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ABSTRACT
Introduction Several studies have shown that residents 
of urban informal settlements/slums are usually excluded 
and marginalised from formal social systems and 
structures of power leading to disproportionally worse 
health outcomes compared to other urban dwellers. To 
promote health equity for slum dwellers, requires an 
understanding of how their lived realities shape inequities 
especially for young children 0–4 years old (ie, under- 
fives) who tend to have a higher mortality compared 
with non- slum children. In these proposed studies, we 
aim to examine how key Social Determinants of Health 
(SDoH) factors at child and household levels combine to 
affect under- five health conditions, who live in slums in 
Bangladesh and Kenya through an intersectionality lens.
Methods and analysis The protocol describes how we 
will analyse data from the Nairobi Cross- sectional Slum 
Survey (NCSS 2012) for Kenya and the Urban Health 
Survey (UHS 2013) for Bangladesh to explore how SDoH 
influence under- five health outcomes in slums within an 
intersectionality framework. The NCSS 2012 and UHS 
2013 samples will consist of 2199 and 3173 under- fives, 
respectively. We will apply Multilevel Analysis of Individual 
Heterogeneity and Discriminatory Accuracy approach. 
Some of SDoH characteristics to be considered will 
include those of children, head of household, mothers 
and social structure characteristics of household. The 
primary outcomes will be whether a child had diarrhoea, 
cough, fever and acute respiratory infection (ARI) 2 weeks 
preceding surveys.
Ethics and dissemination The results will be 
disseminated in international peer- reviewed journals 
and presented in events organised by the Accountability 
and Responsiveness in Informal Settlements for Equity 
consortium and international conferences. Ethical approval 
was not required for these studies. Access to the NCSS 
2012 has been given by Africa Population and Health 
Center and UHS 2013 is freely available.

INTRODUCTION
People in urban informal settlements also 
known as slums face disproportionally worse 
health outcomes compared with other urban 
dwellers.1 Slum areas are characterised by 
inadequate access to safe water, inadequate 
access to sanitation and other infrastructure, 
poor structural quality of housing, over-
crowding and insecure residential status.2 
Health outcomes are shaped by Social Deter-
minants of Health (SDoH)—characteristics 
in which living takes place.3 Critically, SDoH 
help shape social hierarchies that in turn 
determine the distribution of power, pres-
tige and resources among groups in society.4 
Slum dwellers are usually excluded and 
marginalised from formal social systems and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ These proposed studies will be unique because 
we will quantitatively provide an understanding of 
the Social Determinants of Health (SDoH) that drive 
health inequalities for children under- five years old 
(0–4 years) living in Nairobi and Dhaka slums within 
intersectionality framework using Multilevel Analysis 
of Individual Heterogeneity and Discriminatory 
Accuracy approach.

 ⇒ We will use Nairobi Cross- sectional Survey 2012 
(NCSS 2012) and Urban Health Survey (UHS 2013) 
which are one of the few slum surveys in the glob-
al south which contain SDoH that shape health in-
equalities among urban dwellers.

 ⇒ The passage of time since conduct of NCSS 2012 
and UHS 2013: the data are over 9 years old and will 
need to be interpreted cautiously due to the dynamic 
nature of slums.
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structures of power due to legal informality of their dwell-
ings, which denies them rights to access resources, and 
in turn leads to health inequities.1 5 Health inequities are 
differences in health outcomes and in the distribution of 
health resources experienced between different popula-
tion groups due to their differences in SDoH.6 Empower-
ment of slum dwellers coupled with investments in health 
systems and infrastructure is required to reduce health 
inequities particularly among socially vulnerable groups.7 
In turn, this makes empowered slum dwellers account-
able because they have increased collective control over 
the factors that shape their health.

