017) | children of overweight with concurrent stuntin model Cluster Survey (MICS

among Ghanaian children. (1.2%) (0-5 years) 2011)
Duah et d | Comorbid patterns of anaemia aj To investigate the prevalence al Anaemia and| 2343 multivariate logistic| Ghana
2020(Duah et al., | diarrhoea mong children aged und€ independent predictors of comorbid patte] Diarrhoea regression Ghana Demographic an
2020) five years in Ghana: a multivariai of anaemia and diarrhoea in childreredg5 Health Survey (GDHS
complex sample logistic regressiq years in Ghana. (9.28%) (under5 years) 2014).
analysis and spatial mappir
visualisation

Mulatya &
Mutuku
2014Mulatya and
Mutuku, 2020)

Assessing Comorbidity of Diarrheal ar]
Acute Respiratory Infections i@hildren
Under 5 Ev
Demographic Health Survey 2014.

Year s:

Prim. Care Community Health

This study seeks to assess the prevalenc
comorbidity of pneumonia and diarrheal
children unde5 years, and to identify risl
factors assoctad with comorbidity of

pneumonia and diarrheal in children

Diarrheal and acutq
respiratory infection
(ARI)

(2.2%)

18 702

(under5 years)

Multivariate logistic

regression

Kenya
Kenya
Health Survey (KDHS
2014)

Demographid

Geda
2021(Gedacet al.,
2021)

et al

Multiple anthropometric and nutritiong

deficiencies in young children i
Ethiopia: a multilevel analysis based or|

nationally representative data

To examine the risk factors of cooccurren
of undernutrition and anaemia amol
children of age 89 monthsin Ethiopia

based on nationally representative data

Concurrent stunting
& anaemia
(24.8%)

9218

(6-59 months)

Mixed effect logistic

regression

Ethiopia
Ethiopian Demographi(
and Health  Survey

(EDHS 2016)

Tran et al 2019
(Tranet al.,2019)

Comorbid anaemia and stunting amo
children of preschool age in levand

middle-income countries: a syndemic

To determine the prevalence of comorbid
of anaemia and stunting, among children ag

6159 months in low and middleincome

countries

concurrent  stunting
and anaemia
(21.5%)

193 065

(6-59 months)

Multinomial logistic

models

Multi-countries
Demographiand Health
Surveys (DHS 2005
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 wascowitries studyTran

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 stDdiesf the studigg\dedokun,
2020)had three concurrent diseasesjlevthe 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 ariBlyatset

al., 2020; Mulatya and Mutuku, 202@ne study each used, generalised ordinal logistic regression
analysis(Adedokun, 202Q)multivariate poison regression mod@atsu, Guure and Laar, 2017)
Mixed effectlogistic regressiorfGedaet d., 2021) and multinomial logistic regression model
(Tranet al.,2019) Five of the studies included in the review used Demographic and Health Survey
(DHS) data set of their respective country of foauile one used data from multiple indicator
cluster surveyAtsu, Guure and Laar, 2017)he surveyears 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 2018 ranet al.,2019)

Table 3.3 presents the resulfsthe statistically significance of chidparental household, and
communityrelated predictors, which were classified into harmful, protective and no significance

effects.

Table 33: Distribution of the extracted risk fag® of multimorbidity

Child-related variables

Childdéds age Protective effects

< lyear (ref)3 years and above, aOR = 0.43 (0(8%5)(Adedokun, 202Q)

0-11 morths (ref)12-23 months, aPR=0.991 (0.982999) (Atsu, Guure and Laar, 2017)
0.51 year (ref) 1-2 years, aRRR=0.59 (0.8564), 23 years, aRR=0.87 (0.860.94)(Tranet

al.,, 2019)Y.

Harmful effects

24-59 months (ref)6 - 23 months, OR=2.17 (1.42 to 3.3Buahet al.,2020)

<6 monthgref), 6 - 11 months, aOR = 3.42.025.99) 24-35 months, aOR=2.84 (1.4L70)
(Mulatya and Mutuku, 2020)

0-23 monthgref), 24-35 monthsaOR=6.55 (5.28.15) 36-59 months, aOR=4.29 (3.4336)
(Gedaet al.,2021)
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0.5-1 year (ref) 3-4 years, aRRR = 1.27 (111837) 4-5 years, aRRR = 1.86 (1-2201)(Tran
et al.,2019)

Childds sex Protective effects
Male (ref),Female sex, aOR=0.84 (0:0493)(Gedaet al.,2021)
Female (ref)Male s&, aRRR=0.78 (0.76.81)(Tranet al.,2019)
Harmful effects
Female (ref)Male sex, OR=1.50 (1.04 to 2.1@uahet al.,2020)
Childbdés birth Protective effects

Large(ref), Average size at birth, aOR = 0.68 (0.682)(Adedokun, 2020)

Diarrheal status

Harmful effects
No (ref),Had diarrhoea, aPR=1.019 (1.006032)(Atsu, Guure and Laar, 2017)

Fever status

Harmful effects
No (ref),Had fever, OR=4.37 (2.94 to ®p(Duahet al.,2020)

Vaccination status

Protective effects
No (ref), Ever been vaccinated, aPR=0.997 (0i®6095)(Atsu, Guure and Laar, 2017)

Breastfeeding stus

Protective effects
No (ref), Ever been breastfed, aPR=0.995 (0i98@06)(Atsu, Guure and Laar027)

Parental-related variables

Maternal education status

Protective effects

No education (ref)Secondary education and above, aOR=0.64 {0.88)(Gedaet al.,2021)
Secondey or higher (ref),Primary education, aRRR=0.43 (0-:8146) No formal education,
aRRR=0.20 (0.1®.21)(Tranet al.,2019)

Harmful effects
No education (ref)Jncomplete primary education, aOR = 1.66 (32130) (Mulatya and

Mutuku, 2020) Primary education, aOR.29 (1.131.46),
secondary/higher, aOR=1.42 (1.235) [14]

Paternal education status

Protective effects

No formal education (I’ef},econdary or higher education, OR=0.57 (0.33t0 0
(Duahet al.,2020)

No education (ref)secondary or higher education, aOR=0.81 ((L&®)(Gedaet
al., 2021)

Caregt er 6 s age

Protective effects

1519 years (ref), 3@4 years, aOR=0.49 (0.2B85) 4044 years,

aOR =0.47 (0.2®.95)(Mulatya and Mutuku, 2020)

Maternal exposure to media

Protective effects

Never exposed (reffxposed to media, aOR = 0.82 (0.69) (Adedokun, 2020)

Householdrelated variables

Wealth status

Protective effects

Poorest (ref), Richer wealth households, aOR = 0.83i(C

0.99) (Adedokun, 2020)
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Poorest (ref)Richer household, OR=0.38 (0.16 to 0.gB)iahet al.,2020)
Poor (ref),middle wealth quintile, aOR = 0.58 (0.3285) Highest wealth
quintile aOR=0.43 (0.2@77) (Mulatya and Mutuku, 2020)

Poorer/poorest (I’ef)aiddle wealth quintile, aOR=0.73 (0.6187) Richer/richest
aOR=0.64 (0.50.75)(Gedaet al., 2021)
Richest (ref) 4" wealth quintile, (Richer) aRRR=0.71 (0:657)

Middle wealth quintile, aRRR=0.62 (0.8%68)
2" quintile (poorer), aRRR=0.55 (0.4D60)
Poorest wealth quintile, aRRR=0.49 (0:@53)(Tranet al.,2019)

Harmful effects
Poorest (I’(‘,‘f),4th wealth quintile, aPR=1.011 (1.001.021) (Atsu, Guure and Laa
2017)

Number of undeb years Harmful effects

0-1 (I’Ef), Had two children aged <5 years, OR=1.80 (1.14 to Bdxhet al, 2020)

Household size Protective effects

1-5(I’Ef),Had 06 members, OMuahetd.£020)0. 28 t o

Ethnicity of household head Harmful effects
Akan (ref),Head is of the Ewe tribes, aPR=1.023 (1i00046)(Atsu, Guure and Laar
2017)

The rdigion of household head | Qrthodox (ref),religion (others beside OrthodgQxor=1.37 (1.12.61

(Gedaet al.,2021)

Sanitation Median (ref) ,Sanitation score aOR=1.12 (1-024)(Gedaet al.,2021)

Community-related variables

Maternal education status Protective effects
Mean(ref), maternal education at cluster level, aOR=0.94 (0.98) (Gedaet al.,2021)

State-related variables

Region of residence Harmful effects
North-Central (TGf),NorthEast, aOR = 5.34 (3.88.39) SouthEast, aOR = 3.17

(2.15 4.66)(Adedokun, 2020)

Place of residence Protective effects

Urban (ref) ,Rural, aRRR=0.72 (0.6@.77)(Tranet al.,2019)

aOR=adjusted odd ratios, aRRR=adjusted relative risk ratios, aPR=adjusted poisoyiTratioet alTranet al.,2019)

reported the aRRR for being healthy relative to concurrent stunting and anaemia as baseline
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3.2.3.3Childrelated characteristics
Chil dés age

Of the six studies included in the review, f@aperg67%)(Tranet al.,2019; Duatet al.,2020;

Mulatya and Mutuku, 2020; Ge@ al.,2021) found significanh a r mf u | effects of
developing a multimorbidity among children aged urfiler years. Duah et §Duahet al.,2020)

found a more than twipnlds harmful effects of comorbid anaemia and diarrhoea for children aged
6-23 months compared to children aged above 24 months, while Mulatya & Mand@gedaet

al found a higher odds of contracting comorbid, diarrhoea and pneui#dRip andconcurrent

stunting and anaemia, respectively for older children compared to children aged under 1 year
(Mulatya and Mutuku, 2020; Ge@d al.,2021) On the other hand, Adedok(#xdedokun, 2020)

found more than twice the protective effects for older children aged three years and above
contracting mltimorbidity 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, Atswet al (Atsu, Guure and Laar, 2017pund a borderline significant
protective effect for children aged-E3 months compared to children aged less thamdzths,

and Tranet al (Tranet al.,2019)found a near twice protectieisk) effects forhealthyversus
comabid of stunting and anaeméhildrenaged 1 2 yearscompared to children aged Olyear

Howeve, Atsuet al (Atsu, Guure and Laar, 201#®und no significant effects for children aged

24-35, 3647, 4859 months of being overweight and concurrently stunted, just as Adedokun
(Adedokun, 2020)eported no significant effects for children age® ylears compared to children

aged less than 1 year.

Chil ddés sex

Another critical childrelated characteristic reported in most of the studies under review is the sex
of the chill (See Table 3). Duadt al (Duahet al.,2020)found that it ismore harmful to male
children to contract comorbid anaemia and diarrhoea compared to female children. Similarly, Geda
et al (Gedaet al., 2021) reported a protective effect for female children compared with male
children.Similarly, Tranet al (Tranet al.,2019)foundthat male children are 22% less likely to

be healthy relative tacontracting coourrent stunting and anaengamparedo 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, 201@nd diarrheal with an acute respiratory infection (ARI)
(Mulatya and Mutuku, 2020)

Other childrelated predictors extracted from the papers under review includé cidd at birth,
childbirth order and history of having fevetthin the two weeks before the survey. édbkun
(Adedokun, 2020¥ound a protective effect of multimorbidity gfheumonia, diarrhoea, and
malaria fever for childrenvhosemothes perceivedthey haveaverage sizeit birth relative to
childrenwhosemothes perceivedhey werélarge sizeat birth,but found no significant effect for
children bornto mothes whoperceivedwere born'smalbrelative to children bordarged s i z e
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 contrambabm

diarrhoea and anaemihencompared with children who had no fever.

3.2.3.4Parental and householdelated characteristics

Among the parental and household variables extracted from the studies selected for review,
parental educational status had edxconclusions. For instance, Mulatya & Mutkiulatya and
Mutuku, 2020)eported 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 contramg bther studiegDuahet al.,2020; Gedat al.,
2021)found protective effects of fathers having secondary education and edatree to no
educationDuahet al.,2020; Gedat al.,2021) and mothes had secondary education and above
(Gedaet al., 2021) Geda et a(Gedaet al.,2021)found no significant effects on mothers and
fathers who had no primary educatid@@ontrary to expectation, AdedokiAdedokun, 2020)

found that increased maternal education stagrses asarnful 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(AtatysGuure and

Laar, 2017) Furthermore, household wealth status was reported in almost all the papers included
in thestudy Tran et al, found that tHagher the householdealth quintiles, the more protective

the childrerare being healthy relative tmntracting concurrent stunting and anaeffiranet al.,

2019) So, theRRR 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, 2020and the child living in a household with a size greater than 5 meifihenbet

al., 2020) However, Atsu et glAtsu, Guure and Laar, 201i8ported harmful effects for children

from fourth wealth quintile houseldsrelative to poorest households 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.

3.2.3.5Communityand arearelated characteristics
Being from NorthEast and Soutftast of Nigeria was associated with higher odd$
multimorbidity among children under 5 yeagdedokun, 202Q0) Rurd children were more

protectiveto being healthy relative to concurrent stunting and anaens@mpared witlthose

who dwell inurbanareaqTranet al.,2019) One study that used multilevel analy&kedaet al.,
2021)found protectivesffects for children from a community with mean maternal education at the
cluster levelGedaet al.,2021)

3.2.3.6No significant effecteelated characteristics

The review also identified those variables that were not significant predictors of multimorbidity
among children underderfive years. For instance, Adedok(#®dedokun, 2020jeported tha
children of mothers of all ages and education levels the poorer and more prosperous. Richest
household wealth quintiles, NofiNest, or SoutiBouth region of residence, child's age & 1

years, born tiny, birth order at all levels, delivered in a hdattility, 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 age is 2485, 3647, 4859 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 thesaptitd

had cough were not significant predictors of overweight with concurrent stunting among Ghanian
children undeffive years of agéDuahet 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

33



prosperous; accese 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, 201 Also, Geda et diGedaet al.,2021)did

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

of multimorbidity of childhood diseases among children under five inSaltaran Africa. The

search was donfrst on 19 September 2021 amgbdatedl9 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 dat@ne the risk factors associated with multimorbidity of childhood
diseasesThis restriction of statistical techniques used was necessary because this study was a
precursor of a larger study which focuses on frequentist classical regression methothfan to

parallel comparisons of findings among studi@st 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 diseasesliow - and Middle - Income- Countries LMICs). These include

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

underweight, wasting, overweight).

Adedokun (2020§Adedokun, 2020yonducted the determinants of overlap among three outcome
variables which resulted in classifying multimorbidity as a count of four akdjroups 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) dataapetyinga generalised ordinal

logistic regression model. Also, in Atsu ed &Atsu, Guure and Laar, 2013judy, the outcome
variables of interest, stunting, overweight andrtikencurrency (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, Duai al(Duahet al.,2020)in their studypresented a multivariate analysis of
determinants of comorbid anaemia and diarrhoea statwge\dn, Mulatya & MutukuMulatya

and Mutuku, 2020Yyeported the overlap ithe determinants odomorbid diarhoeal and ARI
determinants. The children without multimorbidity and those with only one of the diseases were
combined with no comorbidity. Furthermore, Geda efGddaet al., 2021had o separate
analyses. (1) a count of the number of composite indexes of anthropometric (@llF9 of
nutrition indicator a child has, (2) Having concurrent stunting and anaemia dihegbredictors

of concurrent stunting and anaemia were reported in the review. Similarly, Tra(T etredt al.,

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

healthy childrenData from 43Low - 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 reportedth comorbidity as baseline

Accordindy, this study foundelatively high prevalence of undéve multimorbidity in some

SSA countries. This preval ence r a Deemisantsfoff om 1.
overweight with concurrent stunting among Ghanaian chifiiley Atsuet al 2019, to 9.28% also in Ghana,
accordi ng t acomarbidpattethshiyanaeimia dnd digrrboea antdng children aged under five years

in Ghana: a multivariate complex sample logistic regression analysis and spatial mapping visu#iyaborahet

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 berampublic health burden in LMIC.

Chil dés age and househol d weal th guintiles
multimorbidity in undeifive children in SSA. Irrespective of the disease combination, they stood

out as predictors in all the studies. Acr t he chil dbés age, there w
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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Tranet al.2019found the similar conclusion from a pooled data set in 43 LMICs, that the poorer
the household the more likely the children will cohabit witinihg 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 thoseom 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.
Tranet al states that girls breast feed long than boys (€tai2019)

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 diseasapafed 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, economialstg, and accessibility to healthcare. In
order to avoid this conorbidity, 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 thmdings, but theefound valuable results that have revealed further study
gaps worthy of mentiang. This includes examining the spatial variations across the study settings
and in most cases, considered the nonlinearity of some covariates. The threesseostl
childhood diseases of interest in these studies werenateria fever, acute respiratory infection,

and diarrheal.

First, Kazembe and Namangd@007) evaluated the risk factors for children uriilex 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),
thestudy 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, anthMitA were among the risk variables

of child comorbidity. The central and southemstern 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 undeinve in Malawi was 42%The distinction between these terms comorbidity

and multimorbidity became evident when this was enshrined in MESH beyon{T2@\&ell and
Knottnerus, 2019)
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Second, Takelet al (2020) examined the spatial variations of comorbidity of diarrhoea, fever, and
cough among young children aged unfiee years in Ethiopia using the Ethiopia Demographic

and Health Survey (EDHS 2016). The primary focus of this study was to adootire 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 pagiso 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 wrking 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 coveredetteet 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 biiemographic and socioeconomic factors on joint childhood
illnesses in Nigeria. Flexiblen 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 indicdtas for
unobservable 'health status' among children aged 4{findeyears 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 distincteas#hn 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 bettederstand the aetiology of diseases.
3.2.4.1Some 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, dcatieryesp
infection (ARI), malaria, malnutrition, diarrhoea, fever, and sickle cell anaemia. Other than sickle
cell anaemia, which is an inherited condit{@DC, 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.

37



The accuracy of the information for these variables is ohetexd 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 demstrates 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 negatetyto 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 consideratitwe imultilevel 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 concuaofetiie two
diseases were compared with children without the two diseases (none of the disease, and any one

of the diseases).
3.2.4.2Conclusions

Multimorbidity, until recently, has beassociated 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
studees 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 sectBesticularly, the areas

of intense need are that policymakers bear in mind that childneriéwerincome 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 diseasearound nutritiofrelated diseases in SSA. This requires more studies to be
carried out that will inform integrated cafmmework to be developed by clinicians, healthcare

workers and providers to reduce the burden of multimorbidity in SSA.
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3.3 Part 2Ascoping review of the risk factors associated with anaemia among

children under five years in S&8aharan African countries

3.3.1 Introduction

This scoping review, "A Scoping Review of the Risk Factors Associated with Anaemia among
Children Under Five Yars in SubSaharan 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, timernational Journal of Environmental Research and
Public Health 2020(Obasoharet al.,2020a) (Full text is attached in Appendix %}. However,

this section reports the extracted results from the review.

3.3.2 Results

The results sectioreports the profile of the quantitative analysis of risk factors associated with
anaemia in undéiive children in SSA. Results extracted are those reported from the studies that
investigated risk factors (both protective and harmful effects) which waterg\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 dataPasdsed140,
Scopus=13, Medlinegland 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 'Ahaemia
filtered for African countries and publication years between 1990 and 2020. The search yielded 43
studies. Twentysix (26) other reviews were added from checking the references of the included
studies and AJOL=1. After removing 20 duplicate studiedfjtstescoping glance at the titles and
abstracts eliminated further 215 studies (publications). -Bifty (52) studies were subjected to
full-text examination, which resulted in retaining 20 publications for this review after excluding
32 other studies (sdfigure 3.1). The reasons for the exclusion of most of the studies were:

(i) Using other analytical methods rather than classical regression analysis,

(i) Studies did not report separate results for childr&® @nonths,

(i) Studies which considereahaemia 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-texulcrutiny to

answer the scopg 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 eatty eeas 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.

Identification

Records identified through Additional records identified
database searching (n =217 through other sources (n =70)

l Screening l

Records after duplicates were removed (n =267

v

Records screened for titleg Records were excluded because the
and abstracts (n = 267) | —) did not meet the inclusio criteria
(n=215)

l Identification

Fulttext articles assessed for | — | Fulktext articles excluded, with
eligibility (n = 52) reasons (n =32)

l Included

Studies included in the synthesis (n =20

Figure 32 : 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:-ré€laitdd,

parental/caregiverelated, householtelated, and communitselated.

40



3.3.5.1. ChildRelated Variables
Table 3.4 describes the distributions of chigthted variables in the included studies. Out of the
twenty-four (24), unique countrpased studies, only one stuydpnest al.,2018 did not consider
the child's age as part of the investigatedidetrelated variables. This implies that 96% of the
studies considered the age of the chileb@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 dild is a significant predictor of the development of anaemia among children undefiuader
in SSA. The chances of having anaemia are much higher for children at a lower age, (below 24
months) than an older ag@wumohet al.,2014; Nambiemat al.,2019; NgnieTetaet al.,2007;
Ntenda, Nkokaet al.,2018, 2018)For instancelNambiema et alNambiema, Robert and Yaya,
2019 found a protective effect of a child's age with Odds Ratio (OR) (OR=0.22, 95% CI = 0.17
T 0.29);Ngnie-Tetaet al., (Benin Republic studyjNgnie-Tetaet al.,2007)found an increased
risk of developing anaemia for children agetilomonths with (OR=4.05, 95% CI =2.4F.09)
and 1235 months with (OR=2.81 95% CI = 1.89.52) when compared with children aged above
35 months. Also from a Ma#itudy,Ngnie-Tetaet al.,(Ngnie-Tetaet al.,2007)found that a child
aged 611 months (OR=1.73, 95% CI = 1.32.92) or 1235 months (OR=2.90, 95% CI| = 2.24
3.92) is more likely to be anaemic when compared with a child more than 35 months
Table 34: Distribution of childrelated variables in anaemia from the 24 courepecific results

Risk factor: Number of studies References
Child-related Variables which investigated
the risk factor (%)
Age of the child 23/24 (96%) (Asresieet al, 2020; Austinet al.,2012; Douglas Andabati Candia,
2017; Dwumotet al.,2014; Hershegt al.,2017; Immurana & Urmi,
2017; Kawoet al.,2018; Machisat al.,2013; Menoret al.,2015;
Mohammecdet al.,2019; Moschovigt al.,2018; Muchie, 2016;
Nambiemeet al.,2019; NgnieTetaet al.,2007; Nikoi & Anthamatten,
2013; Ntenda, Chuangt al.,2018; Ntendat al.,2019; Ntenda,
Nkoka, et al.,2018; Ojoniyiet al.,2019; Semedet al.,2014)
Sex of the child 17/24 (71%) (Austinet al.,2012; Douglas Andabati Candia, 2017; Dwunetfal.,
2014; Hershe¥t al.,2017; Immurana & Urmi, 2017; deset al.,
2018; Kawoet al.,2018; Machisat al.,2013; Mohammedt al.,2019;
Moschoviset al.,2018; Nambiemat al.,2019; NgnieTetaet al.,
2007; Nikoi & Anthamatten, 2013; Ntenehal.,2019; Ntenda, Nkoka
et al.,2018, 2018; Ojoniyet al.,2019; Semedet al.,2014)
Has Health Insurance 4/24 (17%) (Nikoi and Anthamatter013 Dwumoh, Essuman and Afagbedzi,
2014; Immurana and Urn2017 Ojoniyi et al.,2019
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Perceived Birth Size

Ever Had Vaccination
Status
Product of multiple
births
Preceding Birth
Interval
Birth Order

Iron supplement
Duration of
breastfeeding
Breastfeeding
Had diarrhoea in last 2

weeks

Had fever in last 2

weeks

Vitamin A
Consumption

Min Dietary Diversity
(MDD)
Min Meal Frequency
(MMF)
Treatment for
intestinal worms in the
last 6 months
Nutrition status

Stunting

Wasting
underweight
Overweight
Malaria status (Blood
Smear)
Malaria status (Rapid
Test)

3124 (12%)

1/24 (4%)

2124 (8%)

1124 (4%)

6/24 (25%)

4124 (17%)
4124 (17%)

2124 (8%)

12/24 (50%)

11/24 46%)

4/24 (16.6%)

1124 (4%)

1124 (4%)

3/24 (12%)

1124 (4%)
9/24 (37%)

3124 (12%)
5/24 (20%)
1124 (4%)
3124 (12%)

1124 (4%)

(Muchie, 2016 Kawo, Asfaw and Yohanneg2018 Mohammed,
Habtewold and Esmaillzade?)19
(Austinet al.,2012; Semedet al.,2014)

(Moschoviset al.,2018; Ojoniyiet al.,2019)

(Moschoviset al.,2018)

(Immurana & Urmi, 2017; Moschovit al.,2018; Muchie, 2016;
Ngnie- Tetaet al.,2007; Ntendat al.,2019)

(Joneset al.,2018; Kawoet al.,2018; Machisat al.,2013)
(Joneset al.,2018; Machisat al.,2013; Mohammeeét al.,2019;
Semedeet al.,2014)

(Austinet al.,2012; Mohammeeét al.,2019; Moschoviet al.,2018)
(Asresieet al.,2020; Austinet al.,2012; Jonest al.,2018; Machisat
al., 2013; Moschovi®t al.,2018; NgnieTetaet al.,2007; Nendaet
al., 2019; Ntenda, Nkokat al.,2018; Semedet al.,2014)
(Asresieet al.,2020; Austinet al.,2012; Jonest al.,2018; Machisat
al., 2013; Moschovi®t al.,2018; Nikoi & Anthamatten, 2013; Ntend.

et al.,2019; Ntenda, Nkokat al.,2018)

(Austinet al.,2012; Jonest al.,2018; Machisat al.,2013;
Mohammecket al.,2019; Ntenda, Chuangt al.,2018; Ntendaet al.,
2019)

(Austin, Fawzi and Hill2012 Mohammed, Habtewold and
Esmaillzadeh2019
(Mohammed, Habtewold and Esmaillzad2619

(Joneset al.,2018; Moschovigt al.,2018; Ntenda, Nkokat al.,
2018)

(Nambiema, Robert and Yay2019
(Austinet al.,2012; Kawoet al.,2018; Moschovigt al.,2018; Ngnie
Tetaet al.,2007; Ntenda, Chuangt al.,2018; Ntendat al.,2019;
Ntenda, Nkokaet al.,2018)
(Kawo, Asfaw and Yohanne2018 Ntenda, Chuanget al.,2018
(Ntenda, Nkokaet al.,2018)
(Ojoniyi et al.,2019
(Hersheyet al., 2017 NambiemaRobert and Yay&2019 Ntendaet
al., 2019
(Menon and Yoon, 2015)

Furthermore, the sex of the child as a risk factor predicting the chance of developing anaemia
among children of unddive years in SSA was reported in 17 studies, (reprageri%). Almost
all these 17 studies reported significant variations in anaemia status by sex. In almost all the studies
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that reported sex as a risk factor, found that a male child was more prone to having anaemia than
a female childDouglas AndabaiCandia, 2017; Dwumokht al.,2014; Mohammeet al.,2019;
Moschoviset al.,2018; Ntendaet al.,2019; Ojoniyiet 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 respectMelychoviset al (Moschoviset al.,

2018) reporteda slightly harmful effect of anaemia for a child who had-btoody diarrheal
(OR=1.11, 95% CI = 1.04 1.18), bloody diarrheal (OR=1.21, 95% CI = 1i02.36), when
compared with a child without diarrheal in the last two week before the gMwesghoviset al.,

2018) But, Joneset al (Joneset al.,2018 found no significant effect (OR=1.1, 95% CI=0.i77
1.6).Also, significantly higher odds of developing anaemia among children of-fiudgrears in

SSA was reported for children that headever in the last two weeks before the survey than those
that had not, (OR=1.42, 95% CI = 1.36.49)(Moschoviset al.,2018) (OR=1.46, 95% CI=1.04

T 2.32) in Mali(Ngnie-Tetaet al.,2007) Besides, the strong relationship betweaaemia 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 indicatorsjas only reported in one, (4%) of the 24
studiegNambiema, Robert and Yay2019. The odds of unddiive ammemia was 1.82 times for a
malnourished child thanwell-nourishecchild (Nambiema, Robert and Yay2019.

Treatment for intestinal worms in the last 6 months was reported as a significant factor in
Moschoviset al (OR=1.06, 95% CI = 1.0 1.11)(Moschoviset al.,2018) but not significant in
Joneset al (OR=0.98, 95% CI = 0.76 1.3) (Joneset al.,2018) Birth order as a risk factor for
anaemia in children undéive years of age was reported in six (6) countries studies. Two studies
reported significant harmful effects, but contrary to one anotMischoviset al., (Moschoviset

al., 2018)found that having lower birth order is significantly harmful in developing ufider

years anaemia comiga with having more than three birth order, whiNgnie Tetaet al, (Benin
Republic studyjNgnie-Tetaet 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 ¥ B.9Z)

3.3.52. Distributions of Parental/Caregiv&slated 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/caregiradated variables, 84% of the studies placed the mother's
educational status as one of the most frequently considered rigksfat anaemia in undéive

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 a(Nambiema, Robert and Yayap19 found that a child whose mother has a
secondary level of education and above hisvaer adjusted odds of developing anaemia than a
child whose mother has no education (aOR=0.67, 95% CI = (55).

Table 35Distribution of study characteristics by Parental/caregivelated variables in Anaemia

Parental/Caregiver-related variables Number of studies References

which investigated the

risk factor

Mot her 6s age in years 13/24 (54%) (Asresieet al.,2020; Dwumoktet al.,2014; Immurana & Urmi, 2017
Mohammeckt al.,2019; Moschovigt al.,2018; Muchie, 2016; Ngnie
Tetaet al., 2007; Ntenda, Chuangt al., 2018; Ntendeet al., 2019;
Ntenda, Nkokaet al.,2018; Ojoniyiet al.,2019)

Mother's age at child's birth 1/24 (4%) (Machisaet al.,2013)

Mother working Status 6/24 (25%) (Asresieet al., 2020; Immurana & Urmi, 2017; Kawet al., 2018;
Muchie, 2016; Nambiemet al.,2019; Ojoniyiet al.,2019)

Mot her 6s educational s 20/24(83%) (Asresieet al., 2020; Austinet al., 2012; Douglas Andabati Candi
2017; Dwumohet al., 2014; Immurana & Urmi, 2017; Jones al.,
2018; Kawoet al., 2018; Machiseet al, 2013; Menonet al., 2015;
Mohammedet al., 2019; Moschoviset al., 2018; Muchie, 2016;
Nambiemaet al.,2019; NgnieTetaet al.,2007; Nikoi & Anthamatten,
2013; Ntenda, Chuangt al.,2018; Ntendat al.,2019; Ntenda, Nkoka
et al.,2018; Ojoniyiet d., 2019)

Fat herds educational s 4124 (17%) (Immurana & Urmi, 2017; Muchie, 2016; Ngrletaet al.,2007)

Father is alive at the date of the survey 1/24 (4%) (Nambiema, Robert and Yay2019

Mother's Marital status 3/24 (12%) (Immurana and Urmi2017 Kawo, Asfaw and Yohanne018§
Ojoniyi et al.,2019

Mot her 6s body mass i nd 4/24(17%) (Machisaet al.,2013; Mohammeet al.,2019 Moschoviset al.,2018;
Nikoi & Anthamatten, 2013)

Mot herds anaemia stat u 12/24 (50%) (Asresieet al., 2020; Machiseet al., 2013; Mohammedctt al., 2019;
Moschoviset al.,2018; Muchie, 2016; Nambien® al.,2019; Nikoi
& Anthamatten, 2013; Ntenda, Chuarg, al., 2018; Ntendeet al.,
2019; Ntenda, Nkokaet al.,2018)

ANC attendance 1/24 (4%) (Mohammed, Habtewold and Esmaillzad2619

Religion status 2124 (8%) (Muchie,2016 Immurana and UrmR017)

Mot her 6s iron suppl eme Y% (4%) (Machisaet al.,2013)

There was also a cleaut pattern of how the variations in the mother's age affect the chances a

child will develop anaemidor instance, Moschovist alMoschoviset al.,2018) Asresieet al
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(Asresieet al.,2020)and Ojoniyiet al (Ojoniyi et al.,2019)reported a drop in the odds of having
anaemia among children of unefere years as the mothers' age increase.

