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Abstract

Introduction

Several studies have shown that residents of urban informal settlements are usually excluded and
marginalised from formal social systems and structures of power leading to disproportionally worse
health conditions compared to other urban dwellers. To promote health equity for slum dwellers,
requires an understanding of how their lived realities shape inequities especially among under-fives
who tend to have a higher mortality compared with non-slum children. In this proposed study, we
aim to examine how key social determinant factors combine to affect under-five health conditions,
who live in informal settlements 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. We will apply
multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA) which provides
a feasible way of measuring multiple interactions in an intersectionality perspective on children’s
health conditions. The MAIHDA approach will help us to understand how social determinants
intersect with individual factors that shape intersecting inequities to create unique positions of
vulnerability for children under five in informal settlements.

Implication and dissemination

The findings from this study will contribute action for promoting policies and intervention strategies
for health equity among vulnerable under-five living in informal settlements. In addition, it will
bridge the gap between intersectionality theory and application of statistical methods in
understanding health inequalities in informal settlements. We will disseminate our results alongside
the events organized by the Accountability and Responsiveness in Informal Settlements for Equity
(ARISE) consortium and international conferences. Manuscripts will be submitted to an open-access
international journal. 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.

Key words: Informal settlements, under-five, social determinants, health, intersectionality, MAIHDA
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Introduction

People in urban informal settlements face disproportionally worse health conditions compared to
other urban dwellers (1). Health conditions are shaped by social determinants—the social
characteristics in which living takes place (2). Critically, social determinants help shape social
hierarchies that in turn determine the distribution of power, prestige, and resources among groups
in society (3). Informal settlement dwellers are usually excluded and marginalised from formal social
systems and structures of power, which denies them rights to access resources, which leads to
health inequities (1, 4). Empowerment of informal settlement dwellers coupled with investments in
health systems and infrastructure is required to attain health equity, particularly amongst socially
vulnerable groups (5). In turn, this makes empowered informal settlement dwellers accountable
because they have increased collective control over the factors that shape their health.

Lack of data that represent the population in informal settlements across cities has been identified
as a major hindrance to answering questions critical to the health needs of the slum dwellers (who
constitute most of city dwellers). 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 (6, 7). Currently, 22.8% of the world’s population live in slums, and over 90% of slum
dwellers live in low and middle income Countries (LMICs), including hundreds of millions of children
(8, 9). Despite aggregated statistics showing improved mortality and health outcomes in urban
areas, studies show that children in slums experience worse health outcomes than other areas of
city and rural areas (6, 10-13).This is because informal settlements 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 (14-16). For
example, infants who live in informal settlements without piped water may have been shown to
experience up to 4.8 fold higher rates of death from diarrhea (15). Since the health of children,
particularly those under five years old, depends greatly on health and wellbeing of their mothers and
families and the broad social determinants 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(14). To fill the knowledge gap and inform such action, we will systematically examine how
various social determinant factors intersect with individual factors to affect the health of under-five
children living in informal settlements in (LMICs), through an intersectionality lens.

Social determinants of health are defined based on the commission for social determinants of health
(CDSH) framework which classifies them in three main groups:1) the socio-political context; 2)
structural determinants and socio-economic status; and 3) intermediary determinants (2, 17, 18).
Socio-political refers to those factors in society that cannot be directly measured at the individual
level, but which exert a powerful influence on patterns of social stratification and thereby
influencing people’s health (18). Socio-political factors include labour market, education system and
political institutions. Structural determinants are those that generate or reinforce stratification in
society, and that define individual socio-economic status within hierarchies of power, prestige, and
access to resources (2). Aspects of socio-economic status include income, age, education,
occupation, gender, sex, race/ethnicity, sexuality, disability, and social class. On the other hand,
intermediary social determinants of health are those factors which socio-economic status operates
through to shape health outcomes of individuals and are grouped into four main categories. They
are: 1) material circumstances (e.g., housing and neighborhood quality, consumption potential, and
physical work environment), 2) psychosocial circumstances (i.e., relationships, social support, and
coping styles), 3) behavioral/biological circumstances (i.e., nutrition, physical activity, tobacco
consumption, alcohol consumption, substance abuse), and 4) health system, particularly access to
health care. Any attempts to address health inequalities especially among the vulnerable and
marginalised must focus on understanding how these multiple social determinants interact with
individual factors to shape health inequalities.
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An intersectionality lens provides a systematic approach to examining every person’s health
outcome as fundamentally different from those of others, based on their unique positioning within a
web of interacting social determinants (18-21). It assumes that various social determinants of health
interact and change through time to present unique circumstances for individuals or population
groups. Therefore intersectionality allows us to account for the complexity of the real world in
understanding how different social determinants 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 (21, 22). This is achieved by using multilevel analysis of individual heterogeneity and
discriminatory accuracy (MAIHDA) that aims to identify intersectional effects by identifying social
groups from multiple interactions that are discriminated and disadvantaged than would be expected
in absence of these interactions (23). Moreover, an intersectional approach enables us to
understand the drivers of health inequities in the context of how individual identities interact with
social determinants to promote/rectify health inequalities in dynamic ways in among under-five
living in informal settlements (20, 21).

The choice to use intersectionality theory to understand health inequalities for under-five in slums is
based on the conceptual framework developed by Accountability and Responsiveness in Informal
Settlements for Equity (ARISE) consortium (24). ARISE uses intersectionality theory to analyse and
address complex, social economic and political systems that shape health and wellbeing among
marginalised urban populations. In our context, intersectionality theory enables critical
understanding of power that explain how the multiple social processes and individuals’ factors
interact to shape health conditions for under-five children who live in informal settlements. In turn,
this will contribute to a better understanding of the social context of health for under-fives living in
informal settlements. The ARISE consortium works with community members in informal
settlements, often as co-researchers, to not only conduct research, but to also respond to the health
and well-being challenges facing those living in informal settlements. The findings from our
secondary data analysis will inform the work of the ARISE teams in shaping actions to improve health
in informal settlements in Bangladesh and Kenya. ARISE also works in India and Sierra Leone,
however Bangladesh and Kenya were selected as these were the only two ARISE countries where
secondary data that included spatial categorisations of informal settlement was freely available.
These two countries are also good examples of rapidly urbanising contexts and allow exploration of
the different regional contexts of sub—Saharan African and South Asia.

Aim

We explore how social determinants influence under-five children health conditions among dwellers
in informal settlements within an intersectionality framework. The findings will inform how
individual 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 social determinant and
individual factors affect health conditions of under-five children in informal settlements within an
intersectionality framework.

Data

In the proposed analysis, we consider that health conditions of under-fives living in informal
settlements depends on their demographics, head of household/mothers’ demographics and socio-
structure characteristics (see Figure 1). We are examining age and sex for under-fives since they
have been shown to be determinants of childhood morbidity (25). Moreover, under-five health
conditions are closely related to the health and wellbeing of mothers and head of households which
affects their ability to provide safe places for under-fives to grow and live (14, 25). Finally, social-

For peer review only - http://bmjopenl.lbmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

structure characteristics tend to induce higher or lower prevalence of under-five health conditions
since they determine the ability of household to adopt preventive strategies at a given time (18, 26).
For example, recent urban migration (i.e. within the last year) has been associated low immunisation
rates among under 5 children (27), limited access to health care (28, 29).

Figure 1

In Figure 1, the arrows from under-five child demographics, head of household/mother’s
demographics and socio-structure characteristics to health conditions represent the hypothesised
direct association of social determinants on under-five’s health conditions. Specifically, we consider
the four health conditions for under-five children: 1) fever, 2) cough, 3) diarrhea, 4) acute respiratory
infection (ARI) because they are the most prevalent among children living in informal settlements
(10, 14, 30). Their higher prevalence is caused by poor characteristics of physical environment such
as poor water drainage, inadequate access to safe water, open sewers, and overcrowding (31). In
addition, these health conditions are exacerbated by poor hygiene practices, higher levels of
malnutrition and lower immunisation coverage among under-five living in informal settlements (32-
36). Considering that health priorities and contexts are different across cities and countries, separate
analyses and will be done for Bangladesh and Kenya resulting in two distinct publications. These
studies will use cross-sectional data from the Nairobi Cross-section Slums Survey (NCSS) 2012 for
Kenya and Urban Health Survey 2013 for Bangladesh, as these were the current disaggregated
datasets for slum surveys in both Bangladesh and Kenya. Disaggregated datasets were not available
in other countries (India and Sierra Leone), where field activities for ARISE project are being
implemented. However, the project team assumes that the outcome will inform all country contexts,
as informal settlements in country contexts have almost similar characteristics.

Nairobi Cross-section Slums Survey (NCSS) 2012

The NCSS 2012 was collected by the African Population and Health Research Center (APHRC) from all
informal settlements in Nairobi between June and November 2012 (6). A two-stage random
sampling methodology was used and a total of 5,490 households and 4,420 women aged 12-49
years were successfully interviewed yielding a response rate of 88 and 86 percent respectively. We
are interested in women because their questionnaire contained a module on child’s health, where
we are to obtain our health outcomes of interest. A total of 2,199 children’s data aged under 5 years
was provided in the women’s questionnaire.

In this study we consider three health conditions for children: 1) whether a child had fever or not, 2)
whether a child had cough or not, and 3) whether a child had diarrhea or not. ARl is not available in
the (NCSS) 2012 and will therefore not be considered. The predictor variables to be considered in
the analysis are classified into three categories: 1) children’s demographics (i.e., age and sex), head
of household characteristics (i.e., sex, ethnic group, and age group) and 3) social structure
characteristics in the household (i.e., wealth quintile, length of stay, religion, education, tenure, food
availability, health insurance, income generating activity and catastrophic health costs at 40%
threshold). The wealth quintile 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) (6). Catastrophic health
expenditure was computed using the empirical methodological procedure used by (37) and 40%
threshold was informed by (38) (see Figure 2).

