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Abstract
Effects of food and water insecurity on depression scores among women living in urban
informal settlements in Makassar, Indonesia during the COVID-19 pandemic: a longitudinal
cohort study
By Isabel Charles

Background: Women living in urban informal settlements may be particularly vulnerable to the
detrimental effects of the COVID-19 pandemic due to increased economic and psychosocial
stressors in already resource-strapped environments. The objective of this study was to assess
the effect of food and water insecurity during the pandemic on depression among women living
in urban informal settlements in Makassar, Indonesia.

Methods: We implemented surveys at three time points among women enrolled in the
Revitalizing Informal Settlements and their Environments trial. Depression was measured using
the Center for Epidemiologic Studies Depression Scale — 10 (CESD-10) in November-December
2019 and again in February-March 2021. Food and water insecurity were measured in August-
September 2020. Food insecurity was measured using two questions from Innovation for Poverty
Action’s Research for Effective COVID-19 Reponses survey. Water insecurity was measured using
the short form of the Household Water Insecurity Experiences scale. We ran three multivariate
guantile linear regression models to assess the effects of water insecurity, food insecurity, and
joint food and water insecurity during the COVID-19 pandemic on subsequent CESD-10 score.
Pre-pandemic CESD-10 score, self-reported financial satisfaction, disability, and wealth were
included as control variables. There were 323 women with data from the last two time points
and 221 women with data from all three time points.

Results: In models with the full sample, food insecurity (B: 1.48, 95% Cl: 0.79-2.17), water
insecurity (B: 0.13, 95% Cl: -0.01-0.26), and joint food/water insecurity (B: 2.40, 95% CI: 1.43-
3.38) all had positive relationships with CESD-10 score. In sub-group analyses of respondents for
whom we had pre-pandemic CESD-10 scores, results were similar but attenuated. Joint
food/water insecurity (B: 1.96, 95% Cl: 0.78-3.15) maintained the strongest relationship with
CESD-10 score.

Conclusions: In our study, joint food and water insecurity predicted higher (worse) scores on a
depression scale among women living in urban informal settlements in Makassar, Indonesia. Our
results highlight the importance of addressing food and water insecurity together, rather than in
silos as is standard practice. Cross-sectoral coordination may be vital for delivering effective
interventions that reflect the complexity of their beneficiaries’ lived experiences.
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Introduction

The COVID-19 pandemic had detrimental effects on the wellbeing of individuals globally,
as the world faced economic, political, and social shocks that disrupted daily life (Egger et al.,
2021; Santana et al., 2021; Santomauro et al., 2021). Urban health practitioners raised concerns
over how the COVID-19 pandemic may impact the health and wellbeing of communities living in
urban informal settlements, where crowded living spaces, inadequate housing, informal income
earning, and poor access to water and sanitation services may lead to increased risk for the social,
health, and economic impacts of COVID-19 (Corburn et al., 2020). Women living in urban informal
settlements may be at an even higher risk for the poor wellbeing outcomes related to COVID-19,
as they are often the primary caregivers at the household and therefore may bear a larger
psychosocial burden when facing resource insecurity and economic stressors (Bau et al., 2021;
Hamadani et al., 2020).

However, research on psychological wellbeing in urban informal settlements is scant
(Sverdlik, 2011), and there are few ongoing studies in these settings, so measuring changes in
wellbeing during shocks and stressors is a challenge. Revitalizing Informal Settlements and their
Environments (RISE) is a cluster-randomized controlled trial being conducted in 12 urban informal
settlements in Makassar, Indonesia. Data collection in RISE includes longitudinal assessments of
health and wellbeing of individuals living in study settlements (Leder et al., 2021). Using data
collected from three discrete time points (November-December 2019, August-September 2020,
and February-March 2021), this longitudinal sub-study seeks to understand the effect of
household food and water insecurity on women’s self-reported psychological wellbeing during

the COVID-19 pandemic.



This study increases the currently limited scope of research on food and water insecurity
and mental health, as well as research on women’s mental health in urban informal settlements.
From a global health practice perspective, understanding how women living in urban informal
settlements respond to shocks such as the COVID-19 pandemic may help inform urban health
and global health practitioners on how to best design public health interventions that consider
the unique experiences of their beneficiaries. This is particularly important as increased
urbanization continues to lead to a growth in urban informal settlements globally (World Health

Organization, UN-Habitat, 2016).



Literature Review
The Global State of Urban Informal Settlements

Rapid population growth in low- and middle-income countries (LMICs) and migration
from rural to urban areas has created a challenge for resource-strapped cities and states to
provide residents with adequate permanent housing and infrastructure (Black et al., 2011;
Knowledge Network on Urban Settings, 2008). A byproduct of this urban in-migration and
population growth is the global sprawl of urban informal settlements: densely populated urban
areas characterized by insecurity of tenure, overcrowding, substandard housing, and no or
limited access to basic services such as electricity, water, and sanitation infrastructure (UN-
Habitat, 2015; UN Habitat, 2003). These conditions make the populations within settlements
particularly vulnerable to the economic, social, and health impacts of shocks and stressors. The
term “slum” is often used interchangeably with urban informal settlements, although slums are
an extreme form of urban informal settlements, characterized by squalor and hazardous
infrastructure (UN-Habitat, 2015).

Over 880 million people are living in urban informal settlements worldwide, with over half
of that population living in Asia and Sub-Saharan Africa (World Health Organization, UN-Habitat,
2016). This population is estimated to double by 2050. However, some experts suggest that the
extent of this issue may be underestimated, as the poorest urban households often go
uncaptured by population surveys or government reporting (UN-Habitat, 2015). Individuals living
in urban informal settlements face particular social, economic, and health challenges in
comparison to other urban populations due to the unique environments they inhabit. For

example, residents of urban informal settlements are often spatially excluded from the



opportunities of the urban environment, such as public transportation and public utilities (i.e.
electricity and waste management), which in turn leads to economic and social exclusion (UN-
Habitat, 2015).