The mother's anaemgtatus was reported in 12 (50%) of the studies included in this scoping
review. Moschoviset al (Moschoviset al.,2018)found that a child whose mother was anaemic
had an 85% greater odds of having anaemia #mather child whose mother was not anaemic
(OR=1.85, 95% CI=1.74.95). Iron supplementation during pregnancy was reported in only one
study(Machisaet al.,2013)and was not a significant risk factor, (RRR=1.00, 95% CI =106J.
3.3.5.3. Distributions of Househ®elated Variables

Another critical component of the risk factors associated with anaemia amongrcbiidreder

five years in SSA was the househofdated variable. Table 3.6 shows the details of the
distribution of various househol@lated risk factors. Wealth status, a proxy of household
socioeconomic status, was one among many factors that drewattengon in this category of
risk factors. Twentyone (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 undéive anaenia in SSA countries established that the higher the wealth
quintiles, the lower the risk of developing anaemia among dingeryear anaemigDouglas
Andabati Candia, 2017; Hersheyal.,2017; Moschovigt al.,2018 Ojoniyi et al.,2019) The
Hershey et alHersheyet al.,2017), Mohammed et alMohammed, Habtewoldnd Esmaillzadeh,
2019, and Moschovigt al (Moschoviset al.,2018)studies found, respectively, that being in the
richest category [(OR=0.55, 95% CI=0-8470), (OR=0.48, 95% CI=0.33.63), (OR=0.417, 95%
ClI=0.287%0.547)] had significant protective efteor underfive years anaemia. On the contrary,
Ntendaet al (Ntenda, Chuanggt al.,2018 found in their Malawi study (OR=0.81 95% CI=0-60
1.08), Mozambique study (OR=0.48, 95% CI=01384), and Namibia study (OR=0.76, 95%
Cl=0.531.11) that being in higher quintileg wealth status is protective but not a significant
factor.

Closely following the effect of wealth status in this category of houseletdted risk factors was

the place of residence (that is, whether the household under study is in a rural or @paNidre

18 (75%) studies, the place of residence was the second most examined haetateoldariable

as a risk factor associated with anaemia among children of-fimderears in SSA countries.
However, among the studies that reported a significestcation of place of residence, there

were no cleacut conclusions relating to the comparison of rural and urban dwellers. For instance,
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Menon and Yoon (OR=0.768, 95% CI=0.59296)(Menon and Yoon2015) Mohammeckt al
(Mohammed, Habtewold and Esmaillzad2619 and Moschovi®t al (Moschoviset al.,2018)

reported protective effect for rural than for urban, while Ngregaet al (Ngnie- Tetaet al.,2007)
in Mali study, (OR=2.04, 95% CI=1.3844), Nambiemat al.,(OR=0.66, 95% CI=0.58.82)
(Nambiema, Robert and aya, 2019 and Dwumohet al, (UOR=0.53, 95% CI=0.46.65)

(Dwumoh, Essuman and Afagbedzi, 2Q¥dund that it was more harmful to a child in the rural

area in developing anaemia than in the urban area of SSA.

Table 36 Distribution of study characteristics by househodthted variables

Householdrelated variables

Wealth status

Place of residence

Household had bed net

Age of HouseholdHead
Recent anti mal a
spraying of household

Household size

Number of children U5 in household
Water source outside the premises

Improved Source of drinking water

Improved Type of toilet facilities
Unsafe stool disposal

Improved Floor material type

Sex of Household Head

Shared Toilet Facilities with Other
household members

Use Biomass for cooking

Under-5 slept under mosquito net
last night

Household ownership of livestock

Number of studies which References

investigated the risk factor
21/24 (87%)

18/24 (7%6)

2124 (8%)
1124 (4%)
1124 (4%)

4124 (17%)

3124 (12%)
1/24 (4%)
8/24 (33%)

2124 (8%)
1124 (4%)
1124 (4%)
2124 (8%)
1/24 (4%)

3/24 (12%)
424 (17%)

1/24 (4%)
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(Asresieet al., 2020; Austinet al.,2012; Douglas Andabati Candia, 201
Dwumohet al., 2014; Hersheet al., 2017; Jone®t al., 2018; Kawoet al.,
2018; Machisaet al.,2013; Menon and Yoon, 2015; Mohammetlal.,2019;
Moschoviset al.,2018; Nambiemat al.,2019; NgnieTetaet al.,2007; Nikoi
& Anthamatten, 2013; Ntenda, Chuare,al., 2018; Ntenda, Nkokagt al.,
2018; Ojoniyiet al.,2019)

(Douglas Andabati Candia, 2017; Dwumehal., 2014; Jonet al., 2018;
Kawo et al., 2018; Menon and Yoon, 2015; Mohammed al., 2019;
Moschoviset al., 2018; Nambiemaet al., 2019; NgnieTeta et al., 2007,
Ntenda, Chuanggt al.,2018; Ntendat al.,2019; Ntenda, Nkokat al.,2018)
(Menon and Yoon, 2015; Jonetal.,2018)

(Immurana and UrmR017)

(Joneset al.,2018)

(Asresieet al.,2020; Machisat al.,2013; Moschovigt al.,2018; NgnieTeta
et al.,2007)

(Asresieet al.,2020; Kawoet al.,2018; Muchie, 2016; Ojoniyet al.,2019)
(Moschoviset al.,2018)

(Austinet al.,2012; Douglas Andabati Candia, 2017; Josiesl.,2018; Kawo
et al.,2018; Mohammeet al.,2019; Moschovit al.,2018; Muchie, 2016)
(Joneset al.,2018; Moschovigt al.,2018)

(Moschoviset al.,2018)

(Moschoviset al.,2018)

(Joneset al, 2018)

(Moschoviset al.,2018)

(Moschoviset al.,2018; Ntenda, Nkokat al.,2018)
(Hersheyet al.,2017; Machisat al.,2013; NgnieTetaet al.,2007)

(Joneset al.,2018)



However,Ntendaet al (Ntendaet 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% C30083.

Other risk factors that were of utmost importance in many of the studies incluthes! scoping

review include:

(i) Household size in four, (17%) studies,

(i) The number of children that were undefe years living in the same household (17%),

(i) 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 coelatad studies.
Contrary to the expectation from other studies not included in this réMeshra and Retherford,

2007; Page, Patel and HibbeP®15)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 studigdloschoviset al.,2018; Ntenda, Nkokagt al, 2018)included in this
scoping review found the opposite conclusibtaschoviset al (OR=0.99, 95% CI=0.9Q2.10)
(Moschoviset al., 2018) Ntendaet al (Ntenda, Chuanget d., 2018 in Mozambique study
(OR=0.93, 95% CI=0.5Q4.73), and in Namibia study (OR=0.92, 95% CI=01585) reported
protective association to use biofuel for cooking but it was not significant.

3.3.5.4. Distribution of study characteristics by Commpueltited variables

Communitybased 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 cenhefcommunity 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 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 allestuthey were dropped from

the list of risk factors at the community levels.
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Table 37 Distribution of study characteristics by commusnijated variables

Community variables Number of studies which investigated References
the risk factor

Community wealth 4/24 (17%) (Jones et al., 2018; Ntenda,
Nkoka, et al.,2018)

Community Female Education 4124 (17%) (Ntenda, Chuanget al., 2018
Ntenda, Nkokaet al.,2018

Community Distance to Health Facility = 3/24 (12%) (Ntenda, Nkokaet al.,2018)

Community safe water access 3/24 (12%) (Ntenda, Nkokaet al.,2018

3.4 Part 3Scoping review of risk factors associated with malaria among children
underfive years in SuBahara Africa

3.4.1 Introduction

This part of the scoping review titled: "A Scoping Review ofeSd Studies on Predictor
Variables Associated with the Malaria Status among Children under Five Years-8aBatan
Africa", was conducted for existing publications between January 1990 and December 2020. The
outcome was also published in one of thenails on 22 February 202the International Journal

of Environmental Research and Public Heat20on 22 February 202Dbasohaet al.,2021a),

(The full text is attached in Appendix4}.

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, acohtextual) 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
consultedNinety-three (93) were retained for fttkbxt examination, and only thirteen (13) unique
publications (with 18 countrgpecific studies) met the inclusion criteria and were examined for

this review.
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Studies Identified: PubMed (867), CINAHL (14),
Scopus (0), Medline (122) and Measure DHS (154) (N=1154

After Screening out Duplicate papéns=1138)

v

Papers retained for abstractf — Irrelevant papers removéd =925)
screeningn =213)

Papers retained for futext screening »| Papers excluded after abstract screen
(n=93) (n=120)

v

P for full text read
apers(r?rzgg) e Excluded papers (n=80)

with reasons:
(i) Not Malaria outcomé20), (ii)
Bayesian approach (12) Not
nationally representative (31),
Communitybased (4), Not undeb
analysis (8), Studgesign not
related (4), Not SSA country only (]

v

Papers included in the review
(n =13)

Figure 33 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 Valealmalaria 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 chéthted variables, mothers or caregivelated

49



variables, householelated variables, and environmental or Arelated variables and interaction
terms. These variables include age of the child, weight, anaemia status, birth order status; maternal
age and education status, parent's knowledg&jdsf 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 fiveyears in SSA. A factor was considered statistically significant concerning each paper
considered th@-value cutoff (0.01, 0.05, or 0.001). In addition, in a situation where the factor
was classified into different categories or dummies, the factor waedldd as statistically
significant if at least one of the categories or dummies compared to the reference category was
statistically significant.

3.4.2.4 ChildRelated Variables

Table 3.8 shows the evidence found on chilidited variables. This study ealed 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 studiesuind 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 contractingevefaalad
increase. However, Semakula et(8emakulaet al.,2015)in their multicountry study found no
statisticalsignificance in Tanzania (OR: 1.26, CI: 0i9470,p = 0.128) and Burundi (OR: 0.79

Cl: 0.60 1.05,p = 0.108), but found significant effect in Malawi (OR: 1.85 CI: 13356,p <

0.001] and Liberia (OR: 2.10 CI: 1.62.80,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:01902,p = 0.18)(Berendsewt al.,2016, (OR:
0.927,p=0.2627) Ugwu and Zewotir2018, and (OR: 1.04 CI: 0.82.32,p = 0.764))(Wanzira

et al.,2017)found no statistically sigficant effect. Also, three studies that explored the effect of
birth order found statistically significant effects (OR: 1.03 CI: 110Q6,p = 0.011)(Berendsen

et al.,2019)when the child was secommtder compared to the 1st child born: (OR: 1.43 CI:11.04
1.96,p = 0.03)(Chitunhu and Musenge, 201&)d [marginal effect: 0.04%,< 0.01)(Njauet al.,

2014)
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SIN

OR:

Variables

Age of thechild

Vaccination status

Preceding birth
interval
Birth order

Breastfeeding
status
Fever in the last 2
weeks
Anemic

Place of delivery

The child slept
under a mosquito
bed net

odds

Table 38 Association between chilglated variables and malaria status

Significance
Levels
S:

NS:
rat

Number of Studies

9

5
o, ME :

Association Effect (95% ClI)

Increased significant factors (ISF)
OR: 1.05 (1.041.06)Berendseret al.,2019)
OR: 1.03 (1.02, 1.04Chitunhu and Musenge, 2015)
7i 23: OR: 2.29 (1.2i14.34), 2459: OR: 5.67 (3.0110.70)(Morakinyo,
Balogun and Fagbamigh2018
OR: 1.85 (1.3B2.56)(Semakuleet al.,2015)
OR: 2.10 (1.592.80) (Semakuleet al.,2015)

6i11: OR: 2.22 (1.88, 2.62); 123: OR: 3.70 (3.12, 4.37) 235: OR:

DSF: public: 0.85 (0.78 to 0.92); private: 0.78 (0.70 to O(B&yendsen

ISF: OR: 1.21 (1.08L.36)(Morakinyo, Balogun and Fagbamigt2€18
OR: 1.47 (1.161.89) (Semakulzt al.,2015)
DSF: OR: 0.77 (0.60, 0.99Chitunhu and Musenge, 2016RR:0.65
(0.56 0.77)Semakuleet al.,2015)

048:

DSF: OR: 0.88 (0.82 to 0.94Berendseret al.,2019)

ISF: OR: 1.00 (1.00 to 1.0QBerendseretal., 2019)

DSF: currently: 0.85 (0.7®.99)(Berendseret al.,2019)
ISF: OR: 1.967 (1.712.26)(Ugwu and Zewat, 2018

ISF: OR: 2.982 (2.54.49)(Ugwu and Zewadt, 2018
DSF: OR: 0.95 (0.94, 0.9¢Chitunhu and Musenge, 2015)

5.00 (4.25, 5.87§Siri, 2014
13i24: OR: 1.7039 (1.32.16); 25 36: OR: 2.624 (2.063.33);
37148 OR: 3.591 (2.8r4.55);
49 59: OR: 4.97 (3.888.38)(Ugwu and Zewotir2018
7i12: OR: 1.62 (1.042.52);
13i24: OR: 2.20 (1.4i73.29);
25 36: OR: 3.47 (2.315.20);
37i48: OR: 3.69 (2.4i/5.50);
49159: OR: 4.01 (2.57.45)Wanziraet al.,2017)
24i35: OR: 1.5 (1.02.5)
O R i3.5Zg@mbdg, Mbakaya and Kalembo, 2017)
decreased significant factors (DSF)
36 month+ OR: 0.80 (0.72, 0.8iri, 2014

ISF: OR: 1.03 (1.011.06)(Berendseretal., 2019)
Second: OR: 1.43 (1.04, 1.9®hitunhu and Musenge, 2015):

(Njauet al.,2014)

etal., 2019)

ISF: increased significant factors, DSF: decreased significant factors.

Contrary to expectation, whether or not a child slept under aléstigg insecticiddreated
net was reported in five out of nine studies (OR: @830.84 1.02,p = 0.13)(Berendseret al.,
2019) ((in Malawi study), OR: 0.88 CI: 0.73.07,p=0.202)(Semakulaet al.,2015) ((in Liberia
study), OR: 0.99 CI: 0.83..17,p = 0.945)(Semakulaet al.,2015) OR: 0.93 CI: 0.801.07](Siri,
2014; (OR: 1.5 CI: 0.92.4 p = 0.146) (Zgambo, Mbakaya and Kalembo, 2017pt to be a
significant predictor of malaria iattion among children under five years in SSA.
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3.4.2.5 MaternaRelated Variables

Table 3.9 describes the factors predicting the likelihood that a child would contract malaria fever
at the maternalelatedvariable level. Out of three studies that analysed maternal age as a predictor
of contracting malaria fever among childrenderfivesin SSA, two studiegAnumuduet al.,

2007; Amoraret al.,2014)(Njau et al.,2014; Siri,2014 found no statistically significareffect.

While, Berendseet al 2019(Berendseretal., 2019)found a statistically significant effect (OR:

0.99 CI: 0.980.99,p = 0.00047) of maternal ag8erendseret al.,2019) However, Zgambet

al. 2017(Zgambo, Mbakaya and Kalembo, 20#1d not find any statistically significant effect of

maternal education on the likelihood of malaria infection among children under five years in SSA.

Table 39 Association bateen maternatelated variables and malaria status

S/ Variables Significance Levels Number of country Association Effect (95% ClI)
N studies
1 Maternal age S: 1 DSF:OR: 0.99 (0.98 to 0.99Berendseretal., 2019)
NS: 2 (Njauet al.,2014; Siri,
2014
2 Maternal education S: 6 ISF: no Education: OR: 2.0454 (1i3607); primary: OR:
status 1.5311 (1.082.28); secondary+: OR: 1.547 (1i@723)

(Ugwu and Zewotir2018
DSF:primary: OR: 0.91 (0.86 to 0.96); secondary+: Ol
0.73 (0.67 to 0.78)Berendseret al.,2019)
primary: OR: 0.53 (0.37, 0.7Thitunhu and Musenge,
2015)P S : b: 10.032; above
0.993 (0.9900.996)(Siri, 2014
Primary: OR: 0.75 (0.59.96); secondary: OR: 0.61
(0.430.86); Té: OR: 0.11 (0.0R0.53)(Wanziraet al.,

2017)
NS: 1 (Zgambo, Mbakaya
and Kalembo, 2017)
3 Maternal body mass S: 1 DSF:OR: 0.97 (0.960.98)(Berendseret al.,2019)
index NS: -
4 Maternal antenatal S: 1 DSF:b: 1 (qNjabé al.,2014)
care NS: -
5 Number of births in S: 1 ISF: OR: 1.08 (1.031.13)(Berendseretal., 2019)
5 years NS: -
6 | Maternal knowledge S: 2 I SF b: 0.013 [31
of malaria fever DSF: yes: OR: 0.78 (0.6R2.99)(Njau et al.,2014; Yang
et al.,2020)
NS: -
7 Number of children S: 1 ISFb: 0.003(Njauet al.,2014)
ever born NS: -
8 | Mother has access t S: 1 DSF:b: 1 O(Nj@ut@l.,2014)
phone NS: -
OR: odds ratio, ME: marginal effect, b: coeffi ci efactors, ®SRdécreemede , S:

significant factors.

In addition, maternal knowledge of malaria fever was found to be a statistically significant
predictor of undefive malaria cases in SSA. Children whose mothers showed knowing malaria
fever were less likely to be infestedtivimalariaparasitemia( b : T O< 0 @jau et al.,
2014)and (OR: 0.78 CI: 0.6D.99,p = 0.037)(Wanziraet al.,2017)
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3.4.2.6. HouseholRelated Variables

Table 3.10 describes the distribution of significant effects of housedlsited variables on the
likelihood of developing malaria infections among children under five years in SSA. The most
widely assessed househaklated predictors are household socioeconomic status (designated as
household wealth), place of residence (urban or rural), Householdhgizeyed water source and
improved toilet facilities. All eleven countigpecific studies that investigated household wealth
as a predictor found at least one of the categories statistically significant predictor of malaria status.
The higher the househaldealth quintile, the less likely it is that the child in the household would
contract malaria fever. The thirteen courdpecific studies that found a statistically significant
effect of the place of residence all reported that it was more harmfuhitWainder five years in

rural SSA than in urban areas in contracting malaria fever. Though Wahaik2017(Wanzira
etal.,2017)and Zgambet al.2017(Zgambo, Mbakaya and Kalembo, 2010)nd no statistically
significant effect of place of residence, they reported a more protective effect for urban children
than rural children (OR: 1.74 Cl: 0.8229,p = 0.089)(Wanziraet al.,2017) (OR: 2.3 CI: 0.9

6.0,p =0.075)(Zgambo, Mbakaya and Kalembo, 2017)

Table 310 Association betwedmuseholerelated variables and malaria status

SIN Variables Significance Number of country studies Association Effect (95% ClI)
Levels
1 Household wealth S: 11 ISF: international wealth index square: 1.00 (1.00 t
status 1.00)(Berendseret al.,2019)poor: 5.51 (3.887.93)

poorer: 5.15 (3.727.13) middle: 3.51 (2.641.65)
richer: 1.89 (1.462.45)(Morakinyo, Balogun and
Fagbamighe2018 poorest: OR: 3.5498 (1.508.35);
poorer: OR: 5.6013 (2.691.63); middle: OR: 2.4569
(1.46 4.12); richer: OR: B258 (1.242.67)(Ugwu and
Zewotir,2018; poorest: OR: 4.7 (1i136.2)(Zgambo,
Mbakaya and Kalembo, 2017)
DSF: OR: 0.95 (0.93.98)(Chitunhu and Musenge,

2015\ ME: 1 0. O 3740.077B)Mjauleta¥, 3
2013; ME: 1 0. G@O0267)NjaOet .9 4
2013; ME: 10. i116G. (S\@se)ag 7
2013 poor: bH: T0.019 (®. O
(0.018); middle: b: 10

(0.019)(Njau et al.,2014)

OR: 0.990 (0.98i70.992)(Siri, 2014 poorer: 0.70
(0.50'0.99); middle: 0.75 (0.5@.12) 0.157; richer:
OR: 0.40 (0.2v0.61); richest: OR: 0.17 (0.08.36)

(Wanziraet al.,2017)

2 Place of residence S: 13 ISF: rural: OR: 1.91 (1.62.25)(Berendsertal.,
2019)rural: OR: 1.83 (1.18.83)(Chitunhu and
Musenge, 2015yural: OR: 1.59 (1.331.89)
(Morakinyo, Balogun and Fagbamigl2918, ME:
0.002 (0.07810.1228) ME: 0.055, CI: (0.0008.1097)
(Njauetal.,2013r ur al : (Nfauetal,2004) 4
rural: OR: 4.57 (86 11.25)(Ugwu and Zewotir2018
DSF: urban: OR: 0.94 (0.61.42)Semakuleet al.,
2015)0R: 0.26 (0.1B0.49)(Semakulzt al.,2015)
urban: OR: 0.39 (0.29.60)Semakuleet al.,2015)
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10

Household had
bed net

Age of household
head

Insecticide
residual spray

Household size

Number of under
5 in household

Source of water
outside

Improved water
source

Improved toilet
facility

urban: OR: 0.72 (0.570.92%emakulzet al.,2015)
urban: OR: 0.59 (0.5@.71)(Siri, 2014
NS: 2 (Wanziraet al.,2017;
Zgambo, Mbakaya and
Kalembo, 2017)

S: 4 DSF: ME: 1 0 i000868%Njquétél.,2018;8
ME: 1 0. 0 3i9.0387)(Njautal32813 ME:
1 M.98 (T110.14M1NjaBetal.,2013b: T O .

(Njauet al.,2014)
NS: 1 (Zgambo, Mbakaya and
Kalembo, 2017)

S: 4 I SF: ME: 0 i00016)(Nfadebal.,2003) 4

ME: 0. 00 10.00Z0)Njawedad,3013, OR:
1.019 (1.00v1.031)(Ugwu and Zewotir2018

DSF: ME:1 0. 0 0 9 10.0032j0jauktal.,2013

NS: -

$ 2 DSF: OR: 0.37 (1.08L.36)(Morakinyo, Balogun and
Fagbanigbe,2018 OR: 0.23 (0.080.61)(Wanziraet

al., 2017)
NS: 2 (Zgambo, Mbakaya and

Kalembo, 2017; Ugwu and
Zewotir, 2018)

S: 7 ISF: OR: 1.03 (1.0111.04)(Berendseretal., 2019)ME:
0.015 (0.00210.0285)(Njau et al.,2013 ME: 0.004
(7 0.70.0050(Njauet al.,2013 ME: 0.005
(17 0.70.0065)(Njauet al.,2013 b: 0.009(Njau et
al., 2014)OR: 1.46 (1.241.73)(Siri, 2014, OR: 1.108
(1.03 1.17)(Ugwu and Zewotir2018

ISF: ME: 0.049 (0.03310.6565)(Njau et al.,2013

DSF: ME: 1 07i7002.50 (@ue)all 7

2013 ME: 1 0. 0 4i4 0( 10(NE®] .2
2013

NS: 1 (Njauet al.,2014)
S: 1 DSF: OR: 0.97 (0.96, 0.99Chitunhu and Musenge,

2015)

NS: 1 (Ugwu and Zewat, 2018
S: 5 ISF: borehole: OR: 1.50 (1.1.0.88); unprotected well:
OR: 1.56 (1.291.88); protected well: OR: 2.19 (1153
3.10); river/lakes: OR: 2.45 (1.B3.31)(Semakulaet

al., 2015)borehole: OR: 1.75 (0.60.93); protected
well: OR: 1.44 (0.260.78)(Semakulzt al.,2015)
borehole: OR: 1.19 (0.38.60); protected well: OR:
1.36 (1.041.78); unprotected spring: OR: 1.65
(1.012.71) 0.047; river/lakes: OR: 1.55 (1.2216)
(Semakuleet al.,2015)unprotected: OR: 1.17 (1.07,
1.27)(Yanget al.,2020)

DSF: piped (yard): OR: 0.13 (0.03.32); public pipe:
OR: 0.70 (0.51L0.95); private taps: OR: 0.62 (0139
0.95) protected spring: OR: 0.78 (1i@833)(Semakula

et al.,2015)
piped (yard) OR: 0.05 (0.000.58); public pipes: OR:
0.52 (1.251.84); private tap: OR: 0.23 (0.10a.75)
(Semakuleet al.,2015)
piped (yard): OR: 0.23 (0.1R.43); public: OR: 0.33
(0.23 0.47)(Semakuleet al.,2015)public: OR: 0.27
(0.13 0.51)(Semakuleet al.,2015)
piped: 0.52 (0.480.59)(Yanget al.,2020)
NS: 2 (Ugwu and Zewotir, 2018;
Berendseret al.,2019)

Sk 7 ISF: open toilet: OR: 1.35 (1.11.63) no toilet: OR:
3.57 (2.355.42); pit: OR: 1.30 (1.07L..58)(Semakula
et al.,2015)
no toilet: OR: 1.66 (1.2@.30)(Semakuleet al.,2015)
no toilet: OR: 1.24 (0.821.28emakuleet al.,2015)no
toilet: 1.635 (1.2002.21)(Ugwu and Zewotir2018 no
toilet: OR: 1.35 (1.24, 1.4{)anget al.,2020)
DSF: mediuraguality: OR: 0.85 (0.78 to 0.92)
(Berendseret al.,2019) flush toilet: 0.40 (0.180.78)
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11 Sex of household
head

12 Use biomass for
cooking

13 Under 5 years,
child slept under
bed net
14 Household
ownership of
livestock

15 Improve building
materials

16 Household head
education status

18 Household
connected
electricity

19 Roofing material

OR: o0dds
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

rati o,

NS:

NS:

ME :

N

2
1 (Ugwu and Zewat, 2018
4

1 (Tustinget al.,2020
2

1 (Njauetal.,2013
1

marginal effect,

(Semakuleet al.,2015)flushtoilet: OR: 0.04 (0.02

8.01)(Semakuleet al.,2015)

flush toilet: 0.53 (0.390.78emakulzet al.,2015)
flush toilet: OR: 0.51 (0.43, 0.60yanget al, 2020)

DSF:

mal e: ME :70.0089)(Njz2i &t al.(
2013

ISF: firewood: OR: 1.80 (1.22.68)(Semakulzt al.,
2015)firewood: OR: 1.44 (0.98.16)(Semakulet al.,

2015)

DSF: charcoal: OR: 0.58(0.88.85)Semakulzet al.,

2015)

ISF: yes: OR: 1.33 (1.04.71)(Wanziraet al.,2017)
DSF: OR: 0.83 (0.78.88)(Tustinget al.,2020

ISF: goat: OR: 1.32 (1.09.60)(Semakuleet al.,2015)
goat: 1.26 (1.0i71.48) OR: 1.17 (0.98L.38)(Semakula

et al.,2015)

DSF: cattle: OR: 0.55 (0.48.67) pigs: OR: 0.18
(0.09 0.33)(Semakulzet al.,2015)cattle: OR: 0.51
(0.400.65)(Semakulaet al.,2015)cattle: OR: 0.54
(0.350.83) cattle: OR: 0.74 (0.55 1.0(Bemakulaet

al., 2015)

ISF: nothing improved: OR: 1.05 (110R12)
(Morakinyo, Balogun and Fagbamigt#918; OR:

I SF:
DSF:

0.88 (0.830.93)(Tustinget al.,2020

ME: 0 i000267)(Njaaebal., 2003 3
primary scho(ljauetal, b
2014)

ISF: no: OR: 1.14 (0.84..48)(Ugwu and Zewat,

2019

DSF: palm leaf: OR: 0.717Wgwu and Zewat, 2018

b:

coef fi ci efactors, ®SR decremgted ,

underfive in SSA (Njau et al., 2013 Ugwu and Zewotir2018. The variations in household

S:

ownership of livestdcwere a statistically significant predictor of malaria status in children under

five years in SSA. Semakué al 2015 (Semakulaet al.,2015)reported consistent findings in

their four countryspecific studies that a child from a houdehthat owns cattle has a lower odd

of contracting malariparasitemiahan a child from a household without livestock (Tanzania (OR:

0.55 CI: 0.450.67,p < 0.001); Burundi (OR: 0.51 CI: 0.40.65,p < 0.001); Malawi (OR: 0.54
Cl: 0.350.83,p < 0.001); Liberia (OR: 0.74 CI: 0.558..00,p < 0.05)).
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3.4.2.7 Environmental/Are&lated Variables

In consideration of environmentsdlated predictors, three variables (regional variations, malaria
endemicity, and communiiyee bed net distribution) were attraetifor investigation among the
included studies. Table 3.11 reports that Njgal 2013(Njauet al.,2013 found that the predicted
marginal eféects (ME) of malarijendemic areas for malaria fever in Angola, Tanzania and Uganda
were significantly ME: 0.01p(< 0.10), ME: 0.095¢ < 0.05) and ME: 0.288p(< 0.01) points,
respectively. Additionally, the same auth@gau et al.,2013 reported an insignificant increase

in the predicted marginal effect62b.1% points for free bed net in the community among malaria
positive children in Angola, but a significant reduction of 1.5 0.1) and 8.2% < 0.05) in

Tanzania and Uganda, respectively.

Table 311 Associatiorbetween environmenta¢lated variables and malaria status

SIN Variables Significance Levels | Number of country Studies Association Effect (95% ClI)
1 Community wealth S: 1 ISF: cluster level: OR: 0.984 (0.979, 0.988)ri,
status 2014
NS: -
2 Community distance S: 2 ISF: ME: 0.084 (0.05600.1128)(Njauet al.,2013
to health facilities ME: 0.102 (0.052B0.1521)(Njau et al.,2013
NS: -
8 Cluster altitude S: 1 ISF: OR 1.0003 (0.991..1003)(Ugwu and Zewotir,
2018
NS: 1 (Chitunhu and Musenge,
2015)
4 Community S: 1 ISF: OR: 0.43 (0.27, 0.7@Q)evitz et al.,2018
insecticide net use NS: -
5 Regional variations S: 3
NS: 1 (Zgambo, Mbakaya and
Kalembo, 2017)
6 Malaria endemicity S: 4 I SF: ME: 0 i0005%72)(Njauebal., Q01

ME: 0.095 (0.035i70.1561)(Njau et al.,2013
ME: 0. 2887 Q.1 ON@E®)2162013
high: b: 0.093(Njau et al.,2014)

NS: -
7 Free bed net in S: 3 ISF: ME: 0.251 (0.0228.4801)(Njau et al.,2013
community DSF: ME: 1 0 1000405)(Njauebdal.,0 1
2013
ME: 1 0. 0 8®0494)Njadetarl, 2013
NS: -
Countryspecific S: 1 ISF: Liberia: OR: 1.09 (0.99..24); Uganda: OR:
40.15 (29.7454.20); Malawi: OR: 16.68 (12.38,
22.48); Senegal: OR: 1.01 (0.77, 1.32); Nigeria: O
31.91 (23.86, 42.674Biri, 2014
DSF: Rwanda: OR: 0.15 (0.10, 0.21); Tanzania: O
0.82 (0.63, 1.07); Madagascar: OR:0.73 (0.57, 0.¢
(Siri, 2014
NS: -

OR: odds rati o, bbEfficiennestimate, B:ssignifieaft,fN8: adt 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. 2018Morakinyo, Balogun and Fagbamigt#§18, which found reduced odds

of malaria infections among childrein¥® months in North Central (OR: 0.61 CI: 0.8779,p <
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0.01); North East (OR: 0.35 CI: 0127.46,p < 0.01); North West (OR: 0.49 CI: 0.87.64,p <
0.01); South East (OR: 0.59 CI: 0i4479,p < 0.01); SoutkSouth(OR: 0.42 CI: 0.310.55,p <
0.01), when compared with children from South Weé&3tntrary to Morakinyo et al. 2018
(Morakinyo, Balogun and Fagbamigl#18 report on Nigeria study, Ugwu et al. 2008gwu
and Zewotir 2018 found insignificant effects on regional variations in South East, SSotith,
South West, and North Central whemymared with North West, but found significant odd of
malariapositive cases among % months in North East (OR: 0.30$9; 0.015) when compared
with north West.