Figure 2
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Bangladesh Urban Health Survey (UHS) 2013 data

The Urban Health Survey (UHS) 2013 is a representative cross-sectional household survey
implemented jointly by National Institute of Population Research and Training (NIPORT), Measure
Evaluation, University of North Carolina at Chapel Hill, USA, icddr,b and Associates for Community
and Population Research, a Bangladeshi private research agency (39). The survey collected
information designed to examine intra-urban differentials in heath 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 proposed analysis will only include the domain of city corporation slum since
our interest involves investigating social processes which drive health inequalities in informal
settlements. In addition, we will consider the women subsample from the Survey because their
guestionnaire contained a module on child’s health and nutrition. The number of households
selected in the domain of city corporation slum were 15,750 and those interviewed 14,806 yielding a
response rate of 94 percent. A total of 14,702 women were eligible for interview and 14,011 were
interviewed yielding a 95% response rate.

We considered 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 acute respiratory infection (ARI) or not. ARl is a
cough accompanied by short, rapid, or difficult breathing which is chest related and usually
considered as a proxy for pneumonia. Diarrhea will not be considered because it is not available in
the (UHS) 2013.The predictor variables to be considered in the analyses are classified into four
categories: 1) children’s demographics (i.e., age and sex), 2) mother’s demographics (i.e., religion,
age, highest level of education, employment status), 3) head of household demographics (i.e., sex,
and age) and 4) social structure characteristics in the household (i.e., wealth quintile, fuel used for
cooking, garbage disposal method and length of stay) (see Figure 3). Wealth quintile index was
constructed using principal components analysis (PCA) based on the following variables: dwelling
characteristics 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, refrigerator, electric fan, and automobile), and two indicators of housing
tenure (whether the household held title to the dwelling and/or the land).

Figure 3

Statistical methods

The effects of social determinants on children’s health outcomes in informal settlements through an
intersectionality lens will be assessed using inter and intra categorical analysis technique known as
multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA) (19-21).
MAIHDA aims to primarily identify intersectional effects by identifying groups that are advantaged
than would be expected in the absence of interaction by distinguishing between additive and
interaction effects (40, 41). This allows consideration of both group averages and multilevel variation
within and between groups by decomposing the mean outcome for any intersectional group into the
additive effects of attribute at each intersection, and additional intersectional effect specific to that
group. MAIHDA therefore, allows multiplicative modelling of health inequalities at the intersection
of multiple social determinants by analysing the heterogeneity (i.e. differences) within and between
intersectional social determinants groups by separating variance (i.e. the measure of variation) into
— the between-strata (i.e. between category) and the within - strata (i.e. within category) variance

For peer review only - http://bmjopen6.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 8 of 18

(40). MAIHDA also allows quantification of discriminatory accuracy (DA) of the intersectional group
by discerning those who have an outcome of interest from those who don’t using Variance
Partitioning Coefficient (VPC) and the area under the receiver operating characteristic curve (AUC)
(40-42). VPC represents the proportion of the total individual variance in the outcome of interest
that is accounted for at the intersectional level (43, 44). On the other hand, AUC measures the
ability of the model to classify individuals with or without outcome of interest as a function of
individual’s predicted probabilities (43, 44).

The advantage of MAIHDA that we can look at intersectionality as a mix of both marginalisation and
privilege (40, 42, 45). Generally, an interaction-based 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, multilevel models do not face the issues of scalability (i.e., a model’s inability to
accommodate an increase in the number of variables included), model parsimony (i.e., 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) (41, 46). If
desired, we can extend this multilevel framework into a multivariate multilevel model to analyse
more than two health outcomes simultaneously, especially for health conditions which occur
concurrently affecting other aspects of life (47, 48).

Multilevel models which are mainly used when modelling clustering of individuals based on some
shared attributes such as neighborhood, school, or household, among others. The adoption of
multilevel models is therefore motivated by the fact that clustering of individuals can also include
abstract groupings such as a set of social determinants or processes associated with their
intersectional social identities and individual characteristics. As an illustrative example, consider
investigating the effects of child’s age (i.e., up to 1 year, 2 to 3 years., 4 to 5 years), child’s sex (i.e.,
female or male), head of household education (none, primary, secondary and higher), sex of the
head of household (i.e., male or female), age of the head of household (i.e., 18-25 years, 26-32
years, 33-40 years, >40 years) and household covered by health insurance (yes or no). Using the six
variables and their corresponding categories: child’s age (3), child’s sex (2), head of household
education (3), head of household sex (2), head of household age (4) and household health insurance
(2) we can create 288 groups/strata. The first stratum can consist of a child who is a female, aged up
to 1 year and less, coming from a household whose head is a female, aged 18-25 years and with no
education and the household is not covered by health insurance, and the process continues until all
the children at level 1 are nested within the groups/strata (N = 288 ) at level 2. This means that
children at level 1 who share similar categories of social processes end up being in the same
group/stratum at level 2.

To capture differences in disparities in children health conditions between different groups, for
example - males and females, we can assess child’s sex-specific effects through their interactions
with child ‘s age, head of household’s sex, age and education and household’s health insurance using
fixed effects model. However, fixed effects model formulation only addresses interactions between
child’s sex and each of the other five variables. If we were to consider all possible interactions
among the six variables, we will have 288 interaction terms in the regression model which may
result in the model having parsimony and scalability issues due to geometrical growth of coefficients
as more variables are included in the model. In addition, it would be difficult to interpret the results
and reduced sample size in some interaction groups may influence whether an effect size is
determined or not (41, 46, 48). However, we can overcome these limitations of fixed effects models
by applying MAIHDA approach (41), by treating social strata/groups defined by child’s age and sex,
head of household sex, age and education and household’s health insurance as clusters (Appendix
Eqg. 6).
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In MAIHDA approach, we capture the unique interaction effect for each social group/stratum (i.e.,
social strata -specific differences in child’s diarrhea) while accounting for sample size differences for
each social stratum/group (40, 41). This implies that MAIHDA provides a feasible way of measuring
multiple interactions and analysing groups of small size in an intersectionality perspective. This
improves understanding of diverse distribution and determinants of individual health in the
population and social processes that drive health inequalities.

The model can even be extended to include more than two health conditions in a multivariate
multilevel model (47, 48). This model explicitly evaluates the covariance (i.e., a measure of joint
variability of two random variables) between different social strata and health conditions which
allows us not only to draw conclusions about social group-specific differences but also correlations
between health conditions (Appendix Eq. 9). This is desirable since we assume that they capture
related, though distinct, health constructs.

Limitation of this proposed study is that datasets which will be used were collected over eight years
ago (6, 39). Considering the dynamic nature of informal settlements, a more recent data would have
been more informative of the social processes which affect under-five health conditions. Despite
this, we expect the findings obtained to be of great value since these datasets come from the most
recently conducted slum surveys in both Bangladesh and Kenya.

Conclusion

To conclude, the proposed analysis framework will allow investigation of effects of social
determinants on under-five health conditions in informal settlements through an intersectionality
lens. The exploration of these determinants in the two different country contexts will provide
insights on differences and similarities dependent on context and extent of urban transition.
Knowledge gained on how social determinants interact to impact on multiple aspects of health in
under-fives in informal settlements will ultimately contribute to the overall aim of ARISE by
informing action for promoting policies and intervention strategies for health equity for vulnerable
under-five living in informal settlements. Moreover, our proposed approach will bridge the gap
between intersectionality theory and application of statistical methods in understanding health
inequalities in informal settlements.
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Figure 1: Flow diagram to understand associations between under-five demographics, head of
household/mothers’ demographics, socio-structure characteristics, and under-five health conditions.
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Figure 2: Children health conditions sociodemographic characteristics in the Nairobi Cross-section slums
survey (NCSS) 2012.
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Figure 3: Children health conditions and sociodemographic characteristics in the Bangladesh Urban Health
Survey (UHS) 2013
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Supporting information: Statistical methodology details

Let us consider the case where we are interested in investigating effects of child’s age (i.e., upto 1
year and less, 2 to 3 years., 4 to5 years), child’s sex (i.e., female or male), head of household sex (i.e.,
male or female), head of household education (none, primary, secondary and higher), head of
household age (i.e.,18-25 years, 26-32 years, 33-40 years., >40 years) and household health
insurance (yes or no) on children’s diarrhea in slums.

Let y; denote a binary health outcome (i.e., diarrhea) for child i(i = 1,...,i) where,

__ [ 0 absence of diarhea
Yi= 1 Presence of diarrhea Ea.(1)

y; is assumed to follow a Bernoulli distribution, with probabilities ; = Pr(y; = 0) the probability of
child i having no diarrhea and 1 — m; = Pr(y; = 1) the probability of child i having diarrhea. Let X1;
represent child sex, X;; represent child’s age, X3;represent head of household sex, X,4; represent
head of household education, Xs; represent head of household age and X¢; represent household
health insurance. These six variables represent our explanatory variables. Logistic regression is
appropriate for modelling binary (two category) outcomes such as whether a child has diarrhea or
not.

The fixed effects logistic regression model for investigating how child sex, child age, head of
household sex, head of household education, head of household age and household health
insurance are additively associated with child’s diarrhea is represented in equation 1 “Eq. (2)".

T;
log(?ni) = Bo+ B1X1i + BoXo1i + B3X22i + BaXzi + BsXari + BeXazi + B7Xs51: + BeXs2i + BoXss
+ B10Xei Eq.(2)

Eg. (2) estimates the associations of child sex, child age, head of household sex, head of household
education, head of household age and household health insurance with child’s diarrhea additively
(i.e., explanatory effects) and does not accommodate for interactions with each other. In order, to
capture specific effects between different groups, for example, child’s sex (i.e., males or females),
we can assess sex-specific disparities in diarrhea through their interactions with child age, head of
household sex, head of household education, head of household age and household health
insurance.

Eg. (2) can thus be expanded to include interaction terms, as presented as follows in Eq. (3):

Tt
lOg(fm) = Bo + B1X1i + B2Xo1i + B3Xz2i + BaXzi + BsXari + BeXazi + B7X51i + BeXs2i + BoXssi

+ B10Xe6i + B11X21:X1i + B12X22iX1i + B13X3:X1i + B14X41:X1i + B15X42iX1i + B16X51:X1i + B17X 52
X1;+ B18X53:X1; + B19X6iX1; Eq. (3)

wheref11 to 19 are interaction coefficients between child’s sex and other explanatory variables in
Eg. (2). Not only does Eq. (3) allow for an analysis that considers the association of child’s sex in
getting diarrhea but also uncovers how other factors that create and sustain diarrhea may differ
based on the sex of child. However, Eq. (3) only addresses interactions between child’s sex and the
other five variables and if we were to consider all possible interactions among the six variables, we
will have a total of 288 fixed effects in the logistic model. The higher number of fixed effects may
lead to issues with scalability (i.e., a model’s inability to accommodate an increase in the number of
variables included), model parsimony (i.e., a simple model not having great explanatory predictive
power) and reduced sample size in some intersectional groups which may influence whether an
effect is determined is determined or not. In addition, it would be difficult to interpret 288 fixed
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effects. We can overcome these issues by using multilevel analysis of individual heterogeneity and
discriminatory accuracy (MAIHDA) approach.

Multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA)

Now, let us consider the case where we are interested in investigating effects child’s age (i.e., up to
1 year and less, 2 to 3 years., 4 to5 years), child’s sex (i.e., female or male), head of household sex
(i.e., male or female), head of household education (none, primary, secondary and higher), head of
household age (i.e.,18-25years, 26-32years, 33-40 years, >40years) and household health insurance
(yes or no) on the outcome diarrhea using MAIHDA. The first step in this approach involves creating
groups/strata based on the categories of the social determinants factors we are interested in. This
means that children at level 1 who share similar categories of social determinants factors will end up
being in the same group/strata at level 2. Therefore, we will have individuals at level 1 nested within
288 groups at level 2.

Therefore, let y;; denote a binary health outcome (i.e., diarrhea) for child i(i = 1,...,n) in groups j
(j=1,..,N) where,

_ (0 absence of diarrhea
Yij =11 Presence of diarrhea Eq.(4)

yij is assumed to follow a Bernoulli distribution, with probabilities m;; = Pr(yl-j =0) the probability
of child i from group j having no diarrhea and 1 — 7;; = Pr(y; = 1) the probability of child i from
group j having diarrhea. Let X1;; represent child sex, X3;; represent child’s age, X3;;jrepresent head
of household sex, X4;; represent head of household education, Xs;; represent head of household age
and Xe;; represent household health insurance.

The fixed effects logistic regression model for investigating how child sex, child age, head of
household sex, head of household education, head of household age and household health
insurance are additively associated with child’s diarrhea are additively associated with diarrhea can
be extended to incorporate groups/strata as represented in Eq. (6)

T
109(1 _]T[i/) = Bo + B1X1ij + B2X21ij + B3X22ij + BaX3zij + BsXarij + BeXa2ij + B7X5145 + BeXs2i + Bo
Xs3ij + B10Xeij  EQ.(5)

Equation 5 can be extended by taking the MAIHDA approach {Merlo, 2018 #375} by treating social
groups defined by child sex, child age, head of household sex, head of household education, head of
household age and household health insurance as clusters which are associated multiplicatively with
a child developing diarrhea or not. Therefore Eq. (5) can be extended to:

Ty
109(1 _],TU.) = Bo + B1X1ij + B2X21ij + B3X22ij + BaX3zij + BsXa1ij + BeXa2ij + B7X5145 + BeXs2i + Bo
Xs3ij + B1oXeij +1o;  Eq.(6)

where S is the intercept and ,uoj~N(0,0!2}mup) represents the group level residual which is normally
distributed with mean 0 and variance aémup. Assuming no omitted variable bias, the group level
residual uo; captures the unique interaction effect for each social group/strata (i.e. social groups -
specific differences in diarrhea) while accounting for sample size differences for each social group.
The relevance of the intersectional strata for understanding individual heterogeneity is evaluated
using Variance partitioning Coefficient (VPC) also known as intraclass coefficient (which also informs
on the discriminatory accuracy of the intersectional categorisation for distinguishing children with
diarrhea from those without.
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2
O group

IcC = ( ) Eq. (7)

05roup + 3.29

where the value 3.29 is the variance for the standard logistic distribution (1).

If desirable, this model can be further extended to include more than two health outcomesin a
multivariate multilevel model (2). For example, let’s assume that respondents (level 2), social group
(level 3) j, with h health outcome variables, y1,....yn (i.e., h = 1,..,m)at level 1 and x;; explanatory
variables (i.e., k = 1,..,p). The outcome variable is denoted as y;; which is the outcome on the h’th
health variable for respondent i in social group j. Another useful feature of multivariate multilevel
model is that we can account for missing health outcomes not recorded for some respondents by
assume that missingness is due to missing at random (MAR) (2). That is, conditionally given the
observed data, the missingness indicators are independent of the unobserved data (3).

We can define the complete data vector for the m health outcomes by combining them into a single
outcome variable yp;jas

Yhij = W1ij-Ymip)  Eq. (8)

In addition, we also create dummy variables dy,...,d,, which are defined for h = 1,...,m,
dsnij = {1(h=s)0(h#s) Eq.(9)

where dummy variable dj, is 1 or 0, depending on whether the data line refers to outcome variable
yp or to one of the other health outcome variables. With these dummies, the random intercept
model Eq. (6) for the m health outcomes can be defined as

Yhi = 2o Bossnij + 2y, _ 1 X Brs@sniX'kij + . — Hosjshis Eq. (10)

where all variables including the constant are multiplied by the dummy variables dp;;. Bosis the
intercept, x’ki]-is a vector of social determinants variables with coefficient vector  while pu; is a
group level residual which follow a multivariate normal distribution 2 = Cov(uoj). Therefore, Eq.
(10) represent the multivariate data in a multilevel approach with level 1 being health outcomes
variables indexed by h = 1,..,m, level 2 represents respondents i = 1,..,n;, and level 3 represents
social group defined by social determinants variables. This set up

models explicitly the covariance between different social groups and health outcomes which allows
us not only to draw conclusions about social group-specific differences but also correlations
between health outcomes are desirable since we assume that they capture related, though distinct,
health constructs.
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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 conditions 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 (i.e., 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. The analysis sample will be
based on complete case analyses with variables to be included in the analyses will be selected via
univariate analyses. We will apply Multilevel Analysis of Individual Heterogeneity and Discriminatory
Accuracy (MAIHDA) to explore multiple interactions in an intersectionality perspective on children’s
health conditions. Some of SDoH characteristics to be considered will include child’s age and sex,
head of household characteristics such as sex and age and social structure characteristics of
household such as wealth index, residence status among others. The primary outcome measures will

be diarrhea, cough, fever, and acute respiratory infection (ARI).

Ethics and dissemination

The results will be disseminated in international peer-reviewed journals and presented in events
organized by the Accountability and Responsiveness in Informal Settlements for Equity (ARISE)
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

Key words: Informal settlements/slums, under-five, social determinants of health, intersectionality,

MAIHDA
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Strength 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 year olds (0-4 years) living in Nairobi and Dhaka slums within
intersectionality framework using MAIHDA 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 global south which contain SDoH that
shape health inequalities among urban dwellers.

The passage of time since conduct of NCSS 2012 and UHS 2013: the data are over nine years

old and will need to be interpreted cautiously due the dynamic nature of slums.
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Introduction
People in urban informal settlements also known as slums face disproportionally worse health

conditions compared to 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, overcrowding, and insecure residential status (2). Health conditions are shaped by Social
Determinants of Health (SDoH) - characteristics in which living takes place (3). Critically, SDoH help
shape social hierarchies that in turn determine the distribution of power, prestige, and resources
among groups in society (4). Slum dwellers are usually excluded and marginalised from formal social
systems and structures of power due to legal informality of their dwellings, 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
population groups due to their differences in SDoH (6). Empowerment of slum dwellers coupled with
investments in health systems and infrastructure is required to reduce health inequities particularly
amongst socially vulnerable groups (7). In turn, this makes empowered slum dwellers accountable

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
population live in slums, and over 90% of slum dwellers live in low and middle income Countries
(LMICs), including hundreds of millions of children (10, 11). Aggregated statistics show that child
mortality and health outcomes in rural and urban areas in low and middle income countries have
improved between 2000 and 2014 (12). However, during the same period, studies have shown that
children in slums tend to experience 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 diarrhea
(18). Since the health of children, particularly those under five years old (i.e. 0-4 years), depends
greatly on health and wellbeing of their mothers and families 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 informal settlements in (LMICs), through an
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intersectionality lens. The health conditions which will be considered include diarrhea, cough, fever,

and acute respiratory infection (ARI) which mostly affect under-five children in slums(20).

SDoH are defined based on the commission for social determinants of health (CDSH) framework
which classifies them into structural and intermediary determinants (3, 21). Structural 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 (e.g., housing and neighborhood quality,
consumption potential, and physical work environment), 2) psychosocial circumstances (i.e.,
relationships, social support, and coping styles), 3) behavioral/biological circumstances (i.e.,
nutrition, physical activity, tobacco consumption, alcohol consumption, substance abuse), and 4)
health system, particularly access to health care. Any attempts to address health inequalities
especially among the vulnerable 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 fundamentally different from those of others, based on their unique positioning within a
web of interacting social determinants (3, 22-25). It assumes that various SDoH interact and change
through time to present unique circumstances 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 (24, 26). This is achieved
by using Multilevel Analysis of Individual Heterogeneity and Discriminatory Accuracy (MAIHDA) that
aims to identify intersectional effects by identifying social groups from multiple interactions that are
discriminated and disadvantaged than would be expected in absence of these interactions (27-30).
Moreover, an intersectional approach enables will us to understand the drivers of health inequities
in the context of how individual identities interact with SDoH to promote/rectify health inequalities

in dynamic ways in among under-five living in slums (23, 24).
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Aim

We explore how SDoH influence under-five children health conditions among dwellers in slums
within an intersectionality framework. The findings will inform how individual 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 conditions (i.e., diarrhea, 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 and Kenya are planned. This is informed by the differences in health priorities and
contexts across cities (i.e., Dakar and Nairobi) resulting in two distinct publications for Bangladesh
and Kenya. 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 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 conditions for under-
five and discussions with researchers from where the data were collected (12, 20, 31-36). These
variables include age and sex for under-fives which have been shown to be determinants of
childhood morbidity (12, 32). Moreover, under-five health conditions 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 (20, 33, 35). The poor hygiene practices in slums which are associated with
poor water drainage, inadequate access to safe water, open sewers, and overcrowding also
exacerbates health conditions for under-five (37). Finally, higher levels of malnutrition and lower

immunisation coverage among under-five living in slums leads to their poor health (31, 38-41).

