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ABSTRACT
Background: The epidemic of non-communicable diseases (NCDs) in slums has pushed its
residents to heightened vulnerability. The Social Determinants of Health (SDH) framework has
been used to understand the social dynamics and impact of NCDs, especially in poorly
resourced communities. Whilst the SDH has helped to discredit the characterisation of
NCDs as diseases of affluence, its impact on policy has been less definite. Given the multitude
of factors that interact in the presentation of NCDs, operationalising the SDH for policies and
programmes that account for the contextual complexity of slums has stalled.
Objective: To organise the complex networks of relations between SDH in slums so as to
identify options for Indian municipal policy that are feasible to implement in the short term.
Methods: The study reviews the literature describing SDH in Indian slums, specifically those
that establish causal relations between SDH and NCDs. Root cause analysis was then used to
organise the identified relations of SDH and NCDs.
Results: Although poverty remains the largest structural determinant of health in slums, the
multi-dimensional relations between SDH and NCDs are structured around four themes that
describe the dynamics of slums, namely scarce clean water, low education, physical (in)
activity and transportation. From the reviewed literature, four logic trees visualising the
relations between SDH in slums and NCDs were constructed. The logic trees separate
symptomatic problems from their more distal causes, and recommendations were formulated
based on features of these relationships that are amenable to policy intervention.
Conclusion: Root cause analysis provides a means to focus the lens of examination of SDH, as
evidenced here for Indian slums. It provides a guide for the development of policies that are
grounded in the actual health concerns of people in slums, and takes account of the complex
pathways through which diseases are socially constituted.
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Background

Of the 56 million deaths worldwide in 2012, non-
communicable diseases (NCDs) accounted for 38
million (68%), and 28 (74%) million of these
occurred in low- and middle-income countries
(LMICs) [1]. There is growing empirical evidence
that slums are locales of NCDs and their risk factors
[2–5], whilst the absolute number of people living in
slums increased from 767 million to 828 million from
2000 to 2010 in developing countries [6]. Continued
slum formation and rises in NCD burden will place
an increasing amount of the urban poor in chronic
sickness or poverty. Understanding the causal path-
ways of NCD risk in slums, through distinguishing
direct from indirect causes, is thus a key step to
mitigating both national and international trends of
NCD burden growth.

Slums can be defined by their physical and legal
characteristics: ‘inadequate access to safe water;

inadequate access to sanitation and other infrastruc-
ture; poor structural quality of housing; overcrowd-
ing; insecure residential status’ [6, p. 12]. The
constraints to health placed on slum populations are
unique given the combination of their urbanised life-
style and limited access to healthcare, usually as a
result of being relatively poor [7]. Whilst these shifts
in lifestyle are often associated with economic devel-
opment – such as, a higher consumption of processed
foods and decreases in physical activity – they do not
bring the benefits of greater access to healthcare
provision [8]. Addressing NCDs in slums must be
able to account for the wide-ranging causes of disease
wrought by these contextual and social factors, and
the Social Determinants of Health (SDH) offers one
approach to studying this interplay.

Alongside the physiological causes of disease, the
SDH provide an understanding of disease that incor-
porates the influence of social, behavioural, socio-
economic and environmental factors [9]. The SDH
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includes education, income, transport, gender, age
and social status, plus broader societal factors such
as macroeconomic policy or cultural norms as influ-
encers of disease [10], i.e., the causes of more evident
risk factors such as physical inactivity or tobacco use.
Its emphasis on the social conditions in which people
live and work as determinants of health status make it
relevant to an analysis of causal pathways of NCDs in
slums.

The broader perspective on the epidemiological
presentation of diseases given by the SDH has yielded
a multitude of studies that substantiate the associa-
tion between NCDs, their risk factors, and their
socio-economic and environmental determinants.
These studies have linked sedentary lifestyles and
unhealthy eating patterns to obesity in LMICs [11],
as well as the deleterious effects to health from low-
quality education [12], poor built environment [13]
and social interaction [14]. Empirical research taking
the SDH as its lens has helped to discredit the char-
acterisation of NCDs as diseases of affluence, yet its
impact on policy is less definite. An analysis of the
policy interventions taken by the Canadian govern-
ment to improve health outcomes for the domestic
type 2 diabetic population by Raphael et al. [15]
found that public policy approaches targeting the
SDH have been largely ineffectual. Indeed, the chal-
lenges associated with translating the SDH into local
and national policies were highlighted in a review by
Krumeich and Meershoek [16] who cautioned against
the implementation of policies which fail to adapt the
SDH based on features of the local context.

This raises the broad question on how the SDH
can be used to identify options for policy, and, more
specific to this study, how this can be done for the
slum context. Slums and urbanisation were consid-
ered in the original report from the Commission on
Social Determinants of Health [10], where slum
upgrading was advocated as a part of their overarch-
ing recommendation to improve daily living condi-
tions. This prioritised the provision of water and
sanitation, electricity and paved streets for house-
holds irrespective of ability to pay. Further, the
World Health Organization (WHO) Kobe Centre
model for ‘Health in New Urban Settings’ [17]
adapted the SDH into an ecological model that recog-
nised urbanisation and the urban setting as influen-
cers in health. This work emphasised governance as
the critical causal pathway for addressing social deter-
minants of health in urban settings, recommending
that interventions be applied at the municipal level
and comprise the following features: ecological and
population-based that address multiple upstream
determinants of health for entire communities; inte-
grative in that multiple context-specific interventions
can be applied simultaneously, and; systems-based
and clearly linked to principles of good governance.

The estimate in 2005 that global slum upgrading
could be collectively financed by donors, local and
national governments, and households for US$100
billion [18] typifies the recommendations that SDH
work in slums has yielded; often broad and requiring
large funding streams to implement. This study seeks
to identify policy options for mitigating NCD risk in
slums that are feasible for local governments, using
an in-depth analysis of the causal relations of social
determinants in slums.