Lack of data that represent the population in slums 
across cities has been identified as a major hindrance to 
answering questions critical to the health needs of the 
slum. In turn, this has created obstacles to understanding 
the health inequities in slum areas for the effective urban 
health programming by local governments and other 
stakeholders.8 9 Currently, 22.8% of the world’s popu-
lation live in slums, and over 90% of slum dwellers live 
in low/middle- income countries (LMICs), including 
hundreds of millions of children.10 11 Aggregated statis-
tics show that child mortality and health outcomes in 
rural and urban areas in LMICs have improved between 
2000 and 2014.12 However, during the same period, 
studies have shown that children in slums tend to experi-
ence worse health outcomes than other urban and rural 
areas.8 12–16 This is because slums are known to have poor 
services including water drainage, lack of piped water, 
flooding, poor sewerage and housing challenges such 
as overcrowding which are risk factors for waterborne 
and vector- borne diseases.17–19 For example, infants who 
live in slums without piped water may have been shown 
to experience up to 4.8- fold higher rates of death from 
diarrhoea.18 Since the health of children, particularly 
those under 5 years old (ie, 0–4 years), depends greatly 
on health and well- being of their mothers and fami-
lies and the broad SDoH factors of where they live; it 
is crucial to understand how these factors intersect to 
create complex and unique positions of vulnerability for 
children in slums.17 To fill the knowledge gap and inform 
such action, we will systematically examine how various 
SDoH factors intersect with individual factors to affect 
the health of under- five children living in slums (LMICs), 
through an intersectionality lens. The health outcomes 
which will be considered include diarrhoea, cough, fever 
and acute respiratory infection (ARI) which mostly affect 
under- five children in slums.17 For example, poor sani-
tation and lack of safe drinking water makes diarrhoea 
a leading cause of death among children aged below 
5 years, while fevers, coughs and ARIs are mainly caused 
by the poor state of housing and overcrowding.16 17

SDoH are defined based on the commission for social 
determinants of health framework which classifies them 
into structural and intermediary determinants.3 20 Struc-
tural determinants refer to those factors that generate or 
reinforce stratification in society by exerting a powerful 
influence on power, prestige and access to resources and 

thereby influencing people’s health.3 Structural factors 
include income, age, education, occupation, gender, 
race/ethnicity, sexuality, disability and social class. On 
the other hand, intermediary SDoH are those factors 
which structural determinants operates through to shape 
health outcomes of individuals and are grouped into four 
main categories. They are: (1) material circumstances 
(eg, housing and neighbourhood quality, consumption 
potential and physical work environment), (2) psychoso-
cial circumstances (ie, relationships, social support and 
coping styles), (3) behavioural/biological circumstances 
(ie, nutrition, physical activity, tobacco consumption, 
alcohol consumption, substance abuse) and (4) health 
system, particularly access to healthcare. Any attempts to 
address health inequalities especially among the vulner-
able and marginalised must focus on understanding how 
these multiple SDoH interact with individual factors to 
shape health inequalities.

An intersectionality lens provides a systematic approach 
to examining every person’s health outcome as funda-
mentally different from those of others, based on their 
unique positioning within a web of interacting social 
determinants.3 21–24 It assumes that various SDoH interact 
and change through time to present unique circum-
stances for individuals or population groups. Therefore 
intersectionality allows us to account for the complexity 
of the real world in understanding how different SDoH 
influence health inequities through marginalisation and 
privilege in multiplicative and interactional ways based on 
the lived realities of different groups, without the need 
to make prior assumptions regarding the importance of 
one or multiple social categories.23 25 Quantitatively this 
can be explored using Multilevel Analysis of Individual 
Heterogeneity and Discriminatory Accuracy (MAIHDA) 
approach.26–29 This approach will enable us to under-
stand the drivers of health inequities in the context of 
how individual identities interact with SDoH to promote/
rectify health inequalities in dynamic ways among under- 
five living in slums.22 23

Aim
We explore how SDoH influence under- five children 
health outcomes among dwellers in slums within an inter-
sectionality framework. The findings will inform how indi-
vidual and social inequities are shaped, and what action 
can be taken to offset burdens in terms of effective policy 
and programme development for vulnerable under- five 
children.

Objective
The primary analytic objective is to systematically 
examine how various SDoH, and individual factors affect 
health outcomes (ie, diarrhoea, fever, cough and ARI) of 
under- five children in slums within an intersectionality 
framework.

DATA
In the proposed study, separate analyses and papers 
applying the same statistical methods for Bangladesh 
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and Kenya are planned. The underlying social and living 
conditions in Dhaka and Nairobi slums are different 
which necessitates two distinct publications for Bangla-
desh and Kenya for effective interventions.8 30–32 These 
studies will use cross- sectional data from the Nairobi 
Cross- section Slums Survey (NCSS 2012) for Kenya and 
Urban Health Survey 2013 (UHS 2013) for Bangladesh, 
as these are the current disaggregated datasets for slum 
surveys in both Bangladesh and Kenya. Disaggregated 
datasets for secondary data analyses are not available 
in other countries (India and Sierra Leone), where 
field activities for Accountability and Responsiveness in 
Informal Settlements for Equity (ARISE) project are also 
being implemented.