Nairobi Cross-section Slums Survey (NCSS 2012)
The NCSS 2012 data were collected by the African Population and Health Research Center (APHRC)

from all informal settlements in Nairobi between June and November 2012 (8). The sample to be

included in the survey was calculated based on the percentage of under-five children with diarrhea
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in the two weeks preceding to the survey using a margin of error of 0.03, design effect of 1.50 and
critical value of a=0.05 (8). A two-stage random sampling methodology was used and a total of 5,490
households and 4,420 women aged 12-49 years were successfully interviewed yielding a response
rate of 88 and 86 percent respectively. We are interested 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. A total of 2,199

children’s data aged under 5 years were provided in the women’s questionnaire.

In this study we consider three health conditions for children: 1) whether a child had fever or not, 2)
whether a child had cough or not, and 3) whether a child had diarrhea or not. The explanatory
variables to be considered in the analysis are classified into four categories: 1) children’s
demographics (i.e., age and sex), head of household characteristics (i.e., sex, ethnic group, education
and age), 3) child’s mother characteristics (i.e. age) and 4) social structure characteristics in the
household (i.e., wealth index, length of stay, religion, education, tenure, food availability, health
insurance, income generating activity, disability and catastrophic health costs) (see Figure 1).
Catastrophic health expenditure will be computed using the empirical methodological procedure
used by (42) and we will take a 40% threshold which is informed by (43). The wealth index was
generated by data provider 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) (see Figure 1).

Figure 1

Bangladesh Urban Health Survey (UHS 2013)
The Urban Health Survey (UHS) 2013 is a representative cross-sectional household survey

implemented jointly by National Institute of Population Research and Training (NIPORT), Measure
Evaluation, University of North Carolina at Chapel Hill, USA, icddr,b and Associates for Community
and Population Research, a Bangladeshi private research agency (44). The survey collected
information designed to examine intra-urban differentials in heath 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 sample was calculated based on the percentage of all births in the three
years preceding the date when the survey was delivered using a margin of error of 0.03 which is
equivalent to 24% relative difference (95% Cl of 20.6-27.4) (44). Participation was voluntary and no

compensation or financial incentive was offered. The proposed analysis will only include the domain
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of city corporation slum since our interest involves investigating social processes which drive health
inequalities in informal settlements. In addition, we will consider the women subsample from the
survey because their questionnaire contained a module on child’s health and nutrition. The number
of households selected in the domain of city corporation slum were 15,750 and those interviewed
14,806 yielding a response rate of 94 percent. 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 acute respiratory infection (ARI) or not. ARl is
a cough accompanied by short, rapid, or difficult breathing which is chest related and usually
considered as a proxy for pneumonia. Diarrhea will not be considered because it is not available in
the UHS 2013. The explanatory variables to be considered in the analyses will be classified into four
categories: 1) children’s demographics (i.e., age and sex), 2) mother’s demographics (i.e., religion,
age, highest level of education, employment status, ever attended school, and marital status), 3)
head of household demographics (i.e., sex, and age) and 4) social structure characteristics in the
household (i.e., wealth index, dwelling ownership, land ownership, cooking fuel, garbage disposal
method, kitchen type, house type and division) (see Figure 2). Wealth index was constructed by data
provider using principal components analysis (PCA) based on the following variables: dwelling
characteristics 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, refrigerator, electric fan, and automobile), and two indicators of housing

tenure (whether the household held title to the dwelling and/or the land).
Figure 2
Table 1 presents a summary of variables which will be considered for analyses for both NCSS 2012

and UHS 2013. The differences in outcome and explanatory variables in NCSS 2012 and UHS 2013

also informed the need for separate analyses for Kenya and Bangladesh.
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Table 1: List of outcome and explanatory variables for both NCSS 2012 and UHS 2013

NCSS 2012 UHS 2013

Variables Variables
Health diarrhea, fever, cough fever, cough, acute respiratory
conditions infection (ARI)
Under-five age, sex age, sex
demographics
Head of age, sex, education, ethnic group age, sex, education, marital status
household
characteristics
Child’s mother age age, marital status, ever attended
characteristics school, highest education,

employment, religion

Social structural  wealth index, length of stay, religion, wealth index, dwelling ownership,

characteristics income generating activity, tenure, land ownership, garbage disposal,
disability, food availability, health cooking fuel, kitchen type, migration
insurance and health catastrophic status, house type and division
costs

Statistical methods
The effects of SDoH on children’s health outcomes in informal settlements through an

intersectionality lens will be assessed using inter and intra categorical analysis technique known as
multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA) (19-21).
MAIHDA aims to primarily identify intersectional effects by identifying groups that are advantaged
than would be expected in the absence of interaction by distinguishing between additive and
intersectional/multiplicative effects (28, 45). This allows consideration of both group averages and
differences/variation within and between these groups by decomposing the mean outcome for any
intersectional group into the additive effects of attribute at each intersection, and additional

intersectional effect specific to that group.

MAIHDA therefore, allows multiplicative modelling of health inequalities at the intersection of
multiple SDoH by analysing the heterogeneity (i.e. differences) within and between intersectional
groups/strata by separating variance (i.e. the measure of variation) into — the between-strata (i.e.
differences across strata) and the within - strata (i.e. differences of individuals within a given
stratum) (45). MAIHDA also allows quantification of discriminatory accuracy (DA) of the

intersectional group by discerning those who have an outcome of interest from those who don’t
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using Variance Partitioning Coefficient (VPC) and the area under the receiver operating characteristic
curve (AUC-ROC) (27, 28, 45). VPC will quantify the share of the total individual variance in having a
health condition that is accounted for at the intersectional strata level with values higher than 5%
indicating an acceptable DA (46, 47). On the other hand, AUC-ROC measures the ability of the model
to classify individuals with or without health condition as a function of individual’s predicted
probabilities and is and is bounded between 0.5 and 1 (46, 47) ( see (Supplemental file) for details).
A value of 0.5 indicates that model predictions are no better than random guessing meaning that
predictor variables used in the model have no predictive power, while a value of 1 represents
perfect discrimination between under-five with or without health condition (49). In our proposed
analyses, AUC-ROC values greater than 0.7 and VPC greater than 5% will indicate an acceptable DA

and existence of intersectional effects.

The advantage of MAIHDA is that we will look at intersectionality as a mix of both marginalisation
and privilege (27, 29, 45). 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, multilevel models do not face the issues of scalability (i.e., a
model’s inability to accommodate an increase in the number of variables included), model
parsimony (i.e., 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) (28,
48). If desired, we can extend this multilevel framework into a multivariate multilevel model to
analyse more than two health outcomes simultaneously, especially for health conditions which

occur concurrently affecting other aspects of life (49, 50).

Multilevel models which are mainly used when modelling clustering of individuals based on some
shared attributes such as neighborhood, school, or household, among others. The adoption of
multilevel models is therefore motivated by the fact that clustering of individuals can also include
abstract groupings such as a set of SDoH associated with their intersectional social identities and
individual characteristics. As an illustrative example, consider investigating the effects of child’s age
(i.e., up to 1 year, 2 to 3 years., 4 to 5 years), child’s sex (i.e., female or male), head of household
education (none, primary, secondary and higher), sex of the head of household (i.e., male or
female), age of the head of household (i.e., 18-25 years, 26-32 years, 33-40 years, >40 years) and
household’s health insurance status (yes or no). Using the six variables and their corresponding
categories: child’s age (3), child’s sex (2), head of household education (3), head of household sex
(2), head of household age (4) and household’s health insurance status (2) we can create 288

intersectional groups/strata. The first stratum can consist of a child who is a female, aged up to 1
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year and less, coming from a household whose head is a female, aged 18-25 years and with no
education and the household is not covered by health insurance, and the process continues until all
the children at level 1 are nested within the groups/strata (N = 288 ) at level 2. This implies that
children at level 1 who share similar SDoH factors end up being in the same intersectional

group/stratum at level 2.

To capture differences in health disparities in children health conditions between different groups,
for example - males and females, we can assess child’s sex-specific effects through their interactions
with child ‘s age, head of household’s sex, age and education and household’s health insurance using
interaction-based fixed model. However, interaction -based fixed effects model formulation only
addresses interactions between child’s sex and each of the other five variables and not all
interactions (Supplemental file) Eq. 3. If we were to consider all possible interactions among the six
variables, we will have 288 interaction terms in the regression model which may result in the model
having parsimony and scalability issues due to geometrical growth of coefficients as more variables
are included in the model. In addition, it would be difficult to interpret the results and reduced
sample size in some interaction groups may influence whether an association is determined or not
(28, 48, 50). We will overcome this limitation of interaction-based fixed effects models by applying
MAIHDA approach (28). This involves treating social strata/groups defined by child’s age and sex,
head of household sex, age and education and household’s health insurance status as strata which
will used to explain whether health inequalities are shaped by different characteristics in each

stratum.

Using MAIHDA approach, we will capture the unique interaction/intersectional effect for each social
group/stratum (i.e., social strata -specific differences in child’s diarrhea) while accounting for sample
size differences for each social stratum/group by fitting two successive multilevel logistic regression
models (28, 45). The first model 1 will be used to assess whether there is significant clustering
within intersectional strata (Supplemental file) Eq. 6. Model 1 will not include any predictor variables
and will only have an intercept to estimate the mean health condition and a random effect to model

intersectional strata differences (i.e., variance).

Model 2 will be used to explore to which extent intersectional strata differences will be explained by
SDoH used in constructing intersectional groups. Model 2 will be an extension of model 1 and will
involve adjusting for variables used in constructing intersectional strata as fixed effects
(Supplemental file) Eq. 7. Fixed effects in model 2 will be used to estimate model regression
coefficients which will be presented as odds ratio and will describe the association between SDoH

variables and under-five health conditions. In the absence of intersectional strata differences, fixed
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effects used to construct strata are expected to completely explain intersectional strata differences

obtained in model 1 implying that strata random effects in model 2 will be equal to zero.