Root cause analysis (RCA) encompasses a range of
methodologies to scrutinise complex data by focusing
on dependencies and relations [19]. Its main focus is
to identify cause-and-effect relationships responsible
for an adverse event or problem [20]. By reviewing
the literature on the causes of NCDs in Indian slums
from a systems perspective, this study looks to orga-
nise the complex networks of SDH in slums through
RCA. Thus, the connection and triangulation of sim-
ple, linear causalities into larger causal trees illustrates
in more detail the (documented) relations between
SDH and NCDs in Indian slums. Based on empirical
data of the reviewed literature, the logic trees visualise
these relations and can be used to find causes at the
intermediate level – between the symptoms of rising
NCDs and intangible causes such as poverty – that are
amenable to policy interventions [21]. There are some
NCD risk factors well established by quantitative asso-
ciation (such as alcohol and tobacco use, and
unhealthy diet) that haven’t been incorporated into
the causal trees as the direction of their causilty in
relation to other risk factors hasn’t been reported in
the available and reliable literature. Whilst the SDH
offer an all-ecompassing view of disease that recognise
the impact of both local and distal factors to health,
this perspective is often too expansive to discern con-
crete targets of interventions. RCA is suggested as one
means to focus the lens of analysis in SDH studies to
identify critical pathways of disease that policies can
target, specifically at the local level (Figure 1).

Methods

A narrative review of the literature was conducted to
identify peer-reviewed papers that identify causal
relationships between social determinants and
NCDs in Indian slums. A broad range of search
terms and databases was used with the aim of identi-
fying literature in multiple disciplines, as opposed to
those solely in the public health domain. Any combi-
nation of the following search terms was used to
generate results; slums; informal settlements; non-
communicable diseases; chronic illness; social deter-
minants of health; socioeconomic status; urbanisa-
tion; health; illness; low- and middle-income
countries; globalisation; poverty; social exclusion;
and women. Searches were conducted in the
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following bibliographic databases: Academic Source
Complete; JSTOR; CINAHL; ERIC; MEDLINE;
PUBMED; Science Direct; Web of Science; and
Humanities International Complete. Reference lists
of relevant articles were also searched to identify
additional literature.

The titles and abstracts of articles were reviewed and
those deemed relevant were stored in a bibliographic
database. The PDF files of included articles were sought
before a full-text reading – applying the following inclu-
sion and exclusion criteria – generated the final inven-
tory of articles. Articles had to be published in English
between 2000 and 2016, and use qualitative, quantita-
tive or mixed methods to identify causal links between
SDH and NCDs. Conceptual analyses of NCDs in
Indian slums and SDH were also included. The follow-
ing document types were accepted: peer-reviewed
scientific articles, books, policy documents and govern-
ment publications. Editorials, opinion pieces, position
papers, pamphlets and monographs were excluded.
Articles published in peer-reviewed scientific journals
were primarily sought; however, some institutional
reports – such as, from the WHO – were used if refer-
enced in peer-reviewed publications. The relevance of
articles was first judged by their reference to Indian
slums, before seeking a description of the causal path-
ways of NCDs. As articles had to establish causal rela-
tions, quantitative papers had to take repeated
measurements over time or incorporate a qualitative
methodology to identify the direction of associations.

Root cause analysis (RCA) was used to organise the
causal relations identified by reviewed literature into logic
trees. RCA attempts to sort symptomatic problems from
their deeper causes [21], and this study sought to do this
through organizing the causal relations of NCDs in
Indian slums that have been empirically identified in
the literature. The included studies were inductively ana-
lysed, identifying recurrent themes before iteratively
refining these as more literature was reviewed. Due to
the constraints imposed by the search criteria and the
focus of included research articles, the inductive

generation of themes was limited by selection bias,
which may underpin their strong correlation to typical
characteristics of slums. These themes were: lack of clean
water, education, physical (in)activity and transportation.
Social determinants of NCDs were structured into four
logic trees using these themes. The evidence from
reviewed literature as it relates to the social determinants
of NCDs in slums will be discussed per theme below.

Results

From the inductive analysis of reviewed articles, four
themes emerged that were used during the RCA to struc-
ture the social determinants of NCDs identified in slums:
lack of clean water, education, physical (in)activity and
transportation. Poverty has been cited as the most domi-
nant structural determinant of health affecting indivi-
duals living in slums [17], yet rather than structuring
the causal trees with poverty as the most deep-rooted
cause, the analysis has sought to identify the conse-
quences of poverty, or lack of income, that would gen-
erate opportunities for policy other than social protection
policies or money transfers. Three types of literature data
were used in the analysis, describing:

(1) The presence of NCDs in slums (quantitative
descriptions).

(2) The connection between location and NCDs
(quantitative and explanatory).

(3) The experiences of people with NCDs in slums
(qualitative and explanatory).

The following sections detail the results of the
RCA of reviewed literature that delineates the causal
pathways of NCDs in slums.

Lack of clean water

In a broad literature review on health inequity in
Asia, Friel et al. [22] stressed that the health of people

Figure 1. A schematic relation between the RCA and SDH. The RCA methodology is used to delineate cause and effect
relationships between social determinants of NCDs in slums that have been empirically described in the literature. White circles
represent empirically identified SDH of NCDs in slums, while the black circles represent a pathway of enhanced NCD risk in a
slum individual, through the combination of social determinants.

GLOBAL HEALTH ACTION 3



in Asia is shaped by both socioe-conomic and envir-
onmental conditions, as well as persistent health
inequities. They found that a lack of clean drinking
water was a strong indicator of health inequity in
Asia. One factor in the dearth of clean water in
slums can be its contamination, such as by vectors,
that raises NCD risk. This causal pathway was
reported by Ogoina and Onyemelukwe [23] in their
review, which linked the contamination of water by
vectors to higher infectious disease prevalence, that
leads to increased susceptibility to autoimmune dis-
eases [24].