The choice of the SDoH characteristics to be included 
as explanatory variables in the planned analyses will be 
informed by the literature on the factors that influence 
health outcomes for under- five.12 17 33–38 These variables 
include age and sex for under- fives which have been 
shown to be determinants of childhood morbidity.12 34 
Moreover, under- five health outcomes are closely related 
to the structural factors such as age and education of 
head of households and mothers since they affect their 
ability to provide safe places to grow and live and the 
ability of households to adopt preventive strategies at a 
given time.17 35 37 The poor hygiene practices in slums 
which are associated with poor water drainage, inade-
quate access to safe water, open sewers and overcrowding 
also exacerbates health outcomes for under- five.39 Finally, 
higher levels of malnutrition and lower immunisation 
coverage among under- five living in slums leads to their 
poor health.33 40–43

Nairobi Cross-section Slums Survey (NCSS 2012)
The NCSS 2012 data were collected by the African Popu-
lation and Health Research Center from all slums in 
Nairobi between June and November 2012.8 The sample 
to be included in the survey was calculated based on the 
percentage of children 12–23 months who had been 
fully immunised using a margin of error of 0.03, design 
effect of 1.50 and critical value of α=0.05.8 The number 
of households required to estimate the percentage of 
children 12–23 months fully vaccinated was large enough 
to allow estimation of the other indicators such as diar-
rhoea, fever and cough within the specified precision. A 
two- stage random sampling methodology was used and 
a total of 5490 households and 4420 women aged 12–49 
years were successfully interviewed yielding a response 
rate of 88% and 86%, respectively. We will be inter-
ested in women because their questionnaire contained 
a module on child’s health, where we are to obtain our 
health outcomes of interest. Participation was voluntary 
and no compensation or financial incentive was offered. 
The 4420 women participants provided data on 2199 chil-
dren aged five and under.

In this study we will consider three health outcomes 
for children: (1) whether a child had fever or not, (2) 
whether a child had cough or not and (3) whether a 

child had diarrhoea or not. The predictor variables to be 
considered in the analysis will be classified into four cate-
gories: (1) children’s demographics (ie, age and sex), (2) 
head of household characteristics (ie, sex, ethnic group, 
education and age), (3) child’s mother characteristics (ie, 
age) and (4) social structure characteristics in the house-
hold (ie, wealth index, length of stay, religion, education, 
tenure, food availability, health insurance, income gener-
ating activity, disability and catastrophic health costs). 
Catastrophic health expenditure will be computed using 
the empirical methodological procedure used by Buigut 
et al44 and we will take a 40% threshold which is informed 
by Xu et al.45 The wealth index was generated using source 
of drinking water, type of toilet facility, cooking fuel used, 
lighting type at night, material used to construct floor, 
wall and roof of dwelling, and household possessions 
(ownership of household items).8 Detailed description of 
health outcomes and predictor variables for NCSS 2012 
are found in online supplemental table s1.

Bangladesh Urban Health Survey (UHS 2013)
The UHS 2013 is a representative cross- sectional house-
hold survey implemented jointly by (1) National Insti-
tute of Population Research and Training (NIPORT), 
(2) Measure Evaluation, University of North Carolina 
at Chapel Hill, USA, (3) International Centre for Diar-
rhea Disease Research, Bangladesh and (4) Associates 
for Community and Population Research.32 The survey 
collected information designed to examine intra- urban 
differentials in health and service utilisation from 53 790 
households. These households were selected using a 
stratified three- stage sampling procedure in three urban 
domains: (1) city corporation slum, (2) city corporation 
non- slum and (3) other urban areas. The key indicators 
used to calculate the sample size were (1) under- five 
mortality and (2) percentage of birth deliveries in the 
health facilities for all births in the last 3 years.32 Partic-
ipation was voluntary and no compensation or financial 
incentive was offered. The proposed analysis will only 
include the domain of city corporation slum since our 
interest involves investigating social processes which drive 
health inequalities in slums. In addition, we will consider 
the women subsample from the survey because their ques-
tionnaire contained a module on child’s health and nutri-
tion. The number of households selected in the domain 
of city corporation slum were 15 750 and those inter-
viewed 14 806 yielding a response rate of 94%. A total of 
14 702 women were eligible for interview and 14 011 were 
interviewed yielding a 95% response rate.