A systematic review of health in slums conducted in 2017 found that only 7% of studies
registered on the WHO Clinical Trials Registry platform and less than 3% of studies published on
MEDLINE and Embase were conducted in urban informal settlements (Ezeh et al., 2017),
indicating a lack of research in these areas. However, the research that has been published shows
that populations in urban informal settlements are at increased risk of poor health throughout
their lifetime, including higher rates of malnutrition (Kimani-Murage et al., 2015; Sarkar et al.,
2013), increased injury and exposure to violence (Daruwalla et al., 2020; Gibbs et al., 2018;
Sverdlik, 2011), and increased burden of disease (Fahim et al., 2021; Palit et al., 2012; Sarkar et
al., 2013). Poor mental health outcomes and increased risk of mental illness have also been
documented as health risks in urban informal settlements (Gibbs et al., 2018; Greif & Nii-Amoo
Dodoo, 2015a; Gruebner et al., 2011, 2012).

The 2030 Agenda for Sustainable Development outlines seventeen global goals, known as
the sustainable development goals (SDGs), that the United Nations seeks to meet by 2030 in
order to achieve economic, social, and environmental development worldwide (UN (United
Nations) General Assembly, 2015). Goal 11 calls for global action to “make cities and human
settlements inclusive, safe, resilient, and sustainable”. In order to achieve this, policymakers,
urban planners, and health and development practitioners need to better understand these

complex landscapes and the unique social and health risks that exist within urban informal



settlements, particularly as they continue to be a pivotal component of a rapidly urbanizing world

(The Sustainable Development Goals Report 2021, 2021).

Urban Informal Settlements in Indonesia

Informal settlements account for approximately one-third of Indonesia’s urban
population (United Nations, 2021). These settlements are often referred to as “kampungs”,
which translates literally to “village” in Bahasa Indonesian (Rahmi et al., 2001). However, the
exact number of urban kampungs in Indonesia is still unclear, and limited research exists on life
in kampungs (Simarmata, 2017). There is very little research on health Indonesian informal
settlements, and to the author’s knowledge there is only one published study to date that
explores mental health outcomes in these settings (Carias et al., 2021).

One study by Akbar & Edelenbos (2020) sought to quantify the social outcomes of place-
making, the process where “places are claimed and shaped through everyday social practices”,
in kampungs in Indonesia through a set of household questionnaires. Multiple linear regression
found that overall social outcomes were positively and significantly associated with place-making
activities, with the exception of temporal placemaking and respondent’s self-reported quality of
life, which were not statistically significant (Akbar & Edelenbos, 2020). This study demonstrates
how the collective culture of Indonesian kampungs can in turn lead to positive social outcomes,
including social connection, self-reported quality of life, and local capacity for collective action
(Akbar & Edelenbos, 2020). The results have implications for how social culture can influence
subjective wellbeing as well as environmental outcomes in urban informal settlements —

collective “place-making” activities, both informal and formal, encouraged participants to take



care of one another and their neighborhoods, which led to a return on investment in terms of

their livelihoods (Akbar & Edelenbos, 2020).

Psychological wellbeing in urban informal settlements

There is growing awareness of the burden of poor mental health and psychological
wellbeing globally, particularly in LMICs (Bird et al., 2011; Lund et al., 2010). A systematic review
conducted by Lund, et al. (2010) of common mental disorders in LMICs found that nearly 80% of
studies showed positive, but nuanced, associations between poverty measures and poor mental
health. While certain indicators, particularly income and employment, had more ambiguous
associations with mental health status, other indicators of poverty, such as food insecurity and
housing, were often strongly associated with poor mental health (Lund et al., 2010). However,
research on psychological wellbeing specifically in urban informal settlements is scant.

A study on mental health in slums in Dhaka, Bangladesh, paints a dim picture of mental
health in these settings (Gruebner et al., 2011). The researchers conducted a cohort study in nine
settlements, using the WHO-5 Well-being Index to measure self-rated mental health status. They
found that poor mental health was prevalent in all settlements that were surveyed. Researchers
also found using spatial analysis that certain variables, such as gender, housing quality,
environmental health knowledge, and sanitation, were associated with a higher risk of poor
mental health (Gruebner et al., 2011). These findings imply that mental health disparities exist
even within the already vulnerable environments of slums, depending on a range of

environmental and demographic factors (Gruebner et al., 2011).



At the same time, at least one study has found better mental health outcomes in urban
informal settlements compared to formal housing. Marais et al. (2013) conducted a study of the
relationship between mental health and housing conditions among orphans and vulnerable
children in the urban area of Manguang Metropolitan Municipality in South Africa. Several
housing-related variables were studied in relationship to mental health, including: housing type,
housing quality, and urbanization/movement (Marais et al., 2013). Mental health was measured
through the strengths and difficulties questionnaire (SDQ), which was taken by the child,
caregiver, and teacher to assess child’s mental health (Marais et al., 2013). The SDQ test provided
a “TD” (total difficulties) score, which sums the results of four behavioral problem scales.
Surprisingly, children living in informal urban settlements were less likely to have “clinically
diagnosable” TD scores than children living in formal housing (Marais et al., 2013). The authors
posit that the historical context of informal settlements in South Africa may explain these results.
The formation of urban informal settlements during apartheid was seen as a way for Black South
Africans to take back control of their lives (Marais et al., 2013). Some past literature has also
pointed to strong notions of collectivism in urban informal settlements as a means of survival
(Carpenter et al., 2004; Gumelar et al., 2018; Morgner et al., 2020). While the political and
structural environment of urban informal settlements may give way to increased mental health
risks, the findings by Marais et al. (2013) imply that perhaps certain aspects of the social
environment may play a protective role.