In India, socio-political and economic factors such
as the lack of sanitation and poor water management
are primary causes behind the country’s general lack
of clean water. Following an extensive literature
review and five regional consultations of key stake-
holders, Cronin et al. [25] observed that the level of
water pollution in India is critical: it can cause severe
harm to people if left unattended, especially in the
slums. Hence, sanitation, access to clean water, and
its sustainability are India’s one of the most urgent
concerns. The comparative case study of five cities by
Allen et al. [26] showed that the inadequacy of public
policies and private initiatives to combat the lack of
clean water results in higher water prices for the peri-
urban poor, which encourages them to use alternate
means to access water. Anand’s study [27] in the
slums of Mumbai expanded this notion, stating that
slum dwellers’ access to water depends on complex
cultural, political and empirical factors.

In a comparative study using the Indian Census
of 2001, Goli et al. [28] noted that the lack of safe
drinking water in Indian cities, particualrly in
slums, serves as a marker for the poor living con-
ditions of residents that lead to poor health. In
their own comparative, ethnographic study cover-
ing slums in Chittagong, Dhaka, Hyderabad and
Nairobi, Joshi et al. [29] emphasised that the
focus on drinking water simplifies socio-economic
and cultural complexities, as water is also used for
laundry, bathing, cooking, personal hygiene and in
domestic tasks. Reddy and Snehalatha [30] asserted
that lacking clean water places slum women at a
further disadvantage, as it is the women’s task to
collect the water for the family and keep their
surrounding area clean. This demonstrates the
influence of cultural norms on water inequality, of
which poverty, caste and gender are all factors. In
his longitudinal study, Joshi [31] observed that
women were ascribed the responsibility of water-
related chores, summarising this as: ‘a good woman
is one who performs these tasks which includes
carrying and using water in the home’ (p. 57). As
such, men are not expected to perform water tasks;
doing so would be a loss of face.

Sahoo et al. [32] conducted grounded theory life-
course research studying the impact of lacking sanita-
tion on the lives of slum women in Odisha. The
results of 56 in-depth interviews showed that sanita-
tion far extends beyond defecation and urination, as
many actions are performed by women to secure
water for the entire family, such as carrying water,
queueing for water and walking long distances. The
ignorance of these tasks hides their heightened risk of
accidents, violence and other dangers when they
carry water or travel for bathing and other personal
hygiene tasks. Further, newly married women and
expectant mothers face the greatest burden by the
lack of water and sanitation as compared to other
women. To facilitate their entry into the community
and to cope with the frequent urination during preg-
nancy, both respectively decrease their intake of water
and food. A qualitative study by Khanna and Das [33]
in rural Uttar Pradesh highlighted similar findings,
observing that some women had to walk for hours to
find water or a suitable place for personal hygiene,
which puts them at risk of violence, physical over-
exertion, accidents and illnesses. They also noted that
whilst women were responsible for securing water for
the entire family, they had the lowest priority regard-
ing personal use of water. Other studies have arrived
at a similar conclusion [27,29,30].

Mahon and Fernandes [34] argued that the men-
strual hygiene of women and girls is a neglected
issue within water, sanitation and hygiene (WASH)
in slums. Using the experiences of WaterAid in
Nepal and India for their case study, they identified
the religious and cultural taboos that fuel negative
beliefs and behaviours towards menstruation in the
region, e.g. menstruation is dirty, women’s impurity
during menstruation, lack of awareness of the bio-
logical processes of menstruation, which signifi-
cantly contributes to its neglect. This neglect can
lead to illnesses such as menstrual infection, white
discharge, itching, burning, ovarian swelling and
frequent urination. During menstruation, women
and girls experience more difficulties as they collect
water – which they are not allowed to touch and use
during menstruation – and perform personal
hygiene. They worry about how and where to wash
the clothes they use, and experience physical pain
and shame as they attempt to gather water for the
family.

Mehta [35] stated that the scarcity of clean water
should also be connected to the wider socio-eco-
nomic, political and cultural conditions of India.
Institutionalised and state-supported strategies
against water scarcity were set to benefit rich farmers
and agro-industrial lobbyists more than the poorer
groups, such as pastoralists and dryland cultivators,
they were claiming to help. The relations between
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causal pathways of NCD risk and clean water scarcity
are depicted in Figure 2.

Education

A low level of education is one of the social determi-
nants identified as a critical risk factor for developing
CVD among women. In 2011, Yusuf et al. [36] per-
formed a cohort study in Mumbai with the aim of
determining the influence of education on CVD mor-
tality. They found that CVD was the leading cause of
death in both men and women across all levels of
education; however, they observed it was highest
amongst males and females who were illiterate or
amongst those who had attended primary school
only. The hazard ratio (HR) for both sexes was
equivalent, whilst all other educational levels (middle
school, secondary education and college) had a
decreasing HR. They attributed their findings to the
fact that better educated people have more access to
information and more awareness of the issues sur-
rounding NCD risk.