We will consider three child health conditions: (1) 
whether a child had fever or not, (2) whether a child had 
cough or not and (3) whether a child had an ARI or not. 
ARI is a cough accompanied by short, rapid or difficult 
breathing which is chest related and usually considered 
as a proxy for pneumonia. The predictor variables to be 
considered in the analyses will be classified into four cate-
gories: (1) children’s demographics (ie, age and sex), (2) 
mother’s demographics (ie, religion, age, highest level 
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of education, employment status, ever attended school 
and marital status), (3) head of household demographics 
(ie, sex and age) and (4) social structure characteristics 
in the household (ie, wealth index, dwelling ownership, 
land ownership, cooking fuel, garbage disposal method, 
kitchen type, house type and division). Wealth index was 
constructed by data provider using principal components 
analysis based on the following variables: dwelling char-
acteristics such as presence of electricity, type of water 
source, type of toilet, and floor, wall, and roof material, 
household ownership of selected assets and durable 
goods (radio, television, motorcycle, computer, refrig-
erator, electric fan and automobile) and two indicators 
of housing tenure (whether the household held title to 
the dwelling and/or the land). A detailed description of 
variables and their categorical levels for UHS 2013 are 
presented in online supplemental table s2.

Table 1 presents a summary of variables which will be 
considered for analyses for NCSS 2012 and UHS 2013. 
The differences in outcome and predictor variables in 
NCSS 2012 and UHS 2013 also informed the need for 
separate analyses for Kenya and Bangladesh. Data on ARI 
and diarrhoea were not available in the NCSS 2012 and 
UHS 2013, respectively. A causal diagram showing the 
direct pathway between the four categories of variables 
and under- five health outcomes is shown in figure 1.

STATISTICAL METHODS
The effects of SDoH on children’s health outcomes in 
slums through an intersectionality lens will be assessed 
using MAIHDA approach developed to analyse inter-
sectional inequalities.26–28 46 MAIHDA aims to primarily 
identify intersecting inequalities in a quantitative way by 
defining intersectional groups according to combinations 
of social attributes which is like clustering of individuals 
based on some shared attributes such as neighbourhood, 
school or household, among others.27 47 That is, individ-
uals can be clustered based on abstract groupings such as 

a set of SDoH associated with their intersectional social 
identities and individual characteristics.

MAIHDA therefore, allows multiplicative modelling of 
health inequalities at the intersection of multiple SDoH 
by analysing the heterogeneity (ie, differences) within 
and between intersectional groups/strata by separating 
variance (ie, the measure of variation) into—the between- 
strata (ie, differences across strata) and the within—strata 
(ie, differences of individuals within a given stratum).27 28

The advantage of MAIHDA is that we will look at inter-
sectionality as a mix of both marginalisation and priv-
ilege.26 27 Generally, an interaction- based fixed effects 
approach looks at intersectionality from the perspective 
of marginalisation only, which runs the risk of reinforcing 
the notion of social dominance of the privileged groups 
which are used as ‘default’ categories. In addition, from 
an analytical perspective, MAIHDA models do not face 
the issues of scalability (ie, a model’s inability to accom-
modate an increase in the number of variables included), 
model parsimony (ie, a simple model not having great 
explanatory predictive power) and reduced sample size 
in some intersectional groups (which influences whether 
an effect size is determined or not).27 If desired, we can 

Table 1 List of outcome and explanatory variables for both Nairobi Cross- sectional Survey (NCSS) 2012 and Bangladesh 
Urban Health Survey (UHS) 2013

NCSS 2012 UHS 2013

Variables Variables

Outcomes     

Health outcomes Diarrhoea, fever, cough Fever, cough, acute respiratory infection (ARI)

Predictors     

Under- five demographics Age, sex Age, sex

Head of household characteristics Age, sex, education, ethnic group Age, sex, education, marital status

Child’s mother characteristics Age Age, marital status, ever attended school, highest 
education, employment

Social structural characteristics Wealth index, length of stay, religion, income 
generating activity, tenure, disability, food 
availability, health insurance and health 
catastrophic costs

Wealth index, dwelling ownership, land ownership, 
garbage disposal, cooking fuel, having kitchen, 
migration status, housing type and division

Figure 1 A causal diagram showing the direct pathways 
between children’s demographics, child’s mother 
characteristics, head of household demographics, social 
structure characteristics and under- five health outcomes.
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extend this multilevel framework applied in MAIHDA 
into a multivariate multilevel model to analyse more 
than two health outcomes simultaneously, especially for 
health outcomes which occur concurrently affecting 
other aspects of life.48 49 MAIHDA estimates intersectional 
effects in two steps.27 47