3.4.2.8. Interactionselated Variables

Interactionrelatedpredictors were reported by two papers in four couspegcific studies (Table
3.12).Njauet al 2013(Njauet al.,2013 reported a significant decrease of 4.69%: 0.05) points

in the predicted marginal effects among malaeaitive children in Angola concerning interaction
terms of free bed net and weadttatus but found an insignificant reduction of 0.9% and 6.4% in

Tanzania and Uganda, respectively.

Table 312 Association between interactioalated variables and malaria status

SIN Variables Significance Levels Number of country Association Effect (95% ClI)
Studies
1 Free bed S: 1 DSF: ME: 1 0i0047@)(Njauebal.,0 €
net/wealth 2013
status NS: 2
2 Wealth/place of S: 1 DSF: poorest/rural: OR: 0.3567 (0i1896);
residence poorer/rural: OR: 0.2770 (0.1Q.66); middle/rural

OR: 0.4477 (0.220.91); richer/rural: OR: 0.4174
(0.2210.78)(Ugwu and Zewotir2018

NS: -
3 Number in S: 1 DSF: OR: 0.9984 (0.99D.999)(Ugwu and Zewotir,
household/age 2018
of household NS:
head
OR: o0dds ratio, ME: marginal effect, b: coeffi ci efactors, SR decremde® , S: sSi

significant factors.

Ugwu et al(Ugwu and Zewat, 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 ClI:
0.21970.9124p=0.027 and OR: 0.417 CI: 0.221&87871,p = 0.007) displayed a higher odd of
malariapositive than the poorest and poorer household group in the rural area (OR: 0.3567 CI:
0.13190.0429p=0.0429 and OR: 0.2770 CI: 0.11496677 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 chil8®eménths in Nigeria.
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3.5 Part 4Scoping review of rigkctors associated with malnutrition among children
aged undeffive years in SuBahara Africa

3.5.1 Introduction

This scoping review titled: "Risk Factors Associated with Malnutrition among Children Under
Five Years in Sutsaharan African Countries: A Suag 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 2020ntkenational Journal of Environmental
Research and Public Hehl 2020o0n 26 November 202@basoharet al.,2020b) (The full text

is attadhed 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 assodiated wi
malnutrition in undeffive children in SSA following the Preferred Reporting Items for Systematic
Reviews and Meté&nalyses extension for Scoping Reviews (PRISHER) checklistgLarissa
Shamseer, 2015; Tricex al.,2018)

3.5.2.1Selection of Sources of Evidence

A total of 224 unique papers werdentified from the various electronic databases (EMBASE=12,
PUBMED = 18, WOS = 74, Scopus = 103, Cochran Library =0, CINAHL =12). Additionally, 5

ot her studies were retrieved from ot her sour c
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Records identified through From other sources (n = 5)
database searching (n = 219)

A 4 A

Records after 47 duplicates were removed (n

] Records excluded
Records screened for titles ang (n =138)

abstracts (n = 177)

l Articles excluded (n =13)
Study design=4, Not SSA=3, Not
national survey=2, Not classical

regression=3, Different outcome=

Fulktext articles assessed fo
eligibility (n = 39) —>

v

Studies included in the synthesis
(n =26)

Figure 34 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 ostifes 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 ¢hmeaiow.

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 ediptor 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 cindthted, parental/househaldlated and
community or areaelated factors. On the ctitelated 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), underwght (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 stuntimgpdged a
significant association between household wealth status for stunting. Place of residence from the
communityrelated category was significant in stunting (5 studies), wasting (3 studies) and
underweight (1 study). There was significant comotpidf 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 313 Predictors of malnutrition among children aged under fivargen subSahara Africa

Author and Data Outcome variables | Prevalence | Predictors investigated Significant predictors and effect sizes
Adekambi et al Stunting 25.6% Child's age, sex, birth weight, type of birth; Mothery Ch i | d 6 s23 mantas:2.36.(2.02.74); 2435 months 2.12 (18 2.48);
(2013YAdekanmbi, age, education, breastfeeding, immunisation, BMI | 36-47 months 2.09 (1.72.44) 4859 months 2.06 (1.7@.41), Sex (Male):
Kayode and work status, birth intervahousehold undes size, 1.04 (1.101.26)., Birthweight is low <2500g: 1.21 (111033); Type of birth
Uthman, 2013) ethnicity, mother health seeking, type of family, is multiple birth 1.89 (1.522.32), Birth interval <24 months: 1.19 (1i04
wealth status; Community place of residence,regiq 1 . 30) , Mo BH0years 0.H BD i 99), Mot hei
poverty rate, illiteracy rate proper sanitation and sa| Secondary, 0.84 (0.68.97), Higher 0.75 (0.39.86), Maternal healt|
water seeking behaviour is highest: 0.83 (0®62); Breastfeeding;-62 months:
2.14 (1.842.49), 1324 months: 2.52 (2.13.00), 25+ ronths: 3.52 (2.73
4.55); BMI, <18.5: 1.26 (1.14..39), >25 :0.79 (0.7D.87); wealth status
Rich:1.21 (1.0#1.41), Middle: 1.51 (1.271.79), Poor: 1.58 (1.31.91),
Poorest: 1.64 (1.32.01); Community region Northwest: 1.26 (1.149),
Northeast: 1.8 (1.27 1.43), Southeast: 0.49 (0i3056), Soutksouth: 0.76
(0.780.89), Southwest: 0.97 (0.721.00), illiteracy rate.: 1.49 (1.19.88)
Acharya et al (2020)| Stunting and 2.7% Forest cover loss, child's age, sex, mother'seducal For est cover lost: 4.801 [0.816,
(Acharyaet al., overweight level, age, anaemia status, overweight status, school: 0.802 [0.679, 0.9471]198] md
2020) household wealth, size, improved watanitation, wealth status is low: 1.163[1.006, 1.343], highest 0.842[0.690, 1.026]
own agriculture, own livestock, place of residence,| improved sanitation is No: 1.258[1.113, 1.421]; Forest cover (2000) % (
the distance of cluster to the nearest road (Km) [0.991, 1.000] childbés age in mg
Agadjanian et al wasting and stunting | Nil place of residence, degree of wagion of residence,| Age,13 23 months: 2.13 (1.51, 30.2);1286 months: 1.92 (1.35, 2.73);13€
(2003)YAgadjanian language spoken at home, Age, full immunisation ff 59 months: 2.95(2.12, 4.09); immunization status (yes): 0.62(0.46, (
and Prata, 2003) age, Region of war impact is Heaviet:27 (1.03, 1.53); Household own a rad
0.80 (0.66, 0.98); Water is treated: 0.66 (0.52, 0.83)
Aheto (2020§J. M. severe stunting 5.30% Type of birth, sex, age, diarrhoea, fever, placeof | Bi rth type is multipP)e: ChilodBS8/4
K. Aheto, 2020) delivery, size at birth, number of children, health 1T0.023(1 0.027, T 0.020); diarr
insurance, currently breastfeeding, wealth status, | del i vered is home T1T0.2199(1 O0.35
maternal education 0.530, T 0.233); maternal age:
T0.3858®.556, 1 0.223); Nos of <ch
0.459, 1T 0.193); maternal had h
status (poor) 10.250(1 0.390, 1
Akombi et al Undernutrition Child's age, mother's age, sex of the child, mothery Chi | dds age in months, 1.02 [1.(
(2019)Akombi et (Stunting, wasting education, father's education, wealtér, place of | age is 2534 years: 0.87 [0.81, 0.93], 35 years+: 0.83 [0.77, 0.90]; Matg
al., 2019) and underweight) residence, and region. education is Secondary+: Gseéoddafd
0.86 [0.79, 0.94]; Richer: 0.74 [0.67, 0.82] Richest: 0.53 [0.47, 0.59]; R
:1.16 [1.06, 1.26]; Region Northeast: 1.43 [1.27, 1.60], Northwest: 2.61 [.
2.92], South east: 0.52 [0.44, 0.61], South west: 0.65 [0.56, 0.75], §
South:0.86 [0.75, 0.98]
Akombi et al Geopolitical zone and type of residence, wegltlex, | North East:1.53 (1.26,1.87), North West: 2.74 (2.29,3.8@th East: 0.49
(2017Akombi, marital status, maternal literacy, paternal educat| (0.39,0.62), South West: 0.65 (0.52,0.80); Poorer: 0.87 (0.76,0.98) Mi
Agho, Hall, Merom, paternal occupation, maternal education and matg 0.77 (0.66,0.89) Richer: 0.62 (0.52,0.73) Richest: 0.45 (0.37,0.55); Maf
etal.,2017) work status, source of drinking water, reading of | is working >12 months: 1.54 (1.23,1.93); Read newspaper (No):

newspaper, watching television, listening to the ra
delivery factors, pre/postelivery factors and child
factors, mother's age, mother's age at birth and mot
body mass index, place of delivery, mode of deliv

and type of delivery assistance, antenatal clinic vis

(1.02,1.38); Watcltelevision 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:
(1.05,1.36), Neone: 1.24 (1.07,1.44); Duration of breastfeeding is >
months: 3.28 (2. 95]1e3.816(G75,0.87F Birthlsized
large: 0.69 (0.61,0.78); child hakhrrhealis yes: 1.31 (1.16,1.49)
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the timing of postnatal care cheak, currently
breastfeedingand duration of breastfeeding, Chilg
sex, birth order, child's age in months, perceived b
size, preceding birth interval, the child had diarrh
and had fever 2 weeks preceding the survey.

Akombi et al Wasting and 18% and Place of residence, region, wealth index, Mother's | Rural: 0.72 (0.59, 0.89); North east:1.51 (1.19, 1.91) North West: 2.42
(2017YAkombi, underweight 29% work status, education, father's education, occupat| 3.03) South South: 0.67 (0.52, 0.85); Mother had secondary+ education
Agho, Hall, Wali,et marital status, mothis literacy, source of drinking (0.67, 0.94); Father had secondary+ education: 0.77 (0.67, 0.88); Ma
al., 2017) water, media factors newspaper, radio, television, | watch television: 0.78 (0.68, 0.88)> Maternal BMI is 1849: 0.76 (0.64,
Mother's age, age at birth, type, mode & place of | 0.90), 25+: 0.68 (0.56, 0.83); Birth assistancéreditional Birth Attendant:
delivery, ANC, the timing of postnatal check, 1.39(1.11, 1.73) Relative: 1.44 (1.14, 1.80); Place of delivery is health fa
breastfeeding, Child's birth order, birth interval, seq (caesarean): 0.61 (0.39, 0.94); Birth size is average: 0.85 (0.74, 0.97),
birth size, age, lthdiarrhoea, had a fever 0.66 (0.57, 0.76); Female: 0.83 (0.77, 0.89); Had fever is yes: 1.18
1.32),; Childbés age in months: 0.
Amaral et al Stunting and wasting| 22.2% and | Staple Budget Share, spending, place of residence Budget share: 1.007 (1.002, 1.01%jgending: 0.995 (0.991, 0.998); Place
(2017 Amaral, 3.1% mother present, sex, household head educated. residence is Urban: 0.492 (0.354, 0.685); Mother is present (yes): 0.723
Herrin and Gulere, (0.526, 0.992); Childbds sex is T
2017)
Amare et al Stunting and wasting| Nil Childés age, sex. BirthHChil dos -1a ganthsi 350 (2.59.74), 1823 months 7.81 (5.73
(2019 Amare, marital status, age at 10.65), 2459 months 6.59 (5.08 . 6 8) ; Childés sé
Ahmed and Mehari, BMI, working status, maternal stature; place of 0.90); birth weight is smaller than avera@eB2 (0.670.99), average: 0.6
2019) residence, region, whh status, improve drinking (0.590.78), larger than average: 0.54 (0.@:63); above primary educatio
water, toilet type, cooking fuel type 0.66 (0.520.84); Maternal BMI is Normal: 0.84 (0.v@.94), Overweight:
0.57 (0.450.71); Maternal stature is short: 2.03 (1.2486); Wealth quirle
is middle:0.77 (0.680.91), richer:0.69 (0.58.82), richest: 0.62 (0.49.79),
norrimprove toilet: 1.28 (1.071.53); traditional cooking fuel: 1.66 (1118
2.32)
Doctor & Nkhana stunting and 32.60% Place and region of residence, wealth index, sourc{ Regdon is central: 1.26 [1.14, 1.39]; Wealth status is poorer: 0.87 [0.78,
Salimu (2017)Hv underweight drinking water, toilet facilities, mother's education | 0.96], Middle:0.83 [0.75, 0.92], Richer:0.70 [0.63, 0.78] Richest:0.48 [0.
and S, 2017) status, age, number of uneierchild's sex, age, birh | 0.54]; Mother has secondary+ education: 0.68 [0.59, 0.74]; Child is fem
order, size at birth, had diarrhoea, had fever,had | 0.78-[ 0. 73, 0. &3®Jf12 manths 1.78[0.51, 19¢], 3
cough months 4.59[4.08, 5.17], 235 months 5.91[5.22, 6.68], 3 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) | stunting 38.39% Childés age, sex, mothegChil dods -28 gnenths: 5.04(3.26.41), 2459 months: 10 (7.71
(Gebruet al.,2019) occupation, marital st g 12.98); Childisfemale: 0.85 (0.78.94); Type of birth is single: 0.50 (0i3(
child had diarrhoea and/or fever in the last weeks, | 0.85); Medium: 1.20 (1.02.40) Small: 168(1.40 2.00); Women educatio
fatheroés educati on, ocd levelis secondary+ 0.73(0187.95); Maternal BMI is normal: 1.34(1.03
delivery, number of undes children in the 1.75), Underweight: 1.56(1.12.08); Wealth status is rich: 0.66(0i®479);
househol d, ant enataealtlstc g Religion status is Muslim: 1.45(1.12.88), Others(Catholic, traditional
birth, birth type, birth interval and massedia 1.66 (1.0 2.57); Rural: 1.29(1.06..58)
exposure.
Kuche et al lengthfor-age Nil Child's dietary diversity, age, sex, Household wealt Dietary diversity: 2: 0.42[0.10, 0.75]; 3: 0.35[0.02, 0.68], 4: 0.42[0.08, 0
(2020)Kucheet al., | (Stunting) maternal education, women decision makingpowe| 1 0. 25[ 1 0. 34, 1T 0. 16] 0.25[@R4, 0.16§ Childkig
2020) paternal domestichores, food insecurity, minwome f e ma |l e : 0.19[0. 06, 0.32]; House
dietary diversity, animal source food types, fruit & | richest: 0.30[0.10, 0.49], Maternal education in years 0.02[0.004, 0.04];
vegetable types, land owned and vegetable types: 0.05[0.005, 0.10], Land owned in hectares: 0.08
0.15]
Machisa et al stunting 27.60% Child's age, sex, anaemia, birth order, preceding bj Cooking fuel: 1.6 (1.02.5), Child is female: 0.6 (0@ . 9) , Chi 4
(2013 Machisa, interval. Birthweight, recent episode of an acute 23 months: 2.9 (1i5.1), 2436 months: 3.2 (1i& . 7) ; Chi | d§
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Wichmann and

respiratory infection, diarrhoea and fever; mother's

>2500g: 0.5 (0.30.9), Birth irterval is >24 months: 0.7 (0.6.9); High: 0.7

Nyasulu,2013 age, BMI, highest education, Iron supplement, (0.4i0.9)
anaemia status; household use of biomass fuek plg
of residence, region, number of people in househo
wealth index
Magadi Undernutrition Nil Household HIV status. Pateal orphan, child's age | Mother is HIV+:1.28[1.16, 1.42], other adults is 0.97[0.95, 0.9Bhternal
(2011 Magadi, (Stunting, wasting sex, multiple birth, birth order, Birth interval, orphan: 0.86[0. 75, 0.98]; Chil d
2011) underweight) breastfed, birth size, place of residence, mother's § 3.26[3.00, 3.54], 3 years: 3.39[3.12, 3.68], 4 years: 3.21[2.95, 3.49],
education, single parenting, wealth status, Commu| is female: 0.81[0.78,0.84];Childi t wi n (yes): 2.13
HIV prevalence, country HIV prevalence, GDP per| order is second: 0.82[0.76, 0.89], third: 0.91[0.84, 0.98], Fourth: 0.92]
capital 0.99] 2536 years: 0.86[0.81, 0.91], 0.65[0.59, 0.72], >36 years: 0.74[(
0.79],; Up to 6 months: 0.47[0.39, 0.56]; >6months: 74, Chi |
is average: 0.74[0.70, 0.78], > average: 0.62[0.59, 0.66]; Place of residg
rural: 1.32(1.23, 1.42); Maternal age is24 years: 0.86[0.81, 0.91], 29
years: 0.78[0.70, 0.87]; 384 years: 0.73[0.65, 0.83], 35 years+: 00680,
0.78]; Primary: 0.85[0.77, 0.94], Secondary+: 0.67[0.62, 0.73], Single p
is (yes) 1.14, Wealth status is poorer: 0.93[0.87, 0.98], Middle: 0.88]
0.94], Richer: 0.78[0.73, 0.84], Richest: 0.53[0.48, 0.58],
Miller et al underweight Nil Child being orpharchild's age, Sex, number of Childisorpan (yes): ChiilGVpxs67[h8285]1. 59
(2007(Miller CM et dependent children, Age of caregiver, household h{ 2.54[1.763 . 6 6] ; Chi |l dds sex i s femal
al., 2007) education, (some secondary, primary, some primaf with some secondary education: 2.22 [1366], Primary: 2.00[1.243.22],
Water source (pipedvater) Electricity, Household | Some primary: 2.71[1.63.50]; Piped water: 0.50[49 0.54]; Had
head working; wealth index, Top 20%, Middle 40%| electricity in household (Yes): 0.56[0:8858]; Household head is working
Bottom 40% (Yes): 0.69[0.660.72] Wealth status is middle 40%: 1.55[1.483],
Bottom 40%: 1.66[1.58L.74]
Nankinga et al nutritional status Nil Residence, region, wealth status, toilet type, sourc{ Maternal age is 389 years: 0.69[0.5®.86]; Maternal education is
(2019)YNankinga, (stunting, wasting, drinking water, sex of household head, marital staty primary: Q78[0.62 0.97], Secondary+: 0.64[0.43.88], Agriculture:
Kwagala and underweight) maternal occupation, mother's employer, decision | 2.00[1.26 3.19], Manual work: 2.00[1.2B . 14] Chi |l d6s
Walakira, 2019) making power, distance a problem to health servic§ >2.5kg: 0.59[0.450.78]; Not weighed at birth 0.64[0.4886], Child is
child's sex, age, birthweight, dewormed (Yes): 1.18 [1.00.39]
Nshimyiryo et al Stunting 38% Child'ssex, age group, parity, birthweight, had Chil dds sex iils. aa)l ;e : ChR3 fuidihs: 48100256
(2019)XNshimyiryo diarrhoea in last two weeks; Mother's height, 7.62), 2459 months: 6.344.079 . 89 ) ; Chi Il db6s ©bir
et al.,2019) educational level, took parasite controlling drugs | (1.393. 23) Mot her é6s hei g5h.t6 4i)s; >Modt5|
during pregnancy, number of days of daily intake o] education is Primary: 1.71 (1.2534), No education: 2.00 (1.32.92);
iron tablets, breastfeeding within the first hour afterj Mother took parasite drug during pregnancy (No): 1.29 {1L(3); Middle:
birth andhousehold's wealth index, size, access to | 1.45 (1.121.86), Low(poor): 1.82 (1.42.29)
improved water, improved toilet facility, and
household place of residence, region altitude
Ssentongo et al stunting, wasting and| 27%, 4% Child age, sex, birth order, Vitamin A Took vitamin A (Yes): 1.55 95% CI: 1i.2L.9
(2019)Ssentonge@t | underweight and 7% supplementatiordeworming, had diarrhoea, anaem
al., 2019) level, wealth status, mother educated, father educg
mother working, father working, lodised salt owns t
land for agriculture, owns livestock, place of
residence, region
Takele et at stunting Nil Childés sex, age, birthChild is female: 0.84 ( 129moaths155561
(2019)Takele, household wealth index, source of drinking water, | (1.413, 2.001), 249 months: 7.479 (1.746, 2.228); Maternal BMI is <18
Zewotir and type of toiletfz i 1 i ty, breastfe¢0.812 (1711.064, 1T 0.200791Wen0t 89
Ndanguza, 2019) level and region Rich: 0.648 (10.571, 1 0.256); U

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
(10.2506) iSOcdndary+: 0.638 (1 0

Tusting et al (2020) | stunting, wasting and| 30%, 8% improved drinking water, improveshnitation, house | Improved materials: 0.88(0.83, 0.92), Improved housing: 0.83(0.77,0.8§
(Tustinget al., underweight and 22% built with finished materials Improved house, the
2020 household head had secondary education+; childre
mean age, child sex
Ukwuani & Stunting and wasting| 42.6% and | Women's economic activity, materrealucation, Maternal education is primary: 1.33, Secondary+: 1.37; Wealth stat]
Suchindran 8.9% paternal education, occupation, wealth index, type | medium: 0.79, High: 0.64; Christian: 0.70; Duration of breastfee
(2003 Ukwuani and marriage, religion, duration of breastfeeding, sex ol (Median): 1.04 Maternal age atbirth:. 98; Chi |l ddés se
Suchindran, 2003) the child, birth order, prenatal care, place of deliven order is 46: 1.36, 7+: 1.53; Birth size is Very large: 0.78; Child h
birth size, food supplement, immunisation, had to | immunization (Yes): 0.79; Child had diarrheal (yes): 1.48; South south:
fever, had to cough, had diboea, source of drinking Chi | dés age: 1.01; Chil d is#ush: lide
water, types of toilets, place of residence, region
Yaya et al stunting, wasting, Nil Inter-pregnancy interval (<24 months,-386 months, | Inter-pregnancynterval is <24 months:1.26 (1121L.31), 3759 months:
(2019)Yayaet al., underweight and 3759 months and O 60 mo| 0.88(0.850.91), >60 months: 0.74 (0.70.77)
2019) overweight
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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 shortcomintye irecent 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 natadlly 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. lodine 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 evatuatiblood 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 fiven 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 outcomesgamia, 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 sing 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 asefeeenceijt reported the directions ithhe 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 Childrelated variables

Table 3.14 presents the comparisons among-chiéded characteristic¥he sex of the child was

not a significant predictor of children contracting malaria fever among children below five years
of age in SufSaharan Africa. All the papers on malnutrition reported that the sex effect was more
protective for females than maleSiso, 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 gtidy 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 ag@Atsu, Guure and Laar, 2017; Trahal.,2019; Adedokun, 202@uah

et al.,2020; Mulatya and Mutuku, 2020Furthermore, 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 reportpobtective effect for feve(Nikoi and
Anthamatten2013. Two studies found contradicting results of the significant effect of anaemia
status on children contracting malaria fe¢@hitunhu and Musenge, 2015; Ugwu and Zewotir,
20138.
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Table 314 The directions (Harmful or Protective) effects common to all outcome variables amongetdtid variables

SIN Variables Significance Levels
1 Sex of the child Harmful effects
(Male as Increased Significant
reference) Factors (ISF)
Protective effects
Decreased Significant
Factors (DSF)
2 Age of the child (ISF)
(Younger age as
reference)
(DSF)
8 Has health ISF
insurance
(No as reference) DSF
4 Birth size ISF

Anaemia
(Nikoi and Anthamatten,
2013 Immurana and Urmi,
2017
(Douglas Andabati Candia,
2017 Moschoviset al.,
2018 Mohammed, Larijani
and Esmaillzadeh,.9;
Ntendaet al.,2019 Ojoniyi
et al.,2019 Duahet al.,
2020)

(Ngnie-Teta, Receveur and
KuateDefo, 2007 Austin,
Fawzi and Hill,2012
Semedeet al., 2014 Muchie,
2016 Moschoviset al.,
2018 Ntenda, Nkokaet al.,
2018; Mohammed, Larijani
and Esmaillzadeh, 2019;
Asresie, Fekadu and
Dagnew,2020

(Douglas Andabati Candia,
2017; Duatet al.,202Q
Hersheyet al.,2017;
Immurana & Urmi, 2017;
Kawo et al.,2018; Menoret
al., 2015; Mohammeaét al.,
2019; Moschoviet al.,

2018; Nambiemat al.,

2019; Nikoi & Anthamatten,
2013; Ntenda, Chuangt al.,
2018; Ntendat al.,2019;
Ojoniyi et al.,2019)

(Nikoi & Anthamatten, 2013;
Ojoniyi et al.,2019)

(Duahet al.,2020; Immurana
& Urmi, 2017)

Malaria

(Berendseret al.,2019),
(Chitunhu and Musenge,
2015) (Morakinyo, Bdogun
and Fagbamigh018,
(Semakuleet al.,2015)
(Semakuleet al.,2015)
(Siri, 2014, (Ugwu and
Zewotir,2018, (Wanziraet
al., 2017, (Zgambo,
Mbakaya and Kalembo,
2017

(Siri, 2014

67

Malnutrition Multimorbidity

(Tranet al.,2019)

(Adekanmbiet al.,2013;
Akombi, Agho, Hall, Meromet
al., 2017; Akombiet al.,2019;
Amaralet al.,2017; Amareet al.,
2019; Gebriet al.,2019; Hv & S,
2017; Kucheet al.,2020;
Machisaet al.,2013; Magadi,
2011; Miller CMet al.,2007;
Nankingaet al.,2019;
Nshimyiryo et al.,2019; Takele
et al.,2019; Ukwuani &
Suchindran, 2003)
(Adekanmbiet al.,2013;
Agadjanian & Prata, 2003;
Akombi et al.,2019; Amareet
al., 2019; Gebret al.,2019; Hv
& S, 2017; Machisat al.,2013;
Magadi, 2011; Miller CMet al.,
2007; Nshimyirycet al.,2019;
Takeleet al.,2019; Ukwuani &
Suchindran, 2003)

(Gedaet al.,2021)
(Duahet al.,2020)

(Gedaet al.,2021)
(Tranet al.,2019)

(Akombi, Agho, Merom, Hallet
al., 2017; Nankinga, Kwagala an
Walakira, 2019; Acharyat al.,
2020; Justicéoses K. Aheto,
2020; Kucheet al.,2020)

2019) (Duahet al.,2020)

(Ukwuani and Suchindran, 2003;
Nshimyiryoet al.,2019)

(Adedokun, 202Q) (Atsu, Guure
and Laar, 2017) (Tran et al.,

(Mulatya and Mutuku, 2020)



10

11

12

13

14

15

(Small as
reference)

Vaccination status

Product of
multiple birth
(No vs Yes)
Preceding birth
interval
(None as
reference)

Birth order
(Lower order as
reference)

Breastfeeding
status

Had diarrhoeal 2
weeks before
survey

Fever in the last 2
weeks

Child had acute
respiratory
diseases
Child took vitamin
A syrup

Minimum dietary
Diversity
Minimum meal
frequency

DSF

ISF:

DSF:

ISF

DSF
ISF:

DSF:

ISF.

DSF:
ISF:

DSF:
ISF

DSF

ISF:

DSF:
ISF
DSF

ISF
DSF

ISF
DSF
ISF
DSF

(Kawo et al.,2018; Machisa
et al.,2013; Mohammedt
al., 2019)

(Berendseret al.,2019

(Ojoniyi et al.,2019)

(Berendseret al.,2019

(Immurana & Urmi, 2017;

Moschoviset al.,2018;
Ngnie-Tetaet al.,2007)

(Berendseret al.,2019
(Chitunhu and Musenge,
2015) (Njauet al.,2014)

(Berendseret al.,2019
(Machisaet al.,2013; Ngnie
Tetaet al.,2007; Semedet
al., 2014)
(Moschoviset al.,2018)

(Asresieet al.,2020; Jonest = (Ugwu and Zewotir2018
al., 2018; Moschovi%t al.,

2018; Ntenda, Chuangt al.,

2018; Ntendat al.,2019)

(Nikoi & Anthamatten, 2013)

(Mohammeckt al.,2019;
Ntendaetal., 2019)

(Austinet al.,2012)

(Mohammeckt al.,2019)
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(Magadi, 2011; Akombi, Agho, = (Adedokun, 2020)
Hall, Merom,et al.,2017; Gebru

et al.,2019; Nankinga, Kwagala

and Walakira, 2019; Justice

Moses K. Aheto, 2020)

(Agadjanian and Prata, 2003;
Ukwuani and Suchindran, 2003)
3,25

(Magadi, 2011; Adekanmbi,
Kayode and Uthman, 2013)

(Atsu, Guure and Laar, 2017)

(Adekanmbi, Kayode and
Uthman, 2013)

(Magadi, 2011; Machisa,
Wichmann and Nyasul2013
Yayaet al.,2019)

(Ukwuani and Suchindran, 2003

(Magadi, 2011)
Duration:(Ukwuani and
Suchindran, 2003; Magadi, 2011
Adekanmbi, Kayode and Uthmar
2013; Akombi, Agho, Hall,
Merom,et al.,2017)
(Atsu, Guure and Laar, 2017)
(Ukwuani and Suchindran, 2003; (Atsu, Guure and Laar, 2017)
Akombi, Agho, Hall, Meromet
al., 2017; Hv and S, 2017)
(Akombi, Agho, Merom, Hallet
al., 2017; Justice Moses K.
Aheto, 2020)
(Ukwuani and Suchufran, 2003;  (Duahet al.,2020)
Akombi, Agho, Merom, Hallet
al.,, 2017; Hv and S, 2017)

(Ssentonget al.,2019)

(Kucheet al.,2020)



16

17

18

19

20

21

22

23

24

Deworming in last
6 months before
survey
Anaemia status

Malaria status

Stunting
(No versus Yes)

Wasting
(No versus Yes)
Underweight

Overweight

Place of delivery

Child slept under
amosquito bed
net

ISF

DSF
ISF:

DSF:

ISF

DSF
ISF

DSF
ISF
DSF
ISF
DSF

ISF

DSF
ISF.