In a review of the literature regarding the educa-
tion of children living in poverty, (10) Nambisan [37]
noted the questionable quality of public schools on
the one hand and exorbitant tuition fees of private
schools on the other, which served to push children
living in chronic poverty into further disadvantage.
Using qualitative surveys of 417 households in two
Delhi slums and reports from National Sample
Surveys, Tsujita [38] analysed the factors affecting

education deprivation of slum children in Delhi. She
maintained that the inability of parents to pay for
schooling (e.g. textbooks, examinations, tuition) com-
bined with their negative perceptions towards educa-
tion serve as a primary cause behind the high drop-
out or absenteeism of slum children between the age
of 5–14. Chugh [39] also studied factors behind stu-
dent drop-out in slum students aged between 15 and
19, showing that gender, institutional limitations and
parents’ negative perceptions of education as signifi-
cant determinants. Purposively sampling 432 Delhi
slum students who had dropped out, she found that,
compared with boys, more girls were dropping out of
school at an earlier age, often as they are asked to
help their mothers with household chores or to care
for their younger siblings [39]. Early marriage was
also cited as a factor in girls dropping out, whilst boys
would dropout from school to work. The study also
highlighted that the quality of girls’ education is
inferior to boys’, resulting from cultural beliefs of
women’s limited contributions to family income.
Conversely, boys’ education is prioritised as they are
charged with caring for their parents. Wu et al. [40]
substantiated the influence of culture on education,
linking girls’ assignment to household chores, caring
for siblings and marriage, to parents’ low prioritisa-
tion of female education.

In their survey of schools within the slums of East
Delhi, Tooley and Dixon [41] also observed boys’
preferential education for boys. Further, they noted
that whilst slums are often situated near city centres,

Figure 2. Logic tree structured around the lack of clean water in slums. Numbers in square brackets relate to the reference
numbers of the literature list evidencing the causal direction of the relationship shown. The direction of arrows indicates deeper
causes, lines without arrows highlight relations between concepts (usually one being a subset of the other), and shaded boxes
indicate connecting determinants in the other figures.
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many slum students have to walk 2–3 hours to reach
their school as these charge less compared with inner-
city schools. The long walks also serve to discourage
attendance, especially amongst girls who cite the
physical exhaustion and fears for their safety.
Alarmed by the continuing increase in dropout rate
amongst Indian primary school students, Sajjad et al.
[42] conducted an in-depth study involving 129 stu-
dents who had dropped out between 2010 and 2011.
They found that despite the government’s efforts to
provide universal education, the beliefs, values and
traditions that discriminate against girls’ education
and demand for boys to seek work were primary
reasons for children dropping out. Explaining par-
ent’s role in school drop-out rates, Mukherjee and
Das [43] found that parents’ educational and work
status, particularly the father’s, have a significant
impact on children’s schooling and the pressure
they experience to enter the work force. Dutt [44]
argued that although girls’ education is their ticket to
freedom, it is limited by cultural norms. She found
that many social and cultural structures in India do
not favour the pursuit of girls’ education, such as
early marriage, their assignment to household chores,
harassment in public spaces and poverty.

Teachers’ perceptions and attitudes towards students
have also been found to affect both male and female
students’ performance [39]. Corporal punishments, dis-
criminatory school environments, humiliation, insults
and the abusive attitudes of teachers towards slum
students all serve to discourage them from continuing
their studies. Additionally, Mohanty’s [45] literature

review and household survey in the slums of Lucknow
and Kanpur concluded that originating from a sched-
uled caste, tribe or being a slum dweller increased the
risk of low education. Figure 3 shows how the low
education of slum residents as an NCD risk factor
relates to opportunities that are limited by various
socio-cultural and economic factors. These limited
opportunities are further compounded by other factors
such as age, limited awareness, limited accessibility,
susceptibility to accidents and chronic physical pain [1].

Physical (in)activity

The WHO [17] stated in its NCD report that physical
activity (PA) is one of the most effective approaches
to preventing NCDs, particularly CVD. The practice
of this health behaviour, however, was linked by
Mendelbaum [46] during his extensive ethnographic
study of India to the social expectations imposed
upon Indian boys, girls, men and women.
Supporting this, Anand et al. [4] found through a
quantitative survey of the slums in Faridabad that
physical inactivity was higher amongst men than
women. Tripathy et al. [47] used the STEPwise
approach to NCD risk factor surveillance (STEPS)
survey to draw a similar conclusion, citing the lack
of recreational resources for PA amongst women in
slums. The STEPS survey however, has been criticised
for its inability to capture the physical activity related
to housework, for which women are primarily
responsible [4]. A cross-sectional study from

Figure 3. Logic tree structured around low education in the slums. Numbers in square brackets relate to the reference numbers
of the literature list evidencing the causal direction of the relationship shown. The direction of arrows indicates deeper causes,
lines without arrows highlight relations between concepts (usually one being a subset of the other), and shaded boxes indicate
connecting determinants in the other figures.
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Chomitz’ et al. [48] linked the cultural context of
India that assigns women to household chores to
their reportedly low PA. In their study of the associa-
tion between built environment (BE) and PA,
Adlakha et al. [49] supported the notion that the
understanding of PA is limited to three categories of
work, leisure and travel, which ignores the household
work of people in slums. Manjrekar et al. [50] linked
the lower PA of women in slums to a higher risk of
developing NCDs in their comparative study between
working and non-working women in urban India.

The issue of physical inactivity in the slums is due
to many factors, such as the lack of green parks or
safe spaces where people can walk and exercise to the
cultural restrictions on women’s mobility, their bur-
den of household chores, the lack of streetlights, and
safety and security issues [17]. Similarly, whilst trans-
portation is accessible in many slum communities
due to their proximity to urban centres, few utilise
it due to its high cost and opt to walk or bike for long
hours instead. Within this context, many observa-
tions have been made about PA and slum dwellers.
In studying the effect of BE on the PA of citizens of
South India, Adlakha et al. [51] concluded that peo-
ple with lower socio-economic status (SES) and living
in an area of lower walkability spend more time
walking (225 minutes/week) and biking (75 min-
utes/week) than people with higher SES in an area
of high walkability (walking 30 mins/week; biking
1.0 min/week). They attributed the discrepancy to
the prohibitive traffic conditions in Chennai, which

discourage people with high SES from using their
private vehicles. Low PA in slums has also been
linked to safety and security issues. The WHO cited
the lack of recreational facilities, and poor urban
infrastructure of slums in general, as conditions for
gang culture, primarily amongst men [52]. The effects
of physical (in)activity on social determinants of
NCD risk are depicted in Figure 4.