First, a null model (ie, model 1) will be specified with 
individuals at level one nested within social groups at 
level two to assess whether there is significant clustering 
within intersectional strata. Model 1 will not include 
any predictor variables and will only have an intercept 
to estimate the mean health outcome and a random 
effect to model intersectional strata differences (ie, vari-
ance). This will allow estimation of the extent to which 
the variance in an outcome is explained by differences 
across intersections vs differences within using variance 
partitioning coefficient (VPC) also known as intraclass 
coefficient (ICC) and the area under the receiver oper-
ating characteristic curve (AUC- ROC).26 27 47 VPC and 
AUC- ROC measures will also be used to quantify discrim-
inatory accuracy (DA) which is ability of the model to 
discriminate individuals with and without an outcome of 
interest.26 27 29 50 VPC quantifies the share of the total indi-
vidual variance in having an outcome that is accounted for 
at the intersectional strata level with values higher than 
5% indicating an acceptable DA.27 46 51 That is, a high VPC 
indicates that intersections have a substantially different 
mean levels of an outcome and that individuals within this 
group are similar, while a low VPC indicates that individ-
uals within an intersectional group differ substantially.46 50 
On the other hand, AUC- ROC measures the ability of the 
model to classify individuals with or without an outcome 
as a function of individual’s predicted probabilities and is 
and is bounded between 0.5 and 151 52 (see online supple-
mental file for details).

In the second step, we will extend model 1 by adjusting 
for variables used in constructing intersectional strata as 
fixed effects (ie, model 2). Model 2 will be used to explore 
to which extent intersectional strata differences will be 
explained by SDoH used in constructing intersectional 
groups. Fixed effects in model 2 will be used to estimate 
model regression coefficients which will be presented as 
odds ratio (OR) and will describe the association between 
SDoH variables and under- five health outcomes. In the 
absence of intersectional strata differences, fixed effects 
used to construct strata are expected to completely 
explain intersectional strata differences obtained in 
model 1. That is, VPC values will be around zero in model 
2 indicating that intersectional effects are fully explained 
by fixed effects and are therefore additive and not multi-
plicative.28 46 This will indicate absence of any stratum/
group specific interactions since the fixed effects used to 
construct intersectional strata will completely explain the 
between stratum variance and all stratum random effects.

However, if strata random effects in model 2 are not 
equal to zero and assuming no relevant variables are 
omitted on the model it will indicate existence of multi-
plicative intersectional effects. This will imply that certain 

intersectional groups are more vulnerable to an outcome 
of interest compared with other groups. To assess the 
proportion of variance explained by the adding fixed 
effects in model 2 we will compute the proportional 
change in variance (PCV) of intersectional strata between 
models 1 and 2 (see more details online supplemental 
file). The lower the PCV, the higher the amount of unex-
plained variance which can be due to either interaction 
effects or omitted variables in the model. Detailed descrip-
tion of model 1, model 2, VPC and PCV are provided in 
online supplemental file.

These models 1 and 2 can even be extended to include 
more than two health outcomes in a multivariate multi-
level model.48 49 This model explicitly evaluates the cova-
riance (ie, a measure of joint variability of two random 
variables) between different social strata and health 
outcomes which allows us not only to draw conclusions 
about social group- specific differences but also correla-
tions between health outcomes.48 This is desirable since 
we will assume that they capture related, though distinct, 
health constructs.

Limitation of this proposed studies is that datasets which 
will be used were collected over 9 years ago.8 32 Consid-
ering the dynamic nature of slums, a more recent data 
would have been more informative of the SDoH factors 
which affect under- five health conditions. Despite this, 
we expect the findings which will obtained to be of great 
value since these datasets come from the most recently 
conducted slum surveys in both Bangladesh and Kenya.

Patient and public involvement
There will be no patient or public involvement in this 
study, as it is based on secondary data.

State date of the analyses
September 2021.

Anticipated end date
March 2022.

ETHICS AND DISSEMINATION
The study will use secondary data from the Nairobi Cross- 
sectional Survey 2012 (NCSS 2012) and Urban Health 
Survey (UHS 2013) which excludes any participant 
identifiers. Ethical approval for the NCSS 2012 study 
was obtained from the Kenya Medical Research Insti-
tute’s Ethics Review Committee.8 For UHS 2013, ethical 
approval was obtained from the Bangladesh Medical 
Research Council and the Institutional Review Board at 
the School of Public Health, University of North Caro-
lina at Chapel Hill.32 This work as part of ARISE will 
be used in shaping actions to improve slum health for 
under five in Bangladesh and Kenya.53 Finding from 
these studies will be in published peer- reviewed journals 
and presented in international conferences. Analyses will 
be presented to policy makers and stakeholders of slum 
health throughout the course of ARISE project.
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