DSF:
ISF:

DSF:

(Ntendaet al.,2019) (Nankinga, Kwagala and
Walakira, 2019)
(Moschoviset al.,2018)

(Ugwu and Zewat, 2018

(Chitunhu and Musenge,

2015)
(Hersheyet al.,2017; Menon
et al.,2015; Nambiemat al.,
2019; Ntendat al.,2019)

(Moschoviset al.,2018;
Muchie 2016; NgnieTetaet
al., 2007; Ntenda, Chuangt
al., 2018)

(Muchie, 2016)

(Asresieet al.,2020)
(Ntenda, Chuanget al.,
2018)

(Ojoniyi et al.,2019)

(Akombi, Agho, Hall, Meromet
al., 2017; Akombi, Agho,
Merom, Hall,et al.,2017)
(Berendseret al.,2019 (Aheto, 2020)
(Morakinyo, Balogun and
Fagbamighe2018),
(Semakuleet al.,2015)
(Chitunhu and Musenge,
2015)(Semakuleet al.,
2015)
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3.6.2 Parentalrelated variables

Among the parentalelated 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 sifjpant effects for children of older mothers with Berendsen et al
(Berendsenet al., 2019 in malaria and Mulatya et alMulatya and Mutuku, 2020)in
multimorbidity. Additionally, some studies in anaenyesresieet al.,2020; Douglas Andabati
Candia, 2017; Duat al.,2020; Moschovi®t al.,2018; NgnieTetaet al.,2007; Semedet al.,

2014) and malnutrition(Adekanmbiet al., 2013; Aheto, 2020jeported increased significant
effects. Paternal education level had protective effeldr anaemia, malnutrition and

multimorbidity but was not part of the variables selected as a predictor in malaria fever studies.
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SIN

Table 315 The directions (Harmful or Protective) effects common toatitome variables among parentalated variables

Variables Significance
Levels
Maternal age Increased
Significant

Factors (ISF)

Decreased
Significant
Factors (DSF)
Maternal (ISF)
education
status
(DSF)
Paternal (ISF)
education (DSF)
status
Maternal (ISF)
work status
(DSF)
Fat her ¢ (ISF)
(DSF)
Maternal ISF
body mass
index DSF
Maternal ISF
anaemia
status
DSF
Maternal ISF
religious DSF
status
ISF

Anaemia

(Asresieet al.,2020; Douglas
Andabati Candia, 2017; Duat al.,
2020; Moschovi®t al.,2018;
Ngnie Tetaet al.,2007; Semedet
al., 2014)

(Immurana & Urmi, 2017; Ntenda,
Chuanget al.,2018)

(Moschoviset al.,2018; Muchie,
2016; Semedet al.,2014)

(Asresieet al.,2020; Austiret al.,
2012; Douglas Andabati @élia,
2017; Duatet al.,2020; Immurana
& Urmi, 2017; Joneet al.,2018;
Kawo et al.,2018; Mohammeet
al., 2019; Moschovit al.,2018;
Ngnie-Tetaet al.,2007; Semedet
al., 2014)

(Immurana & Urmi, 2017)

(Immurana & Urmi, 2017; Muchie,
2016; Ojoniyiet al.,2019)

(Kawo et al.,2018; Nambiemat
al., 2019)

(Moschoviset al.,2018; Nikoi &
Anthamatten, 2013)

(Asresieet al.,2020; Machisat al.,
2013; Moschovigt al.,2018;
Muchie, 2016; Nambiemet al.,
2019; Nkoi & Anthamatten, 2013;
Ntenda, Nkokaet al.,2018)
(Mohammeckt al.,2019; Ntenda,
Chuanget al.,2018)

(Immurana & Urmi, 2017; Muue,
2016)

Malaria

(Berendseret al.,2019)

(Ugwu and Zewotir2018

(Berendseret al.,2019), (Siri,
2014, (Wanziraet al.,2017)

(Berendseret al.,2019
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Malnutrition Multimorbidity

(Adekanmbi, Kayode and Uthman,
2013; Justice Mges K. Aheto, 2020)

(Magadi, 2011; Akombet al.,2019;
Nankinga, Kwagala and Walakira,
2019)

(Ukwuani and Suchindran, 2003; Gebr (Mulatya and Mutuku, 2020)
et al.,2019; Nshimyirycet al.,2019;

Kucheet al.,2020)

(Agadjanian and Prata, 2003; Magadi, (Gedaet al.,2021)(Tranet al.,
2011; Adekanmbi, Kayode and Uthmai 2019)

2013; Akombi, Agho, Merom, Halet
al.,2017; Hv and S, 2017; Akombt

al., 2019; Amare, Ahmed and Mehari,
2019; Gebriet al.,2019; Nankinga,
Kwagala and Walakira, 2019; Takele,
Zewotir and Ndanguza, 2019; Acharya
et al.,2020)

(Mulatya and Mutuku, 2020)

(Akombi, Agho, Merom, Hallet al.,
2017; Akombiet al.,2019)
(Akombi, Agho, Merom, Hallet al.,
2017)

(Miller CM et al.,2007)

(Duahet al.,2020)(Gedaet al.,
2021)



10

11

12

13

Maternal
antenatal
care
Number of
births in 5
years
Maternal
knowledge of
malaria fever
Number of
children ever
born
Mother has
access to
phone/media

DSF

ISF:

DSF:

ISF
DSF

ISF.

DSF:

ISF.

DSF:

(Njauet al.,2014)
(Berendseret al.,2019
(Njauet al.,2014)

(Yanget al.,2020)

(Njauet al.,2014)

(Njauet al.,2014)

72

(Adedokun, 2020)



3.6.3 Householerelated variables

In the householdelated 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 stydiikoi & Anthamatten, 2013jrom 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 @ @ran et a{Tran

et al., 2019; Mulatya and Mutuku, 202@pund 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. Itasvadsthy of note that malaria

fever studies considered and found more significant predictor variables than the three other

outcomes.
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Household
wealth
status

Household
had bed net

Age of
household
head
Insecticide
residual

spray

Household
size

Number of
unders in
household

Source of
water
outside
Improved
water
source

Table 316 The directions (Harmful or Protective) effects common tow@itome variables among househadthted variables

ISF:

DSF:

ISF:

DSF:

ISF
DSF

ISF
DSF

ISF

DSF
ISF

DSF

ISF
DSF

ISF:

Anaemia
(Nikoi & Anthamatten, 2013)

(Austinet al.,2012; Douglas
Andabati Candia, 2017; Duat al.,
2020; Hershewt al.,2017;
Immurana & Urmi, 2017; Kawet
al., 2018; Mohamme et al.,2019;
Moschoviset al.,2018; Muchie,
2016; Nambiemat al.,2019;
Ngnie-Tetaet al.,2007; Ntenda,
Chuanget al.,2018; Ntenda,
Nkoka, et al.,2018; Ojoniyiet al.,
2019 Semedeet al.,2014)

(Machisaet al.,2013; Moschovigt
al., 2018; NgnieTetaet al.,2007)

(Moschoviset al.,2018)

(Kawo et al.,2018; Ojoniyiet al.,
2019)

(Muchie, 2016)

(Moschoviset al.,2018)

Malaria
(Berendseret al.,2019
(Morakinyo, Balogun and
Fagbamigbe2018, (Ugwu and
Zewotir,2018), (Zgambo, Mbakaya
and Kalembo2017)

(Chitunhu and Musenge, 2015)
(Njauet al.,2013),(Njau et al.,
2013, ) (Njauet d., 2013, (Njau et
al., 2014) (Siri, 2014, Wanziraet
al., 2017)

(Njauet al.,2013, (Njauet al.,
2013, (Njauet al.,2013),(Njau et
al., 2014)

(Njauet al.,2013, (Njauet al.,
2013, (Ugwu and Zewotir2018
(Njauet al.,2013

(Morakinyo, Balogun and
Fagbamigbe2018, (Wanziraet al.,
2017

(Berendseret al.,2019, (Njau et
al., 2013, (Njauet al.,2013, (Njau
et al.,2013, (Njauet al.,2014)
(Siri, 2014, (Ugwu and Zewotir,
2018

(Njauet al.,2013

(Njauet al.,2013, (Njauet al.,
2013

(Chitunhu and Musenge, 2015)
(Semakuleet al.,2015) (Semakula

et al.,2015)(Semakulzet al.,2015)
(Yanget al.,2020)
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Malnutrition
(Akombi, Agho, Hall, Meromet al.,
2017; Akombiet al.,2019)

Multimorbidity
(Adedokun, 2020fAtsu, Guure
and Laar, 2017)

(Ukwuani and Suchindran, 2003; Miller (Mulatya aml Mutuku, 2020)
CM et al.,2007; Adekanmbi, Kayode @ (Tranet al.,2019)

and Uthman, 2013; Machisa, Wichmar

and Nyasulu2013 Hv and S, 2017;

Amare, Ahmed and Mehari, 2019;

Gebruet al.,2019; Nshimyiryoet al.,

2019; Takele, Zeutir and Ndanguza,

2019; Acharyeet al.,2020; Justice

Moses K. Aheto, 2020; Kuctet al.,

2020)

(Duahet al.,2020)
(Duahet al.,2020)



10

11

12

13

14

15

16

17

Improved
toilet
facility

Sex of
household
head
Use
biomass for
cooking
Under 5
years child
slept under
bed net
Household
ownership
of livestock

Improve
building
materials

Household
head
education
status
Household
connected
electricity
Roofing
material

DSF:

ISF

DSF

ISF
DSF

ISF

DSF
ISF
DSF

ISF

DSF

ISF:

DSF:

ISF:

DSF:

ISF:

DSF:

ISF
DSF

(Kawo et al.,2018; Muchie, 2016)

(Joneset al.,2018)

(Jonest al.,2018)

(NgnieTetaet al.,2007)

(Jonest al.,2018)

(Semakuleet al.,2015) (Semakula
et al.,2015) (Semakuleet al.,
2015)(Semakuleet al.,2015)
(Yanget al.,2020)

(Semakuleet al.,2015) (Semakula
et al.,2015) (Semakuleet al.,
2015) (Ugwu and Zewotir2018,
(Yanget al.,2020)

(Berendseret al.,2019, (Semakula
et al.,2015) (Semakulat al.,
2015), (Semakulat al.,2015),
(Yanget al.,2020)

(Njauet al.,2013

(Semakuleet al.,2015) (Semakula
et al.,2015)

(Semakuleet al.,2015)

(Wanziraet al.,2017)

(Tustinget al.,2020

(Semakuleet al.,2015) (Semakula
et al.,2015)

(Semakuleet al.,2015) (Semakula
et al.,2015) (Semakuleet al.,
2015)

(Morakinyo, Balogun and
Fagbamigbe2018), (Tustinget al.,
2020

(Njauet al.,2013, (Njauet al.,
2014)

(Ugwu and Zewat, 2018

(Ugwu and Zewat, 2018
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(Miller CM et al.,2007)

(Ukwuani and Suchindran, 2003
Amare, Ahmed and Mehari, 2019;

Takele, Zewotir and Ndanguza, 2019)

(Tustinget al.,2020
(Miller CMet al.,2007)

(Amaral, Herrin and Gulere, 2017)



3.6.4 Communityrelated variables

Apart from place and region of residence, most community or contexlaséd 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. NevVesthehe 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 hanful 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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Community
wealth status

Community

distance to
health facilities
Cluster altitude

Community
insecticide net
use
Regional
variations
Malaria
endemicity

Free bed net in
community

Multi
Dimension
Poverty Index
Place of
residence

Table 317 The directions (Harmful or Protective) effects common to all outcome variables among conrtelatétyvariables

ISF
DSF
ISF

DSF
ISF
DSF
ISF
DSF

ISF:

DSF:

ISF

DSF
ISF

DSF

ISF

DSF
ISF

DSF

Anaemia

(Joneset al.,2018; Machisat
al., 2013)

(Menonet al.,2015; Moschovis
et al.,2018)

(Duahet al.,2020; Nambiemat

Malaria
(Siri, 2014

(Njauet al.,2013, (Njauet al.,
2013

(Ugwu and Zewat, 2018

(Levitz et al.,2018

(Njauet al.,2013, (Njauet al.,
2013, (Njauet al.,2013, (Njau et
al., 2014)

(Njauet al.,2013

(Njauet al., 2013, (Njau et al.,
2013

(Berendseret al.,2019, (Chitunhu
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3.7 Strengths anVeaknesses

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 ufideryears 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 duto the search strategies adopted. (ii) since SSA countries includengbsh
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 classitsgicstaégression 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 evidece 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 predictorlamva 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. kavised 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 descriles 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 representatise cr
sectional data sets from the 2018 Nigeria Demographic and Health Survey (NDHS 2018), and
the 2018 National Human Development Report (NHDR 2Q1jed Nations Development
Programme (UNDP), 2018)
This chapteraims to give a general summary of the research methodology used in this
guantitative 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 predatitasyari
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 afitiiemorbidity 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 w@rdundetfive years in Sub
Sahara Africa (SSA).

il. 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)

ili. To investigate the prevalence and association of individual and contextual risk
factors of anaemia among childre®»® 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 childrer58® months in Nigeria using data from the 2018
NDHS (with the incorporated contextual data from the National Human
Development Report (2018HDR)).
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Vi.

Vii.

viii.

To investigate the prevalence and association of individual and contextual risk
factors of malnutrition among children undere years in Nigeria using data from

the 2018 NDHS (with the incorporated contextual data from the National Human
Developnent Report (2018 NHDR)).

To describe the spatial distributions of the prevalenceufimorbidity of malaria,
anaemia, and malnutrition among childreB® months across Nigeria's state and
geopolitical regions using data from the 2018 NDHS (with therparated
contextual data from the National Human Development Report (2018 NHDR)).

To investigate the individual and contextual risk factorsmafitimorbidity of
malaria, anaemia, and malnutrition among childré&s®@nonths in Nigeria using
data from the @18 NDHS (with the incorporated contextual data from the National
Human Development Report (2018 NHDR)).

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-69 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 Kilonfidatsnal

Population Commission (NPC), National Malaria Control Program (NMCP) and ICF Macro,

2012; National Malaria Elimination Program (NMEP), National Population Conwoniss

(NPopC), National Bureau and ICF International, 20I®)e Nigerian population grew from

over 140 million people in 2006 population cengkiayode, Adekanmbi and Uthman, 2012;

Macrotrends, 2020Xo more than 180 million people in 201éheTpopulation 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 wdkicrotrends, 2020)Nigerids

population density was estimated at about 215 people per square kilometre in 2018 from

approximately 194 people per square kilometre in 200adingeconomics2020. The

country has a variety afch ethnic groups of over 25(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, ljaw, Kanuri, Ibibio, Ebira,

Nupe Tiv and other minority ethnic groups accounted for IRMstapha, 2005; Kayode,
Adekanmbi and Uthman, 2012)
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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 2@t®rié&l 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 ther@er Inequality Index (Gll), 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 residesx 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 GIll) at the state level and then merge to NDHS individuals,
households and canunities based on state identifi€8mnith and Shively, 2019)

4.2.1 2018 Nigeria Demographic and Health Survey (2018 NDHS)
4.2.1.1The Etymology of 2018 NDHS

Demographic and Health Survey (DHS) is an organisation which started in 1984 to collect
comparable populatiehased data on fertility, contraception, maternal and child health, and
nutrition in developing countrie@abic, Choi and Bird, 2012)n the 1970s and 1980s,
organisations now is DHS operated as World Fertility Survey and Contraceptive Prevalence
Surveys(Fabic, Choi and Bird, 2012)espectively. Since its inception in over 90 countries,
DHS has overseen over 300 demographic and health syi@ipedia Contributors, 2019)

The first DHS for Nigerig NDHS) was carried out in 1990 (1990 NDHS) and published in
1992. The 1990 NBS was conducted by the Federal Office of Statistics of Nigeria with
technical assistance from Institute for Research DevelopR&iMacro International and

was solely funded bynited States Agency for International Developm&rBAID) (Federal

Office of Statistics[Nigeria] and IRD/Macro International, 199Phe 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 (192013 Nigeria Demograpic 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 thederal Ministry of Health, Nigeria
(National Population Commission (NPC) and ICF International, 2014; National Population
Commission (NPC)[Nigeria] and ICF, 201@)ntly conducted itAlso, the 2018 NDHS, was
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funded by the United States Agency loternational 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)[Nigeriahda ICF, 2019) However, the
technical assistance for the 2018 NDHS like in every other past surveys was provided by Inner
City FundICF International via the MEASURE DHS program, a USAlDded project
(National Population Commission (NPC)[Nigeria] and ICF, 2019)

4.2.1.2The 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, repumtive 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 int€k¥#ipedia Contributors, 2019;

The DHS Program, 2020J he National Population Commission is the agency in Nigeria with
the statutory responsibility of ttecting, collating, and analysing demographic data for Nigeria
(National Population Commission (NPC) and ICF International, 201#) 2018 NDHS was
designed to generate reliable estimates for key indicators at the national level that will assist
policymakers and progranermanagers 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 Niggatonal Population
Commission (NPC)[Nigeria] ahICF, 2019)

4.2.1.3The Population Settings

Nigeria has 37 administrative divisions (36 states and the Federal Capital Territory (FCT).
These 37 political and administrative areas aredsulded into 774 Local Government Areas
(LGASs), and each of the LGAs was divided into wards, with each LGA pdetween 10 and

15 political 'wardqOpenStreetMap Wiki contributgr@020) 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 aréBlstional Population Commission (NPC)[Nigeria]

and ICF, 2019) Nevertheless, the tadational 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 NPl®ided 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 (PSUNational Popution Commission (NPC)[Nigeria] and ICF,

2019)

4.2.1.4How 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 wdre than

20,000 people was considered an urban@atonal 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 stratpautwestage

stratified cluster design.

National Level

State and Federal Capita!
Territory

Local Government Areas

Localities

Urban Areas Rural Areas

1400 Enumeration Areas (EAslected
1389 EAs were used, 11 EAs were excludedrfesecurity

30 Households werglected from each EA 14668 Households)

40,427 Households
(Occupied/Interviewed)

Figure 41 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 surv@¥ational Populatio€ommission (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 wereleded from being captured because of
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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 BXC)[Nigeria] and ICF, 2019)

The target groups were women ageed®5years from all the randomly picked households and
men aged 159 years in on¢hird of all randomly selected households across Nigasonal
Population Commission (NPC)[Nigeria] and ICF, 2019) Ma n 6 s guestionnai
originally part of the DHENatioral Population Commission (NPC)[Nigeria] and ICF, 2019;
The DHS Program, 2020Pne eligible woman in each of the chosen man's subsamples of the
household was randomly picked to answer additional questions concerning domestic violence
(National Popution Commission (NPC)[Nigeria] and ICF, 201%he 2018 NDHS marked

the first time in Nigeria DHS that a compu#ssisted personal interview (CAPI) that allowed
faster data transmission was used. Besides, childf®d @onths in 14,000 households
(representing onghird of the selected households) had their blood samples taken for malaria
(via Rapid Diagnostic TesRDT), anaemia, and genotype testing. Tiwinds of the children

tested for malaria using RDT, were further tested for malaria using thresnapic 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 (DH$ questionnaires and refted health indicators

important to Nigeria were used for the 2018 NDHS:
4.2.1.5When was 2018 NDHS Data collected?

2018 Nigeria Demographic and Health Survey began with-gegtdraining that lasted for 3

weeks from 30 April to 20 May 2018. This trainiwgs designed to prepare the trainers for the
primary training and ensure they can use the questionnaires and procedures in the major
Nigerian languages. Forwe participants were included in the training, which focused on
critical parts of the surveinterview techniques, and methods for completing the questionnaire.
The training was carried out by ICF stéiffational 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 1gustu2018National
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. Thirtgeven teams of nine data collectors each (made up of one supervisor,
field editor, nurseand 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 @@taffional Population
Commission (NPC)[Nigea] and ICF, 2019)

4.2.1.6What 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 wacdhen a
children, adult and childhood mortality, knowledge and attitudes regarding HIV/AIDS, fistula
and female genital mutilatio(National Population Commission (NPC)[Nigeria] and ICF,
2019) Specifically, the nutritional status of both women and children in the selected
households was assesgdihtional 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 a§@dntnths,
respectively. In addition, haemoglobin measurement for anaemia was taken from the eligible

women and children from the household containingsarples for men.

Also, the 2018 NDHS marked Nigeria's fitehe sickle cell anaemia testing. The experience
acqured 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 chamgeunication
(SBCC) on malaria, minimum dietary diversity among women, female genital mutilation,
fistula and disabilityNational Population Commission (NPC)[Nigeria] and ICF, 2019)

The household questionnaire collected demographic information on the age, st 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 typeilet facilities; the source of
drinking water; materials used for flooring, roofing and external walls; ownership of mosquito
nets and ownership of various durable gaddstional Population Commission (NPC)[Nigeria]

and ICF, 2019)From this household questionnaiata relating to age, sex and marital status
were used to identify women eligible for the woman's questionnaire (must be agetb15

years). The questions asked in the woman's questionnaire centred on the following:
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Background characteristics (includirggducational 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 chilégm and the ideal number of childr@d&tional Population Commission
(NPC)[Nigeria] and ICF, 2019Also collected were information on antenatal, delivery, and
postnatal care, vaccinations and childhood illnesses, breastfeeding and infant feedicespracti
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., spieikingg,
Female genital cutting, Adult and maternal mortality, and Domestic viol@dagonal
Population Commission (NPC)[Nigeria] and ICF, 20@®)e DHS Program, 2020)

The man's questionnaire was used to collect data from all eligible men ag@drlénethird

of the entire selected household (i.e., from 14,000 households). The man's questionnaire was
paterned 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
guestonnaire used for this survey was the fieldworker questionnaire which was used to collect
necessary background information on those who collect data from théNfé&thal
Population Commission (NPC)[Nigeria] and ICF, 2019)

4.2.2 2018 National Human Development RegbhHdDR 2018)

United Nations Development Prograt#uman Development Report (UNEHDRS) started in

1990 to provide total indicators on human development beyond the usual income and wellbeing
(United Nations Developmerrogramme (UNDP), 2018)The 2018NHDR for Nigeria
focuses on the human devastation in the NBdht of Nigeria with the view of coming up with
multidimensional UNHumanitarian Development and Peace Nexus using theaidnal

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
(iif) National Bureau of Statistics/United Nation Development PangSurvey conducted in

2017 known as Human Development Indebol 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 werecamitated by the National Integrated

Survey of Household (NISH). A total of 66,686usehold (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 FCZ0HDI
covers data on demographic status; all forms of human mortality, work history, access to
potable water, sanitation, housing materials, information on primary iregjsmmformation

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 (i),
Multidimensional Poverty Index (MPI); the Inequaligjusted Human Development Index (I
HDI), and Gender Inequality Index (GlI). In this study, data were extracted for HDI, MPI, and
Gll as part of our contextual risk factors at the state level. Wel$ known that national
socioeconomic development captured by Human Development Index (AL§nzadenh,
Asefzadeh and Zare, 2018haoet 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.
4.2.2.1Human Development Index (HDI)

Human Development Index is all about people being able to live their full potg¢btraled
Nations Development Programme (UNDP), 201B) summarises human progress in 3
dimensions: (i) Longevity (health and wellbeing), (ii) Exposure (educational attainment, and
(i) standard of living (income). In 2038NDP/NBS compilation for HDI was dong a
Nigeria's state and FCT levels. The HDI was computed by taking the geometric mean of the 3
dimension indices of HD[United Nations Development Programme (UNDP), 20E8)ther
description of the variable antsicompilation are reported in 2018 NHD@Jnited Nations
Development Programme (UNDP), 2018) this study, HDI was considered an indicator of
state socioeconomic status. Not only is HDI a valuable indicatso@beconomic progress,

but it is also an excellent predictor of infant and maternal mortality rates for certain nations

(Leeet al.,1997) hence an expected useful predictor of child's health outcomes at state levels.
4.2.2.2Multidimensional Poverty Index (MPI)

The Multidimensional Poverty Index (MPI) was developed by Oxford Poverty & Human
Development Initiative (OPHI)ni c ol | aborati on with UNDPOG6s Hu
(UNDP-HDR) as a measure of acute povei®shio & Kan, 2014; Santos & Alkire, 2011;

United Nations Development Programme (UNDP), 30081 was computed from the 2017

HDI Survey. It measures the percentage of the dimensions in which the people are
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multidimensionally poofUnited Nations Development Programme (UNDP), 200@1 has
4-dimensions with 11 indicators. (i) Health i(®&licatorg; (ii) Education (2indicatorg; (iii)
Standard of living (6ndicatorg; and (iv). Labour force participation {fadicatol). 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 children
nearly two in fivé as multidimensionally poor, meaning that they experience deprivation in

at least a third of these indicatorstla¢ 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 206 to 2016, with 87 per cent of these children living in-Saharan Africa and

South AsigOldfield, 2019)

4.2.2.3Gender Inequality Index (GlI)

The percentage gfotential human development lost because of gender disparity is known as
the Gender Inequality Index (Gll). It discusses geittdesed 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 Gll stuiys

(United Nations Development Programme (UNDP), 2018)I has three dimensions
reproductive health index, empowerment index, and labour market index. Gll was also

compiled at the state level.

4.2.2.4Description of data merging

Fig 4.2 shows that 40,427 households were surveyed in NDHS, having 34,192iwen(g¢

5) children. Anthropometric and biomarkers data were obtained frénchildren from one
third of households with 43 children. Anthropometric data was used to measure the nutrition
indicators, which were obtained from 11,7335 hildren and information stored in th2e

jure household popul ation' (PR) file. Si mi |
mal ari a (RDE€) oStatuauaedwér om-5190 ,nmo8n0t hcsh.i |ldnrfeonr ng
anaemia was stored in the kid recode file (|
nutrition status (PR file). When PR was fina
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Figure 42 Flowchart describing the number of children and categories of variables

4.3 Variable Descriptions

This section describes the variables used (both the dependent antkffendent 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 outcoan@hles was explained,

along with a brief explanation of how each was categorised and used in this study. The
significant overlaps among the threetcome were also described and categorised.
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4.3.1.1Anaemia Status

The anaemia status for childref8 manths was determined by reading the haemoglobin (Hb)
levels from a fingeprick/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 cifged 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
anaenc', 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 collafisede 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'.

4.3.1.2Malaria Status

In 2018 NDHS diagnostitests for malaria parasites were carried out for children a@€sb6
months in approximately ortird 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, 2018y0 testing
methods were adopted in 2018 NDHS to assess the presence or absenceaf malari

0] Malaria Rapid Diagnostic Tests (MRDTSs) 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. The RDTs detect the Histidirrgch
proteirtll (HRT-II) human whole blood (antigen). The results were either positive
or negative foplasmodium falciparum (Pf).

(i) Laboratory microscopy investigation on thick blood smears was done for a three
guarter of the households where mRDTs was done. Malaria gesale 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, Azikive¢ al (2012)Azikiwe et al.,2012)found thatmRDTsand
microscopy laboratory investigation for malaRéyield similar results, withmRDTsbeing
more precisg¢han blood smears (Azikiwet al., 2012; Adinan, Damian and Msuya, 2015)
Also, in a recent scoping revig@basoharet al.,2021a) mRDTwas more frequently used in
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studies than microscopic smeafgiditionally, in 2018 NDHSmRDTsaccounted for more
samples than microscopic blood smear laboratory tests. Moreover, the test of independence
between thenRDT and microscopic blood smear results showed that they are dependent.
Therefore, in this study, the malaria status of childrén58 months of age in Nigeria using
mRDTwas c¢cl assified as 616 if the result was

4.3.1.3Malnutrition status

In NDHS, the malnutrition status (MNS) of children unflee years was determined through

the measurement of anthropometric indices expressed as (i) Stunting: measured ésrheight
age Zscore (HAZ) of less than minus two starideviations from the median of the reference
population. It is an indicator of growth retardation. (ii) Wasting: a measure of weigheight
Z-score (WH2Z) of less than minus two standard deviations from the median of the reference
population. (iii) Urderweight: a measure of weigltr-age Zscore (WAZ) of less than minus

two standard deviations from the median of the reference popu(&tioB. Kandalaet al.,

2011; Nationh Population and I. C. F. International, 2013hese are measures of
undernutrition. (iv) Overweighs also a measure wfeightfor-height Zscore (WHZ) of more

than plus (+) two standard deviations above the median of the reference pog{iMational
Population and I. C. F. International, 2018pnsidered as a measure of 'overnutrition'.The
measure of malnutrition was considered in this study as the outcome of either undernutrition
or overnutrition indicators. A recument 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 scalédmodel 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 ceshnysing

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 classifie asabelled as 'poorly nourishétlandy and

Jaime Miranda2008 Bamiwuye, Wet and Adedini, 2013; Ngndaoud and Gordon, 2016)

4.3.1.4Biomarker 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 theentire 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 O 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.Nbéte include acute
respiratory infection (ARI), Pneumonia as the most severe outcomemalana fever,
diarrhoeal, anaemia, malaria, malnutrition, and sickle cell disease. Information about these
illnesses in the survey was either obtained subjdgtineobjectively. The statuses of the first
three: ARI, noAmalaria 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. GiveNigeria's low maternal literacy level, the power of recall and the
ability to correctly diagnose the actual disease presentation may be déftasangwiet al.,

2015) Assuch, the data collected may not be accuiedmdala,2013. Whereas the statuses

of the rest four (anaemia, malaria, malnutrition, and sickle cell disease) were objectively
obtained using appropriate WH®commended poeduregNational Population Commission
(NPC)[Nigeria] and ICF, 2019 he use of objective measures of the cooccurrence of diseases
has essential advantages, which include a better understanding of the disease burden and its
patterngAbebeet al.,2020) However, sickle cell disease, though a noncommunicable disease,
was dropped because it is a genetic acquired illidagonal 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 useokéssgor multimorbidity (health

status) in children aged months in NigerigKandalaet al.,2007; Khatab and Kandala,

2017). Additionally, the 2018 NDHS was the first time these tliseases, anaemia, malaria,

and malnutrition, have been captured simultaneously in any nationally representative health

survey. Thereforearesearch gap existed.

4.3.3 Multimorbidity Status

To classify multimorbidity across anaemia, malaria, and malnutrition of childs&nnéonths

in Nigeria, the 'Composite Index of Muttorbidity' (CIMM), a technique adapted from the
Composite Index of Anthropometric Failure (CIAF), was ufgdndy and Jaime Miranda,
2008 Nandy, Daoud and Gordon, 2016l general, the classification often results th 2

mutually exclusive parameters. The multimorbidityt three outcomes) was classified into
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eight independent groupsjch that it can have multategorical responses represented in three

intersecting sets of anaemia, malaria, and malnutrition (Figure 4.3):

acmia (A)

* Anaemia only

* Malnutrition only

* None of the diseases

Figure 43 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 ahd®e 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 teases 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 varegg)|

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 representaterssiitve 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 wentassified(Kandalaet 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 carahs: (i) Is the variable captured in NDHS
20187 (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 exceptionalses arose where some variables that served as risk factors for any outcome

were considered at the researcher's discretion.
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Table 41 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 YES YES NO YES YES 3 YES
before the survey
11. | Fever in the last &ieeks YES YES YES YES YES YES
12. | Child had acute respiratory | YES NO NO NO NO YES
diseases (Cough)
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 623
months
15. | Minimum mealfrequency YES YES NO NO NO 1 NO Aged 623
months
16. | Deworming in last 6 months | YES YES NO YES NO 2 YES
before the survey
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] YES NO YES NO NO 1 NO
bed net
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 antenatal 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 YES NO YES NO NO 1 NO
malaria fever
36. | Number of children ever bor YES NO YES NO NO 1 NO
37. | Mother has access to YES NO YES NO YES 2 YES
phone/media/television
38. | Mother health seeking YES NO NO YES NO 1 NO
behaviour
39. | Maternal stature NO NO NO YES NO 1 NO
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40. | Maternal HIV status NO NO NO YES NO 1 NO
41. | Paternal orphan YES NO NO YES NO 1 NO
42. | Household wealtistatus 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 undeb in YES YES YES NO YES 3 YES
household
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 YES YES YES NO NO 2 YES
under bed net
54. | Household ownership of NO YES YES NO NO 2 NO
livestock
55. | Improve building materials | YES NO YES YES NO 2 YES
56. | Household head education | YES NO YES YES NO 2 YES
status
57. | Household connected YES NO YES NO NO 1 YES Perceived
electricity important
58. | Roofing material YES NO YES NO NO 1 YES Perceived
important
59. | Household ownership of YES NO NO YES NO 1 NO
radio
60. | Watch television YES NO NO YES NO 1 NO
61. | Household staple budget NO NO NO YES NO 1 NO
share
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

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 chidparental, household community, and areaelated variables.