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 intersectional effects. This will imply
that under-five children living in slums from certain intersectional groups are more vulnerable to
adverse health conditions compared to other groups within an already marginalised slum
population. 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 (Supplemental file) Eg. 9. In the absence of any stratum specific interactions, the fixed effects
which will used to construct intersectional strata will completely explain the between stratum

variance and all stratum random effects will be equal to zero.

These models 1 and 2 can even be extended to include more than two health conditions in a
multivariate multilevel model (49, 50). This model explicitly evaluates the covariance (i.e., a measure
of joint variability of two random variables) between different social strata and health conditions
which allows us not only to draw conclusions about social group-specific differences but also
correlations between health conditions (Supplemental file) Eq. 11. 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 nine years
ago (8, 44). Considering 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.

Inclusion and exclusion criteria

The analysis will be based on complete case analyses. The choice of variables to be included in
constructing intersectional strata for each health condition will be selected by undertaking
univariate analyses (51). Only variables that will be significant (p<0.05) in the univariate analyses will
be used to construct intersectional strata with any correlations assessed using Cramér’s V to avoid

multicollinearity (52).

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
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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 Institute’s Ethics Review
Committee (8) . For UHS 2013, ethical approval was obtained from the Bangladesh Medical Research
Council (BMRC) and the Institutional Review Board (IRB) at the School of Public Health, University of
North Carolina at Chapel Hill (44). 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.

Data availability
NCSS 2012 data available from African Population Health Centre (APHRC) microdata portal upon

reasonable request https://aphrc.org/microdata-portal/ . The UHS 2013 are publicly available at the

website of University of North Carolina dataverse portal upon responsible request

https://dataverse.unc.edu

Supplementary materials
(Supplemental file)
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9 Figure 1: Children health conditions sociodemographic characteristics in the Nairobi Cross-section
10 slums survey (NCSS) 2012.

13 Figure 2: Children health conditions and sociodemographic characteristics in the Bangladesh Urban
14 Health Survey (UHS) 2013.
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Supporting information: Statistical methodology details

Let us consider the case where we are interested in investigating effects of child’s age (i.e., up to 1
year and less, 2 to 3 years., 4 to5 years), child’s sex (i.e., female or male), head of household sex (i.e.,
male or female), head of household education (none, primary, secondary and higher), head of
household age (i.e.,18-25 years, 26-32 years, 33-40 years., >40 years) and household health insurance
(yes or no) on children’s diarrhea in slums.

Let y; denote a binary health outcome (i.e., diarrhea) for child i(i = 1, ..., i) where,

0 absence of diarhea
e =1 / £q.(1)

1 Presence of diarrhea
y; is assumed to follow a Bernoulli distribution, with probabilities m; = Pr(y; = 0) the probability of
child i having no diarrhea and 1 — ; = Pr(y; = 1) the probability of child i having diarrhea. Let
X;irepresent child sex, X,; represent child’s age, X3;represent head of household sex, X,; represent
head of household education, X5; represent head of household age and Xg; represent household
health insurance. These six variables represent our explanatory variables. Logistic regression is
appropriate for modelling binary (two category) outcomes such as whether a child has diarrhea or

not.

The fixed effects logistic regression model for investigating how child sex, child age, head of household
sex, head of household education, head of household age and household health insurance are

additively associated with child’s diarrhea is represented in equation 1 “Eq. (2)”.

log (17_t_:rl) = Bo + B1X1i + BoXo1i + B3Xa2i + BaXzi + BsXari + BeXazi + BrXs1i + BeXs2i +

BoXs3i + B1oXei Ed.(2)

Eg. (2) estimates the associations of child sex, child age, head of household sex, head of household
education, head of household age and household health insurance with child’s diarrhea additively
(i.e., explanatory effects) and does not accommodate for interactions with each other. In order, to
capture specific effects between different groups, for example, child’s sex (i.e., males or females), we
can assess sex-specific disparities in diarrhea through their interactions with child age, head of

household sex, head of household education, head of household age and household health insurance.

Eq. (2) can thus be expanded to include interaction terms, as presented as follows in Eq. (3):
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log (:_:Tz) = Bo + P1X1i + B2X21i + B3X22i + BaXzi + BsXaxi + BeXazi + B7Xs1i + BsXszi +

BoXs3i + BroXei + B11X21iX1i + B12X22iX1i + P13X3iX1i + B1aX41iX1i + B15Xa2iX1i +
B16X51iX1i + B17X52iX1i + B1sXs3iX1i + B10X6iX1i EQ. (3)

wheref;; to ;19 are interaction coefficients between child’s sex and other explanatory variables in
Eqg. (2). Not only does Eq. (3) allow for an analysis that considers the association of child’s sex in getting
diarrhea but also uncovers how other factors that create and sustain diarrhea may differ based on the
sex of child. However, Eq. (3) only addresses interactions between child’s sex and the other five
variables and if we were to consider all possible interactions among the six variables, we will have a
total of 288 fixed effects in the logistic model. The higher number of fixed effects may lead to issues
with scalability (i.e., a model’s inability to accommodate an increase in the number of variables
included), model parsimony (i.e., a simple model not having great explanatory predictive power) and
reduced sample size in some intersectional groups which may influence whether an effect is
determined is determined or not. In addition, it would be difficult to interpret 288 fixed effects. We
can overcome these issues by using multilevel analysis of individual heterogeneity and discriminatory

accuracy (MAIHDA) approach.

Multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA)

Now, let us consider the case where we are interested in investigating effects child’s age (i.e., up to 1
year and less, 2 to 3 years., 4 to5 years), child’s sex (i.e., female or male), head of household sex (i.e.,
male or female), head of household education (none, primary, secondary and higher), head of
household age (i.e.,18-25years, 26-32years, 33-40 years, >40years) and household health insurance
(yes or no) on the outcome diarrhea using MAIHDA (1-3). The first step in this approach involves
creating groups/strata based on the categories of the social determinants factors we are interested
in. This means that children at level 1 who share similar categories of social determinants factors will
end up being in the same group/strata at level 2. Therefore, we will have individuals at level 1 nested

within 288 groups at level 2.

Therefore, let y;; denote a binary health outcome (i.e., diarrhea) for child i(i = 1,...,n) in groups

j (G =1,..,N) where,

Eq.(4)

0 absence of diarrhea
Yij = {

1 Presence of diarrhea

yij is assumed to follow a Bernoulli distribution, with probabilities 7;; = Pr(yi]- = 0) the probability
of child i from group j having no diarrhea and 1 — ;; = Pr(y; = 1) the probability of child i from

group j having diarrhea. Let X;;; represent child sex, X,;; represent child’s age, X3;;jrepresent head
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of household sex, X,;; represent head of household education, Xs;; represent head of household age
and X¢;; represent household health insurance.

The fixed effects logistic regression model for investigating how child sex, child age, head of household
sex, head of household education, head of household age and household health insurance are
additively associated with child’s diarrhea are additively associated with diarrhea can be extended to

incorporate groups/strata as represented in Eq. (6)

TTij
log (1_7;]_) = Bo + B1X1ij + B2Xz1ij + BsX22ij + BaX3zij + BsXarij + BeXazij + B7Xs145 +

BsXs2ij + BoXs3ij + B10Xeij EQ.(5)

Equation 5 can be extended by taking the MAIHDA approach {Merlo, 2018 #375} by treating social
groups defined by fixed effects (i.e. child sex, child age, head of household sex, head of household
education, head of household age and household health insurance) as intersectional strata which are
associated multiplicatively with a child developing diarrhea or not. In this model we exclude all fixed

effects. Then we have:

tog (75) = By +uo;  Ea.(6)

1—7'[”

where B, is the intercept and y0j~N(0, agzmup) represents the random intercept for the
intersectional stratum level residual which is normally distributed with mean 0 and variance crlf. Eq.
(6) include predictor variables, so the intersectional stratum random effect captures both the main
effects of SDH used to define intersectional strata and their interactions. Assuming no omitted variable
bias, the intersectional strata level residual uy; captures the unique interaction effect for each
intersectional strata (i.e., intersectional -specific differences in health condition) while accounting for
sample size differences for each social group.

Equation 6 can be extended into Eq. 7 by including fixed effects (i.e., child sex, child age, head of
household sex, head of household education, head of household age and household health insurance)
used in construction intersectional strata) as predictor variables and takes the form. Therefore Eq. (7)

takes the form

TTij
log (1__7;]) = Bo + B1X1ij + B2Xo1ij + B3X22ij + BaX3ij + BsXaaij + BeXazij + B7Xs1ij +

PsXs2ij + BoXs3ij + B10Xeij +Hoj EQ.(7)

where f; is the intercept and y0j~N(0, crgzmup) represents the group level residual which is normally

distributed with mean 0 and variance agzmup. Assuming no omitted variable bias, the group level
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residual uy; captures the unique interaction effect for each social group/strata (i.e. social groups -
specific differences in diarrhea) while accounting for sample size differences for each social group. The
relevance of the intersectional strata for understanding individual heterogeneity is evaluated using
Variance partitioning Coefficient (VPC) also known as intraclass coefficient (which also informs on the
discriminatory accuracy of the intersectional categorisation for distinguishing children with diarrhea
from those without (4, 5).
0.2
VPC = (#) Eq. (8)

where the value 3.29 is the variance for the standard logistic distribution (6).

The proportion of variance explained by the adding fixed effects is estimated by calculating the
proportional change in variance (PCV) of intersectional strata between null model and model including

fixed effects (3)

2 _ 2
Pev = (2L kg, (9)

%u(1)
where 0“2(1) and a,f(z) represents the intersectional strata variances in the null model and the model
containing main effects respectively. The PCV represents the proportion of the total between-stratum
variance of intersectional strata of the null model that is explained after including main effects. In the
absence of any stratum specific interactions, the main effects used to construct the intersectional
strata would completely explain the between stratum variance and all stratum random effects would

be equal to zero (4, 5).

If desirable, this model can be further extended to include more than two health outcomes in a
multivariate multilevel model (7). For example, let’s assume that respondents (level 2), social group
(level 3) j, with h health outcome variables, yy,...., ¥, (i.e, h=1,..,m)at level 1 and x;;
explanatory variables (i.e., k =1,...,p). The outcome variable is denoted as y,;; which is the
outcome on the h'th health variable for respondent i in social group j. Another useful feature of
multivariate multilevel model is that we can account for missing health outcomes not recorded for
some respondents by assume that missingness is due to missing at random (MAR) (7). That is,
conditionally given the observed data, the missingness indicators are independent of the unobserved
data (8).