Transportation

The WHO [52] report on social determinants for
health equity in urban settings suggested urbanisation
is a determinant of health. In an exploratory analysis
of urban health, Mullen et al. [53] concluded in their
World Bank Report 2016 that while urbanisation
brings with it certain health advantages, health dis-
advantages can also arise. In their case study in
Chennai, Bhubanewaar, Meerut and Shillong, they
noted that transportation is a critical factor in urban
health, presenting both positive and negative
opportunities.

Giles-Corti et al. [54] conducted a narrative litera-
ture review from various disciplines to study the
connection between health and city planning.
Although they concluded that the evidence in
LMICs is limited to establish that urban and trans-
port integration are critical for reducing health
inequities, they found that traffic congestion is
strongly associated with CVD. Likewise, undeveloped

Figure 4. Logic tree structured around physical (in)activity. Numbers in square brackets relate to the reference numbers of the
literature list evidencing the causal direction of the relationship shown. The direction of arrows indicates deeper causes, lines
without arrows highlight relations between concepts (usually one being a subset of the other), and shaded boxes indicate
connecting determinants in the other figures.
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public transport and the frequent use of two-wheel
motorcycles for mobility contribute to an increased
risk of type 2 diabetes, obesity and hypertension due
to reduced physical activity. Hence, they urged for
greater collaboration between government agencies to
deal with changing patterns in urban transportation.
Adlakha et al. [49] examined the connection between
BE and PA in Chennai, India, distributing the
International Physical Activity and Environment
Network (IPEN) survey questionnaire to 292 partici-
pants from four different SES. They concluded that
people with a lower SES obtain their PA from travel
(walking and biking), while people with a higher SES
obtain their PA from leisure. As one of the first
studies conducted on this issue in India, the authors
recommended that their findings should be contex-
tualised. In another study, Adlakha et al. [51] com-
bined the IPEN with the Neighborhood Environment
Walkability Scale (NEWS) to measure the effects of
BE on PA. They observed that residents from both
lower and higher SES meet the WHO’s recommended
levels of PA, yet residents from lower SES get their
PA from travel, whilst residents with higher SES
obtain theirs from leisure and recreation. They also
stated that public transportation is necessary for resi-
dents from lower SES as they cannot afford the price
of an automobile to enhance mobility.

In a case study of the impact of urbanisation on
three Indian cities, Viswanath et al. [55] found that
extant public transportation is unsustainable for

several reasons. First, it is unaffordable: the cost of
public transportation in Mumbai is twice that of
London and five times that of New York. Second, it
is inefficient, as ‘Delhi’s Metro can accommodate
6,520 rider per system km while Mexico’s 19,200,
Moscow’s 21,400 and Sao Paulo’s 27,800’ (p. 64).
Further, public transportation is often poorly inte-
grated and out-of-date: the lack of feeder services
minimise the scope for high ridership. Thus, trans-
portation in urban settings shows how the arrange-
ment of cities can influence the health and life of
slum dwellers. Poor urban planning can aggravate
slum conditions as it fails to account for the con-
straints imposed upon slum residents in their mobi-
lity. An overview of the relationship between
transportation and NCD risk is visualised in Figure 5.

Discussion

The commingling of risk factor pathways in slums
combined with slum dwellers’ contextual responses
create dynamic and complex interactions, which
highlight the difficulty of establishing simple causal
relations between separate determinants and NCDs.
Male slum dwellers move in an open system, whilst
women and girls are confined to a closed system
within the unique conditions of the slums. The indi-
vidual behaviours of slum residents in their environ-
ment, which ‘open up’ causal pathways of NCDs,
cannot be tackled by policy recommendations based

Figure 5. Logic tree structured around transportation in slums. Numbers in square brackets relate to the reference numbers of
the literature list evidencing the causal direction of the relationship shown. The direction of arrows indicates deeper causes,
lines without arrows highlight relations between concepts (usually one being a subset of the other), and shaded boxes indicate
connecting determinants in the other figures.
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on lumped quantitative data, as this ignores the cru-
cial interplay of the SDH in slum conditions, as well
as culture, politics, poverty, economics and actions.

In analysing and reconstructing the existing litera-
ture on the SDH in Indian slums, the causal relations
of NCD risk experienced by slum residents could be
delineated. For example, by analysing the connection
between the low education of women and NCDs, the
RCA could infer how low education becomes an
indirect determinant for a wider network of conse-
quences that have an impact on health. More signifi-
cantly, low education, on its own, is not a sufficient
condition to develop NCDs and their risk factors.
However, if it is combined with other elements that
are present in slums, e.g. seclusion of women, the
abusive attitude of teachers, low walkability, high
costs of public transport, lack of clean water, it
becomes a strong confounding factor increasing the
risk of developing NCDs, particularly CVD. In this
regard, the research extends many quantitative stu-
dies that have sought to characterise risk factor asso-
ciations. For example, in Menon et al. [56], their
quantitative survey on the prevalence of NCDs in
poor rural settings of Kerala found that living below
the poverty line (BPL) in a rural setting is associated
with stroke (OR 1.33,1.04–1.69; p = 0.02) and COPD
(OR 1.23, 1.15–1.32; p < 0.0001). Figures 2 and 3 of
the RCA show that in slum settings, poverty interacts
with many other contextually bound factors, such as
the low education status of parents or the assignment
of women to water tasks, which combine to produce
a higher risk of developing NCDs.