4.3.5 Variable definitions and classifications

The predictor variablesonsidered for this study were found through previous scoping reviews

(Obasoharet al.,2020a, 2020b, 2021,aategorised following earlier research and as presented

in the NDHS 2018 final repofWanziraet al., 2017).
Recode)

and
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were combined using a common identifier to produce variables suitable for this research
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(Demographic and Health Survey, 202A)population’'s health status, whether good or bad,
depends on several linked elements at both the indivathd environmental leve{Murdock,

2017) These elements are referred to as determinants and ayerisse into three primary
groups: personal traits, environmental and social factors, and health s@vluecdeck, 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 mighe lchild-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 Chilgelated characteristics

The child's age was divided into quintiles of e@ar intervals, with th reference group {61
months) denoting the time before the child started to walk. Twelve to tilemty months is
another significant milestone (for instance, immunisation completion), followed 86 24
months for some children, and 36 months and abdewnetes 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; thenpact of this on the child's health result is not fully unders(gtatk,

2017) Although breastfeeding is beneficial for a child in the first few years ofNiéethern
Ireland, 2015)this was categorised as: (i) ever breastfed, not currently breasif¢@dnever
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 agaitiseases.

Additionally, two weeks before the survey, a child's Diarrhoea, fever, or acute respiratory
infection (ARI) was consideredlhe conventional way of malnutrition is measured is by
stunting, wasting, and undernutrition which together measueds\tkl of undernutrition, and
overweight/obesity as a measure of overnutrition. The anthropometric measure for each of
these indicators are used to identify the 0p

From the data available to us (NDHSg wan only identify malnutrition as having either of
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undernutrition or/and overnutrition indicators. 8sing the composite index of anthropometric
failure (CIAF), nutritional status was determined by constructing a composite index from the
four nutritionindicators (stunting, wasting, underweight, and overweiéndy and Jaime
Miranda,2008 Myrskyla and Fenelon, 2012; Bamiwuy&et and Adedini, 2013)Children

were categorised as "welburished" 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 thiwas 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 anaein” and classified as "zer¢gObasoharet al.,2021b)

4.3.5.2 Parentalelated characteristics

According to similar studies, the age of the mother at her most recent birthday was categorised
as younger (under 25 years old), middtged, and older (over 34 years old) mdMgrskyla

and Fenelon, 2012; ganet al.,2018; Adedokun and Uthman, 2020he 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 siifferage

at first birth was divided into three categories: (i) 19 years, (ii) 2029 years, and (iii) 30

years and oldefJenningsEdquist, 202Q)Age groups of women are frequently supported at
10-year intervals. Maternal and child health heavily depends on the mother's employment
staus, 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 fatherstexhat 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, widowfdised/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 seve) 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".
Severalantenatal care visihothersattended during the child's pregnancy were alsuiged.

The WHO suggested a minimum of four visits at the time of the s{@egsohan, Karo and
Obasohan, 2018; National Population and I. C. F. Interradti@©19) 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 autdBamywuye, 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 worldvié@sasohan, 2014)

4.3.5.3 Householcklated characteristics

When utilising the principal component analy$t€A),to create a composite score from a few
durable products, one can determine the wealth level of a hous@higjchally from the data

set wealth status was divided into quintil&ata 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 ceged for the two demographic groupir@®e DHS Program, 2016)This

is one major identified limitation of using the wealth status as it is presently constructed in
NDHS dataset andwill not reflect the socieeconomic status in Nigeria for the rural/urban
dichotomy.However in this study, five categories of wealth status were derived: poorest,
poorer, middlericher,and richest groups. The number of bedrooms irhtmee, 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 variabls waided 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 househdidvas initially a scale variable; however, for

this analysis, it was clas&d into four categories by the average typical family sizes of four to

five membersAdditionally, improved drinking water sources, toilet facilities, floor materials,
roofing materials, and wall materials (these materials can be raw, rudimentarysoedini
Unimproved materials are raw and rudimentary, and the finished materials are imfiaved

and Taylor, 2016)The number of children under five years old in the household was also
treatedas a category, as in previous studi€éawo, Asfaw and Yohanneg2018 Oguomaet

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 yepB&-4i4 years, (iii) 45

55 years, (iv) 56 years or more. The number of ufisleryears children who slept under a bed
netthe night before the surveyi) none, (ii) all children, (iii)) some children, (iv) no children

(NationalPopulation and I. C. F. International, 201®yhether the home had electricity was
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al so categorised as ONod or OYesd. The presece
impact food storage, and cooling at specific seasons can also afferchittealth. The kind

of cooking fuel used at home was also considered.

4.3.5.4 Communityelated characteristics

At the community level, the proportion of cluster households without bed nets and the
proportion of communities whose distance to the neaneslical facility is not a significant
issue; the proportion of low maternal education level and low cluster wealth were considered
in this study. Thee wasno direct collection of data for these variad¢ cluster level, so they
were derivedby aggregang ther individual household characteristics. Based on the median
(50th percentile) score for each varialde is the case in previous studies for ease of
comparisonthe categories of 'low' and 'high’ were determ{iidtewantaa, Ipa and Widawati,

2019)

4.3.5.5 Areaelated 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 outcomesy especial
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 determineéch 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), 201®ate socioeconomic situation is
assessed using the state multidimensional poverty index (SMPI), which is used asima stand

for the multidimensional poverty index of the communities

Table 42 Classifications of the variables used in the analysis

Variables Classifications Variables Classifications

Child-related variables Householdrelated variables

Age of the child (i) 6-11 months (ii) 1223 months (iii)) | Wealth status (i) Poorest (ii) Poor (iii) Middle
24-35 months (ivi36-47 months (v) (iv) Rich (v) Richest
48-59 months

Sex of the child (i) Male, (ii) Female Household had bed net (i) No (ii) Yes

Mot her 6s per c (ilarge (i) average (iii) sméal Household size (i) 2-3 (i) 4-6 (iii) 7-9 (iv) 10+

Size of the child

Child Ever Had Vaccination | (i) No, (ii) Yes Underfive years child slept under ne| (i) No, (ii) Yes

Status
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Preceding Birth Interval

(i) None (ii) 824 months (iii) 2535
months (iv) 3659 months (vB0+
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 (jii) | Improved Source of drinking water | (i) No (i) Yes
4th-6th order (iv) 7th+ order
Iron supplement (i) No, (i) Yes Improved Type of toilet facilities (i) No (ii) Yes
Duration of Breastfeeding (i) ever breastfed, not currently Unsafe stool disposal (i) No (ii) Yes
breastfed (ii) never breastfed (iii) still
breastfeeding
Had Diarrhoea in last 2 (@) No, (ii) Yes Improved Floor material type (i) No (ii) Yes
weeks
Had fever in last 2 weeks (i) No, (i) Yes Sex of Household Head (i) Male (ii) Female
Child had acute respiratory | (i) No, (ii) Yes Household head educated (i) No education, (ii) Primary,
infection in 2 weeks before (iii) Secondary (iv) Tertiary
survey
Vitamin A Consumption (i) No, (ii) Yes Shared Toilet Facilities with Others | (i) No (ii) Yes
household members
Treatment for intestinal (i) No, (ii) Yes Use Biomass for coakg (i) No (ii) Yes
worms in the last 6 months
Nutritional Status (i) Well-nourished (ii) Poorly Under5 slept under a mosquito net | (i) No (i) Yes
nourished last night
Stunting (i) No, (ii) Yes Community-related variables
Wasting (i) No, (i) Yes The proportion ofCommunity wealth | (i) Low (ii) High
level
underweight (i) No, (ii) Yes The proportion of community distang (i) Low (ii) High
to a health facility is no big problem
Overweight (i) No, (i) Yes The proportion of community (i) Low (ii) High
maternal education level
Malaria status (RTD) (i) No, (ii) Yes The proportion of community (i) Low (ii) High
households with no bed net
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 Inde
(SMPI)

(i) Low (i) High

Parental-related variables

State Human Development Index
(SHDI)

(i) Low (ii) High

Mot her 6 s age | (i)<l8years, (ii) 124 years, (iii) 25 | Community Female Education (i) Low (ii) High
34 years (ivB5 years+
Mot her 6 s age | (i)<18years, (i) 124 years, (iii) 25 | Region of residence (i) North Central (ii) North

34 years (iv) 35 years+

East (iii)NorthWest (iv) South
East (v) Sout¥South (vi)
SouthWest

Mother working Status

(i) Not working (ii) Working

Place of residence

(i) Rural (ii) Urban

Mot her 6s educ

(i) No education, (ii) Primary, (iii)
Secondary (iv) Tertiary

Fat her 6s educ

(i) No education, (ii) Primary, (iii)
Secondary (iv) Tertiary

Father's Occupation

(i) Not working (ii) Working
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Mother's marital status (i) Married (ii) Not married (iii)

Divorce/Separated/Widowed

Mot her 6s b ody (i)<18.5 (i) 18.525.0 (iii) >25.0
(kg/m2)

Mot her 6s anae€¢ (i) Normal (i) Anaemic

ANC attendance/Health (1) O (ii) 1-3 (ii)) >4
seeking
Religion status (i) Catholic (ii) Other Christians (iii)

Muslim (iv) Others (traditional)

Mot her ds i r on (i) No (i) Yes

supplementation during

pregnancy
A mother living with a (i) Living with a partner (ii) living
Partner somewhere else

. The MPI of a community indicates how vulnerable its residents are to disease. In the NHDR
2018(United Nations Development Programme (UNDP), 20183 categorisation of MPI

per state is also included. Filyalgender 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 statistidahigees used. The first part describes

the data setip (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 204/@&Ndgmographic

and Health Survef2018 NDHS. The NDHS is a complex, mulfactor, 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 analyddmographic and Health Survey, 20ZP)e units

of analysis in this study are childrerb® months of agkving in a household. All information
required to answer the research questions is stored in:

0] 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 theneutco
diseases, anaemia status among childsg8 gonths of age.

(i) 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 diages: malaria fever and malnutrition statuses among

children 659 months of age, and unefere years of age, respectively.
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The PR file was merged to the KR file through a unique identifier to produce one single file
PRKR merge (a detailed descriptiandisplayed in figurd.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 contextuahnables of interest (Human Development Index (HDI), Multi
dimensional Poverty Index (MDPI), and Gender Inequality Index (GlI) were captured at the
state, and Federal Capital Territory (FCT) levels and so were extracted. The state and FCT
identifiers incoporated these three variables into the merged file.

4.4.1.1Rationale for the subample of children-69 months

The 2018 NDHS was designed to capture information from different age brackets, especially
for children born within five years of the survey €Tlihitial survey was conducted with women

of reproductive age (189 years) and men (48 years). This thesis used three disease
conditions with data collected for different age groups. First, anaemia and malaria statuses were
collected for children %9 months in onghird 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 agdéideinder
years from oge-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, childfem0nths dage 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 analysisa8 onths.

4.4.2 Statistical analysis methods
The statistical analyses used in thigdstto 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).

4.4.2.1Research Questions
Thefollowing 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 6569 months in Nigeria?
However, in more specific terms, the study addregsetbllowing subquestions 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 thedg¢houtcomes 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 easttcome 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 child&nnéonths of agin
Nigeria?

6. What are the differences between groups in the individual and contextual characteristics
concerning the number of occurrences of MAMM among childr&® énonths in
Nigeria?

7. Are there variations in the MAMM across the levels of clusters?

8. Whatare the multiple overlaps in the associations of individual and contextual factors
with the MAMM among children %9 months in Nigeria?

9. What are the interaction effects of a child's sex, age, and household socioeconomic
status on the impact of individualécontextual risk factors of MAMM among children

6-59 months of age in Nigeria?

4.4.2.2Data Analysis Procedure

At the first level of analysis, the thesis addressed research questions one, two, and three. Firstly,
frequency counts and percentages wereprded 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 (independénvariables, performed a series of independent bivariate analyses of the
associations between the chjlgarental, household and communityelated predictors with

each of the three categorical response variables usinggQhre test. At the secondvée of

analysis, questions four and five were addresS@den the hierarchical structure of the 2018
NDHS data set and the correlation structure of the data that frequently occurs in such a
multistage survey samplin@ey and Raheem, 201 6his study found som@ustering in the

data Children, parents, and households were takemdigidual characteristics at levé|

nested in communities/clusters at le2eland nested in 36 states of Nigeria and the Federal
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Capital Territory (FCT) at leve3. Therefore, 3evel mixed effect logistic regression models
were fitted to test the effects of all the selected predictorsesith disease outcome variable
(anaemia, malaria, and malnutrition) #@void possible undezstimation of parameters
associated with the singlevel model(Dey and Raheen?016) 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 ghildrental, household and communityelated
variables and the faractions between the three outcome diseasash(that it take into
consideration mulicategorical responses the number of diseases a childs (See section
4.3.3), following a natural order of O, 1, 2 or more

Analyses Plan

Scoping reviews

1. Anaemia 2. Ivllalaria. among 3. Malnu_trition : 4. Multimorbidity
amongchildren in children in SSA among children in among children in SSA
SISYAN SSA

1stand 2¢ level of statistical analyses 31 level of statistical analysis

5. Baseline dscripion of all the variables included in the studyiashe data set
6. Descriptive andssociation of predictors with anaemia, malaria, and
malnutrition

7. Multilevel mixedeffect logistic analysis @haemia, malaria, anehalnutrition

4" level of statistical o .
analvsis (Individual at level 1 nested in the

community at leveR and nested in
states at level 3)

Figure 44 Flow chart describing the stelpy-step analysis procedures

Furthermore, thretevel mixedeffects ordered logistic regression models were fitted to
determine the multiple overlaps in the variables that simultaneously predict the number of
occurrences of MAMM among childrer3® months of age in Nigeri&inally, & 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 childré&s®6nonths of age
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in Nigeria were computedAll the analyses were performeusing 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 ocerences of MAMM among children8 months of age in Nigeria using
threelevel mixedeffects ordered logistic regression models

4.4.3.1Modelling the outcome variables independently

In the past, different statistical methods have been proposed for ingajy®blems 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 mutiuitcome risk predictionsThis strategy does not take
advantage of the potential links between the outcomes and is only effective if the outcomes are
conditionally independent given the covariat@dartin et al., 2021) Previous studies
(Kazembeet al.,2007; EtSayedet al.,2010; Osterbauest al.,2012; Alickeet al.,2017; Al

et al.,2019) applied the singkevel logistic regression method for independent analyses of
each outcome of interest in their studies. Adopting this appiodlbts 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-lewngldogistic

method may ignore other issuesimterest. (i) Intracluster 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
| 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 mulnaity; therefore
independent analyses of each outcome will ignore this underlying condiflessPoa 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 endogeneggdKandala,2013.
4.4.3.2Multivariate multilevel logistic modelling

To avoid the problem of ignoring clustering in a complex data set (limitation (i) above),
Masangwi et alMothale & Ncayiyana; and Halliday et, dlave 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, DagP&al Poole and
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Bada, 2004) and Gaston et gGaston, Ramroop and Habyarimana, 20Baye used a
multivariate joint analysis within the generalised linear mixed model. The focus oftieese
studies is to jointly model the outcome of interest in longitudinal perspectives while also
determining the outcomepecific effects. This method highlights the ability to consider the
residual correlation parameters. Martins et al recognised thadetipeee 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 compldtel] range(Martin et al.,2021)

4.4.3.3Multinomial logistic regression

Alaba and Chola used multinomial logistic regression to analyse the cooccurrence of chronic
health conditions in an att population(Alaba and Chola, 2013participants in the South
African National Income Dynamic Survey (SDS) were questioned about whettieey

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 io@chto 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 orore chronic disease@laba and Chola, 2013Jhough

the study used Stata's stratified multistage design feature, this will not accouetramdom

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 poedict the haemoglobin

level among children agedd® months in India. The outcome variable included four ordinal
categories: the degree of anaemia (severe, moderate, mild, aada®mmic). In addition, the

state of residency was considered the l&veariable in this multivariate logistic regression
model with a twelevel random intercedDey and Raheen2016. The study considered the
‘ordinal categories’ as nominal in the analysis. However, in a similar investigation, Kandala
2013 considered the different levelflsanaemia as ordinal and used multilevel ordinal logistic
regression model¥andala,2013. Often, multinomial was recommended as an alternative to
analysing ordinal categories, especially when parallel assumptiores been violated
(McNulty, 2021)
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4.4.3.4Multivariate Poisson regression modelling

While studying the overweight with concurrent stunting, Atsu et al used a multivariable
Poisson regression model, but the conditions were investigated indeper{désulyGuure

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. Wheretitetep
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 eventistibe 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 crosectional data rather thdongitudinal 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 mulbiitity 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, thezealiithreemultimorbidity; 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, Camphbell Machin, 2021)
However Atsu et al(Atsu, Guure and Laar, 201@pplied a Multivariable Poiss regression

model while accounting for clustering variations but treated each disease separately.
4.4.3.Multivariate Bayesian modelling

Though this current study is highly tinted towards the frequentist's approach, other studies have
examined the detminants 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-géditive latent variable med

(LVM), which used the three observable iliness 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 theetation between diseases

and indicators of health stat(lshatab and Kandal2011). 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 staudildfunder
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the age of five. Furthermore, Kandala and others haveBasggsian ge@dditive model based

on Markowvchairi Monte-Carlo techniques to examine the predictors of different childhood
diseases across some SSA coun{iesdala, Magadi and Madise, 2006; Kandslal.,2008,

2009) The approach was justified because strictly linear predictors could not be assumed due
to the existence of nelimear effects for some covariates and the data's geographic characters.
Also, Khatab et a[Khatab, Adegboye and Nlammed2016 used the Bayesian approach to
determine areapecific predictors of cenorbidity of diarrhoeal, cough, and fever. This
technique recognised and accounted for the three limitations of the-lewejléogistic model

stated above.

4.4.3.6Sructural 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 theseaseisecluster. The study opined that
multimorbidity is a complicated conditioit.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 diseasembination.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 compted 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 tistagelt
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 nordistinct latent classes (both contained the threeoomes 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 cooccurrea of two or more diseases.

4.4.3.70rdinal logistic regression model

Ordinal (ordered) logistic regression model is another technique applied in some previous
studies to model the determinants of multimorbidity. For instance, Adedékiedokun, 2020)
proposed using a generalised ordered logistic regression model to detémmcorrelates 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

108



of 'no disease’, 'one disease', 'two diseases'trard or more diseases. This approach is like
the one used in this present study but differs in some ways.

) The analysis unit was children undare years in Nigeria, whereas this current
study used a sample of children agesiPomonths in Nigeria.

(i) The outcome variablegescribedn Adedokun(2020) were Diarrhoea, fever, and
ARI, whereas, for this current study, they are anaemia, malaria, and malnutrition.

(i)  The data set was 2013 NDHS, but this current study uses 2018 NDHS. For the first
time, data for anaemia, malaria fever, and malnutritrhicators 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 2013NDHS 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 tHesel mixed effect ordered
logistic regression model drrecognised 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 soaioeaic and demographic variables and
anaemia among children aged untiee 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 wansidered using multilevel models.

It is worthy of note that the advantages of using this model (multilevel reiffedt ordinal

logistic regression) in this study over traditionally treating each outcome independently using
binary logistics. This is lmause (i) it recognises the possibilities of carrying out multiple
comparisons and avoids any possible increase in Type | (@amdom error correlations),

which results from ignoring the simultaneous relationships among the diseases resulting in
biased onclusions(Gabr,2016. Furthermore, this approach recognised the complexities in

the data set by applying a hieshical 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
resgectively 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
(Abebeet al.,2020) The compsite 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 agedpecific study, it has adopted this simplified approach of creating a composite
scoke 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 ehilidrLMIC.

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 theancluded 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 sieg logistic
regression by including the source ofiations between and within clusters while considering
the hierarchical nature of the data set. C&Clarle, 2009 outlined three benefits of MLM to
analysts, including identifying which covariates predict individaael differences, predicting
clusterlevel differences, and determining within and between chlstel variations. In this

section, alescription 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 covariatédgnterest. 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
(categoical 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 fromX) Aiedertheless, linear regression

for this Type of outcome can spool out of the range of 0 and 1. It is unbounded b&weann d

+b which is i nappr op(Bomméetand iMarselli, RE.ETde ci r cu

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 lagisgression can do this better. So,
0& p _ Q)
Where: @ = the conditional probability that the outcome variable result into 1 (having the
disease condition of interest)

@ = thepredictor variable for a child

Given the exponentiation in the equation, the function results in simape ranging from

between 0 and 1 along theayis.

]

[~ ]

Figure 45 Logistic function

b is thej™ coefficient of thg"i ndependent oistheinteardegt.es, and b

The Sshape depends on whetlfigr 0 >0 (Sde fig 4.5).

The study prefers to find the conditional p
probability that the outcomasinotpresent¢l’ ) i n order to make meani
rather than simply making predictions about the conditional probability that the outcome is
present (represented as "~ ). A |link function
shaped distribution into a linear combination as a function of the predictors is therefore
necessary; the logit transformation is advantageous for making the function n@atai,

2016 Kawo, Asfaw and Yohanne2018.

Now, consider the odds of having the outcome disease.

5 QQi £ )

This ratio is the probability of being in the state of interest ovepithieability of not being in

the state, known as odds. Then the logit transformation results into

A O € THADQI 6 £ —— (3)
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By substitutingd & p in equation (1) into equation (3), it turns into a linear combination
of predictors (equation 4)
A O € TDADQI T Brao A (4)

I are the coefficients of their corresponding covariaieand could be interpreted as the effect

of the predictor variablé on thelog-oddsof 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) inltigeoddsof having the tease after adjusting for other
covariates (in the case of multivariate analysis). The exponentiatiorgives the odds ratio,

which refers to the amount one can multiply the probability of the outcome of interest occurring

rather than not occurringgommet and Morselli, 2017)

Alternatively, it can convert theg-oddsof the outcome of interest to the predicted probability

of the outcome oihterest for ease of interpretatiQilliams, 2012; Dey and Rahee20)16),

using:

~ ~ ~ ~ o o~ B A

0 i QQ Qi 0 £QURXH WIAN Q0 B——F— 5)
Multilevel Logistic Model (MLM)

At the second level of analysis, multilevel mixeffiect 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 theesl mixedeffects logistic
regression such that children, parents, and households were grouped as individual
characteristics at levdl, nested in communities/clusters at leRebnd nested in states and
federal capital territory (FCT) at lev8l were desibed. 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 statgtata.com, 2021)

The dependent variable of interest is dichotomous and follows the Berfioul)idistribution

with a logit linkfunction:

- 1'% B 1THhey B 1%&zg B THd -5 -# -k (6)
Where— s the predicted log odds of individual chilflevel 1) in community (conj)(levek

2), and in state (st&)(level3).1 “; represent the overall intercept (the grand mean of-@yvel

I “:H “q, and “; are, respectively, theth, themth, and thepth coefficients associated with

W (levell), X (level2), andZ (level3) predictors, respectivelyAnd - ; represent the
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random effect ofth community inkth state, while ; denotes the state level random effect,
with the assumption that ; DO mh, and - 5 DU mh, are mutually
independently distributedGabr, 2016 Rozi et al., 2016; StataCorp., 2021pnd- D

0 mh— , and independent of the random interceftstaCorp., 2021)Equation (6) has a

logistic transformation.

(7)

and it denotes the probability thatiéim child injth community and irkth state will suffer

- a e

from the outcome of interest.

4.4.4.2Multilevel 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 chiles®m@nths of age in
Nigeriausingthreelevel mixedeffects 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 intg ghitehtal, houghold,
community, and stateelated factors. This section described the model specification for three
level mixedeffects ordered logistic regression.

Schematic description of a thredevel data structure

This study considered that a lexgestructure \as better than a lev@lstructure. Therefore, the
model was structured along a thiteeel structure such that children/parental/household units

at levell, because children from the same parent and household tend to be more similar than
children from otler households because they share the same characteristics, are nested within

communities/clusters at lev2| and nested within states at le@el

A S A

&m levd-2

A0 N LD

112€ in levell
Figure 46 A schematic diagram representing a thieeel data structure
Multilevel mixed-effects ordinal logistic model specification
The specification of the thrdevel mixedeffects ordinal (or ordered) logistic model in this
thesis followed the one described in Raman & Hed@kaman and Hedeker, 2003here are

i=1,2,..,n individuatlevel units nested withip =1 , 2oménynitglevel units that are
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further nested withilk = 1 ,  Ztatele¥el unigs. There are three ordered categories (c=0, 1,
2), representing the number ofoocurrences of the diseases in the individual child. Therefore,
the response variable of interest is ordinal and followdadistic (@ ) distribution with a
logit link function:

® 1% B ITopg B THdsg B 1%, ﬁ T )
Wherg “j; represents the overall intercept (the grand mean of8ef i “s, and °; are,
respectively, thath, themth, and thepth coefficients associated with (level-1), X (level-2),

and Y (level3) covariate vectors, respectively. Ang, represents the random effectjtf
community inkth state, while j denotes the state level random effect, with assumption that

Fr DO mh, and DO mh, are identical and independently distribu{&hbr,

2016 Roziet al.,2016) and- ; D mh— , assumed tollow 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

t wo threshol ds -Dwiths regesentinditiaetcatehori€s oidcudenaes 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 ¥jais in ordered

response category c, after accountingtfe random effects at community leve}, , and

statelevel |, while assuming a logit function, is given by:

b & fghg 1 . 1 . 9)

where ¢ B T B 150 B 1% d i r, an extract
from (8), and (.) is the cumulative distribution function (cdf), represented as

8[Raman and Hedeker, @B).

As proposed in Raman & Hedek@aman and Hedeker, 200%)e set “; 1, such that it
estimate<C-1 cut-offs. Then, the cumulative probabilities for the ordinal categdri€sc &€
given as:

biy 00 6 ghg 1 o (10)
However, (10) can be written differently as finding the probability of observing the outcome

in this format.
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0i 7y 0&® O6ch phy 71 © 1 « ,wheree =-b and
‘ H (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 lgvelnd state

level  as:

ag-o—— ' B T%0i B 1%0s B T%R0F po(11)
Finally, thestudy 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

. B 1%w0r B T1T%dy B [%Hop —, —, (12)

4.45 Test of assumptions

This section outlined the basic assumptions of the ordered logistic regression and presented a
stepby-step approach to the assumptdhat were confirmed in the thesis.

4.4.5.1Assumptions 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 variablee response variable should be categorical
that follow a natural order in it, E.g., O, 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 disease'sine 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 variablesHowever, 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 poportional odds assumption should not be violated. This assumption means that
the coefficients for each pair of outcomes at each cumulativefcare the same,

resulting in one model.
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From equation (12), the covariatdg X, andY 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 covatiaesiolate 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 mod¢Raman and Hedeker, 2005)

4.4.5.2Multicollineariy of binary and ordinal logistic

Multicollinearity is a statistical phenomenon characterised by highly correlated predictor
variables in a logistic regression mod#lidi, Sarkar and Rana, 2010The presence of
multicollinearity can lead to unreliable and unstable estimates and erroneous variances,
affecting coffidence intervals and hypothesis t¢stsli, Sarkar and Ran&010) 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 (Wakams, 2015)
Identifying thesevariables is commonly done through the computations of the correlation
coefficient matrix for the independent variables, but not a sufficient rfiddk, Sarkar and

Rana, 2010)An additional way is to calculate the tolerance and variance inflation factors (VIF),
which estimates how much a coefficient's variaiscénflated" due to linear correlation with

other predictorgAllison, 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 constitutecdlem
(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 leado a specification error, which is much worse than multicollinegvityliams,

2015) For logit transformation cases, as in our study, 'collin' command (written by Philip Ender
at UCLA) in STATA was used.

4.4.5.3Resdtving 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 ‘l@ad to incorrect, incomplete, or misleading resu{@illiams, 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 fittingeahete
mixed-effects ordinh logistic regression models. To test the violation of proportional

assumption in Stata is challenging, and is not straightforward, especially hraimgand
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omodel testafter mixed effect ordered logistic regressjbhe Stata Forums, 202However,

this approach is a straightforward generalisation ofsthglelevel model to account for the

data set's hierarchical structi{jkandala,2013. In that case, the thesis adopted a naive way to
check whether the assumption is violated or not. In this study, there is no icestoiot
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 followitgps as recommended(ifihe Stata
Forums, 2021)

1. On thefull 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 nog§anere
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 &edntean

of were computed.
3. The test of difference in the two predicted meaids of was computednd found

no significant difference at 5% level (both at twoo at onetailed test).

Given the above, the assumption of naolation of proportionality wasipheld 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 chidren 6

59 months of age in Nigeria.
4.6  Model Building

4.6.1 Oucome 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 thedses, 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'.