We can define the complete data vector for the m health outcomes by combining them into a single
outcome variable yp;;as

Ynij = (V1ij---Ymij) EQ.(8)

In addition, we also create dummy variables d, ..., d,,, which are defined forh = 1,...,m,
dspij = {1(h =5)0(h #s) Eq.(9)
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where dummy variable dj, is 1 or 0, depending on whether the data line refers to outcome variable
vy, or to one of the other health outcome variables. With these dummies, the random intercept

model Eq. (6) for the m health outcomes can be defined as

Vnij = 2otq BosAsnij + 2wt Lota Brsdsnijx'kij + Lotq Hosjdsnij Eq. (10)

where all variables including the constant are multiplied by the dummy variables dgy;;. Bosis the
intercept, x'y;jis a vector of social determinants variables with coefficient vector § while p; is a
group level residual which follow a multivariate normal distribution 2 = cov(uoj). Therefore, Eq.
(10) represent the multivariate data in a multilevel approach with level 1 being health outcomes
variables indexed by h = 1,...,m, level 2 represents respondents i = 1,. oM, and level 3
represents social group defined by social determinants variables. This set up

models explicitly the covariance between different social groups and health outcomes which allows
us not only to draw conclusions about social group-specific differences but also correlations
between health outcomes are desirable since we assume that they capture related, though distinct,

health constructs.

Summary of steps to be involved in fitting MAIHDA model

1. Selecting the variables to be used in creating intersectional strata.

2. Creating intersectional strata.

3. Fitting a multilevel model 1 which contains only the random intercept for intersectional
strata with no fixed effects.

4. Fitting a multilevel model 2 by including variables used in constructing intersectional strata
as fixed effects in model 1.

5. Compute measures of discriminatory accuracy (i.e., variance partitioning coefficient (VPC)
and area under the receiver operating characteristic curve (AUC-ROC)) both model 1 and 2.

6. Use VPC for models 1 and 2 to compute proportional change in variance (PCV).
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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 (i.e., 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 2,199 and 3,173 under-fives, respectively. We will apply
Multilevel Analysis of Individual Heterogeneity and Discriminatory Accuracy (MAIHDA)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 diarrhea, cough, fever, and acute respiratory infection (ARI) two weeks preceding surveys.

Ethics and dissemination

The results will be disseminated in international peer-reviewed journals and presented in events
organized by the Accountability and Responsiveness in Informal Settlements for Equity (ARISE)
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

Key words: Informal settlements/slums, under-five, social determinants of health, intersectionality,

MAIHDA
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Strength 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 year olds (0-4 years) living in Nairobi and Dhaka slums within
intersectionality framework using MAIHDA 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 global south which contain SDoH that
shape health inequalities among urban dwellers.

The passage of time since conduct of NCSS 2012 and UHS 2013: the data are over nine years

old and will need to be interpreted cautiously due the dynamic nature of slums.
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Introduction
People in urban informal settlements also known as slums face disproportionally worse health

outcomes compared to 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, overcrowding, and insecure residential status (2). Health outcomes are shaped by Social
Determinants of Health (SDoH) - characteristics in which living takes place (3). Critically, SDoH help
shape social hierarchies that in turn determine the distribution of power, prestige, and resources
among groups in society (4). Slum dwellers are usually excluded and marginalised from formal social
systems and structures of power due to legal informality of their dwellings, 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
population groups due to their differences in SDoH (6). Empowerment of slum dwellers coupled with
investments in health systems and infrastructure is required to reduce health inequities particularly
amongst socially vulnerable groups (7). In turn, this makes empowered slum dwellers accountable

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
population live in slums, and over 90% of slum dwellers live in low and middle income Countries
(LMICs), including hundreds of millions of children (10, 11). Aggregated statistics show that child
mortality and health outcomes in rural and urban areas in low and middle income countries have
improved between 2000 and 2014 (12). However, during the same period, studies have shown that
children in slums tend to experience 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 diarrhea
(18). Since the health of children, particularly those under five years old (i.e. 0-4 years), depends
greatly on health and wellbeing of their mothers and families 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
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outcomes which will be considered include diarrhea, cough, fever, and acute respiratory infection
(ARI) which mostly affect under-five children in slums(20). For example, poor sanitation and lack of
safe drinking water makes diarrhea a leading cause of death among children aged below five years,
while fevers, coughs, and acute respiratory infections (ARI) are mainly caused by the poor state of

housing and overcrowding (16, 20).

SDoH are defined based on the commission for social determinants of health (CDSH) framework
which classifies them into structural and intermediary determinants (3, 21). Structural 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 (e.g., housing and neighborhood quality,
consumption potential, and physical work environment), 2) psychosocial circumstances (i.e.,
relationships, social support, and coping styles), 3) behavioral/biological circumstances (i.e.,
nutrition, physical activity, tobacco consumption, alcohol consumption, substance abuse), and 4)
health system, particularly access to health care. Any attempts to address health inequalities
especially among the vulnerable 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 fundamentally different from those of others, based on their unique positioning within a
web of interacting social determinants (3, 22-25). It assumes that various SDoH interact and change
through time to present unique circumstances 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 (24, 26). Quantitatively
this can be explored using Multilevel Analysis of Individual Heterogeneity and Discriminatory
Accuracy (MAIHDA) approach (27-30). This approach will enable us to understand the drivers of
health inequities in the context of how individual identities interact with SDoH to promote/rectify

health inequalities in dynamic ways in among under-five living in slums (23, 24).
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Aim

We explore how SDoH influence under-five children health outcomes among dwellers in slums
within an intersectionality framework. The findings will inform how individual 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 (i.e., diarrhea, 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 and Kenya are planned. The underlying social and living conditions in Dhaka and Nairobi
slums are different which necessitates two distinct publications for Bangladesh and Kenya for
effective interventions (8, 31-33). 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 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, 20, 34-39). These variables include age and sex for under-fives which have been shown to
be determinants of childhood morbidity (12, 35). 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 (20, 36, 38). The poor hygiene practices in slums which are
associated with poor water drainage, inadequate access to safe water, open sewers, and
overcrowding also exacerbates health outcomes for under-five (40). Finally, higher levels of
malnutrition and lower immunisation coverage among under-five living in slums leads to their poor

health (34, 41-44).

Nairobi Cross-section Slums Survey (NCSS 2012)
The NCSS 2012 data were collected by the African Population and Health Research Center (APHRC)

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
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immunized using a margin of error of 0.03, design effect of 1.50 and critical value of a=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 diarrhea, fever, and
cough with the specified precision. A two-stage random sampling methodology was used and a total
of 5,490 households and 4,420 women aged 12-49 years were successfully interviewed yielding a
response rate of 88 and 86 percent, respectively. We will be interested in women because their
guestionnaire 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 4,420 women participants provided data on 2,199 children aged 5 and under.

In this study we 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 diarrhea or not. The predictor
variables to be considered in the analysis are classified into four categories: 1) children’s
demographics (i.e., age and sex), head of household characteristics (i.e., sex, ethnic group, education
and age), 3) child’s mother characteristics (i.e. age) and 4) social structure characteristics in the
household (i.e., wealth index, length of stay, religion, education, tenure, food availability, health
insurance, income generating activity, disability and catastrophic health costs). Catastrophic health
expenditure will be computed using the empirical methodological procedure used by (45) and we
will take a 40% threshold which is informed by (46). 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 (Supplementary file) Table s1.

Bangladesh Urban Health Survey (UHS 2013)
The UHS 2013 is a representative cross-sectional household survey implemented jointly by 1)

National Institute of Population Research and Training (NIPORT), 2) Measure Evaluation, University
of North Carolina at Chapel Hill, USA, 3) International Centre for diarrhea disease research,
Bangladesh (icddr,b )and 4) Associates for Community and Population Research (33). The survey
collected information designed to examine intra-urban differentials in heath 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 (i) under-five mortality and
(i) percentage of birth deliveries in the health facilities for all births in the last three years (33).

Participation was voluntary and no compensation or financial incentive was offered. The proposed
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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 questionnaire contained a module on child’s health and
nutrition. The number of households selected in the domain of city corporation slum were 15,750
and those interviewed 14,806 yielding a response rate of 94 percent. 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 acute respiratory infection (ARI) or not. ARl 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 categories: 1) children’s demographics (i.e., age and sex), 2) mother’s
demographics (i.e., religion, age, highest level of education, employment status, ever attended
school, and marital status), 3) head of household demographics (i.e., sex, and age) and 4) social
structure characteristics in the household (i.e., wealth index, dwelling ownership, land ownership,
cooking fuel, garbage disposal method, kitchen type, house type and division) (see Figure 1). Wealth
index was constructed by data provider using principal components analysis (PCA) based on the
following variables: dwelling characteristics 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, refrigerator, 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

(Supplementary file) 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 diarrhea 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.

Figure 1
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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 diarrhea, fever, cough fever, cough, acute respiratory
outcomes infection (ARI)
Predictors
Under-five age, sex age, sex

demographics

Head of
household
characteristics

age, sex, education, ethnic group

Child’s mother age
characteristics

Social structural  wealth index, length of stay, religion,

characteristics income generating activity, tenure,
disability, food availability, health
insurance and health catastrophic
costs

age, sex, education, marital status

age, marital status, ever attended
school, highest education,
employment

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

Statistical methods

The effects of SDoH on children’s health outcomes in slums through an intersectionality lens will be

assessed using multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA)

approach developed to analyse intersectional inequalities (27-29, 47). 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 neighborhood, school, or household, among others (28, 48). That is, individuals

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 (i.e., differences) within and between intersectional

groups/strata by separating variance (i.e. the measure of variation) into — the between-strata (i.e.

differences across strata) and the within - strata (i.e. differences of individuals within a given

stratum) (28, 29).
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1

2

2 The advantage of MAIHDA is that we will look at intersectionality as a mix of both marginalisation

5 and privilege (27, 28) . Generally, an interaction-based fixed effects approach looks at

? intersectionality from the perspective of marginalisation only, which runs the risk of reinforcing the
g notion of social dominance of the privileged groups which are used as “default” categories. In

10 addition, from an analytical perspective, MAIHDA models do not face the issues of scalability (i.e., a
1; model’s inability to accommodate an increase in the number of variables included), model

12 parsimony (i.e., a simple model not having great explanatory predictive power), and reduced sample
15 size in some intersectional groups (which influences whether an effect size is determined or not)

1? (28). If desired, we can extend this multilevel framework applied in MAIHDA into a multivariate

B multilevel model to analyse more than two health outcomes simultaneously, especially for health
20 outcomes which occur concurrently affecting other aspects of life (49, 50). MAIHDA estimates

;; intersectional effect in two steps (28, 48).