Several other studies have reported similar findings of poor mental health in urban
informal settlements influenced by a swath of explanatory factors, from crime rates, to informal

employment, to insecurity of tenure (Greif & Nii-Amoo Dodoo, 2015; Zakerhaghighi et al., 2015).



Informal settlements are different all over the world and their inner workings are greatly
influenced by history, culture, and varying elements of their environments, so it is impossible to
make generalizations about what might be important for mental health in informal settlements
globally. Overall, the literature suggests that certain aspects of these unique environments give
way to an increased risk of poor mental health. However, there are a number of cultural and
social factors, depending on the setting, that may be protective against negative impacts on poor

mental health.

COVID-19 and Psychological Wellbeing

The mental health burden of COVID-19 has been profound — one systematic review
estimates a nearly 30% increase in prevalence of major depressive disorder and 25% increase in
prevalence of anxiety disorder globally due to the COVID-19 pandemic and the subsequent social
and economic effects (Santomauro et al., 2021). The pandemic posed specific challenges for
psychological wellbeing in LMICs, which may not have the same health system capacity to
manage mental health crises as high income countries (De Sousa et al., 2020). Research has found
associations between past quarantines, such as during the 2003 severe acute respiratory
syndrome or 2004 Ebola virus outbreaks, and poor mental health, such as increased rates of
depression, post-traumatic stress disorder (PTSD), and anxiety (Serafini et al., 2020)

A review of the mental health implications of COVID-19 in LMICs found increased reports
of psychological distress, particularly among healthcare workers (Kola et al., 2021). This is likely
a reflection of the many uncertainties associated with life during COVID-19, particularly under

restrictive lockdowns, as well as the health concerns associated with getting the disease in



countries with low health systems capacity (Kola et al., 2021). However, the review found that
overall there has been little substantive research on the mental health impacts of the pandemic
in LMICs, especially compared to research done in high-income countries. This is concerning
considering that the majority of suicides globally occur in LMICs (Naghavi, 2019).

The review also found disruptions in mental health services in LMICs, particularly in areas
that were not able to create hybrid models for health services due to unreliable internet
connectivity or low technology capacity (Kola et al., 2021). This may deepen the mental health
divide that is faced by people of low income status, people with disabilities, and other
disadvantaged groups, such as those living in urban informal settlements. The review concludes
that the mental health inequities highlighted by the COVID-19 pandemic necessitate a
restructuring of how we manage and think about mental health as a global health issue (Kola et
al., 2021). There is a need for tackling the stigma of poor mental health in these contexts and
developing context-informed interventions.

A study by Porter et al. (2021) examined the effects of COVID-19 on young adults’ mental
health in Ethiopia, India, Peru, and Vietnam. Study participants were drawn from the Young Lives
Study, a longitudinal cohort study that began in 2002 (Barnett et al., 2013). The researchers
collected information on symptoms of anxiety and depression using the Generalized Anxiety
Disorder-7 (GAD-7) scale and the Patient Health Questionnaire depression scale (PHQ-8). Prior to
the pandemic, data on emotional problems and subjective wellbeing had been collected; these
data were used as proxies for baseline mental health during analysis (Porter et al., 2021). The
researchers found that economic adversity and living in an urban area were correlated with

experiencing symptoms of anxiety. Respondents experiencing economic adversity often also



reported reducing food consumption as a coping strategy for the economic stressors (Porter et
al., 2021). Furthermore, rates of anxiety and depression were generally much higher in countries
that were harder-hit by the pandemic (Porter et al., 2021). This study is one of the most robust
in terms of measuring psychological wellbeing outcomes in LMICs because of its’ use of proxy
indicators for baseline mental health, large sample size, and diversity of participants.
Unfortunately, because anxiety and depression were not measured directly in prior surveys, the
observed impact of COVID-19 on wellbeing is incomplete.

A study exploring the impact of the COVID-19 lockdown on women and their families in
rural Bangladesh found devastating impacts on women’s mental, financial, and physical
wellbeing (Hamadani et al., 2020). Using an interrupted time series approach, the researchers
compared data on food security, income, and mental health collected during the COVID-19
lockdown (May-June 2020) to baseline (July 2017-February 2019) and end line (February 2020)
(Hamadani et al., 2020). Food security was measured using the Household Food Insecurity Access
Scale (HFIAS) and a shortened version of the Center for Epidemiologic Studies Depression Scale
(CESD). The researchers also collected data on anxiety during COVID-19 using the Generalized
Anxiety Disorder (GAD-7) tool, although anxiety measures were not taken at baseline or end line
(Hamadani et al., 2020). They found that household food security decreased, and moderate and
severe food insecurity significantly increased (Hamadani et al., 2020). Furthermore, data showed
that the lockdown seemed to have severe impacts on women’s mental health — symptoms of
depression increased by an average of six points, and nearly 99% of women reported that their

anxiety had increased since the lockdowns (Hamadani et al., 2020).
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Literature shows that COVID-19 impacted psychological wellbeing globally, in high-,
middle-, and low-income countries, through increased rates of anxiety, depression, PTSD, and
other forms of psychological distress (Porter et al., 2021; Kola et al., 2021; Santomauro et al.,
2021; Hamadani et al., 2020). However, this impact has been challenging to quantify in LMICs.
While the paper described above covers both urban and rural environments, there are still large
geographic gaps in the literature. Furthermore, to the author’s knowledge, there are very few
studies that have robust longitudinal data on psychological wellbeing that can be used as a
baseline for comparison of wellbeing during COVID-19 in LMICs (Hamadani et al., 2020; Logie et
al., 2022). While some studies attempt to use a proxy for baseline data, these measurements
may be capturing a different phenomenon and therefore may be providing an incomplete picture

of the mental health burden.