117



Table 43 Coding system used for the outcome classifinatio

S/N | Variables Outcomes Scores

1 No disease No anaemia
No Malaria

No malnutrition

2 Anaemia only Anaemic
No malaria

No malnutrition

3 Malaria only No anaemia
Malaria positive

No malnutrition

4 Malnutrition only No anaemia
No malaria

Poorly nourished

5 Anaemia and malaria | Anaemic
Malaria positive

No malnutrition

6 Anaemia and Anaemic
malnutrition No malaria

Poorly nourished

7 Malaria and No anaemia
malnutrition Malaria positive

Poorly nourished

8 Anaemia, malaria, and | Anaemia

malnutrition Malaria positive

L + = Ol Fr O kR O F PP O O O PP, O O O PFRP O O O

Poorly nourished

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 44 Distribution of classifications of multimorbidity

S/N | Outcomes combination classifications
1 None of the three 1 0
diseases

118



2 Had only one of the 2,3,&4 1
three diseases

3 Had two or more 56,7&8 2
diseases

(i)

S/N=Serial numbering

Child-related variables

4.6.2 Predictor variables classifications

Table 45 Coding system for chitcelated \ariables

The predictor variables considered in this thesis were classified inte, ¢faténtal,
household, community, and stateelated 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)

Variables Classifications Coding
Age of the child (1) 6-11 months 0
(i) 12-23 months 1
(i)  24-35 months 2
(iv)  36-47 months 3
(v) 48-59 months 4
Sex of the child (1) Male 0
(i) Female 1
Mot her ds perce (1) large 0
the child (i) Average 1
(i)  small 2
Preceding Birth Interval 0] None 0
(i) 8-24 months 1
(i) 2535 months 2
(iv)  36-59 months 3
(v) 60+ months 4
Birth Order 0] 1st order 0
(i) 2nd or 3rd order 1
(i)  4th-6th order 2
(iv)  7th+ order 3
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(ii)

Iron supplement 0] No 0
(i) Yes
Duration of breastfeeding 0] Ever breastfed, not | O
currently breastfed
(i) Never breastfed 1
(i) Still breastfeeding | 2
Had diarrhoea in last 2 weeks (1) No 0
before the survey (i) Yes 1
Had fever in last 2 weeks befor (1) No 0
the survey (i) Yes 1
Child had acute respiratory (1) No 0
infection in last 2veeks before (i) Yes 1
the survey
Vitamin A consumption (1) No 0
(i) Yes 1
Treatment for intestinal worms (1) No 0
in the last 6 months (i) Yes 1
Place of delivery (1) Home 0
(i) Public Health facility | 1
(i) Private health facility| 2
(iv)  Elsewhere 3
Parentalrelated variables
Table 46 Coding system for parentalated variables
Mot her 0 s-yeargreup M 1524 years 0
(i) 25-34 years 1
(i)  35years 2
Mot her 6s age M 10-24 years 0
(i) 25-36 years 1
@iy  37-49 years 2
Mother working status 0] Not working 0
(i) Working 1
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Mot her 6s educ ® No education
(i) Primary
(i)  Secondary

(iv)  Tertiary

Fat herds educ ® No education
(i) Primary

(i)  Secondary
(iv)  Tertiary

Father's occupation ® Not working
(i) Working
Mot her 6s body 0] <18.5
(kg/m2) (i) 18.525.0
(i)  >25.0
Mot her 6s anae ® Normal

(i) Anaemic

ANC attendance/Health ® 0
seeking (i) 1-3

iy O4
Religion status 0] Catholic

(i) Protestant
(@ii)  Muslim

(iv)  Others (traditional)

Mo t h e r sugplementatior 0] No

during pregnancy (i) Yes

P O W NN P O N P O FPr ODN PFP O PFPr O W N PP O W DN +—» O

(i)  Householdrelated variables

Table 47 Coding system for househelelated variables

Wealth status M Poorest 0
(i) Poor 1
(i)  Middle 2
(iv)  Rich 3
(V) Richest 4
Household had bed net 0] No 0
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(i) Yes 1
Household size M 2-3 0
(i) 4-6 1
@y 79 2
(iv) 10+ 3
Underfive years child slept under ® No child 0
net (i) All children 1
(i)  Some children 2
(iv)  No netin household | 3
Number of children U5 in ® 0-3 0
household (i) 4-6 1
(i) 7 and above 2
Improved source of drinking watel M No 0
(i) Yes 1
Improved Type of toilet facilities ® No 0
(i) Yes 1
Improved Floor material type ® No 0
(i) Yes 1
Sex of household head 0] Male 0
(i) Female 1
Household head educated ® No education 0
(i) Primary 1
(i)  Secondary 2
(iv)  Tertiary 3
Shared toilet facilities with others ® No 0
household members (i) Yes 1
Use biomass for cooking 0] No 0
(i) Yes 1
Under5 slept under a mosquito ne ® No 0
last night (i) Yes 1

Communityrelated variables

Table 48 Coding system for househelelated variables
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Proportion of community wealth (1) No 0
level (i) Yes 1
Proportion cluster distance to healt 0] No 0
facility is no big problem (i) Yes 1
Proportion of community maternal (1) No 0
education level (i) Yes 1
Proportion of community householg (1) No 0
with no bed net (i) Yes 1
(v)  Arearelated variables
Table 49 Coding system for areeelated variables
State Multidimensional Poverty (1) Lowest 0
Index (SMPI) (i) Mild 1
(i)  Average 2
(iv)  Above average 3
(v) Highest 4
State human development index (1) Lowest 0
(SHDI) (i) Low 1
(i)  Average 2
(iv)  High 3
(v) Highest 4
Gender inequality index (GlI) 0] Lowest 0
(i) Low 1
(i)  Average 2
(iv)  High 3
0] Highest 4
Region of residence (1) North-Central 0
(i) North-East 1
(i)  North-West 2
(iv)  SouthEast 3
(v) SouthSouth 4
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(vi)  SouthWest 5
Place of residence (1) Rural 0
(i) Urban

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 correlatioBe 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 accoedtfor by variations across the different levels of clusters. For
example, in our model (thrdevel model), two intraclass correlation coefficients were
identified: the one about children/individuals nested in commueitgl and communityevel
groups neted in the statievel group(Prestevez, 2016; Roet al.,2016) Therefore:

V66 6614 R E—— (13)

‘006 0 is the correlation between two children/individuals (unit of analysis) within the same
community and statéMLwiN User Forum., 2009; Leckiet al.,2020; StataCorp., 2021)
But equation (13), in terms of the varianagtjion coefficient (VPC) differs as it does not

have a corresponding interpretation, therefore

w6y & — (14)

refers to the proportion of the total variance in the same state, but different comniLuedies
et al.,2020)

‘066 6¢i4 A R (15)

‘00 O 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 betweestate levelgLeckieet al.,2020)

From (13), (14), and (15), IS across community variancg, is the across the state

variance,and-é o8 w s the between children/individual
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for standard logistic distributio(Gabr,2016. However, there is no definition for individual
level intraclass correlatiofstataCorp., 2021)

Unlike the correlation coefficient between two variables whose values fall bettveed +1,
the values of intraclass correlations are between 0 and 1. The®@8#dence interval for the
ICCs can be obtained through logit transformation of the point estimate of théS@&Corp.,
2021)using

Logit (Qo o+ — (16)

< JR— —_—

where’Qa athe point estimate of the intraclass correlation of lgvel

"YOQwm o is the standard error of the point estimate

G isthe978%quantile of the standard normal distr
Logit is given as in (3) and (7) above.

Letw andw be the upper and lower values, respectively, of the interval (16), then the 95%ClI

for ‘06 6is given by ——h—— .

The values of ICCs help to establish the need for multilevel analysis as against thkeggigle
analysis. The rule of thumb (but not a standard rule all the time) could be that hierarchical

modelling may not be necessary when the I€Iéss than 5% at the null modeleck, Thomas

ard 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. Studiediave argued that in multilevel linear regression, individual and
geographical heterogeneities are on the same scale, making bé&twalgpartitioning 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 difficul{Merlo et al.,2006) Lian (Lian, 2015)noted that the spatial variation in

the multilevel model denoted by the ategel variance does not have meaningful units and is
challenging to interpret in epidemiologdlternative measures are the median odds ratio (MOR)
and interquartile odds ratio (IgOR). 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 leéveharacteristics

and picked randomly from two states or communities. In a more practical ita¢igpreMOR

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:

D0Y A@Pcrn, @OWYXTU

Where 0.6745 is thé)g of a standard normal distribution with mean 0 and standard

deviationl, and, is the state level variance. Alternatively:

D0Y AgJDbmm wy

The value of MOR will always be greater 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 pessimation 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:
0] Evaluating the logdikelihood
The loglikelihood was computed to measure the goodness of fit of the model. The higher the
log-likelihood, the better the model {ZACH, 2021) The values of lodikelihood range from
b to +bBb. The default i nté&mgvadh dnaimmpagesioo d i n
mean and variance adaptive Gabiesmite quadrature, which has been used for rarelbact
models. The lodikelihood compared with a cliquare given as twice the difference between
the loglikelihood of the 'new' (unrestricted) model and thiathe '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 CO&aQu addi QalQ: Q

OV'MIARQ N Ol GaOD® N OI O QWEI D& Qe Q
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 signifidaettisr than the
baseline model at theyalue<0.05.
(i) Evaluating the Akai keds i nformation crite
criterion (BIC)
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This study evaluated ten models with varied numbers of predictors. AIC was used to measure
how well eachmodel fits the data. The AIC is a function of the number of predictors in the
model and the logjkelihood. As much as possible, AIC penalises the models for using more
parameters to avoid owéitting and chooses the model that explains more variatiotisein
dependent variabl@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 bemgared 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 ddta,9maller 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 he decision criteria for AIC and BIC did not agree, the

AIC was used as a preference for our choice of a better fit.

(i)  Significance of predictor estimates

The predictor estimates were given in terms of proportional odds ratios and were obtained by
stai n g otrdpeonsdn the mixed effect ordered logistic regression command. In this study,
the response variables are wtldsses (k=0, 1, & 2), and should be seen from a cumulative
perspective such that comparing children of certain predictor's category havihiglibst

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 nerdiite (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 foevery 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 Hassdlisn 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 paramkgst 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 (ehpdrental household cluster, and

staterelated) of predictors considered in this project (Table 4.10). This fitting was done to
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reduce the risk of ovditting (Hartnell, 2011)and to control the complexity in adding

components of the related predictors.

Table 410: 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 tiook syrup, child

breastfeeding status, child took deworming syrup, the child had fever in the |

two weeks before the survey

2 Parentalelated only Maternal educational status, maternal residing with partner, maternal religiou

status, maternal anaearstatus, maternal body weight status, paternal work stg

3 Householerelated only Household wealth status, household head age, children-Gnvdeo slept under

bed net last night before the survey, household size,

4 Communityrelated only Community welth status, community maternal education status, low commur]

distance from the health facility, low community with bed net

5 Staterelated only Multidimensional poverty index, human development index, Gender inequali

index, region ofesidenceplace of residence

The second stage of the model fitting was to subsequently add each component of related
predictors to the childelated component (model 1). By adding model 2 to model 1, model 3
to model 1, combined model 1 to model 2rtodel 3, then add model 4, and lastly, add
model 5 (Table 4.11).

Table 411 Overview of the model component structures combining predictors at different level

Model Component structures Predictors

6 Model 1 + Model 2 Sex, age, birth size, prebirth interval, child took iron syrup, child

(Child-related + Parentatelated) breast feeding status, child took deworming syrup, child had feve
the | ast two weeks before thgeg
maternal educational statusaternal residing with partner, materng
antenatal care visit, maternal religious status, maternal anaemia

status, maternal body weight status, paternal work status

7 Model 1 + Model 3 Sex, age, birth size, birth order, prebirth interval, child took iron

(Child-related + Househotcelated) | syrup, child breast feeding status, child took deworming syrup, ¢
The essence of this stage vdamie | had fever in the last two weeks beftie survey, household wealth
to investigate the changes that ma| status, children undés who slept under bed net last night before t

occur to model 1 relative to model | survey, sex of household head, household size

8 Model 1 + Model 2 + Model 3 Sex, age, birth size, birth order, prebirth interval, child took iron sy
(Child-related + Parentaklated + | child breast feeding status, child took deworming syrup, child
Householdrelated) fever in the last two weeks before the survey, maternal educat
(Individual level chareteristics) status, maternal residing withagner, maternal religious statu

maternal anaemia status, maternal body weight status, paternal
status, household wealth status, children wdeho slept under be

net last night before the survey, sex of household head, househo!

9 Model 1+ Model 2 + Model 3 + Sex, age, birth size, birth order, prebirth interval, child took iron
Model 4 syrup, child breast feeding statahild took deworming syrup, child
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(Child-related + Parentaklated + | had fever in the last two weeks before the survey, maternal

Householerelated + Community educational status, maternal residing with partner, maternal relig

related) status, maternal anaemia status, maternal body weight status, pa
(Individual & community level work status, housmld wealth status, children unéemwho slept
characteristics) under bed net last night before the survey, sex of household hea|

household size, community wealth status, community maternal
education status, low community distance from health facility, lov]
community withbed net

10 Model 1 + Model 2 + Model 3 + Sex, age, birth size, birthrder, prebirth interval, child took iron
(Full Model) Model 4 + Model 5 syrup, child breast feeding status, child took deworming syrup, ¢

(Child-related + Parentaklated + | had fever in the last two weeks before the survey, maternal
Householerelated + Community educational status, maternal residing with partner, maternal relig
related + Areaelated) status, materal anaemia status, maternal body weight status, pat
(Individual, community, & state work status, household wealth status, children ubdeho slept
level characteristics) under bed net last night before the survey, sex of household hea|
household size, community wealth status, community maternal
educaibn status, low community distance from health facility, low
community with bed net, multidimensional poverty index, human

development index, region of residenpkace of residence

Furthermore, some interaction terms were considered in this analgsidiiion 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 twavay interaction effectests 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 twway 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 thvag interaction
effects of a child's age, seand 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
wealth index on multimorbidity differ by the child's age. Therefore, Table 4.12 shows the five

models generated to illustrate these analyses.

Table 412 Overview of the model component structures with interaction terms.

Model | Component structures Predictors
11 Model 10 + interactions of sex and | Sex, age, birth size, birth order, prebirth interval, the child took iron
household wealth syrup, child breastfeeding status, child took deworming syrup, the

had fever in the last two weeks before the survey, maternal educat
status, maternal residing with pantnematernal religious status,
maternal anaemia status, maternal body weight status, paternal w
status, household wealth status, children wideho slept under bed

net last night before the survey, sex of household head, household
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community weah status, community maternal education status, low
community distance from health facility, low community with bed n¢
multidimensional poverty index, human development index, region

residence, childds sex*househgd

12

Model 10 + interactionsdiween sex

and age

Sex, age, birth size, birth order, prebirth interval, child took iron sy
child breastfeeding status, child took deworming syrup, child had f¢
in the last two weeks before the survey, maternal educational staty
maternal residingvith partner, maternal religious status, maternal

anaemia status, maternal body weight status, paternal work status
household wealth status, children ur8lerho slept under bed net las!
night before the survey, sex of household head, household size,

community wealth status, community maternal education status, lo
community distance from the health facility, low community with be
net, multidimensional poverty index, human development index, re

of residence, child's sex*child's age

13

Model 10 + inteactions between age

and household wealth

Sex, age, birth size, birth order, prebirth interval, child took iron syr|
child breastfeeding status, child took deworming syrup, child had fé
in the last two weeks before the survey, maternal educationss sta
maternal residing with partner, maternal religious status, maternal
anaemia status, maternal body weight status, paternal work status
household wealth status, children urflerho slept under bed net las
night before the survey, sex of householddhémusehold size,
community wealth status, community maternal education status, lo
community distance from the health facility, low community with be
net, multidimensional poverty index, human development index, re

of residence, child's age*housetholealth

14

Model 10 + interactions of sex and
household wealth + interactions
between sex and age + interactions

between age and household wealth

Sex, age, hirth size, birth order, prebirth interval, child took iron sy
child breastfeeding status, kthtook deworming syrup, child had feve
in the last two weeks before the survey, maternal educational staty
maternal residing with partner, maternal religious status, maternal
anaemia status, maternal body weight status, paternal work status
householdvealth status, children undérwho slept under bed net las
night before the survey, sex of household head, household size,
community wealth status, community maternal education status, lo
community distance from the health facility, low community witted
net, multidimensional poverty index, human development index, re
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, birtlsize, birth order, prebirth interval, child took iron syru
child breastfeeding status, child took deworming syrup, child had f¢
in the last two weeks before the survey, maternal educational statu
maternal residing with partner, maternal religiowgist, maternal
anaemia status, maternal body weight status, paternal work status
household wealth status, children urBlerho slept under bed net las
night before the survey, sex of household head, household size,
community wealth status, community mai@ education status, low
community distance from the health facility, low community with a
net, multidimensional poverty index, human development index, re

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 ahtiiémorbidity 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 malnutritig@lAMM) among children aged-69
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®9 months living ifNigeria. 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 Safseykfown 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 questigmwonend three. At the second

level of analysis, questions four and five were addresseen the hierarchical nature of the
2018 NDHS data set, it identified some clustering in the data sucbhttégren, parents, and
household were taken eslividud characteristics at levdl, nested in communities/clusters at
level2, which in turn are nested in 36 states of Nigeria and Federal Capital Territory (FCT) at
level3. The third level of analysis proffers solutions to questions six, seven, and eigrg, whe

it conducted a series of bivariate analyses of the association between thepengdtal,
household, and communityelated variables and the interactions between the three outcome
diseasedrinally, at the fourth levethe interaction effects of@hild's sex, age, and household
socioeconomic status on the impact of individual and contextual risk factors of MAMM among
children 659 months of age in Nigeria were computed

The following four chapters were designed to address each level of quantiadilysis.
Chapter 5 addresses the first level of analysis (answers research quegtjpi@hapter 6
addresses the second level of analyses (question 5), while Chapter 7 devote$ tevibleos
analysis and addresses questions 6, 7, and 8. Chagten@rs question 9 at the kevel 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 -&$ethénths whose data were
collected for the outcome variables (anaemia, malaria, atrautnition) in the 2018 edition of

the Nigeria Demographic and Health Survey (NDHS).
5.1 Findings
This section presents the answers to research questiofisalsed in this study.

5.1.1 Baseline description of independent variables

Researchquestion 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 thielesigonsidered

in this study. If sample weights are correctly determined and used in tabulation, either an
oversampling or an undsampling of any stratum does not affect representation. The dataset
in this study included sample weights, which were dsedll tabulation and the preliminary
model exploratiorfKandala,2013. S % y sc@rtmand in Stata was used to adjust for under
and ovesreporting in the survey using a weighting factor of (v005/100000B¢re v005 is

the sample weightKawo, Asfaw and Yohanne2018 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; phildntal,
housdold, community, and stateelated variables. The percentages of each category of the
variables were based on the total number available for each variable.

5.1.1.1Childrelated characteristics

Table 5.1 shows that 51% (5363/10481) of the children wele. Children's age categories
differ by 12 months interval, except in the first categoryl{6 months). About 24%
(2488/10481) of the children in the age group2B2months, and 12% (1276/10481) in the 6
-11 months category. More than a third of thidchn 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 ladme compared to 45% born in health facilities (public and
private).
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Table 51 Distribution of childrelated characteristics

still breastfeeding 2644| 253
Variables N % Total 10481| 100
Sex of child Took Iron |
Male 5363| 51.2 supplements
Female 5118| 48.8 No 8443| 80.8
Total 10481 100 Yes 2002| 19.2
Child's age in group Total 10445| 100
6-11 months 1276| 12.2 HadFever in last 2
12-23 months 2488| 237 weeks before the
24-35 months 2219| 21.2 survey
36-47 months 2276| 21.7 No fr2r| 138
4859 months 2221| 21.2 \T(gtsal 1(2;5; 2160';’
Total 10481 100 -
Child's birth Size Had cough in last 2

weeks before the
Small 950 9.2 survey
Average 8141| 78.7 No 8768| 837
Large 1255 12.1 Yes 1711 16.3
Total 10346| 100 Total 10479 100
Preceding birth interval Diarrheal in last 2 week
None 2012| 19.2 before the survey
8-24 months 2263| 21.6 No 9098| 86.8
25-35 months 2970 284 Yes 1380 13.2
36-59 months 2404 23 Total 10478| 100
60+ months 811 7.8 Treatment for intestinal
Total 10461 100 worms in the last 6
Took Vitamin A months
supplements No
No 5443| 52.2 Yes
Yes 4992| 478 Place of child's delivery
Total 10435 100 Home 5494| 52.4
duration of Public facility 3058| 29.2
breastfeeding Private facility 1712 16.3
ever breastfed, not 7648 73.1 Elsewhere 217 2.1
currently breastfeeding Total 10481 100
never breastfed 171 1.6

5.1.1.2Parentairelated 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 woeki. 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
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have no formal education compared with just 10% (1017/10481) with higher education. Fewer
than10% (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% (5946/101 &) ohildren

were anaemic. Only about 3% (311/10481) have fathers that do not work, and 30% (2984/9882)

are withno formal education.

Table 52 Distribution of parentafrelated characteristics

Variables N % 1-3 visits 991| 15.1
Maternal age group in 10 years 4 and above visits 4182 | 63.8
15-24 years 2132| 204 Total 6555 100
25-34 years 5427| 51.8 Maternal religious status

35 years+ 2922| 27.9 Catholic 1050 10
Total 10481 100 Other Christians 3533| 33.7
Respondent is currently Islam 5832| 55.6
working Traditional & others 66| 0.6
No 3084| 29.4| [Total 10481 100
Yes 7397| 706 Mother took iron tab during

Total 10481 100 pregnancy

Maternal age at first birth No 1840| 27.7
10-24 years 8822| 84.2 Yes 4812 72.3
25-36 years 1628| 15.5 Total 6652 100
37-49 years 30 0.3 Mother's anaemia status

Total 10481 100 Not Anaemic 4252 41.7
Highest educational level Anaemic 5946| 58.3
No education 4087 39 Total 10198 100
Primary 1688| 16.1 Maternal body mass index

Secondary 3688| 35.2 Normal 5401| 60.8
Higher 1017 9.7 underweight 899 | 10.1
Total 10481 100 Overweight 1704| 19.2
Currently residing with Obese 882 9.9
husband/partner Total 8887 100
Living with her partner 9117 91 Paternal Work Status

Staying elsewhere 897 9 NO 311 3
Total 10014 100 Yes 10170 97
Maternal autonomy level Total 10481 100
Low autonomy 5223| 498 Partner education status

High autonomy 5258| 50.2]  ['No education 2984| 30.2
Total 10481 100 Primary education 1444| 14.6
Total 10481 100 Secondary education 3833| 38.8
Ante-Natal Care visitauring Tertiaryeducation 1620| 16.4
pregnancy of the child Total 9882 100
None 1383 21.1
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5.1.1.3Householetelated characteristics

From Table 5.3, the number of childref»8 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 53 Distribution of househokdelated characteristics

Variables N % Total 10481 100
Household wealth index Type of cooking fuel

Poorest 1954 18.6 Electricity & Gas 1252 12
Poorer 2027 19.3 Biofuel 9225 88.1
Middle 2197 21 Total 10477 100
Richer 2212 21.1 Floor Materials

Richest 2091 20 Unimproved floor materials | 2971 28.4
Total 10481 100 Improved floor materials 7510 71.7
Household head age group Total 10481 100
less 34years 2936 28 Wall Materials

3544 years 4046 38.6 Unimproved wall materials 3367 321
4555 years 2158 20.6 Improved wall materials 7114 67.9
56 years+ 1340 12.8 Total 10481 100
Total 10481 100 Sex of household head

Children under 5 slept unde Male 9357 89.3
a mosquito bed net last Female 1124 10.7
night _ Total 10481] 100
No Ch_'ld 1351 13 Shared Toilet Facilities

All children 4841 46.5 No 2915 61.8
Some children 1017 9.8 Yes 3044 383
No net in household 3198 30.7 Total 7959 100
Total 10406 100 Household had mosquito

Under5 in household bed net for sleeping

03 9340 891 No 3225| 30.8
4-6th 1077 10.3 Yes 7256 69.2
7th+ 65 0.6 Total 10481 100
Total 10481 100 Number of people in the household
Household had electricity 2.3 1014 9.7
No 4414 426 4-6 5001| 47.7
Yes 5948 57.4 7-9 2512 24
Total 10362 100 10+ 1954 18.6
Source of drinking water Total 10481 100
Unimproved source 3196 30.5 Youngest child's stool

Improved source 7285 69.5 disposed Properly (Unsafe)

Total 10481 100 No 3710 56.3
Type of toilet facility Yes 2884| 43.7
Unimproved toilet facilities | 4737| 45.2 Total 6594 100
Improved toilet facilities 5744 54.8
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About 38% (4046/10481) of the children are from a household wiezskis middle aged, 35

44 years. 34% (3578/10481) of the children reside in eb@dvoom 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 tredity. 30% (3196/10481) of the children
aged 659 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 alreatied household. The
households ofbout 31% (3225/10481) of the children do not have mosquito bed nets for
sleeping. There were more children in a household wiihnmembers, 47.7% (5001/10481),
followed by a household with-9 members, 24% (2512/10481).

5.1.1.4Communityrelated charactdastics

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 ag@dr®nths
residing in a community classified as high wealth level (medianaboge), 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 disttmaehealth 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
respondat. 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 fromighe
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).

136



Table 54 Distribution of communityrelated 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

5.1.1.5Arearelated characteristics

Table 5.5 presents the sample of children's distributions by-refated variables. Aree
variables, the multidimensional poverty index (MRRe human development index (HDI),
and Gender Inequality Index (GWere extracté 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 ab@awerage deprivation in states, followed by 22.5%
(2359/10481) associated with avergg@éprived 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% (2464/1048A)so, about 40% (4145/10481) of the

children are from tateclassified to have high Gll followed by states with lowest Gll (27%).
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Table 55 Distribution of staterelated characteristics

Variables N % Lowest GlI 2810| 26.8
Multidimensional Low Gl 1206| 11.5
poverty index by state Average Gl 986 9.4
Highlydeprived 899 8.6 High Gl 4145| 39.6
Aboye averagely 3168 30.2 Highest GlI 1333 12.7
deprived Total 10481 100
Averagely deprived 2359| 225 . .
Mildly deprived 1094 19 Region of residence
Lowest deprived 2062 | 19.7 North-central 1451 138
North-east 1635| 15.6
L?Jtri'an developmant 10481 100 North-west 3050 29.1
index (HDI) by state Southeast 1368| 13.1
Lowest HDI 2232 21.3 Southsouth 1118| 10.7
Low HDI 2464| 235 Southwest 1859 17.7
Average HDI 2271 217 Total 10481) 100
High HDI 2759| 26.3 Type of place of
?(')gt:fﬁ HDI 1012‘; 176?) Urban 4624| 44.1
- - Rural 5857| 55.9
Gender inequality Total 10481 100

index by State (GllI)

Furthermore, among the six geopolitical zones in Nigeria, children from -South were the

least represented, 10.7% (1118/10481), while children from Neatt geopolitical zone had

the highest, 29.1% (3050/10481). More children agéx§ onths wereaptured 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 propartion 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 i@ gnoportion 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 stat®.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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thecase of malaria (Fig. 5.1b), the proportion of matanaitive children was highest (topmost
quintile) among those living in the nortiest region (Sokoto, Zamfara, Kebbi, Katsina),
including two states from the nordast region (Bauchi and Gombe), argli@®state (in South
west), while children living in the sou#ast region were least prone to malaria attack. Also,
for malnutrition (Fig. 5.1c), the proportions of poorly nourished children were generally highest
in northern NigeriaKebbi, Zamfara, Katsia, Kano, Jigawa, Bauchi and Gombe states. Edo

and Lagos states are among the states with the least poorly nourished children.

Proportions of malaria positive by States & FCT

Proportions of anaemic children by States & FCT

Katsina

Jigawa
Kano
Kaduna

Plateau (T
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!

(a): Anaemia (b): Malaria

Sokoto

Zamfara
Kebbi

Kaduna

[HEICEN]

Nasarawa

591 -.727
.393 - .591
.29 - .393
243 - .29

(c):  Poorly nourished
Figure 51 Spatial mapslescribing 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 anaehiidren over the six geopolitical
zones of Nigeria. Nortleast had the highest proportion of anaemic children, 0.71. In
comparison, only the Nortbentral and Soutlwest geopolitical zones had a proportion of
anaemic children below the national averagd.68. On the other hand, Nontest, 0.49
recorded the highest proportion of malgpiasitive children aged-69 months in Nigeria, while
the Southsouth geopolitical zones recorded the lowest, 0.24. Also, Needt geopolitical
zones had the highest paypion of poorly nourished children ageeb® months in Nigeria,

followed by the Nortkheast region with a proportion of 0.58. The see#tst geopolitical zone
had the lowest, 0.23.

Proportions of anaemic children by region of residence Proportions of malaria positive children by region of residence
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Proportions of poorly-nourished children by region of residence
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Figure 52 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 théhree outcomes of anaemia, malaria, and
malnutrition, and concerning the individual and contextual characteristics among

children aged 659 months in Nigeria?

Three childhood diseases, anaemia, malaria, and malnutrition, whose data were objectively
measued 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 antextual
characteristics classified under chjlgharental, household community, and stateelated
variables, which were presented in tabular format.

5.3.1 Prevalence of anaemia

A range of anaemia indicators in the 2018 NDHS was usedtéblish 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 mcilitre, 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.

Prevalence of anaemia status in children 6-59 months Prevalence of anaemia status in children 6-59 months

80
L

381

40
;
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60
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I scvere I moderate ob
B o N ot aneic [N ot ncermic N Anceic |

(@) (b)

Figure 53 Prevalence of anaemia status among aleitdaged 6569 months in Nigeria: (a) by indicators (b) composite
status.

As displayed on the chart, only 3% (307/10222%%CI (270-3.36) of the children were
severely anaemic, while 32% (3260/102225%CI (310-32.8) were without anaemia.

However, in tiis analysis, anaemia status was dichotomised into two categories: anaemic
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(severe, moderate, & mild), and not anaemic. Figure 5.3b shows that the number of children
anaemic was 68.1% (6961/10229%%CI (6787-69.67).

Similarly, the anaemia status, as disied in Figure 5.4a, shows that the highest percentage of
children aged ©9 monthsby region of residence Nigeria (20.4%), were anaemic. They
reside in NorthWest geopolitical zone of the country, while the lowest percentage (2.9%) is
among those thato not have anaemia. They live in Se@buth 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 lthada. cbf

the 32% of children aged® months in Nigeria that are not anaemic, the percentage increases

as the age increases (Figure 5.4d).

Percentage of anaemic children by region of residence
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Figure 54 Prevalence of anaemia status among children &88 months in Nigeria (a) by region of residence (b) by
pl ace of residence (c) by childés sex (d) by

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 bloodsample taken from children in the household where the men's questionnaire was
administered (onthird 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 wer&dsbut 3
(3618/10186) 95%CI (31.5936.45) of the children who hadnRDT positive, while 22%
(1650/7442) 95%ClI (2124-23.13) had malaria positive using blood smear (from a smaller
sample size)

Bar chart representing the prevalence of malaria status
by rapid diagnostic and blood smear tests
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Figure 55 Distribution ofmalaria statuses using RDT and thick blood smear tests

Percentage of RDT positive by place of residence Percentage of RDT positive children by place of residence
2 © ] 147 144
347 .
34 297 ! .
262 !
=
Q
So |
o N .. .
a
o 93 :
RDT Negative RDT Positive
o+ - — I rorth central M@ north east
RDT Negative RDT Positive B rorth west B south cast
B vban I rural B south south [ south west
(a) (b)
Percentage of RDT positive children by gender Percentage of RDT positive children by age
g 81
o | .
™ .
=
Q - X
Co |
o N g B
a
o) X
RDT Negative RDT Positive
o - I 6-11 months I 12-23 months
RDT Negative RDT Posmve

I 24-35 months [ 36-47 months
[ role [ female | I 48-59 months

() (d)
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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 infdeWest geopolitical zones of Nigeria were
malaria positive compared to 14.7% from the same matagative regiomf 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 samen, Figure 5.6d shows that the same number of children

(8.8%) were malaria positive in the age categoriegl Bthonths and 489 months.

5.3.3 Prevalence of malnutrition

Four indicators were used to establish the nutrition status of the children: stuvdstag,
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 angidgators and represented as '1', and-well
nourished otherwise. Figure 5.7 indicates that 56.6% (5931/1048%CI (%.6357.53 of

the children are well nourished. In addition, about 38% (3942/1088%CI (%.7-38.5) of

the children aged-69 months ifNigeria are stunted, 7% (709/10483%%CI (630-7.26) are

wasted, 22% (2296/10481)95%CI| (2112-22.71) are underweight, while about 2%
(172/10481)95%CI (142-1.9]) are overweight.

National prevalence of malnutrition status
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Figure 57 Prevalence ofmalnutrition status by indicators
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Similarly, the malnutrition status by someesgtd characteristics is displayed in Figure 5.8 (a

d). Figure 5.8a reveals that 29.8% of children agB8 fhonths in Nigeria were well nourished

and lived in urban areas, while 29.1% were poorly nourished and resided in rural areas.
Additionally, 18.8% ®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 NortfEast. 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 thé®and 3%-year categories.

5.4 Distribution of participants across the three outcomes by factors

Table 5.6 shows thdistribution 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

5.4.1.1Childrelated characteristics of anaemia

A weighted samie of 10,222 children aged® 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 #23 IRonths age band, 23.8%
(2438/10222). Approximately the same proportion of children anaemic wasleddo both

6-11 months, 78.5% (968/1233), and-22 months, 78.7% (1920/2438), age bands. Children

in the age band, 489 months, 57% (1225/2151), were the least anaemic. Furthermore, there
were 78.7% (7948/10096) averaged birth size children in thelsaoyt 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), tHeaid above birth order were the least
represented, and disproportionately the one with the sigiteportion of anaemic children,
73.5% (1142/1553). In the preceding birth interval o885months, 71% (2055/2895) had the
highest proportion of anaemic children. Children who took vitamin A supplements, 66.5%
(3228/4854), within the last six monthsfdae 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) andever 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 tég. surv
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 proportlorsefdelivered
elsewhere (e.g., marketplace, farm, or on a journey, etc.) being anaemic was highest, 76%
(152/200).