23

24 First, a null model (i.e., model 1) will be specified with individuals at level one nested within social
;2 groups at level two to assess whether there is significant clustering within intersectional strata.

;é Model 1 will not include any predictor variables and will only have an intercept to estimate the

29 mean health outcome and a random effect to model intersectional strata differences (i.e., variance).
2(1) This will allow estimation of the extent to which the variance in an outcome is explained by

;g differences across intersections versus differences within using variance partitioning coefficient

34 (VPC) also known as intraclass coefficient (ICC) and the area under the receiver operating

;2 characteristic curve (AUC-ROC) (27, 28, 48). VPC and AUC-ROC measures will also be used to

;73 quantify discriminatory accuracy (DA) which is ability of the model to discriminate individuals with
39 and without an outcome of interest (27, 28, 30, 51). VPC quantifies the share of the total individual
2(1) variance in having an outcome that is accounted for at the intersectional strata level with values

fé higher than 5% indicating an acceptable DA (28, 47, 52). That is, a high VPC indicates that

j;' intersections have a substantially different mean levels of an outcome and that individuals within
46 these group are similar, while a low VPC indicates that individuals within an intersectional group

j; differ substantially (47, 51). On the other hand, AUC-ROC measures the ability of the model to

gg classify individuals with or without an outcome as a function of individual’s predicted probabilities
51 and is and is bounded between 0.5 and 1 (52, 53) (see for (Supplementary file) details).

52

gi In the second step, we will extend model 1 and by adjusting for variables used in constructing

55 intersectional strata as fixed effects (i.e., model 2). Model 2 will be used to explore to which extent
g? intersectional strata differences will be explained by SDoH used in constructing intersectional

gg groups. Fixed effects in model 2 will be used to estimate model regression coefficients which will be
60 presented as odds ratio and will describe the association between SDoH variables and under-five
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health conditions. 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 multiplicative (29, 47). 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 multiplicative intersectional effects.
This will imply that certain intersectional groups are more vulnerable to an outcome of interest
health outcomes compared to 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 (Supplementary file) ). The lower the
PCV, the higher the amount of unexplained variance which can be due to either interaction effects
or omitted variables in the model. Detailed description of model 1, model 2, VPC and PCV are

provided in (Supplementary file).

These models 1 and 2 can even be extended to include more than two health outcomes in a
multivariate multilevel model (49, 50). This model explicitly evaluates the covariance (i.e., 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
correlations between health outcomes (49). 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 nine years
ago (8, 33). Considering 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
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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 Institute’s Ethics Review
Committee (8) . For UHS 2013, ethical approval was obtained from the Bangladesh Medical Research
Council (BMRC) and the Institutional Review Board (IRB) at the School of Public Health, University of
North Carolina at Chapel Hill (33). This work as part of ARISE will be used in shaping actions to
improve slum health for under five in Bangladesh and Kenya (54). 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.

Data availability
NCSS 2012 data available from African Population Health Centre (APHRC) microdata portal upon

reasonable request https://aphrc.org/microdata-portal/ . The UHS 2013 are publicly available at the

website of University of North Carolina dataverse portal upon responsible request

https://dataverse.unc.edu

Supplementary materials

Ethics statements

Patient consent for publication
Not required
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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 conditions.
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1
2
3
4 . . .
p Supporting information:
6
7 Table s1: Description of health outcomes and predictor variables for Nairobi Cross-sectional survey
8 2012 (NCSS 2012)
9 Variable name Description Categories
10
11 Health outcomes
12 Diarrhea Whether a child had diarrhea or not in Yes
13 the two weeks preceding the survey
14 No
15 Fever Whether a child had fever or not in the | Yes
16 two weeks preceding the survey
17 No
18 - -
19 Cough Whether a child had cough or not in Yes
the two weeks preceding the survey
20 No
21
22 Predictors
;i Children demographic characteristics
25 Age Children up to five were categorised 1 year and less (infants)
26 into two groups: “Up to 1 year old
27 (Infants)” and “2-5 years”. 2 -5 years
28
29
30 Sex Sex of a child coded as either male or Male
31 female
Female
32
33 Women characteristics
34 ——
35 Age Mothers ‘age was categorised into two | 18 years and under
groups: “18 years and less (<18)” and
g? “19 years and above 19 years and above
38 Head of household demographic characteristics
39 Gender Sex of head of household coded as Female
40 either male or female
41 Male
42 — :
Ethnicity Name of ethnic group head of Kamba
43
household belongs
44 Kikuyu
45
46 Luhya
47 Luo
48
49 Other
50 -
51 Age Age of head of household categorised 17 — 24years
into three categories.
52 25 -34 years
53
54 35 years above
55 education Whether head o household has nay None
56 education or not
57 educated
58 ; -
59 Don’t know and not applicable
60
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Social structure

Wealth index

Wealth Index were regrouped from
five (categories) to three by combining
poorest and poorer into one group
“poor” and richer and richest into one
group “rich” and “Middle”.

Rich

Middle

Poor

Length of stay

The number of years lived in slums by
the household grouped into new
migrants (i.e.,2 years and less), old
migrants (i.e., more than 2 years), and
not applicable/missing.

New migrants

Old migrants

Not applicable

Household religion Name of the religion attended by Catholic
household
Protestant
Other
Disability in household Whether a household has any disabled | Yes
person residing with them.
No

Missing/Not applicable

Tenure Does the household own or pay rentto | No rent paid
the house they live?
Pays rent
Food availability Household’s availability of any food in enough
the last 12 months
not enough
Income generating activity Household’s main source of income Employed

Own business

Not applicable

last 30 days

Health Insurance Whether a household has a health Yes
medical insurance (i.e., either public or
private or both) No

health catastrophic costs Did a household face catastrophic No
health cost at 40% threshold of in the

Yes

Table s2: Description of health outcomes and predictor variables for the analysis for Bangladesh

Urban Health Survey 2013 (UHS 2013)

Variable name Description Categories
Health outcomes
Acute Respiratory Infection Fever is defined as whether a child had | Yes
(ARI) fever or not in the two weeks

preceding the survey No
Fever Whether a child had fever or not in the | Yes

two weeks preceding the survey

No

Cough Yes
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Whether a child had cough or not in
the two weeks preceding the survey

No

Predictors

Children demographic characteristics

Age Children up to five were categorised 1 year and less (infants)
into two groups: “Up to 1 year old
(Infants)” and “2-5 years”. 2-5 years
Sex Sex of a child coded as either male or Male
female
Female

Women characteristics

Age

Mothers ‘age was categorised into two
groups: “18 years and less (<18)” and
“19 years and above. Note that the
legal age of women at first marriage is
18 years in Bangladesh.

18 years and under

19 years and above

Ever attended school Mother ever attended school Yes
No
Highest education Mother’s level of education Higher
categorised into four groups: “Higher”,
“Secondary”, “Primary”, and “No Secondary
education” -
Primary

No education

Marital status

Mother’s marital status was
categorised into two groups: “Being
married”, “Not being married”

Being married

Not being married

Employment Mothers of respective children was Yes
employed last 12 months.
No
Religion Mother’s religion was categorized into | Islam

two groups: “Islam”, “Minority
religion”. Note that Buddhism,
Hinduism, Christianism were combined
as minority religion in this study.

Minority religion

Head of household demographi

c characteristics

Gender Sex of head of household was coded as | Female
either male or female
Male
Age Age of head of household was 17 — 24years
categorised into three categories.
25 -34 years

35 years above

Marital status

Head of household’s marital status was
categorised into two groups: “Being
married”, “Not being married”

None

educated

Don’t know and not applicable

Social structure

Wealth index

Wealth Index were regrouped from
five (categories) to three by combining
poorest and poorer into one group

Rich

Middle
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“poor” and richer and richest into one
group “rich” and “Middle”.

Poor

Length of stay

The number of years lived in slums by
the household grouped into new
migrants (i.e.,2 years and less), old
migrants (i.e., more than 2 years), and
not applicable/missing.

New migrants

Old migrants

Not applicable

Cooking Fuel used in
household

Cooking fuels used in the household
were categorized into four: “Charcoal,
dung cakes etc.”, “Kerosene or liquid
gas”, “Natural gas”, and “Wood fuel”

Charcoal, dung cakes etc.

Kerosene or liquid gas

Natural gas

Wood fuel

Garbage disposal method of
households

Garbage disposal method of

households were categorized into four:

“Disposed within premises”,
“Collected from home”, “Disposed in
bin outside”, and “Disposed in open
spaces”

Disposed within premises

Collected from home

Disposed in bin outside

Disposed in open spaces

Migration status of
households

Household’s availability of any food in
the last 12 months

Housing Type

Housing type was categorized into two
groups: “Multiple story” and “Single

Multiple story

story”. We collapsed Jhupri, Mess as Single story
single story.
Ownership of the dwelling Two categories: “yes”, “no” No
Yes
Ownership of the land Two categories: “yes”, “no” No
Yes
Having Separate kitchen Two categories: “yes”, “no” No
Yes

Division

Administrative divisions were
categorized into four groups: “Dhaka”,
“Khulna”, “Rajshahi” and “Others
division”. Note that “Barisal”,
“Chittagong”, “Rangpur”, and “Sylhet”
were combined as “Others division”
where ARISE Bangladesh Team

conducts research.