Food Insecurity and Psychological Wellbeing in Urban Informal Settlements

Research has linked food insecurity to poor psychological wellbeing globally, causing
anxiety, depression, and distress in food insecure households (Elgar et al., 2021). This issue is
more pronounced in urban informal settlements, where households are forced to make difficult
decisions over how to prioritize their resources in situations of poverty and lack of formal
employment opportunities (Abdulla, 2011; Nickanor, 2014).

Rani et al. (2018) describe the results of a cross-sectional study looking at household food
insecurity and psychological wellbeing among teenage girls living in urban slums. This study was
conducted across five slums in Varanasi, India, using the HFIAS to assess household food

insecurity and four components (anxiety, depression, loss of behavioral control, and
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psychological distress) from the Mental Health Inventory to assess mental health. The study
found that nearly half of the girls interviewed lived in food insecure households. Nearly 87% of
study respondents living in food insecure households reported high levels of depression,
compared to 31% of those living in food secure households (Rani et al., 2018). Food insecure
respondents also reported significantly higher levels of psychological distress and loss of
behavioral control in comparison to their food secure counterparts (Rani et al., 2018). After
controlling for confounders, multivariate analysis showed that household food insecurity was
significantly associated with high anxiety, high depression, high loss of behavioral control, and
high psychological distress (Rani et al., 2018).

A cross-sectional study in urban slums in Dhaka, Bangladesh found similar associations
between household food insecurity and common mental disorders (Khan & Flora, 2017). The
overall objective of the study was to identify factors associated with common mental disorders
in mothers in urban slums in Dhaka. The researchers interviewed 264 mothers of children under
the age of 5, using a questionnaire composed of questions from the WHO’s Self-Reporting
Questionnaire-20, the HFIAS, and a socioeconomic status scale, as well as several questions on
sociodemographic variables. Of all household characteristics analyzed in bivariate analysis,
women experiencing moderate or severe household food insecurity had the highest odds of
having a common mental health disorder in comparison to women from food secure households;
4.79 and 11.57 times the odds, respectively (Khan & Flora, 2017). In multivariate analysis,
household food security was identified as the best predictor of maternal mental health (Khan &
Flora, 2017). This study demonstrates the importance and strength of the link between food

insecurity and mental health among women, even when considering other related variables.
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A cross-sectional study published by Logie et al. (2020) conducted in Kampala, Uganda
focused on understanding the drivers and mediators of depression among refugee and displaced
adolescents and youth in urban informal settlements. Depression was measured using the
Patient Health Questionnaire-9 (PHQ-9) (Logie et al., 2020). Two-thirds of all survey respondents
reported depression symptoms. Girls were much more likely to report depressive symptoms than
their male counterparts (Logie et al., 2020). In both bivariate and multivariate analysis, food
insecurity was not associated with depression among girls, which deviates from much of the prior
literature which has found strong associations between female mental health and food insecurity
(Gibbs et al., 2018; Ivers & Cullen, 2011; Maynard et al., 2018). Among boys, food insecurity was
associated with a 0.24 increase in depression score when exploring material and symbolic
contexts but became insignificant when social support measurements were added. A structural
equation model found that food insecurity was not directly associated with depression among
boys, but rather with lower social support (Logie et al., 2020). The authors posited that food
insecurity, then, is associated with depression in boys through the pathway of a lack of social
support.

However, a cross-sectional analysis of data collected among young adults living in urban
informal settlements in Durban, South Africa found stronger associations between food
insecurity and poor mental health in females (Gibbs et al., 2018). The researchers used the CESD
scale to measure depression and a single binary item to measure food insecurity, “How often
would you say you go without food because of lack of money?” (Gibbs et al., 2018). They also
asked questions on experiencing hunger daily or weekly, stealing because of hunger, and

borrowing money or food because of hunger. In bivariate analysis, the direct measure of food
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insecurity was associated with higher levels of depression among women, but not among men
(Gibbs et al., 2018). Stealing or borrowing food or money because of hunger was highly
associated with depression in both men and women (Gibbs et al., 2018). In adjusted multivariate
analysis, experiencing hunger daily or weekly was associated with depression in women, while
stealing because of hunger was associated with depression in men (Gibbs et al., 2018). While the
authors do not attempt to explain these differences between men and women, they do note that
past research has also found that direct measures of household food insecurity has associations
with poor female mental health in LMICs (Gibbs et al., 2018; Lund et al., 2010). The authors also
note that food security-related measurements are more predictive of poor mental health than
income-related measurements, which corroborates with prior research (Gibbs et al., 2018; Lund
et al.,, 2010).

While research shows a link between mental health and food insecurity in urban informal
settlements, some findings are mixed, particularly in terms of how this relationship differs by
gender. Research suggests that women and girls may be especially vulnerable to the impacts of
food insecurity on mental health, possibly due to their roles as caregivers (Gibbs et al., 2018;
Khan & Flora, 2017). However, boys and young men may be differentially affected by food

insecurity when experiencing low levels of social support, as demonstrated by Logie et al (2020).

Water Insecurity and Psychological Wellbeing in Urban Informal Settlements
Like food insecurity, research has linked water insecurity to poor mental health and
psychological distress in LMICs (Brewis et al., 2019; Wutich et al., 2020). Research has found that

there are physical, social, financial, and perceived inequality related stressors related to lack of
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access to safe water (Bisung & Elliott, 2016a). Because women tend to bear the burden of
household water collection and serve as caregivers, they may also bear a higher burden of poor
mental health as is related to water security (Bisung & Elliott, 2016a; Ennis-McMillan, 2001;
Wutich & Ragsdale, 2008). However, this concept is relatively new as compared to food
insecurity, so there has been less published research in LMICs (Bisung & Elliott, 2016b) and very
little in urban informal settlements.