5.4.1.2Childrelated characteristics of malaria

Similarly, the results in Table 5.6 (malaria panel) include the description of the jpoopafrt
children who were malaria positive. A weighted sample of 10,185 children as@an@nths

in Nigeria was involved in a rapid diagnostic test for malanRDT)in the 2018 NDHS. Male
children were more in the sample, 51.2% (5217/10185), than fechdthen. Also, the

proportion of malarigoositive 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 propomiomalariapositive children was
recorded among those aged3®months, 41.9 (898/2143). Furthermore, 78.7% (7915/10185)
averaged birtisize children in the sample, out of which 35.7% (2822/7915) were malaria
positive. With the number of children in teample, 34.2% (3483/10185), th¥ &r 3rd birth

order were the most represented, whifeof above had the highest proportion of malaria
positive children, 47.8% (740/1549). Among the preceding birth interval35 28onths, 38.5%
(1109/2884) had the d¢inest 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 malarigoositive children than those who never took them. Expectedly, the
proportionof 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 chikirdre i
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 delivat 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 56 Distribution and association of chicelated characteristics on the three outcomes (Anaemia, malaria, malnurition
Anaemia Malaria Malnutrition
Variables N (%) Not Anaemic | Anaemic N (%) Negative Positive N (%) Well-nourished | Poorly nourished
N (%) N (%) N (%) N (%) N (%) N (%)

Chil dés 2 (1) =11. 88, 2 (1) = 0.565 c2 (1) 31.37,
Male 5230(51.16) 1587(3034) | 3643(69.66) | 5217(51.22) 3346(64.14) | 1871(35.86) | g3g5(57 17)| 2892(53.93) 2471(46.07)
Female 4992(48.84) 1674(3352) | 3318(66.48) | 4068(48.78) 3221(64.84) | 1747(35.16)| 511545 g3)| 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 G2 (4) = 344. c2 (4) 116. 88,
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 2 (2) = 8.21, 2 (2) 65. 11,
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 7048(78.72)| 2582(3248) | 5366(67.52) | 7915(78.68) 5094(64.35) | 2822(35.65)| g141(7g gg)| 4645(57.06) 3496(42.94)
Small 1223(12.11)| 347(28:37) 876(71.63) | 1202(12.15) 764(62.56) | 457(37.44) | 1og5(15 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 2 (3) = 51.80 c2 (3) 221. 15,
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(3268) | 2352(67.32) | 3483(34.2) 2388(68.56) | 1095(31.44)| 561934 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)
Tth+ 1553(15.19)| 411(2648) 1142(7352) | 1549(15.21) 809(52.21) | 740(47.79) | 157515 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 c2 (4) = 56 . c2 (4) 122. 41,
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None 1951 728 (37.3) 1223 (62.7) 1363(70.06) | 582 (29.94) 1275(63.36) 737 (36.64)
(19.12) ) 1945(19.13) 2012(19.24)
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 G2 (1) = 11.27 c2 (1) 196.
supplements
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 c2 (1) = 2.86, c2 (1) 98. 70,
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 G2 (2) = 238. c2 (2) 4. 78,
Ever breastfed, not 2692(36.05) 4775(63.95) 4662(62.65) | 2780(37.35) 4374(57.2) 3274(42.8)
currently breastfeeding 7467(73.05) ' 7441(73.06) 7648(72.97)
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 2 (1) = 48. 45 c2 (1) 342.52,
drug in last 6months
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 2 (1) = 123. c2 (1) 70. 383,
weeks before the survey
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)] ;, 478(100) 5930(56.6) 4548(43.4)
Child had cough inlast 2 2 (1) = 16.10 2 (1) = 2.78, P
weeks before the survey

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)| ;, 479(100) 5930(56.59) 4549(43.41)
Child had diarrheal in last G 41) =41.51, P<0.0001 2 (1) = 145.58,
2 weeks before the survey

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 2 (3) = 138.2 2 (3) = 800.97,
Home 5365(52.48) 1459(27:2) 3005(72.8) | 5348(52.51) 2053(55.22) | 2394(44.78)| £ 49457 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)| 4, 481(100) 5931(56.59) 4550(43.41)
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5.4.1.3Childrelated characteristics of malnutrition

On the part of malnutrition, Table 5.6 (malnutrition panel) shows that a weighted sample of
10,481 children aged-B9 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), cehrtpaheir
female counterparts, 40.6% (2080/5118). The sample captured more children in2Be 12
months age band, 23.7% (2488/10481). The proportion of poorly nourished children was
highest for children aged 236 months, 49.9% (1107/2219), followed ddyildren aged 3@&7
months, 46% (1048/2276). Children aged 16 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%/{&55) were welhourished. The
preceding birth interval of-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 mosthefore 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 countetpan '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.

5.42.1Parentairelated characteristics of anaemia

Table 5.7 (anaemia panel) shows that children of mothers ag2d ¢&ars; not currently
working-class mothers; who had their first baby at the ag24l@ears; had no education; and
currently living with a @rtner 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 anadc survey was 65% (3063/4684). Similarly, the proportion of anaemic
children whose mothers did not attend amégal care during their pregnancy was highest, 77.7%
(1044/1344), compared with those whose mothers Radsisits, 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 ethni¢ gnolup
72% (2920/4077) of these were anaemic.

151



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 mothevgere 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 anaemichildren, 76% (2198/2884).

5.4.2.2Parentalrelated characteristics of malaria

Also, in Figure 5.7 (malaria panel), children of mothers ageB4lears, 38.7% (784/2049),

not currently workineclass mothers, 37.7% (1123/2978), had their first baby Hg@d 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 mglasdive children whose
mothers had low autonomy and did sleep under a bed neigtitebefore the survey was 41%
(2124/5071), and 39.7% (2189/5514), respectively. The proportion of mptaitave children
whose mothers did not attend angal care during their pregnancy was highest, 46.7%
(627/1342), compared with those whose mathead 13 visits, 35.5% (329/954), and 4 &
above, 26.8% (1092/4079). In the same way, the proportion of mptasitive children whose
mothers are Muslims, 42.3% (2389/5655), was higher than for any other religious status. About
45.3% (1841/4067) of thehildren 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 malarigpositive children of the anaemic mother was 39.8% (2328/5847).
Similarly, 15.8% (B7/869) 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.

5.4.2.3Parentairelated characteristics of malnutrition

Similarly, among the pareaitrelated variables in the malnutrition panel in Table 5.7, children
of mothers aged 184 years, not currently workinglass mothers, who had their first baby
aged 1624 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).hAalso, t
proportion of poorly nourished children whose mothers did not attenehatdkecare during

their pregnancy was highest, 58.1% (803/1383), compared with those whose mothe8& had 1
visits, 53.4% (529/991), and '4 & above', 36.6% (1531/2651). In addihenproportion 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 wegerly 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 amidi50.8% (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 childrenhase 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 57 Distribution and association of parente¢lated characteristics on the three outcomes @hnia, malaria, malnutrition)

Anaemia Malaria Malnutrition
Variables N (%) Not Anaemic | Anaemic N (%) Negative Positive N (%) Well-nourished Poorly nourished
N (%) N (%) N (%) N (%) N (%) N (%)
Maternal age group in G2 (2) = 34.62 G2 (2) = 14.59 62 (2) 32.95, P
10years
1524 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 3260(31.89 6962(68.11 6567(64.48) | 3618(35.52 5931(56.59 4550(43.41
10222(100) 10185(100) 10481(100)
Mother/Caregiver currently 2 (1) = 10.69 2 (1) = 8.83, c2 (1) 65.72, P<
working
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 2 (2) = 65.30 c2 (2) = 203.7 c2 (2) 242 .26, H
1024 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)
2536 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 2 (3) = 264.9 2 (3) = 929. 6 2 (3) 1119. 82,
educational level
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 2 (1) = 1.20, 2 (1) = 7.43, c2 (1) 31. 36, P <
with husband/partner
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

3112(31.86)

6655(68.14)

6266(64.37)

3468(35.63)

5621(56.14)

4392(43.86)

9767(100) 9733(100) 10014(100)
Maternal autonomy level 62 (1) = 44.0¢ 2 (1) = 178. c2 (1) 376. 73,
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 2 (1) = 29.19 G2 (1) P<0.0001. 62 (1) 174. 16,
under mosquito bed net
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 2 (2) = 55.65 c2 (2) = 186. G 42) = 238.20, P<0.0001
pregnancy of the child
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 andabove 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 G2 (3) = 41.10 G2 (3) = 255. c2 (3) 888. 51,
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 G2 (3) = 66.78 2 (3) = 325. c2 (3) 1148. 48,
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)
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Mother took iron tablets 2 (1) = 10.14 G2 (1) P<0.0805. 83 G2 (1) 56. 42, P <
during pregnancy

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 2 (1) = 245.1 2 (1) = 128.0 c2 (1) 29. 71, P <
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 2 (3) = 106. 6 2 (3) = 273.0 G2 (3) PRPO®OI0. 19,
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 2 (1) = 4.47, 2 (1) = 0.29, c2 (1) 2.87, P S
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 G2 (3) = 199. 5 G2 (3) = 718.17 c2 (3) 699. 76, H
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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5.4.3.1Householdelated 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)e 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) A% (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
proporion of anaemic children from a femadeaded household was lower, 67% (733/1095)
than those from maleeaded households.

5.4.3.2Householetelated characteristics of malaria

Also, the malaria panel in Table 5.8 shows that the proportion of malasiave 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 malarigoositive children from a household lde@ 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 malaripositive children, 30.5% (855/2807). Similarly, children from a
household built with an unimproved sourdelonking 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 proption of malariapositive children from a maleeaded household was
higher, 36% (3273/9098) than those from fetedaded households. Interestingly, the
proportion of malarigoositive 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).

5.4.3.3Householdelated characteristics of malnutrition

As with the other two outcome variables in Table 5.8, the proportion of poodyished
children decreases as the household wealth index increases. Also, the proportions of poorly
nourished children from a-dedroom household, a household without electricity, with
unimproved drinking water, unimproved toilet facilities, were respely 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 unimprovéabf, 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-hezded
household was 44.4% (4155/935%pmpared wh those children from femaleheaded
households.
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Table 58 Distribution and association of househalelated characteristics on the three outcomes (Anaemia, malaria, malnutrition)

Anaemia Malaria Malnutrition

Variables N (%) Not Anaemic | Anaemic N (%) Negative Positive N (%) Well-nourished | Poorly nourished
N (%) N (%) N (%) N (%) N (%) N (%)

Household wealth c2 (4) 391. 21 G2 (4) =1240. G2 (4) = 994.65, P
index
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 1095(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) | 481(100) 5931(56.59) 4550(43.41)
Household Head age G2 (338, P=0.5367 2 (3) = 10.72, P
group G2 (23.14, p<0.0026
Less 34 years 2838(27.76) 873(30.77) 1965(69.23) 2828(27.77) 1825(64.52) | 1003(35.48) 2036(28.01) 1635(55.7) 1301(44.3)
3544 years 3959(38.73) 1302(32.88) 2658(67.12) | 44 46(38.74) 2648(67.11) | 1298(32.89) | ,. 46(38.6) 2360(58.32) 1686(41.68)
4555 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) | ;. 481(100) 5931(56.59) 4550(43.41)
Children under 5 c2 (3) 48. 15, 2 (3) = 151.49, P
slept under mosquito G2 (3) = 104
bed net last night
No child 1320(13.01) 426(82-26) | 894(T.74) | 1317013 02) 1351012.08) | BOCO3N) | 1351(12.98)| 1320013.01) 426(32.26)
All children 4734(46.64) 1497(31.63) 3236(68.37) 4715(46.63)| 4841(46.52) 2523(52.11) | 4o 41(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) | 322°(31.78) | 6924(68.22) | 11,115(100) | 1040600) | *E"CC47) | 10406(100) | 10149(100) 3225(31.78)
Number of children c2 (2) 28. 42, 2 (2) = 111.21, P
under-5 years in 2 (2) = 103
household
03 9099(89.01)| 2979(3274) | 6120(67:26) | 94789 05)| 9340(89.11) | >*°2®837) | 9340(89.11)| 9099(89.01) 2079(32.74)
46 1059(10.36)| 2013469 | 798(1535) | 1051(10.32)| 1077010.28) | ©°***? | 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)
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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 c2 (4) = 1.26, c2 (4) = 117.03, P

in household G2 (4) = 47.

Oneroom 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) | o 490(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 2 (1) = 217.243 2 (1) = 341.57, P

electricity 2 (1) = 590

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 2 (1) = 63.73, 2 (1) = 297.91, P

water G2 (1) = 298

Unimproved drinking 814(26.3) 2281(73.7) 1601(52.01) | 1477(47.99) 1405(43.95) 1791(56.05)

water 3095(30.28) 3079(30.23) 3196(30.49)

Improved drinking 2446(34.32) 4680(65.68) 4966(69.88) | 2140(30.12) 4526(62.13) 2759(37.87)

water 7127(69.72) 7106(69.77) 7285(69.51)

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 2 (1) = 169. 71 2 (1) = 222.94, P
G2 (1) = 650

Unimproved toilet 1168(25.27) 3454(74.73) 2357(51.15) | 2251(48.85) 2303(48.61) 2434(51.39)

factories 4622(45.22) 4607(45.23) 4737(45.2)

Improved toilet 2092(37.36) 3508(62.64) 4210(75.49) | 1367(24.51) 3628(63.16) 2116(36.84)

factories 5600(54.78) 5578(54.77) 5744(54.8)

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 2 (1) = 205. 41 2 (1) = 309.69, P
G2 (1) = 384

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 G2 (1) = 152.0¢ 2 (1) = 488.565, P
c2 (1) = 329

Unimproved floor 658(22.81) 2227(77.19) 1460(50.73) | 1418(49.27) 1175(39.55) 1796(60.45)

materials 2885(28.22) 2878(28.26) 2971(28.35)
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Improved floor 2602(35.47) 4735(64.53) 5107(69.89) | 2200(30.11) 4756(63.33) 2754(36.67)

materials 7337(71.78) 7307(71.74) 7510(71.65)

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 c2 (1) 51. 28| c2 (1) = 87. c2 (1) 152.16, P

Unimproved roof 255(22.52) 877(77.48) 583(51.85) 542(48.15) 460(39.64) 700(60.36)

materials 1132(11.07) 1125(11.05) 1160(11.07)

Improved roof 3005(33.06) 6085(66.94) 5984(66.05) | 3076(33.95) 5471(58.7) 3850(41.3)

materials 9090(88.93) 9060(88.95) 9320(88.92)

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 c2 (1) 175. 37 c2 (1) 579. 49, P
c2 (1) = 638

Unimproved wall 755(23) 2527(77) 1535(47) 1731(53) 1334(39.62) 2033(60.38)

materials 3282(32.11) 3265(32.06) 3367(32.12)

Improved wall 2505(36.1) 4434(63.9) 5032(72.73) | 1887(27.27) 4597(64.62) 2517(35.38)

materials 6940(67.89) 6919(67.93) 7114(67.88)

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)

Sex of household c2 (1) 0.79, c2 (1) 34.54, P <

head G2 (1) = 7.8

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 c2 (1) 0.11, c2 (1) 24.51, P

facilities 2 (1) = 8.3

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 c2 (1) 18. 22, c2 (1) 110. 68, P

mosquito bed net for

sleeping G2 (1) = 65.

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 c2 (3) 32.08, c2 (3) 300. 94, P

household G2 (3) = 159

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 c2 (1) 0.02, c2 (1) 56. 06,
stool disposed G2 (019, P =0.8208

Properly

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) | o 409(100) 4185(65.3) 2224(34.7) 6594(100) 3801(57.64) 2794(42.36)
Frequency of c2 (2) 228. 613 c2 (2) 856. 25,
watching television G2 (2) = 1751

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 wee 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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5.4.4.1Communityrelated 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 high@oportion 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 theeommunity where the proportion of maternal education is high have less than
the national proportion of anaemic children, 63.4% (3286/5183).

5.4.4.2Communityrelated characteristics of malaria

Also, from the malaria panel of Table 5.9, children from therooinity whose household
wealth level is below the median (low), have a higher proportion of madasiive children,
51.7% (2404/4647). In addition, children with a low proportion of community distance to any
health facility are 'no big problem' and havéigher proportion of malarpositive children,
43.4% (2038/4702). Similarly, children from the community where the proportion of maternal
education is high have a lower proportion of mal@aaitive children, 47.6% (2390/5025).

5.4.4.3Communityrelated 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%8956/5698). 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 59 Distribution and association of communitglated characteristics on the three outcomes (Anaemia, malaria, malnutrition)

Anaemia Malaria Malnutrition

Variables N (%) Not Anaemic | Anaemic N (%) Negative Positive N (%) Well-nourished | Poorly nourished
N (%) N (%) N (%) N (%) N (%) N (%)

Community wealth level 2 (1) = 229.8 2 (1) = 977 2 (1) = 835.29,
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 2 (1) = 77.11 2 (1) = 94.78, P
distance to health facility is
no big problem G2 (1) = 233
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 2 (1) = 107.1 2 (1) = 1020. 16,
maternal education level G2 (1) = 625
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 2 (1) = 22.32 2 (1) = 350.34,
households with no bed net G2 (1) = 210
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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5.4.5.1Staterelated 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 $latextheless,

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 ceildassociated state gender
inequality index (GIl) 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 GlI, followed by children from the state lwéverage Gll, 69.7% (682/979).

The results also show that Sowthuth has the highest proportion of anaemic children, 72.3%
(786/1087), compared with children from Noedéntral, 66.4% (954/1437), and Southst

with the lowest proportion, 60.2% (1085/330In 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).

5.4.5.2Staterelated characteristics of malaria

Similarly, from the malaria panel (Table 5.1@)e proportion of malarigositive 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 statewith 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 chitlren associated state gender inequality index (Gll) decreases as the Gll increases.
The highest proportion of malasmositive children, 73.8% (2074/2727), was associated with
the states with the lowest GllI.

The results also show that Nostfest has théighest proportion of malarpositive children,

49.4% (1465/2967), followed by children from the Nec#ntral, 36.9% (530/1436), and
Southsouth recorded the lowest proportion, 24% (260/1085). Furthermore, the proportion of
malariapositive children fromrural areas, 46.9% (2671/5700), was higher than their
counterparts in urban areas, 21.1% (947/4485).
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5.4.5.3Staterelated characteristics of malnutrition

Table 5.10 also shows that the proportion of poorly nourished children decreases as the
deprivationof 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.aslsoe
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 nouristtattiren associated with the

state gender inequality index (Gll) indicates that the higher the GlI, the higher the proportion
of poorly nourished children. The highest proportion of poorly nourished children, 59.9%
(798/1333), was associated with the stateh the highest GlI, while children from the state
with the lowest Gll, 26.2% (736/2810).

The results also show that Nostlest has the highest proportion of poorly nourished children,
64.8% (1976/3050), followed by children from the Neetst, 58.4%954/1635), and the
lowest proportion was for children from the Scetist, 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 510 Distribution and association of statelated characteristics on the three outcomes (Anaemia, malaria, malnutrition)

Anaemia Malaria Malnutrition
Variables N (%) Not Anaemic N (%) Negative Positive N (%) Well-nourished | Poorly nourished
Anaemic N (%) N (%) N (%) N (%) N (%)
N (%)

Multidimensional poverty 2 (4) = 96.03 2 (4) = 364. 17 c2 (4) 1213. 44,
index by state (MPI)
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 2 (4) = 79.55 c2 (4) 1161. 02,
by state(HDI) G2 (4) = 456
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) |, 416(23.72) 1297(53.65) | 1120(46.35) |, 4(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 c2 (4) = 21.49 c2 (4) 764.51,
state (GlI) G2 (4) = 348
Lowest GlI 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 GlI 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 GlI 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 GlI 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 GlI 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 2 (5) = 74.73 G 2 (1818.747P<0.0001

G2 (5) = 428
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) | o (29.13) 1502(50.61) | 1465(49.39) | 5. (29.1) 1074(35.22) 1976(64.78)
Southeast 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)
Southsouth 1087(10.63) 301(27.68) | 786(72.32) 1086(10.66) 826(76.03) [ 260(2397) | 1.g (10.67) 837(74.81) 282(25.19)
Southwest 1803(17.64) 718(39.81) | 1085(60.19) | ;4 A(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) | . 185(100) 6567(64.48) | 3618(3552) | 1,0, (100) 5931(56.59) 4550(43.41)
Type of place of residence 2 (1) = 126. 2 c2 (1) 397.70, P <
G2 (1) = 724

Urban 4494(43.96) 1697(37.75) [ 2798(62.25) | , 485(44.04) 3538(78.89) | 947(2111) | .., A(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) | o (55.88) 2811(48) 3046(52)
Total 10222(100) 3260(31.89) | 6962(68.11) 10185(100) 6567(64.48) | 3618(35.52) | ;. 481(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 thimdividual 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
guestion, &hi-square statistic was used to establish the association between the individual and
contextual characteristics with each of the three outcomes. TablBslB.&lso contained the
results of the associations between the characteristics classified add-a paienta,
household, community, and stateselated, respectively, with anaemia, malaria, and
malnutrition among children aged3® months in Nigeria.

5.5.1 Associations of chilcklated characteristics

Table 5.6 also displays the associations betwahildrelated variables and the three outcome

variables. The chil dbés sex wwuaithmadeimpre likélyitc ant | y

be anaemic than the female childiers 2 (1) =11 . 8 or mahutrition ®alé® 0 4 0)
children were signiiantly more likely to be poorly nourished than the female children,2 ( 1)
= 31.37, P<0.0001), but not significantly a

0.5163) among children aged58 months in Nigeria. The child's age, birth order, and
preceding birth interval were significantly associated with the three outcomes. However, the
childdés birth size was not statistically si
was significantly associ at e d00iywithtchildrem bonnut r i t i
with small birth size more likely to be poorly nourished compared with children born either
average of large birth siz&he child having taken vitamin A supplements and dewormed in

the last six months before the survey was siediby significantly associated with the three
outcomes. But the child taken iron supplements in the last six months before the survey was
associated with malaria (2 (1) = 42.17, P<O
Those who took ironupplements were less likely to be malaria positive or poorly nourished
butwasnot associated with anaemia (62 (1) = 2.
fever and diarrheal statuses in the last two weeks before the survey was statistically
signficantly associated with the three outcomes. Having cough in the last two weeks before
the survey was found to be significantly ass

with having reported having cough more likely to be anaeoaepared witktchildren who did
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nothavecouglbut not significantly associated with
mal nutrition (2 (1) = 2.78, P = 0.1451).
5.5.2 Associations of parentatlated characteristics

Moreover, Table 5.7 shows that the variatiomsome 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 autonomyelel, anten at al care visit during the chil
status, maternal ethnicity, maternal anaemia status, body weight status, and paternal education
status were statistically significantly associated with the three outcomes. Hptheversults

show that mother currently residing with a partner is not significantly associated with anaemia
(2 (1) = 1.20, P = 0.3892), but significant
and mal nutrition ( swlth dhidrien oEmothdrs c8réntly liRirgQvithO 0 0 1)
partneramore likely to be malaria positive and poorly nourished when compared with children
whose mothers stay elsewhepdso, paternal work status was not statistically associated with

the three outcomes aiterest.

5.5.3 Associations of househetdlated characteristics

Differences in household wealth indices were found to be statistically associated with anaemia
(62 (4) = 391.21, P<0.0001), malaria (2 (4)
994.65, P<0.0001 such that, the richer the households, the less likely the children will cohabit

with either of the three diseasg§See Table 5.8). All househetdlated characteristics
considered in this study were significantly associated with the mnggilow status of the
childrenaged® 9 mont hs in Nigeria, except the hous.
= 0.0980) . Similarly, only variations in sha
younger chil dbés st(19 e 0.10dH = @.82@8p Wweresnbtastatistgally( 6 2

significantly associated with malaria status of children agg&@ gonths in Nigeria. However,

variations in age group of household head (6
the househeael d.(282 ®P4 = 0.9405), sex of housel
household shared toilet facilities (62 (1)

status (62 (1) = 0.02, P = 0.9240vwithanaemine al s

status of children aged%® months in NigeriaHowever, children from households that use
electricity & gas as source of cooking fuel were significantly less likely to either be anaemic,

(62 (1) = 205. 47, P<0. 0% 384.85 PeQ.000) et morly a p 0!
nourished (62 ( lwhentompdied with 6hjldreR froth thé Hbséhplds that
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use biofuel for cooking. Similarly, but unexpectedly, children residing in households having
mosquito bed net for sleeping whesignificantly more likely to be anaemi, (62 (1) =
P = 0.0015), malaria positive, (62 (1) = 65.
P<0.0001)when compared with their counterparts living in households without mosquito bed
net

5.5.4 Associations of communitglated characteristics

All the communityrelated 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 edaton 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 stateelated characteristics

Similarly, in Table 5.10, the variations in all the statekted variables were statistically
significantly associated with the three outcomes of interest. For instance, multidimensional
poverty index (MPI) was significantly associated with anaesfiawing that ta less deprived

in MPI, the less likely the children from such state willbe anagm&c2 (4) = 96. 03,
while, for malarig children from above averagely deprived states were more likely to be
malaria positive compared to other statuses 2  364.70, P<0.0001), arfdr 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(stat@s ( 4) = 12 1:
P<0.0001). Also, thgender inequality index was statistically significantly associated with
anaemia among children age®® 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 descriptionhef Yariables 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 ahieved 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 chipdrental, 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 vaables of anaemia, malaria, and malnutrition separately. Following an extensive
array of characteristics associated with the likelihood of childr&@ @nonths in Nigeria
contracting any of the three outcome variables, the chapter's opening section diiteisse
multicollinearity problem and how to solve it. The findings of the multilevel analyses of
anaemia, malaria, and malnutrition among children agg@ onths in Nigeria are presented
in the second half.
Question 5
What are the independent effects ofndividual and contextual risk factors on the
outcomes of anaemia, malaria, and malnutrition among children-%9 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. (fifally, it only
considered the association between an independent variable with a dependent variable of
interest without accounting for other critical confounding varialfléawo, Asfaw and
Yohannes,2018 DJS Research, 2022¥%econdly, the chéquare 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 significbepartment of Sociology,
2022) Thirdly, the established associations neither connote causal nor predictor effects or the
strength of these pdéections(Department of Sociology, 2022)o take care of the drawbacks
of chi square's bivariate ayals 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 lildren aged €9 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 aggél éonths 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 bieaaiaalysis. 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 variablesakiables whose variance inflation factor (VIF) was greater
than five were considered a potential multicollinearity problem. Three variables (household
had mosquito net (VIF=11.65), undiére slept under a mosquito net (VIF=6.55), and
household wealth quiite (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 mosquitometi(has a strong
inverse correlation with 'children undgryears 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 append® A

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 diagnosticetks 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
childrenwho 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 seasifound 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 analysisrparated 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 pat of this analysis is titled: Individual, household, and area predictors of anaemia
among children agedi 69 months in NigeriaPublic Health in Practice 2022, 100229,

available online onhttps://www.sciencedirect.com/science/article/pii/S2666535222000052

was published in January 2022, and a copy of the publication is attached herein afgendix
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The publication used a singlevel multiple logistic regression analystsdetermine the risk
factors of anaemia among children ageB9%months in Nigeria. The paper presented the
results of both the adjusted odds ratios and predpriaobbilities buteported and discussed

in detail the results from the adjusted predictexbpbilities of being anaemic among children
aged 659 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 appliednaultilevel mixedeffect logistic regression to determine the risk factors
associated with being anaemic among childr&® énonths of age in Nigeria.

6.3.1 Variables selection

The study applied the forward and backward stepwise selection methods atgrD@XD.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 wged to assess the goodness

of fit from these three methods.

Table 61 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 variablescludes 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 reding 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), undieve slept under the bed net the night before theesyr

number of undeb 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 residendeese variablesere groupedhto child-, parental,
household, and stateelated variables. Unfortunately, none of the commuratsted

variables was among the selected factors for further analysis.
6.3.2 Model Setup

Given the complex/hierarchical nature of the data sets, satlthiidren/parental/household
in individual units at Level (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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(Obasoharet al.,2021b) are nested in comumities/clusters at Lev& and nested in states at
Level3, multiple multilevel mixeekffects logistic regression models were fitted to determine
the predictors of anaemia status amoingd0months of age in Nigeria. Also, a likelihood ratio

test was cared out to establish that the thyleeel model was more appropriate than the-two
level model (the likelihood at i o t est p<s0.001Ror kkeel rest&In.LEvEl,

3).

6.3.3 Model Building

The study built five multilevel logistic modelslodel 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 childelated variables; Model 3, had model 2 adjusted for/parental
related variables, while Modet contained level factors only (i.e., househetélated
variables were added to Model 3; Model 5 (full model) was derived for all the selected variables
including the areaelated variables (levé variables). The goodness of fit was determined
using bglikelihood (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 ([Dbasoharet al.,2021b)

6.3.3.1Multilevel model results

This section describes the results from the analysis using multilevel raffexts 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 ageaot6

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 trdomareffect of the
proportions of the total variations due to differences in the communities and the states were,
respectivel vy, 0.494 and 0.157, while the var
is fixed for logit. Therefore, the variationsthe prevalence of anaemia status due to the-three
level factors were assessed through an intrastate correlation coefficient of 0.0398 (95% CI:
0.023 0.069) and intracommunity correlation coefficient of 0.1652 (95% CI. 0(1202),
indicating that 3.98%nd 16.52% of the total variation in the odds of being anaemic among

children 659 months in Nigeria were respectively due to state and community levels.
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Table 62 Multilevel multivariate models giredictors of anaemia with adjusted odds ratios (AOR) among children &ged 6

59 months in Nigeria

(Model 5) N=7896 Higher 0.73] 0.028 | (0.5470.966)
Variables AOR P-value | (95%CI) Mother's religious status
Catholic 1
Child's sex Islam 1.47 0.005 | (1.1241.915)
Male 1 Mother's Anaemia status
Female 0.83 0.001 | (0.7480.932) Not Anaemic 1
Child's age in group Anaemic 1.74 | <0.0001| (1.5521.949)
6-11 months 1 Household wealth index
12-23 months 0.91 0.377 | (0.7291.127) Poorest 1
24-35 months 0.52 | <0.0001| (0.39:0.683) Poorer 0.94 0.58 | (0.7651.161)
36-47 months 0.41 | <0.0001| (0.3110.546) Middle 0.75 0.009 | (0.5990.928)
4859 months 0.30 | <0.0001| (0.2270.402) Richer 0.68 0.002 | (0.5380.867)
Preceding birth interval Richest 0.63 0.001 | (0.480.833)
None 1 Children under 5 slept
under mosquito bed net
8-24 months 131 0.004 | (1.0891.587) last night
Duration ofbreastfeeding No child 1
Ever breastfed, not 1 No net in household 0.83 0.047 | (0.6850.998)
currently breastfeeding - -
Region of residence
Never breastfed 082| 0367 (0.5311.264) 9
North-central 1
Still breastfeeding 136| 0.006 | (1.0931.68) ortreentra
- Southeast 1.96 0.004 | (1.2363.104)
Malaria status
- Southsouth 2.46 | <0.0001| (1.5443.926)
Negative 1
Int t 2.06 0.068 | (0.9474.484
Positive 3.7 | <0.0001| (3.2184.251) niercep ( )
— Random effect
Nutritional status
- Communitylevel variance | 0.2042 (0.1240.337)
Welknourished 1
Statelevel i 0.0717 0.0360.142
Poorly nourished 131 | <0.0001| (1.1591.484) alelevet variance ( )
VPC itylevel
Child had Fever in last 2 communityleve
weeks before the survey VPC: statdevel
No ! ICC: communitjevel 0.077 (0.0530.112)
ves 1.26| 0001 (1.102145) ICC: statdevel 0.02 (0.0100.039)
Maternal/caregiver - _
highest educational level MOR: community
No education 1 MOR: state 1.201 (1.1981.432)

AOR: adjusted odds ratios, ICC: intraclassrelation 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 niiGiraloe )\

BIC: Bayesian information @erion

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 boté 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-41733. 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: 0:0832), meaning the correlation
between two cldren/individuals (unit of analysis) within the same community and the same
state is 0.077, and the ICC at sthkeeel dropped from 0.042 to 0.020 (95% CI: 0.02039),

and both had remained significant.