Others division

Dhaka

Khulna

Rajshahi

Statistical methodology details

As an illustrative example, consider investigating the effects of child’s age (i.e., up to 1 year, 2 to 3

years., 4 to 5 years), child’s sex (i.e., female or male), head of household education (none, primary,

secondary and higher), sex of the head of household (i.e., male or female), age of the head of

household (i.e., 18-25 years, 26-32 years, 33-40 years, >40 years) and household’s health insurance

status (yes or no). Using the six variables and their corresponding categories: child’s age (3), child’s

sex (2), head of household education (3), head of household sex (2), head of household age (4) and
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household’s health insurance status (2) we can create 288 intersectional groups/strata. The first
stratum can consist of a child who is a female, aged up to 1 year and less, coming from a household
whose head is a female, aged 18-25 years and with no education and the household is not covered
by health insurance, and the process continues until all the children at level 1 are nested within the
groups/strata (N = 288) at level 2. This implies that children at level 1 who share similar SDoH

factors end up being in the same intersectional group/stratum at level 2.

To capture differences in health disparities in children health outcomes between different groups,
for example - males and females, we can assess child’s sex-specific effects through their interactions
with child ‘s age, head of household’s sex, age and education and household’s health insurance using
interaction-based fixed model. However, interaction -based fixed effects model formulation only
addresses interactions between child’s sex and each of the other five variables and not all

interactions Eg. 3.

If we were to consider all possible interactions among the six variables, we will have 288 interaction
terms in the regression model which may result in the model having parsimony and scalability issues
due to geometrical growth of coefficients as more variables are included in the model. In addition, it
would be difficult to interpret the results and reduced sample size in some interaction groups may
influence whether an association is determined or not (Goldstein, 2011; J. Merlo, 2018;
Supplemental file). We will overcome this limitation of interaction-based fixed effects models by
applying MAIHDA approach (Snijders & Bosker, 2011). This involves treating social strata/groups
defined by child’s age and sex, head of household sex, age and education and household’s health
insurance status as strata which will used to explain whether health inequalities are shaped by

different characteristics in each stratum.

Let us consider the case where we are interested in investigating effects of child’s age (i.e., up to 1
year and less, 2 to 3 years., 4 to5 years), child’s sex (i.e., female or male), head of household sex (i.e.,
male or female), head of household education (none, primary, secondary and higher), head of
household age (i.e.,18-25 years, 26-32 years, 33-40 years., >40 years) and household health insurance
(yes or no) on children’s diarrhea in slums.

Let y; denote a health outcome of interest (i.e., diarrhea) for child i(i = 1, ..., i) where,

_ { 0 absence of diarhea
~ |1 Presence of diarrhea

Eq.(1)

Yi

y; is assumed to follow a Bernoulli distribution, with probabilities m; = Pr(y; = 0) the probability of
child i having no diarrhea and 1 — ; = Pr(y; = 1) the probability of child i having diarrhea. Let

X,irepresent child sex, X,; represent child’s age, X3;represent head of household sex, X,; represent
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head of household education, Xs; represent head of household age and Xg; represent household
health insurance. These six variables represent predictor variables. Logistic regression is appropriate

for modelling binary (two category) outcomes such as whether a child has diarrhea or not.

The fixed effects logistic regression model for investigating how child sex, child age, head of household
sex, head of household education, head of household age and household health insurance are

additively associated with child’s diarrhea is represented in equation 1 “Eq. (2)".

log (S_:Tl) = Bo + P1X1i + B2X21i + B3X22i + BaXzi + BsXaxi + BeXazi + B7Xs1i + BsXszi +

BoXs3i + B1oXei EQ.(2)

Eqg. (2) estimates the associations of child sex, child age, head of household sex, head of household
education, head of household age and household health insurance with child’s diarrhea additively
(i.e., explanatory effects) and does not accommodate for interactions with each other. In order, to
capture specific effects between different groups, for example, child’s sex (i.e., males or females), we
can assess sex-specific disparities in diarrhea through their interactions with child age, head of

household sex, head of household education, head of household age and household health insurance.

Eqg. (2) can thus be expanded to include interaction terms, as presented as follows in Eq. (3):

log (17_r—:n) = Bo + B1X1i + BoXo1i + B3Xa2i + BaXzi + BsXari + BeXazi + BrXs1i + BeXs2i +

BoXs3i + BroXei + B11X21iX1i + B12X22iX1i + P13X3iX1i + B1aX41iX1i + B15Xa2iXqi +
B16X51iX1i + P17X52iX1i + B18Xs3iX1i + B19X6iX1i EQ. (3)

wheref;; to 519 are interaction coefficients between child’s sex and other explanatory variables in
Eqg. (2). Not only does Eq. (3) allow for an analysis that considers the association of child’s sex in getting
diarrhea but also uncovers how other factors that create and sustain diarrhea may differ based on the
sex of child. However, Eq. (3) only addresses interactions between child’s sex and the other five
variables and if we were to consider all possible interactions among the six variables, we will have a
total of 288 fixed effects in the logistic model. The higher number of fixed effects may lead to issues
with scalability (i.e., a model’s inability to accommodate an increase in the number of variables
included), model parsimony (i.e., a simple model not having great explanatory predictive power) and
reduced sample size in some intersectional groups which may influence whether an effect is
determined is determined or not. In addition, it would be difficult to interpret 288 fixed effects. We
can overcome these issues by using multilevel analysis of individual heterogeneity and discriminatory

accuracy (MAIHDA) approach.
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Multilevel analysis of individual heterogeneity and discriminatory accuracy (MAIHDA)

Now, let consider the case where we are interested in investigating effects child’s age (i.e., up to 1
year and less, 2 to 3 years., 4 to5 years), child’s sex (i.e., female or male), head of household sex (i.e.,
male or female), head of household education (none, primary, secondary and higher), head of
household age (i.e.,18-25years, 26-32years, 33-40 years, >40years) and household health insurance
(yes or no) on the outcome diarrhea via intersectionality lens using MAIHDA (Evans, Leckie, & Merlo,

2020; J. Merlo, 2018). This can procced in 3 steps:

The first step involves creating groups/strata based on the categories of the social determinants of
health factors (SDoH) we are interested in. This means that children at level 1 who share similar
categories SDoH will end up being in the same group/strata at level 2. Therefore, in this example we

will have individuals at level 1 nested within 288 groups at level 2.

Therefore, let y;; denote a binary health outcome (i.e., diarrhea) for child i(i=1,..,n)in groups

j(G=1,..,N) where,

0 absence of diarrhea
= / Eq.(4)

Yii =11 Presence of diarrhea
Yij is assumed to follow a Bernoulli distribution, with probabilities 7;; = Pr(yl-j = 0) the probability
of child i from stratum/group j having no diarrhea and 1 — ;= Pr(y; = 1) the probability of child
{ from stratum/group j having diarrhea. Let Xy;; represent child sex, X;; represent child’s age,
X3ijjrepresent head of household sex, X,;; represent head of household education, Xs;; represent
head of household age and X,;; represent household health insurance.

The next step involves fitting a null model with children at level one nested within social groups at
level two to assess whether there is significant clustering within intersectional strata/groups
constructed in step 1. The null model will not include any predictor variables and will only have an
intercept to estimate the mean health condition and a random effect to model intersectional strata

differences (i.e., variance) and is presented in Eq. 5

tog (7) = Bo +ho;  Ea.(5)

1_7Tij

where B, is the intercept and ,u0j~N(0,agzroup) represents the random intercept for the
intersectional stratum level residual which is normally distributed with mean 0 and variance aﬁ. Eq.
(5) includes no predictor variables, so the intersectional stratum random effect captures both the main
effects of SDoH used to define intersectional strata and their interactions. Assuming no omitted

variable bias, the intersectional strata level residual u,; captures the unique interaction effect for
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each intersectional strata (i.e., intersectional -specific differences in health condition) while
accounting for sample size differences for each social group. The relevance of the intersectional strata
for understanding individual heterogeneity will be evaluated using Variance partitioning Coefficient
(VPC) also known as intraclass coefficient (which also informs on the discriminatory accuracy of the
intersectional categorisation for distinguishing children with diarrhea from those without (Juan
Merlo, Yang, Chaix, Lynch, & Rastam, 2005; Wagner & Merlo, 2013). VPC will be used to quantify the
share of the total individual variance in having a health condition that is accounted for at the
intersectional strata level with values higher than 5% indicating an acceptable DA (Fisk et al., 2018;
Wagner & Merlo, 2013). That is, a high VPC indicates that intersections have a substantially different
mean levels of an outcome and that individuals within these group are similar, while a low VPC
indicates that individuals within an intersectional group differ substantially. On the other hand, AUC-
ROC measures the ability of the model to classify individuals with or without health outcome as a
function of individual’s predicted probabilities and is and is bounded between 0.5 and 1 (Fisk et al.,
2018; Wagner & Merlo, 2013). A value of 0.5 indicates that model predictions are no better than
random guessing meaning that predictor variables used in the model have no predictive power, while
a value of 1 represents perfect discrimination between under-five with or without health condition
(Fisk et al., 2018; Wagner & Merlo, 2013). In our proposed analyses, AUC-ROC values greater than 0.7

and VPC greater than 5% will indicate an acceptable DA and existence of intersectional effects.

The next step involves extending Eg. (5) by can be extended into Eq. (6) by by adjusting for variables

used in constructing intersectional strata as fixed effects. Therefore Eq. (6) takes the form:

_
109( - ) = Bo + B1X1ij + B2Xz1ij + B3X22ij + BaXzij + BsXatij + BeXazij + B7Xs145 +

1—Tl'i]

BsXs2ij + BoXs3ij + ProXeij + 1o  EQ.(6)

where B, is the intercept and piy;~N(0, 620, ) represents the group level residual which is normally
distributed with mean 0 and variance ajmup. Assuming no omitted variable bias, the group level
residual p1y; captures the unique interaction effect for each social group/strata (i.e. social groups -
specific differences in diarrhea) while accounting for sample size differences for each social group. Eq
(6) will be used to explore to which extent intersectional strata differences will be explained by SDoH
used in constructing intersectional groups. The proportion of variance explained by the adding fixed
effects is estimated by calculating the proportional change in variance (PCV) of intersectional strata
between a null model defined by Eqg. (5) and model with fixed effects represented by Eq. (6) (Wagner
& Merlo, 2013, 2015). The lower the PCV, the higher the amount of unexplained variance which can

be due to either interaction effects or omitted variables in the model.
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