Wutich & Ragsdale (2008) were one of the first groups of researchers to explore the
associations between water insecurity and mental distress in an urban settlement setting. The
research team collected data in a Bolivian squatter settlement using a household survey that
measured water-related experiences and emotions, including “fear, worry, anger, and bother”
as indicators of emotional distress (Wutich & Ragsdale, 2008). The researchers used a multiple
linear regression model to test a range of variables with water-related emotional distress.
Counter to their hypothesis, they found no associations between actual water supply and
emotional distress. They did, however, find that reliance on small-scale markets or a “reciprocal
exchange” system for water was associated with emotional distress (Wutich & Ragsdale, 2008).
The authors posit that this may be because these systems rely on market negotiation and are less
predictable than communal water sources (Wutich & Ragsdale, 2008). The researchers also found
that women were significantly more likely than men to report water-related emotional distress
(Wutich & Ragsdale, 2008), which aligns with literature on the unique relationship between
women and water (Pouramin et al., 2020; Sultana, 2009; Sweetman & Medland, 2017).

A more recent study by Kangmennaang et al. (2020) sought to understand the links

between water insecurity and mental distress in urban slums in Accra, Ghana through a mixed-
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methods approach. The researchers measured water-related emotional distress, household food
and water insecurity, and several other household and sociodemographic variables. Water-
related emotional distress was measured through six questions regarding the frequency of water-
related psychosocial experiences such as arguments over water (Kangmennaang et al., 2020).
Food insecurity was measured through the HFIAS, and water insecurity was measured through
the Household Water Insecurity Access Scale. In multivariate analyses, water insecure
households were more likely to have reported experiences of emotional distress than water
secure households (Kangmennaang et al., 2020). Food insecurity was not a significant predictor
of emotional distress (Kangmennaang et al., 2020). While this might be surprising due to the
plethora of literature indicating that food insecurity is predictive of psychological wellbeing (Elgar
et al., 2021), the measurement for psychological wellbeing in this study focused specifically on
water-related emotional distress. Qualitative findings from the study, collected through
photovoice and in-depth-interviews, reinforced these findings, with participants expressing
stress and concern over how their health may be impacted by their water and over the cost
associated with clean water (Kangmennaang et al., 2020)

Based on the studies described above, research on water and psychological wellbeing in
urban informal settlements has focused more on water-related emotional experiences, rather
than psychological wellbeing as a whole (Kangmennaang et al., 2020; Wutich & Ragsdale, 2008).
However, research in this area is slim (Bisung & Elliott, 2016). There is an opportunity for
researchers to explore the relationship between overall psychological wellbeing and water

insecurity in urban informal settlements.
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Food and Water Insecurity, Psychological Wellbeing, and COVID-19 in Urban Informal
Settlements

Studies have found associations between food and water insecurity and poor
psychological wellbeing outcomes in resource-scarce environments (Miller, Frongillo, et al., 2021;
Young, Miller, et al., 2021), though, as described above, this relationship is less clear and less
well-studied in urban informal settlements. A few studies have attempted to explore this
relationship in urban informal settlements during the COVID-19 pandemic.

A cross-sectional study conducted in Dhaka, Bangladesh attempts to describe the status
of mental health during COVID-19 among residents of urban informal settlements (M. S. Islam et
al., 2020). The researchers collected data on the financial impact of COVID-19, depression, and
PTSD, as well as several sociodemographic and behavioral measurements. The financial impact
of COVID-19 was measured through questions on job loss, food insecurity, and income changes
since COVID-19. Depression was measured using the Patient Health Questionnaire-9, and PTSD
was measured using the National Stressful Events Survey for PTSD-Short Scale (Islam et al., 2020).
A majority of households (96.3%) reported a decrease in household income due to COVID-19
(Islam et al.,, 2020). In multivariate analysis, higher depression scores were significantly
associated with being female, joblessness due to COVID-19, being divorced, living in a joint family
household, excessive sleep, and smoking. Higher PTSD scores were significantly associated with
income, excessive sleep, joblessness due to COVID-19, and experiencing food scarcity (Islam et
al., 2020). In the same vein as the study described prior, there is no “baseline” to describe pre-
pandemic mental health, so the causal link between COVID-19 and poor psychological wellbeing

is lacking.
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Nyashanu et al. (2020) describe findings from in-depth interviews conducted with 30
participants living in urban informal settlements in Tshwane Gauteng province, South Africa. The
researchers aimed to explore the impact of the COVID-19 lockdown on individuals living in urban
informal settlements. Participants were recruited using convenience sampling, via community
contacts provided from community and faith organizations operating in informal settlements in
Pretoria, South Africa. They categorized their findings into the following themes: difficulties in
practicing social distancing, over-burdened infrastructure in informal settlements, lack of savings,
loss of income and shortage of food, hunger and other diseases, anxiety and depression, and
poor access to education. In terms of anxiety and depression, interviewees discussed how the
lack of ability to social distance, fear of getting COVID-19, and social restrictions impacted their
mental health (Nyashanu et al., 2020). Participants also spoke about the food insecurity impacts
of COVID-19. Restrictions on movement and quarantine requirements impacted the informal
economy, subsequently impacting people’s income and forcing households to cut back on food
(Nyashanu et al., 2020). This study provides insight into the lived experiences of residents of
urban informal settlements during the COVID-19 pandemic and lockdowns; however, due to the
gualitative nature of the study, we cannot make draw any inferences about the associations of
mental health with other factors, such as food insecurity.

A cross-sectional study conducted in two urban shantytowns in Sdo Paolo, Brazil via an
online questionnaire found significant associations between psychosocial distress and
experiencing food insecurity during the COVID-19 pandemic (Santana et al., 2021). The
researchers used the General Health Questionnaire-12 (GHQ-12) to screen for psychological

distress and a shortened version of the Brazilian food insecurity scale to measure food insecurity
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(Santana et al., 2021). Multivariate logistic regression found that individuals experiencing
moderate to severe food insecurity had 2.7 the odds of reporting psychosocial distress on the
GHQ-12. However, due to the cross-sectional nature of this study, we cannot make conclusions
on whether food insecurity was a causal factor for depression specifically during COVID-19, as we
do not have baseline data for comparison. Furthermore, online questionnaires have several
issues related to self-selection bias and ability to accurately describe the population taking the
survey, so the representativeness and reliability of the findings in this study are questionable
(Andrade, 2020).