Several conclusions can be drawn from this. First,
a reframing of NCDs in slum settings is required. By
considering slums as living spaces and communities,
it dispels the assumption that slums refer to both the
people and their condition as almost synonymous,
without the need for clarification. ‘Slums as living
spaces’ highlights the conditions of citizens in
slums, and their experiences in their specific lived
slum contexts. Second, by highlighting the embedded
relation between slums and slum dwellers, the con-
nection between various SDH elements could be deli-
neated, and how these connections might lead (in)
directly and/or together to the development of NCDs
and their risk factors in slums. The RCA highlights
the non-linear and multivariate causal links amongst
identified NCD risk factors in slum communities.
Making these pathways explicit may inspire research-
ers or policy makers to formulate interventions that
assess the deduced causal relations experimentally,
with the concomitant aim of tackling NCDs.

As the analysis took into account the complex
reality of slum conditions, it allows for the possibility
of developing policies and programmes that are more
aligned to slum dwellers’ real health risks. For exam-
ple, whilst empirical research has established that a

poorly educated woman in the slums is more likely to
develop CVD [36], it can miss that her low level of
education further limits her decision-making power,
which is solely tied to fulfilling household chores
such as securing water for the family, cooking, clean-
ing and caring for the children. The interplay of these
factors leaves her with a small window of opportunity
for growth [57]. Thus, in targeting her health risks,
the greater empowerment of women must be central
to any health or education policy. Noteworthy exam-
ples include the alternative learning system (ALS)
developed in the Philippines that caters for girls
from slums who have dropped out of school [58],
or the use of education coupons, which encourage
parents to send their daughters to school [38]. NCDs
in slums are thus not solely about physiological and
individual propensities, but also about social struc-
tures (e.g. seclusion of women, the abusive attitude of
teachers, low walkability, high costs of public trans-
port) and how society, as a whole, manages the issues
of people living in slums. Figure 3 indicates that
policies stimulating economic production or educa-
tional output are not sufficient to address NCDs
amongst slum residents, whilst Figure 4 shows that
although poorly educated Indian men in slums are
highly mobile, they are also more vulnerable to CVD
due to their higher exposure to air and noise
pollutants.

Based on the RCA, the following actions are recom-
mended. First, the lack of clean water in slums is a broad
issue requiring significant amounts of investment from
national and local governments and private companies,
which may take a long time to address. In the short
term, however, relevant providers and municipalities
should collaborate on a policy that ensures regular
water deliveries of sufficient volume to slum commu-
nities with no plumbed water. This will eradicate the
vast lengths of time spent in long lines for obtaining
water and minimise water access irregularities. Second,
as education is the ticket to ‘freedom’, the education of
slum children, especially girls, is critical. Aside from an
ALS for school drop-outs or education coupons for
female students’ parents, a reward system for teachers
of slum children could be implemented to raise the
quality of teaching. The aim of the reward system is to
instil greater self-esteem amongst educators of slum
children, which could be realised through increased
monetary benefits or chances for faster promotion or
scholarship [59]. Third, for physical activity, activity
spaces or hubs could be created in slums which would
be used for yoga and meditation by slum dwellers.
Alongside this, sports events could be organised with
various non-governmental organisations, churches,
local government and schools to encourage more vig-
orous forms of recreational physical activities. Finally,
regarding public transportation, discount schemes that
reduce the costs of transportation should be enhanced,

GLOBAL HEALTH ACTION 9



whilst both local and national governments look for
ways to establish a walkable and bike-friendly environ-
ment. The analsysis shows, however, that gender con-
siderations must be integrated into the planning of
transportation projects.

The strength of the research is based on its review
of both quantitative and qualitative data, which
show the experience of slum dwellers and their
responses to their conditions. By triangulating
these publications, it provides a more robust view
of the issues surrounding NCDs from slum resi-
dents’ perspective. This did lead to the omission of
some quantitative literature reporting well-estab-
lished NCD risk factors, such as alcohol or tobacco
use, which weren’t substantiated with qualitative
data to determine their relation to other risk factors.
Since the literature was gathered from various fields,
the study is integrative and holistic in its approach.
Nevertheless, the study is limited by the small
amount of available literature on the issue. Further
corroboration of the findings is necessary to facil-
itate a better understanding of NCDs and their risk
factors in slums.

Conclusion

This study contributes to analysing the literature on
NCDs in slums for policy. It adopted a systems fram-
ing of the SDH model, combining quantitative asso-
ciations of slum populations with qualitative data, to
identify the dynamics of NCD risk in slums. Making
the relations between NCD social determinants expli-
cit is useful for identifying the most promising
options for policy makers and local governments.
This contributes to a greater understanding of the
interactions between slums, their residents and their
health, which could lead to more integrated
approaches in tackling NCDs.

Acknowledgments

Wewould like to thank themembers of the community for the
candid sharing of their experiences, which inspired this paper.

Author contributions

Lily Beth Lumagbas conceptualised the work, gathered and
analysed the data and drafted the paper. Harry L. S.
Coleman revised the draft work critical for its intellectual
content. Joske G. F. Bunders-Aelen revised the draft work,
was critical for its intellectual content and gave the final
approval of the version to be published. Antoine Pariente
contributed to the conceptualisation and design of the
work. Anne Belonje contributed to the conceptualisation
and design of the work. Tjard de Cock Buning analysed the
data and revised the draft work critical for its intellectual
content.

Disclosure statement

No potential conflict of interest was reported by the
authors.

Ethics and consent

Not required.

Funding information

This work was supported by the Erasmus Mundus Joint
Doctorate Programme, funded by the EACEA (Education,
Audiovisual and Culture Executive Agency) under Grant
number 2013-1479.

Paper context

Non-communicable diseases (NCDs) are prevalent in
slums, but there is limited knowledge on how they man-
ifest. The Social Determinants of Health (SDH) account for
the association between NCDs and socio-economic condi-
tions, but knowing which to target through policy is oper-
ationally complex. Using root cause analysis, this paper
traces the causal pathways of NCDs in slums identified by
previous literature. The findings are valuable in the devel-
opment of feasible policies and programmes targeting slum
dwellers’ actual health needs.