Similarly, in model 5, the median odds ratio (MQf®mputed for states was 1.291, indicating

the mean difference of the risk of being anaemic for two children with the samel level
characteristics and picked randomly from two states. In more practical terms, it means there is
a 30% increased risk of a hibeing 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 withthe 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 betw&em8nths, the

child is still breastfeeding, malaria and malnutrition statuses, had fevexeeks 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
southeast and Southouth, were statistically signifant predictors of anaemia status among
children 6 59 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 uedfive 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 Nigria.

Furthermore, the odds of a child whose mother has a higher education (AOR=0.73, 95%CI
0.5470.966) 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 wesitihegucreases, 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 var i-fawdyeas whodeimibderbedonéds chi | d
implies that @ildren from households witlut mosquito bed nets have 0.17 reduced odds of
being anaemic compared with children from households without fivégrears of slepunder

a mosquito bed net. The odds of children agés® 6naths from Souttsouth 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 fastassociated with malaria among
children 659 months in Nigeria: A multilevel mixeeffect logistic model approacit. J.
Environ. Res. Public HealtB021, 18, 11234.https://doi.org/10.3390/ijerd82111234was
published in October 2021. The full text of the publication has been attached herein the
AppendixC.4

This current analysis was performed on the same data but with reclassifications of maternal

education and household wealth index 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 adedward stepwise variable
selection procedure by entering all variables statistically associated with the malaria status of
children 6 59 months of age in Nigeria at a 5% significance level, and removal was by

0.20. Because of this, 26 variablesil@k 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,
householchead age group, undéve 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, oég
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 theniams
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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 du%8), whioh isifixed forvogitdThedfore)trev e |
variations in the prevalence of malaria status tiu the thred¢evel factors were assessed
through an intrastate correlation coefficient of 0.1188 (95% CI:310.18) and
intracommunity correlation coefficient of 0.368 (95% CI:203.42), indicating that 11.9%

and 36.8% of the total variation in thdds 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 level2S, Grizaning
that2.5% of thetotal 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% Q12206), meaning the correlatio
between two children/individuals (unit of analysis) within the same community and the same
state is 0.21, and the ICC at stheel dropped from 11.88% to@%b (95% CI: 1.35.2%),

both had remained significant. The performance of models was estahlisingdAIC and
likelihood ratio. Improvements in model fit was achieved at Model 6 (full model), with AIC =
803, BIC=859, andlogl i kel i hd®20od = 1T 39

Measures of Association (Fixed Effects)

Table 6.3 shows the results of the adjusted odds ratios (AQRpafth 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 sipegbirth intervalsthe child's
duration of breastfeeding, fever two eks 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
childd s d u r laeastfeeding,dhe child is dewormed, the child is anaemic and has a fever
were statigcally significant risk factors of being malaria positivdso, maternal education,
ethnicity, maternal is anaemic, is obese, household weh&hage of household head, the
number of children unddive years in the household, the sex of household, tleag@roportion

of community distance to a health facility is no big problem is high, living in a state that is
above averagely deprived MDPI, high HBtates with low gender inequality inddxjng in
north-east zone of Nigeria, and place of residence were statistically significant predictors of
malaria status among childrei3® months of age in Nigeria. The childsx, birth size,
preceding birth intervalsutritional status, maternayegroup, age at first birth, paternal work
status, and education stattlee number of unddive years who slept under a bed net the night

before the survey, and the number of bedroant number of people e household were
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not statistically significanpredictors. However, after including all the predictor variables

(Model 6), the significant status of the chdecific factors (model 2) remains.

Table 63 Multilevel multivariate logistic models of predictors of malaria watfjusted odds ratios (AOR) among children
6-59 months in Nigeria

Model 6 (N=7808) 25-34years 1.02 0.812 (0.851.24)
(Level 1, 2, 3 variables)
Individual variables AOR | p-value | 95% ClI 35 years+ 121 0.117 | (0.951.54)
Child's sex Age of mother at first birth
Male 1 10-24 years 1
Female 093 0252 | (0.831.05) 2536 years 0.87 0.226 | (0.7-1.09)
Child's age in group 37-49 years 0.45 0.206 (0.131.54)
611 months 1 Matern_al/caregiver highest
educational level
12-23 months 1.31 0.015 (1.051.62) No education 1
24-35 months 1.83 <0.001 | (1.37-2.45) Primary 0.85 0.127 (0.691.05)
36-47 months 241 <0.001 | (1.793.23) Secondary 0.74 0.008 (0.6-0.93)
4859 months 2.8 <0.001 | (2.07-3.78) Higher 0.45 <0.001 | (0.31-0.66)
Child's birth size Maternal ethnicity
Large 1 Hausa/Fulani/Kanuri/Seribir| 1
Average 0.93 0.521 (0.761.15) Ibo 1 0.998 (0.591.69)
Small 0.97 0.832 (0.751.27) Yoruba 1.68 0.016 (1.1-2.57)
Preceding birth interval Others 1.31 0.032 (1.021.67)
None 1 Mother'sAnaemia status
8-24 months 0.95 0.636 (0.761.18) Not Anaemic 1
25-35 months 0.98 0.828 (0.791.21) Anaemic 1.23 0.001 (1.091.4)
36-59 months 0.97 0.796 (0.77-1.22) Maternal body mass index
60+ months 0.89 0.45 (0.661.2) Normal 1
Duration of breastfeeding Underweight 0.89 0.251 (0.731.08)
Ever breastfed, naurrently | 1 Overweight 0.86 0.105 (0.721.03)
breastfeeding
Never breastfed 144 | 0.144 | (0.882.34) Obese 0.72 0011 | (0.550.93)
Still breastfeeding 0.63 | <0.001 | (0.50.79) Paternal Work Status
Child took deworming drug No 1
in last 6months Yes 13 0.164 | (0.91.9)
No 1
Partner education status
Yes 0.76 0.001 (0.640.89)
— No education 1
Malnutrition status
. Primary education 0.95 0.622 (0.761.17)
Well-nourished 1
. Secondary education 0.83 0.078 (0.681.02)
Poorlynourished 1.05 0.443 (0.921.2)
. Tertiary education 0.87 0.298 (0.661.13)
Anaemia status
_ Household wealth index
Not anaemic 1
- Poorest 1
Anaemic 3.83 <0.001 | (3.34.44)
_ _ Poorer 0.9 0.325 (0.741.11)
Child had Fever in last 2
weeks before the survey Middle 0.69 0.002 (0.550.87)
No 1 Richer 06 <0.001 | (0.460.78)
ves 203 | <0.001 | (1.772.33) Richest 026 | <0.001 | (0.180.36)
Maternal age group in 10
years Household Head age group
15-24 years 1
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Less 34 years 1 Averagely Deprived 1.25 0.569 (0.582.71)
3544 years 0.83 0.03 (0.7-0.98) Mildly Deprived 1.18 0.689 | (0.522.68)
4555 years 0.9 0.312 (0.721.11) Lowest Deprived 0.94 0.897 (0.352.51)
56 years+ 1.04 0.771 (0.81:1.32) Human Development Index

- by State HDI
Ch||dre_n under 5 slept qnde Lowest HDI 1
mosquito bed net last night
No child 1 Low HDI 15 0.13 (0.892.53)
All children 0.89 0.237 | (0.721.08) Average HDI 1.81 0.076 | (0.943.5)
Some children 1.17 0.231 (0.91.52) High HDI 2.66 0.016 (1.25.88)
No net in household 0.98 0.85 (0.80, 1.21) Highest HDI 1.47 0.402 (0.6-3.6)
Number of undeb in household Gender Inequality Index by

State GlI
03 1 Lowest Gl 1
4-6th 129 | 0038 | (1.0x-1.64) Low GlI 056 | 0032 | (0.330.95)
th+ 138 | 0404 | (0.642.97) Average Gl 116 | 0593 | (0.67-2.02)
Number of bedrooms in -

High GlI 1.34 0.242 0.822.17
household 9 ( )
Oneroom 1 Highest GlI 1.63 0.113 (0.892.99)
Two rooms 1.04 0.659 (0.881.23) Region of residence
Three rooms 1.08 0.458 (0.881.34) North-central 1
Four rooms 0.92 0.511 (0.71-1.19) North-east 0.44 0.015 (0.220.85)
Five+ rooms 0.78 0.109 (0.581.06) North-west 1.3 0.488 (0.622.74)
Sex of household head Southeast 1.32 0.457 (0.642.71)
Male 1 Southsouth 0.7 0.265 (0.381.31)
Female 0.78 0.024 (0.620.97) Southwest 155 0.208 (0.783.07)
Number of people in Type of place of residence
household
23 1 Urban 1
046 To1 0049 | (0.781.3) Rural 1.98 <0.001 | (1.632.41)
07-9 096 0.809 (0.721.3) Intercept 0.04 <0.001 | (0.01-0.14)
10+ 103 | 0852 | (0.73147) Random effect
Proportion of community Communitylevel variance | 0.63 (0.480.81)
distance to healtfacility is Statelevel variance 0.10 (0.050.21)
no bhig problem
Low 1 VPC: communitylevel 0.16
High 0.78 0.006 (0.650.93) VPC: statelevel 0.02
Multidimensional Poverty ICC: communitylevel 0.18 (0.150.22)
Index by State MPI -

Highly Deprived 1 ICC: statelevel 0.03 (0.01-0.05)
Above averagely deprived | 2.08 | 0.011 | (1.193.64) MOR: community 2.13 (1.942.42)
MOR: state 1.35 (1.241.55)

AOR: Adjusted Odds Ratios, ICC: Intraclass Correlation Coefficient, VPC: Variance Partition Coefficient, AIC: Akaike informat
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 #B9 monthsexperiencing malaria fever were 2.8 times the odds of
children 6 11 months of age (AOR = 2.8, 95% CI: 2.8778). Children who were still
breastfeeding (AOR = 0.63, 95% CI: 0i8079), and dewormed (AOR = 0.76, 95% CI. 0.64
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0.89), had 37% and 24% reducettls 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 §,08% CI:0.31i 0.66) had higher
educatiorhas55% reduced oddsf being malaria fever positive. The wealthier the household,
the less likely the child can be malaria positive. Children living in the wealthiest households
have A% reduced odds of contracting malgrerasites compared to children from the poorest
households. Within the communitglated 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 fer positive. The result from among the aspacific 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 =8295% CI: 1.9i 3.64).

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 NGt 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 (AQRB=95% CI:

1.63i 2.41) 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 & malnutrition among children undére years in Nigeria was presented at the
Royal Statistical Society (RSS) international conference held in Aberdeen, United Kingdom,
between 26 September 2022. The full text of the presentation has been attached therein
AppendixD.1. The analysis for this presentation focused on children aged-tinegears in
Nigeria. In contrast, this thesis focused on the subset of children dfthbnths in Nigeria

(see section 4.4.1.1 for the reasons). Therefore, the tofitée multilevel multivariate mixed

effect logistic analysis of predictors of malnutrition among children aggfl gonths in

Nigeria is presented in the following section.
6.5.1 Multilevel Multivariate Models of Predictors of Malnutrition Status

In thefirst 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 scaledthiheugulticollinearity
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checks. The removal was by pg0.20fobste@vseforward b ac k
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 postestimation from the logistic analyses of tharigbles selected for each stepwise

method. Combining the backward and forward stepwise variables yielded the least AIC
(9124.917).

Table 64 Evaluation of goodness of fit for variables selection methods in malnutrition

Goodness fofit 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 simonths 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,
pakernal 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 edutatinlow 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 Setup

Given the complex/hierarchicaature of the data sets, such that children/parental/household

in individual units at Level (since children from the same parent, and household tend to be
more similar than children from other households because they share the same characteristics)
(Obasoharetal., 2021b) are nested in communities/clusters at L&/ahd nested in states at
Level3, multiple multilevel logistic regression models were fitted to determine the predictors

of malnutrition status among 59 months of age in Nigeria. Furthermaoaeljkelihood ratio

test was carried out to establish that the thegel model was more appropriate than the-two

level model (the likelihood at i o t est ips0.Q0Rford&elRmesiedlirBLevel3 ,

3).

6.5.3 Model Building

The analysis built gi 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 chitdlated variables; model 3 adjusted model 2 for parental
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related covariates, while model 4 (ledelfactors only), model 2, was adjusted for both
parental and householdelated variables. Model 5 contains letehnd level2 factors only;

that is, communityrelated variables were added to Model 4; Model 6 (hdtel) was derived

for all the selected variables, including the arelated variables (levd variables). Intralass
correlation coefficients (both the communities and the states), variance partition coefficients
(both for the communities and statem)d median odds ratios (MOR) were the gEsttmation
techniques used to evaluate the models. The goodness of fit was determined using Log
likelihood (LLH), Akaike's information criteria (AlIC) and Bayesian information criteria (BIC),
such that the modelith the highest LLH and lowest AIC and/or BIC was chosen as the best
fit (Obasoharet al.,2021b)

6.5.3.1Multilevel Model Results

This section presents the results from the analysis using multilevel +efifeads logistic
regression. To consider appropriatéabae 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 infi861 communities (level 2) with an average of 6 persons per
community, nested iB87 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 randaffact 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 #/3, wvbidh isifised far.ld@i@ Théréfore, the variations in the
prevalence of malnutrition status among children agé#l onths in Nigeria due to the three

level factors were assessed through an intrastate correlation coefficient of 0.1415 (95% CI:
0.092 0.210) and intracommunity correlation coefficient of 0.218 (95% CI: 00.@81),
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 partifticiemt

(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 ahodels was established using AIC and likelihood ratio. Improvements in
model fit were achieved at Model 6 (full model), with AIC = 9118.5 andlilaihood =
1T4490. 3. Therefore, this study interpreted
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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:125%), meaning the correlation between two children/individuals
(unit of analysis) within the same community and the same state is 0.046, an@ diest@te

level also dropped from 14.1% to 0.1% (95% Cli@.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, med#rang.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 snean difference of the risk of being plyonourished for two children with

the same level 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 poorlpourished. 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 adpistdds 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, commuity variables at level 2 and state/area variables at level 3). Variables at level
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 diarrhbedastttwo 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 predirs of malnutrition among childrerS® months

of age in Nigeria. Among the communitglated variables (levelzlated), cluster distance to

a health facility is no big problem and was a statistically significant predictor of malnutrition.
Gender ineqality 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 bregsting status, malarRDT 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 indhsdhold, 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 ageds® months in Nigeria.

The odds of female children being poorly nourished (AOR=0.74, 95% C10082J are
significantly lower than their male counterparts. Also, the odds of children agéfliaénths
developing malnutrition were 2.22 times the odds of child 11 months of age (AOR =2.22,
95% CI: 1.722.86). 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% ClI: 1.05
1.51), and born with small birthize (AOR = 1.79, 95% CI: 1.43.26), had26% and 79%
increased odds of contracting malnutritishen compared with children born with large birth
size. Anaemic children (AOR = 1.33, 95% CI: 1.1&1) and those who had diarrhoeal (AOR
=1.27, 95% CI: 1.08L.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 workingclass mothers have increased odds (AOR = 1.14, 95% Ci: 1.01
1.29) of being pooyl 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. 0.580.86), tertiary education (AOR = 0.51, 95% CI. 0.380), and fathers

with tertiary education (AOR = 0.78, 95% CI. 0i6298), were respectively, 29%, 49%, and
22% reduced odds of being poorly nourished compared with children whose motthers an
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 thed®om household (AOR = 1.23,
95% CI: 1.021.47) are 1.23 times more likely to be poorly nourished than children residing in
a onebedroom household. Furthermore, among the commueliyed variables, children
from a community where the proportion of thersounity 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 -aekded
variables, the odds of childrérom a state where the gender inequality index is low (AOR =
1.45, 95% CI: 1.141.85) 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 fromthe Northeast (AOR = 2.27, 95% CI. 1.7Z.94), and the Nortlvest (AOR =

3.11, 95% CI: 2.404.14), are 127% and 211% significantly more likely to be poorly nourished

respectively.
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Table 65 Multilevel multivariate logistic modelsf predictors of malnutrition with adjusted odds ratios (AOR) among
children 659 months in Nigeria

Model 6 (N=7770): Level 1, 2, & 3 Normal 1
variables (Model 5 + arearelated) .
Variables AOR | P-value | 95%ClI Underweight 1.266 0.008 | (1.063, 1.506)
Child's sex Overweight 0.710 | <0.0001| (0.611, 0.824)
Male 1 Obese 0.596 | <0.0001| (0.481, 0.737)
Female 0.742 | <0.0001| (0.669, 0.824) | | Partner education status
Child's age in group No education 1
6-11 months 1 Tertiary education 0.78 0.031| (0.623, 0.977)
12-23 months 1.664 | <0.0001] (1.381, 2.005) | | Household wealth index
24-35 months 2.219 | <0.0001| (1.722, 2.858) Poorest 1
36-47 months 1.791| <0.0001] (1.384, 2.318) | | Richest 0.732|  0.040 | (0.543, 0.986)
4859 months 1276| 0.068 ] (0.982, 1.659) Number of bedrooms in
household
Child's birth size Oneroom 1
Large 1 Two rooms 1.191 0.0 | (1.028, 1.38)
Average 1.28 0.014 | (1.049, 1.514) Three rooms 1.227 0.026 | (1.024, 1.469)
Small 1.790 | <0.0001 | (1.419, 2.26) Four rooms 1.336 0.011 | (1.068, 1.673)
Preceding birth interval Proportion of community
distance to health facility is
None 1 no big problem
8-24 months 1311] 0.004] (1.091,1575) | | Low 1
60+ months 0.757| 0.024] (0.594,0.964) | | High 0.867| 0.033| (0.761, 0.988)
Anaemia status Proportion of (_:ommunity
households with no bed net
Not anaemic 1 Low 1
Anaemic 1.332 | <0.0001 | (1.178, 1.506) High 0.972 0.678 | (0.848, 1.113)
Child had diarrheal in last 2 Gender inequality index by
weeks before the survey state (Gll)
No 1 Lowest GlI 1
Yes 1.267 0.004 | (1.08, 1.488) Low GlI 1.454 0.002 | (1.144,1.849)
Mother/Caregiver currently Region of residence
working
No 1 North-central 1
Yes 1.10 0.042 (1.005 1.294) North-east 2.272 | <0.0001 (1.773, 2.912)
Maternal/caregiver highest North-west 3.111| <0.0001 | (2.339, 4.138)
educational level Intercept 0.316 | <0.0001 | (0.182, 0.547)
No education 1
Random effect
Secondary 0.709 0.001 | (0.583, 0.863)
. Communitylevel variance 0.155 (0.089, 0.27D
Higher 0.513 | <0.0001| (0.378, 0.696)
— Statelevel variance 0.006 (0.000, 0.15%
Maternal ethnicity
. . — VPC: communitylevel 0.045
Hausa/Fulani/Kanuri/Seribir| 1
VPC: statelevel 0.002
Ibos 0.633 0.034 | (0.415, 0.966)
- ICC: communitylevel 0.047
Mother's Anaemiatatus
- ICC: statelevel 0.002
Not Anaemic 1
- MOR: community 1.456 1.329, 1.641
Anaemic 1.096 0.100 | (0.983, 1.223)
MOR: state 1.077 1.014, 1.463

Maternal body weight statug
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AOR: Adjusted Odds Ratios, ICC: Intraclass Correlation Coefficient, VPC: Variance Partition Coefficient,
AIC: Akaike Information Criterion (Given 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 reseguabstion 5. A ondime 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. Sectionsi 6635 presented multilevel analyses for
anaemia, mala, and malnutrition. The findings show that the predictors of each outcome of
interest span across the chjldparental, household community, and areaelated
characteristics presenting the possibility of overlaps in the determinants of MAYMe

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 ofdhalysis of prevalence and associations of predictors o
multimorbidity to answers question 6. It starts bging graphs to illustrate the prevalence of
MAMM in section 7.1, followed by analysing associations of tpheedictors 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 efteordinal 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 ad differences between groups in the individual and contextual
characteristics concerning the number of occurrences of MAMM among children -69

months in Nigeria?

7.1 Prevalence of multimorbidity

The interactions between the three diseases (anaemia, anaad malnutrition) were
considered as the state of multimorbidity of common childhood diseases among children aged
6-59 months in NigeriaMultimorbidity of childhood diseases was assessed using the counts

of the interactions between the three outcommbbes. 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%CI (21.7223.34)
compared with malaria &y 3% (308/10183)95%CI (2.713.38) and malnutrition only, 9%
(897/10183) 8.27%9.38) There are 16.9% (1721/101835%CI (16.1917.65)and 17.4%
(1767/10183)95%Cl (16.6418.10) almost equally many children in the sample who cohabit
with the three orders and those who do not.
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Prevalence of composite of the 3 diseases

225

I \one of the 3 diseases [l Malnutrition Only
I Malnutrition & Malaria I The 3 diseases
I Anaemia & malaria I Anaemia Only
[ Malaria Only Malnutrition & Anaemia

Figure 71 : Distribution of prevalence of composite of 3 diseases
Figure 7.2 shows the prevalence of multimorbidity among children a§8dtonths in

Nigeria.

Prevalence of composite of the 3 diseases
o 48.3

percent
20 40 50

10

I \o Disease I morbidity status
I mutimorbidity status

Figure 72 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% (1767/101,83%%CI (16.6318.10) while 48.3% (4917/1018395%CI
(47.3249.26) had two or more of the disease outcomes (multimorbidity), and 34.4%
(3498/10183) 95%CI (33.4435.29) had morbidity status (only one of the diseases). More
children aged %9 months in Nigeria cohabit with two or more diseases than with one
morbidity.
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National percentage of MAMM Children by gender National percentage of MAMM Children by age
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percent

No Disease morbidity status mutimorbidity status
s e r——— I 6-11 months I 12-23 months
o Disease morbidity status mutimorbidity status B 2435 months [ 36-47 months
‘- male [ female ‘ I 48-59 months
(&) (b)

Figure 73 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 prevake than female children. Also, the prevalence of 'no
disease' increases almost proportionally as age increases. The prevalence of MAMM was
highest among children aged-232 months (Fig 7.3b).

Similarly, the highest percentage of children ages96monthsin Nigeria found sick of
MAMM lived in the Northhwest geopolitical zones of Nigeria (18.7%), followed by children
from the NorthEast geopolitical zone (9.2%).

National percentage of MAMM children by region of residenc National percentage of MAMM children by place of residenct

4 o |
3 18.7 <

No Disease morbidity status mutimorbidity status
I rorth central [ north east o- ) - e
B rorth west I south east No Disease morbidity status mutimorbidity status
I southsouth [ south west ‘- urban [ rural‘

Figure 74 Distribution of national percentage of MAMM ddrien 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 ualn area.
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multimorbidity by gender and place of residence

multimorbidity by gender and place of residence
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Figure 75 : 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 thregimensional 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 diseaskshbahighest
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 marbidity status

7.2.1 Childrelated characteristics

In consideration of MAMM, Table 7.1 presents the distributions and the associations of child
related variables on the MAMM among children agég6nonths in Nigeria. There were 51.2%
(5217/10184) of male children in the sample of multimorbidity. Thergthee 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),laadthe highst proportion of children with

two or more diseases (multimorbidity), 51.4% (1245/2422). followed by children in the age
band 2435 months, 51.1% (1102/2160). In addition, children with an average birth size of
78.7% (7914/10059) were more representedvéensample, 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 dtded7

above 63% (976/1549), hatlee 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 didhot 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 71 Distribution of childrelated characteristics and their association with MAMM status

Multimorbidity status

Variables Total None of the One disease only | Two or more

diseases the diseases

N (%) N (%) N (%) N (%)

Child-related characteristics
Chil dds sex 2 (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 2 (8) = 205.55, p<0.000
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)
4859 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 c2 (4) = 38.28, P

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 2 (6) PRP<O@@&#@2. 19,

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)
Tth+ 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 2 (8) = 135.23,

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 2 (2) = 212.37,

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 2 (2) = 67.80, P

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 2 (4) = 119.28,

Ever breastfed, not currently 7440(73.06) 1474(19.82) 2448(32.9) 3518(47.29)
breastfeeding

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 G 2 (32884, £<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 2 (2) PBP<O.MB1. 15,
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7.2.1

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 beforethesurvey | ¢ 2 (2) = 0.96, P =

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 2 (2) = 142.48, P<0.000O0
Sngvey 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 2 (6) =794.52, P

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)

Parentalrelated characteristics

Similarly, Table 7.2 describes the distribution and association of the pareated
characteristics, children of mothers aged2#i5years, not currently workingjass mothers,

who had their first baby aged-Pd yearshad 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 alsoevealed 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 wih no antenatal care record/visit during the pregnancy of the child, is a
Muslim, of Hausa/Fulani/Kanugéribiri ethnicity, did not take iron tablets during pregnancy

of the child. She is anaemic, were consistently higher compared with other childridenn

groups/categories.

Table 72 Distribution of parentakelated characteristics and their association with MAMM status

Parental-related characteristics

Maternal age group in 10 years c2 (4) = 62.21, P

15-24years 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 2 (2) = 44.71, P

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 c2 (4) = 330.39,

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 2 (6) = 1417.75, P<0.00
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 2 (2) = 20.009, P

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 2 (2) = 358.15,

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 2 (2) = 175.43, P<0.000O0
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 thechid| ¢ 2 (4) = 314.09,

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 G 2 (58520, £<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 c2 (6) = 737.24,
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 2 (2) = 90.87, P

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 2 (2) = 269.34,

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 2 (6) = 518.14,

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 G2 (2)P=62041. 04,

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 2 (6) = 969.76,

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 Householerelated 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 midethged (3544 years) is the lowest, 45.2% (1783/3946), compared

to other households in the survey. Additionally, the proportion of childinmultimorbidity

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 73 : Distribution of householérelated characteristics and their association with MAMM status

Householdrelated characteristics

Household wealth index 2 (8) = 1635.53, P<0.00
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 c2 (6) 29.79,

Less 34 years 2827(27.76) 469(16.6) 952(33.66) 1406(49.75)
3544 years 3946(38.75) 720(18.25) 1443(36.57) 1783(45.18)
4555 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)
C_hildren under 5 slept under mosquito bed netlast | 6 2 ( 6) 176. 44, P<0.000
wcg)r::thild 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 c2 (4) 131.82, P<0.000O0
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)
Tth+ 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 c2 (8) 56. 35,

Oneroom 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 c2 (2) 700. 88,

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 c2 (2) 391. 35,

Unimproved drinking water 3079(30.23) 300(9.74) 851(27.65) 1927(62.61)
Improved drinkingwater 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 c2 (2) 616. 17,

Unimproved toilet factories 4607(45.24) 489(10.61) 1290(28.01) 2828(61.38)
Improvedtoilet 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 c2 (2) 655. 49,

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 c2 (2) 599. 36,

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 2 (2) = 184.38,

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 2 (2) = 800.39, P<0.000O0
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 2 (2) = 20.61, P

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 2 (2) = 11.81, P

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 2 (2) = 125.96,

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 G2 (6) = 247.76,

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 2 (2) = 10.87, P

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 2 (4) = 1152.14, P<0.00O0
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 Communityrelated 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 healthyfagilito 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 educatioveleis 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 74 : Distribution of communityelated characteristics and their association with MAMM status

Community-related characteristics ‘

Proportion of community wealth 2 (2) = 1183.2950, P<O.
:?gvil 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 | ¢2 (2) = 245. 3836

is no big problem

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 2 (2) = 972.8534

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 G2 (2) = 298.7991

EETA/ 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 Staterelated characteristics

Table 7.5 displays that the proportion of multimorbidity in children decreasesdeptination

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 thedst 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, theportion of multimorbidity children associated

with the state gender inequality index (Gll) indicates that the higher the Gll, the higher the
proportion of children with multimorbidity. The results also show that Neehkt has the
highest proportion afultimorbidity children, 64.0% (1900/2967), followed by children from

the Northeast, 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 75 Distribution of arearelated characteristics and their association with MAMM status

Area-related characteristics

Multidimensional Poverty Index by State (MPI) G2 (8) = 913.2766

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) G 2 (880)4638, 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 (GlI) 2 (8) = 551.0941

Lowest GlI 2726(26.77) 660(24.23) 1129(41.42) 936(34.35)
Low Gl 1171(11.5) 266(22.71) 507(43.26) 398(34.03)
Average GlI 977(9.59) 165(16.91) 301(30.79) 511(52.3)
High GlI 4054(39.81) 557(13.74) 1222(30.13) 2275(56.13)
Highest GlI 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 2 (10) = 761.2519, P<O.
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)
Southeast 1328(13.04) 292(22.01) 584(43.97) 452(34.02)
Southsouth 1086(10.66) 224(20.61) 480(44.21) 382(35.19)
Southwest 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 ofresidence 2 (2) = 682.0256

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 thssociations of the variables considered in this study, all
AChil d had

Apaternal statuso,

weands bef o
(2) = 6.0370, P =

except cough in | ast 2
(62

with multimorbidity of children aged-69 months in Nigeria

wor k
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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 659 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 multimorlofityo or more

diseases of anaemia, malaria, and malnutrition by states and FCT. It reveals that the proportion
of children cohabiting with 62 or more disea
(95% CI.0.780.86), followed by Jigawa state,/@ (95% CI. 0.69.78). Ebonyi state has the

highest proportion, 0.55 (95% CI: 0:8069), 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)n®ws that the three states with the lowest proportions of MAMM in
Nigeria are Edo state, 0.31 (95% CI: 6240), Anambra state, 0.26 (95% CI: 6231), and

Lagos state, 0.14 (95% CI: 0-0018). FCT has 0.36 (95% Cl: 0-8042).
Proportions of children with MAMM by States & FCT

Figure 76 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-\Westh

had the highest proportion of children with multimorbidity, 0.85% CI: 0.620.67), followed

by North-east geopolitical zones with a 0.59 (95% CI. €05&2) 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 hadrdiar distributions of multimorbidity and below the
202



national average of 0.48 (95% CI: 0-@.49), including Nortkcentral with a proportion of 0.44
(95% CI: 0.410.47).

Figure 77 Spatial maps describing the proportions ofldten 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, thregariables 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 ovear undesfitting across chilel parental, and househdtd
community, and areaelated 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 rfieitedelge,

2020; Sribney, 2022Some major limitations of using stepwise regression modeling as given
by Frank Harrell (2001) were summarisedqHfom, 20.8) as follows:

. Rsquare values are excessively skewed (i.e., High)

. The claimed distribution of the F statistics is missing.

. The parameter estimations have too tiny standard errors.

. The confidence intervals around the parameter estimattseaséore too small.

. Because of multiple comparisonsygues are overly low and challenging to adjust.

. Parameter estimations have an asymmetry with respect to zero.

~N o oA WN B

. Collinearity issues are aggravated.
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