In a follow-up to the 2020 study described earlier, Logie et al. (2022) explored the
associations and correlations of depression in refugee youth living in informal settlements in
Kampala, Uganda prior to (February 2020) and during (December 2020) the COVID-19 pandemic.
Depression was measured using the PHQ-9, and food insecurity was measured using a single item
on how often the interviewee went to sleep hungry because they did not have enough food to
eat (Logie et al., 2022). The researchers also measured the associations between depression,
intimate partner violence, and social support (Logie et al., 2022). The odds of depression among
those who reported “always” experiencing food insecurity was 2.54 times higher than those who
reported “never” experiencing food insecurity (Logie et al., 2022). The researchers also found
thatin the time period during the pandemic, there was a stronger association with food insecurity
and heightened depression, but when adjusting for time as an effect modifier, this relationship
was not statistically significant (Logie et al., 2022). There were also no significant changes in rates
of depression prior to and during the pandemic. The researchers posit that these findings suggest

that depression and its’ associated factors are a chronic experience for urban refugee youth, so
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a stressor such as the COVID-19 pandemic may not have a particularly large impact when this
population is already experiencing the “psychological toll of slum living” (Logie et al., 2022;
Subbaraman et al., 2014). To the author’s knowledge, this is the only study on depression during
COVID-19 in urban informal settlements that uses pre-pandemic baseline data.

There are no studies published to the author’s knowledge that look at water insecurity
and psychological wellbeing in urban informal settlements during the COVID-19 pandemic. While
some studies have attempted to explore food insecurity as they relate to mental health during
the COVID-19 pandemic, there are several remaining research gaps. Overall, there is a lack of
robust study designs that explore these associations — this may be partially due to the fact that
there is little ongoing research in urban informal settlements (Sverdlik, 2011), so many studies
do not have baseline data (i.e., psychological wellbeing prior to COVID-19) to which they can
compare psychological wellbeing during COVID-19, with the exception of Logie et al.’s research
on refugee youth in Kampala (2022). This creates a gap in knowledge in terms of how much we
can attribute the mental health status specifically to COVID-19 versus other stressors. As noted
by Logie et al. (2022) in their findings, living in urban informal settlements comes with everyday
stressors that make way for poor mental and physical health (Subbaraman et al., 2014; Sverdlik,
2011). Depression, water insecurity, and food insecurity in urban informal settlements are not
constrained to the COVID-19 pandemic (Abdulla, 2011; Nickanor, 2014; Rani et al., 2018; Khan &
Flora, 2017). Without baseline data, we cannot make differentiations on the role that food and
water security play on depression specifically during COVID-19 versus the role that they play

more generally in urban informal settings.
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Conclusions

COVID-19 created a large burden on psychological wellbeing globally, due to the stress of
getting infected but also the lockdowns and their associated social and economic impacts
(Hamadani et al., 2020; Kola et al., 2021). COVID-19 containment policies caused shut downs and
delays in markets and supply chains, leading to a lack of economic opportunities, resource
scarcity, and underemployment (Bau et al., 2021). Beyond resource scarcity, the social impacts
of COVID-19 —isolation, stigma, mistrust, xenophobia — were profound and played a role in the
global burden of poor mental health during COVID-19 (Akter et al., 2021; M. S. Islam et al., 2020;
Santomauro et al., 2021).

Urban informal settlements were impacted uniquely by COVID-19, due to the inability to
practice social distancing, the informal nature of employment, and other pre-existing
environmental and social vulnerabilities (Corburn et al., 2020). There is reason to believe that
these same vulnerabilities also placed individuals living in urban informal settlements at a higher
risk of decreased psychological wellbeing. However, studies exploring the causal associations
between COVID-19 and psychological wellbeing specifically in these settings are lacking, mostly
due to the lack of baseline data on psychological wellbeing prior to COVID-19 in these contexts.

Prior research indicates that food and water insecurity do play a role in psychological
wellbeing in urban informal settlements, both generally (Rani et al., 2018; Khan & Flora, 2017)
and in the context of COVID-19 (Islam et al., 2020; Nyashanu, et al. 2020). Food insecurity’s
relationship has been more well-studied in these contexts, with multiple studies finding linkages
between food insecurity and poor psychological wellbeing (Rani et al., 2018; Khan & Flora, 2017

Islam et al., 2020; Nyashanu, et al. 2020). Water insecurity, on the other hand, is a newer concept
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in the academic literature and, therefore, has been less well studied (Bisung & Elliott, 2016b). In
urban informal settlements, research on the relationships between water insecurity and
wellbeing has been mostly limited to measurements of water-related emotional distress rather
than the impact of water insecurity on overall psychological wellbeing (Akter et al. 2021;
Kangmennaang et al., 2020; Wutich & Ragsdale, 2008).

For both food and water insecurity, the lack of baseline mental health data in COVID-
related studies serves as a limitation for understanding the associations of mental health during
COVID-19 and food and/or water insecurity. The Young Lives Study uses proxy indicators as a
baseline to look at COVID-19 and psychological wellbeing, but the measurements used are
different than those collected during COVID-19, and psychological wellbeing was only linked to
food insecurity through qualitative anecdotes (Porter et al., 2021). To the author’s knowledge,
there is only one study published to date (Logie et al., 2022) that uses baseline data from prior
to the pandemic to make a longitudinal comparison on how water and food insecurity specifically
impact psychological wellbeing during COVID-19.