ORCID

Lily Beth Lumagbas http://orcid.org/0000-0003-4005-
4348
Harry Laurence Selby Coleman http://orcid.org/0000-
0002-2279-2921
Joske Bunders http://orcid.org/0000-0002-0007-6430
Antoine Pariente http://orcid.org/0000-0002-7873-5483
Anne Belonje http://orcid.org/0000-0002-2838-3715
Tjard de Cock Buning http://orcid.org/0000-0003-3461-
9349

References

[1] World Health Organization. Global status report on
noncommunicable diseases 2014. Geneva: World
Health Organization; 2014.

[2] Ayah R, Joshi MD, Wanjiru R, et al. A population-
based survey of prevalence of diabetes and correlates
in an urban slum community in Nairobi, Kenya. BMC
Public Health. 2013;13:371.

[3] Gowda MJ, Bhojani U, Devadasan N, et al. The rising
burden of chronic conditions among urban poor: a
three-year follow-up survey in Bengaluru, India. BMC
Health Serv Res. 2015;15:330.

[4] Anand K, Shah B, Yadav K, et al. Are the urban poor
vulnerable to non-communicable diseases? A survey
of risk factors for non-communicable diseases in
urban slums of Faridabad. Natl Med J India.
2007;20:115–120.

[5] Yadav K, Krishnan A. Changing patterns of diet, phy-
sical activity and obesity among urban, rural and slum
populations in north India. Obes Rev. 2008;9:400–408.

[6] UN-Habitat. State of the world’s cities 2010/2011:
bridging the urban divide. London: Earthscan; 2010.

10 L. B. LUMAGBAS ET AL.



[7] UN-Habitat. The challenge of slums: global report on
human settlements 2003. London: Earthscan; 2003.

[8] Hancock C, Kingo L, Raynaud O. The private sector,
international development and NCDs. Global Health.
2011;7:23.

[9] Marmot M. Social determinants of health inequalities.
Lancet. 2005;365:1099–1104.

[10] Commission on Social Determinants of Health.
Closing the gap in a generation: health equity through
action on the social determinants of health. Final
report of the commission on social determinants of
health. Geneva: World Health Organization; 2008.

[11] Cecchini M, Sassi F, Lauer JA, et al. Tackling of
unhealthy diets, physical inactivity, and obesity: health
effects and cost-effectiveness. Lancet. 2010;376:1775–
1784.

[12] Finch BK, Do DP, Heron M, et al. Neighborhood
effects on health: concentrated advantage and disad-
vantage. Health Place. 2010;16:1058–1060.

[13] Coffee NT, Howard N, Paquet C, et al. Is walkability
associated with a lower cardiometabolic risk? Health
Place. 2013;21:163–169.

[14] Diez Roux A-V. Neighborhoods and health: where are
we and were do we go from here? Rev Epidemiol
Sante Publique. 2007;55:13–21.

[15] Raphael D, Daiski I, Pilkington B, et al. A toxic com-
bination of poor social policies and programmes,
unfair economic arrangements and bad politics: the
experiences of poor Canadians with Type 2 diabetes.
Crit Public Health. 2012;22:127–145.

[16] Krumeich A, Meershoek A. Health in global context;
beyond the social determinants of health? Glob Heal
Action. 2014;7:23506.

[17] World Health Organization. A billion voices: listening
and responding to the health needs of slum dwellers
and informal settlers in new urban settings. Geneva:
World Health Organization; 2005.

[18] Garau P, Sclar E, Carolini GY. A home in the city.
London: Earthscan; 2005.

[19] Andersen B, Fagerhaug T. Root cause analysis: sim-
plified tools and techniques. Milwaukee: ASQ Quality
Press; 2006.

[20] Wagner TP. Using root cause analysis in public policy
pedagogy. J Public Aff Educ. 2014;20:429–440.

[21] Okes D. Root cause analysis: the core of problem
solving and corrective action. Milwaukee: ASQ
Quality Press; 2009.

[22] Friel S, Chiang T, Cho Y, et al. Review article: freedom
to lead a life we have reason to value? A spotlight on
health inequity in the Asia pacific region. Asia Pacific
J Public Heal. 2011;23:246–263.

[23] Ogoina D, Onyemelukwe GC. The role of infections in
the emergence of non-communicable diseases
(NCDs): compelling needs for novel strategies in the
developing world. J Infect Public Health. 2009;2:14–
29.

[24] Bach J-F. The effect of infections on susceptibility to
autoimmune and allergic diseases. N Engl J Med.
2002;347:911–920.

[25] Cronin AA, Prakash A, Priya S, et al. Water in India:
situation and prospects. Water Policy. 2014;16:425–
441.

[26] Allen A, Dávila JD, Hofmann P. The peri-urban water
poor: citizens or consumers? Environ Urban.
2006;18:333–351.

[27] Anand N. Pressure: the politechnics of water supply in
Mumbai. Cult Anthropol. 2011;26:542–564.

[28] Goli S, Arokiasamy P, Chattopadhayay A. Living and
health conditions of selected cities in India: setting
priorities for the National Urban Health Mission.
Cities. 2011;28:461–469.

[29] Joshi D, Fawcett B, Mannan F. Health, hygiene and
appropriate sanitation: experiences and perceptions of
the urban poor. Environ Urban. 2011;23:91–111.

[30] Reddy BS, Snehalatha M. Sanitation and personal
hygiene: what does it mean to poor and vulnerable
women? Indian J Gend Stud. 2011;18:381–404.

[31] Caste JD. Gender and the rhetoric of reform in India’s
drinking water sector. Econ Polit Wkly. 2011;46:56–
63.

[32] Sahoo KC, Hulland KRS, Caruso BA, et al. Sanitation-
related psychosocial stress: A grounded theory study
of women across the life-course in Odisha, India. Soc
Sci Med. 2015;139:80–89.

[33] Khanna T, Das M. Why gender matters in the solution
towards safe sanitation? Reflections from rural India.
Glob Public Health. 2016;11:1185–1201.

[34] Mahon T, Fernandes M. Menstrual hygiene in South
Asia: a neglected issue for WASH (water, sanitation
and hygiene) programmes. Gend Dev. 2010;18:99–
113.

[35] Mehta L. Whose scarcity? Whose property? The case
of water in western India. Land Use Policy.
2007;24:654–663.

[36] Yusuf S, Islam S, Chow CK, et al. Use of secondary
prevention drugs for cardiovascular disease in the
community in high-income, middle-income, and
low-income countries (the PURE Study): a prospec-
tive epidemiological survey. Lancet. 2011;378:1231–
1243.

[37] Nambissan GB. The global economic crisis, poverty
and education: a perspective from India. J Educ
Policy. 2010;25:729–737.

[38] Tsujita Y. Deprivation of Education: A study of slum
children in Delhi, India. Paper Commission for the
EFA Global Monitoring Report 2010. Paris: UNESCO;
2009.

[39] Chugh S Dropout in secondary education: A study of
children living in slums in Delhi. National University
of Educational Planning and Administration
Occasional Paper 37. New Delhi: National University
of Educational Planning and Administration; 2011.

[40] Wu KB, Goldschmidt P, Boscardin CK, et al. Girls in
India: poverty, location, and social disparities. In:
Lewis MA, Lockheed ME, editors. Exclusion, gender
and education: case studies from the developing
world. Washington, DC: Center for Global
Development; 2007. p. 119–143.

[41] Tooley J, Dixon P. Private schooling for low-income
families: A census and comparative survey in East
Delhi, India. Int J Educ Dev. 2007;27:205–219.

[42] Sajjad H, Iqbal M, Siddiqui MA, et al. Socio-economic
determinants of primary school dropout: evidence
from south east Delhi, India. Eur J Soc Sci.
2012;30:391–399.

[43] Mukherjee D, Das S. Role of parental education in
schooling and child labour decision: urban India in
the last decade. Soc Indic Res. 2008;89:305–322.

[44] Dutt S. Girls’ education as freedom? Indian J Gend
Stud. 2010;17:25–48.

[45] Mohanty P. Non-enrollment and dropout in elemen-
tary education - a study of Scavenger’s children living
in urban slums of Lucknow and Kanpur. Eur Acad
Res. 2014;1:5664–5677.

GLOBAL HEALTH ACTION 11



[46] Mandelbaum DG. Women’s seclusion and men’s
honor: sex roles in North India, Bangladesh, and
Pakistan. Tucson: University of Arizona Press; 1988.

[47] Tripathy JP, Thakur JS, Jeet G, et al. Urban rural
differences in diet, physical activity and obesity in
India: are we witnessing the great Indian equalisation?
Results from a cross-sectional STEPS survey. BMC
Public Health. 2016;16:816.

[48] Chomitz VR, Prabhu SS, Thanikachalam S, et al.
Physical activity and sedentary behavior in South
Indian adults: urbanicity, gender, and obesity. Faseb
J. 2013;27:1027–1055.

[49] Adlakha D, Hipp JA, Brownson RC, et al. “Can we
walk?” Environmental supports for physical activity in
India. Prev Med. 2016;103:S81–S89.

[50] Manjrekar SS, Sherkhane MS, Chowti JV. Behavioral
risk factors for noncommunicable diseases in working
and nonworking women of urban slums. J Midlife
Health. 2014;5:143–149.

[51] Adlakha D, Hipp JA, Brownson RC. Neighborhood-
based differences in walkability, physical activity,
and weight status in India. J Transp Heal.
2016;3:485–499.

[52] World Health Organization. Our cities, our health,
our future: acting on social determinants for health
equity in urban settings. Report to the WHO
Commission on Social Determinants of Health from
the Knowledge Network on Urban Settings. Kobe:
World Health Organization; 2008.

[53] Mullen P, Nair D, Nigam J, et al. Urban health advan-
tages and penalties in India: overview and case studies.
Washington, DC: World Bank; 2016.

[54] Giles-Corti B, Vernez-Moudon A, Reis R, et al. City
planning and population health: a global challenge.
Lancet. 2016;388:2912–2924.

[55] Vishwanath T, Lall S V, Dowall D, et al. Urbanization
beyond municipal boundaries: nurturing metropolitan
economies and connecting peri-urban areas in India.
Washington, DC: World Bank; 2013.

[56] Menon J, Vijayakumar N, Joseph JK, et al. Below the
poverty line and non-communicable diseases in
Kerala: the epidemiology of non-communicable dis-
eases in rural areas (ENDIRA) study. Int J Cardiol.
2015;187:519–524.

[57] Nussbaum MC. Women and human development: the
capabilities approach. Cambridge: Cambridge University
Press; 2001.

[58] Arzadon MM, Nato R The Philippine alternative
learning system: expanding the educational future of
the deprived, depressed, and underserved. The 9th
International Conference on Researching Work and
Learning. Singapore: Institute for Adult Learning;
2015. Available from: http://www.rwl2015.com/
papers/Paper105.pdf

[59] Vegas E, Umansky I. Improving teaching and learning
through effective incentives - what can we learn from
education reforms in Latin America? Washington,
DC: World Bank; 2005.

12 L. B. LUMAGBAS ET AL.

http://www.rwl2015.com/papers/Paper105.pdf
http://www.rwl2015.com/papers/Paper105.pdf

	Abstract
	Background
	Methods
	Results
	Lack of clean water
	Education
	Physical (in)activity
	Transportation

	Discussion
	Conclusion
	Acknowledgments
	Author contributions
	Disclosure statement
	Ethics and consent
	Funding
	Paper context
	References