Furthermore, because research in urban informal settlements is already scant and due to
the challenges of conducting research during the COVID-19 pandemic, there are geographical
limitations in the literature that has been published thus far. No geographic area is extensively
represented in the literature, and because urban informal settlements are so different depending
on geography, culture, history, et cetera, it is hard to draw broader conclusions based on a small
number of studies scattered throughout the world.

As urban informal settlements continue to grow and play an increasingly important role

in terms of urbanization in the Global South, it is critical to understand what can be done to help
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these environments and the people within them thrive, as outlined by SDG 11 (World Health
Organization, UN-Habitat, 2016). Understanding how food and water insecurity can impact
wellbeing during shocks and stressors such as COVID-19 can help inform urban policy and
settlement upgrading initiatives, and more generally can provide insight into what factors

strengthen resilience among residents of urban informal settlements in the face of adversity.
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Methods
Overview

Using quantitative survey data collected from households in urban informal settlements
in Makassar, Indonesia by researchers from the Revitalizing Informal Settlements and their
Environments (RISE) trial, this longitudinal study seeks to determine whether household water
and/or food insecurity influence self-reported psychological wellbeing among women living in
urban informal settlements during the COVID-19 pandemic.

RISE is a randomized control trial currently being conducted in 24 urban informal
settlements in Suva, Fiji and Makassar, Indonesia. In each city, six settlements have been
randomized to the intervention arm, and six have been randomized to the control arm. In
intervention settlements, RISE is collaborating with residents to design and build decentralized
water and sanitation infrastructure at the household, neighborhood, and precinct level (Leder et
al., 2021). Longitudinal assessments of health and wellbeing as well as human and environmental
sampling will be used to assess the impact of the co-designed infrastructure on the trial’s primary
(reduced exposure to fecal contamination) and secondary (microbial contamination, ecological
biodiversity, psychological wellbeing, to name a few) outcomes of interest (Leder et al., 2021).

Additional details on the RISE trial can be found in the study protocol paper (Leder et al., 2021).

Study Population & Recruitment
The data for this survey was collected from 12 RISE intervention and control sites in
Makassar, Indonesia. However, only 11 of the 12 RISE intervention communities are included in

this study, as one of the sites only received responses from four households so that settlement
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was subsequently dropped from analysis. At the times of data collection, intervention
communities had been actively engaged in the infrastructure design process, but no
infrastructure had been built in any of the RISE settlements.

RISE study settlements were chosen in consultation with local government officials,
donors, research partners, communities, and other relevant stakeholders (Leder et al., 2021).
Selection criteria for the settlement included both settlement-level characteristics (e.g.
settlement size, clear physical boundaries from other settlements, experience of water stressors)
and household characteristics (e.g. housing tenure, presence of children under the age of five
years old) (Leder et al., 2021).

After settlements were selected, household recruitment was carried out by trained local
community fieldworker teams (Leder et al., 2021). Recruitment for the purpose of assessment
was at the household level. For the purpose of the RISE assessment, households are defined as
one or more people who live in a shared house/dwelling and also share meals, living
accommodation, and some household expenses. There can be more than one household living
in one house. The teams attempted to recruit every household within the settlement boundaries,
and obtained written informed consent from heads of households for participation in assessment
activities such as surveys and sampling (Leder et al., 2021). Households also had the option of
participating in the RISE intervention (e.g., participating in co-design workshops, connecting to
water and sanitation infrastructure, etc.) without consenting to the assessment activities (Leder
et al.,, 2021). Randomization to control and intervention groups occurred after baseline

assessments using covariate-constrained randomization (Leder et al., 2021).
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Recruitment strategies differed slightly for different surveys implemented within RISE.
Data on psychological wellbeing was collected through in-person household surveys in
November-December 2019 (T1) and phone surveys in February-March 2021 (T3). These surveys
targeted the female head of household or housewife for answering household level questions. If
they were not available, a female adult (defined as someone 18 years of age or older, or someone
who is married or someone who has children) who lives in the house who could complete
household level questions was requested. If a female adult was not present, any adult in the
household who could answer household-level questions was requested. If none of those
individuals were present, surveyors made arrangements to return when one of the requested
individuals was available. During T1, a maximum of two household visitation attempts were made
to survey each household. During T3, a maximum of three phone call attempts were made.

Data on food and water insecurity was collected in August-September 2020 (T2). For this
survey, enumerators targeted two respondents per household: (1) the previous respondent (i.e.,
the respondent from the most recent prior survey) in order to enable comparisons across
timepoints, and (2) another adult respondent in the same household of a different gender in
order to enable intra-household comparisons by gender. If the previous respondent was not
available after 3 call attempts, the enumerator requested to speak with “an adult who is able to
answer questions about the health and activities of the whole household.”

Demographic information was pulled from the baseline survey (T0), which was collected
in November-December 2018. In the instances when baseline data was not available for a
participant (i.e., the woman moved into the settlement after baseline data collection),

demographic information was pulled from subsequent survey data.
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Data Collection

The T1 and T3 household surveys focused on self-reported psychological wellbeing and
associated indicators, including financial wellbeing and health symptoms. Psychological
wellbeing was measured using questions from the Center for Epidemiological Studies Short
Depression scale (Andresen et al., 1994a), also referred to as CESD-10. The CESD-10 is a ten
question, shortened version of the twenty question Center for Epidemiological Studies
Depression scale (Radloff, 1977). The questions ask the respondent to rate how often in the last
week they’ve experienced certain depressive symptoms, scored between O (rarely or none of the
time) and 3 (most or almost all of the time). Depressive symptoms included: trouble keeping your
mind on what you are doing, feeling like everything you do is an effort, feeling fearful, and trouble
sleeping. During the T3 data collection, the city of Makassar was in the “orange zone” regarding
COVID-19 restrictions (COVID-19 Task Force, 2020) and was one of the biggest contributors to
the COVID-19 case and death counts in Indonesia (Beech & Suhartono, 2021).

The T2 survey did not include psychological wellbeing but included questions on food and
water security. Water security was measured using the short form of the Household Water
Insecurity Experiences (HWISE) scale (Young, et al. 2021), known as the HWISE-4 (Young, Miller,
etal., 2021). The HWISE-4 includes four questions on problems with water related to worry about
having enough water to meet household needs, changing plans and schedule due to problems
with water, access to drinking water, and access to water for handwashing. The HWISE-4 was
validated using data from over 9,000 households in 25 low- and middle-income countries (Young,

et al. 2021). Respondents scored how many times they had a specified water insecurity
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experience in the past four weeks from the following options: never (0 times), rarely (1-2 times),
sometimes (3-10 times), often (11-20 times), or always (more than 20 times).

Food security was measured using two questions drawn from Innovation for Poverty
Action’s Research for Effective COVID-19 Reponses (IPA RECOVR) survey (Egger, et al. 2021). The
original IPA RECOVR survey was deployed in 9 countries to over 30,000 respondents (Egger, et al.
2021). In the original IPA RECOVR survey, the questions ask about how many days an individual
experienced various food insecurity events within the past week, on a scale of 0 days to 7 days.
For the purpose of this survey, the response options were modified to match the scale (never,
rarely, sometimes, often, or always) and time frame (in the past four weeks) of the HWISE items.
The modified food security items asked respondents to report how frequently in the past four
weeks the respondent or someone in the respondent’s household had to limit portion size at
meals and how many times the respondent or someone in the respondent’s household had to
limit the number of meals eaten in a day.

T2 data collection occurred during the dry season in Makassar (Climate-Data.org, n.d.).
During T2 data collection, Indonesia was the second largest contributor to COVID-19 cases in
Southeast Asia, and South Sulawesi (the province where Makassar is located) was the fourth
largest contributor to cases in Indonesia, following Jakarta and Java (WHO Indonesia, 2020).
Indonesia also had an extremely high rate of COVID-19 mortality among children as compared to
similar countries (WHO Indonesia, 2020). The city was still operating in the “Red Zone” of COVID-
19 restrictions, but physical distancing had loosened as compared to two months prior (UNICEF,

2020a; UNICEF, 2020b).

28



Statistical Analysis

CESD-10 score was a sum of the 10 responses (Andresen et al., 1994). The highest possible
score for the CESD-10 is 30. The higher the CESD-10 score, the more frequently the individual has
experienced depressive symptoms (Andresen et al., 1994). The water insecurity score was
determined by assigning a score of 0 to ‘never,” 1 to ‘rarely,” 2 to ‘sometimes,” and 3 to both
‘often’ or ‘always’ and then summing across the four HWISE-4 items (Young, Miller, et al., 2021).
The highest score that an individual can receive is 12. A household with a score greater than or
equal to 4 is considered water insecure (Young, Miller, et al., 2021). Food insecurity was scored
as a binary outcome whereby participants were considered to be food insecure if they ever (i.e.,
at least ‘rarely’) reported having reduced portion sizes or skipped meals in the past four weeks
(Egger, et al. 2021). Water and food insecurity were also examined jointly; we created three
categories for resource insecurity: “joint” (if a household had an HWISE score higher than 4 AND
if participant ever reported having reduced portion sizes or skipped meals in the past four weeks),
“one” (if a household had an HWISE score higher than 4 OR if participant ever reported having
reduced portion sizes or skipped meals in the past four weeks), and “none” (if a household had
an HWISE score lower than 4 AND if participant did not report having reduced portion sizes or
skipped meals in the past four weeks).

Multivariate quantile regression models were used for analysis. The outcome of interest
for this study was the CESD-10 score at T3. Three models were developed for analysis: one using
self-reported household food insecurity as the primary predictor, one using self-reported
household water insecurity as the primary predictor, and one that used joint food and water

insecurity as the primary predictor. The model was adjusted to account for intervention status
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and several covariates as described below, with clustered standard errors at the settlement level.
The models looking at food insecurity and joint insecurity also included fixed effects at the
settlement level to account for factors such as food environments and food supply chains
(Heather Ohly et al., 2022). A sub-analysis of women who responded to both T1 and T3 surveys
was conducted, controlling for CESD-10 score taken during T1. Data analysis was conducted using

STATA 17.0.

Covariate Selection

The following variables were considered a priori as potential covariates due to their
relationship with both the exposures (food and water insecurity) and the outcome (psychological
wellbeing) based on prior literature (VanderWeele, 2019): intervention status, wealth (calculated
based on household ownership of a variety of assets), disability (assessed using the Washington
Group Short-Set on Functionality), and self-reported financial satisfaction (measured on an
ordinal scale from 1-10, with a higher score indicating higher levels of satisfaction). Due to strong
theoretical foundations and empirical evidence from other studies in favor of the importance
between our selected covariates for psychological wellbeing, all covariates identified a priori
were retained in the models except for intervention status. Because findings from the literature
on the relationship between wealth and mental health in LMICs have been mixed (Lund et al.,

2010), a sensitivity analysis was conducted removing the wealth variable.
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Figure 1: Directed Acyclical Graph demonstrating relationship between selected covariates (wealth, disability,

financial satisfaction) and predictor (food and water insecurity) and outcomes variables (depression).

Ethics

This project was determined to be IRB-exempt as it is using secondary, de-identified data.
RISE is led by Monash University and has ethics approval from the Monash University Human
Research Ethics Committee (Melbourne, Australia; protocol 9396) and Universitas Hasanuddin
(Makassar, Indonesia; protocol UH18020110). The RISE trial obtained informed consent from
settlement leaders and community members for participation (Leder et al., 2021). During
household data collection, survey field teams obtained informed consent from the head of
household, and households were given the opportunity to withdraw consent or to consent to
participate in future RISE activities (if they refused consent prior) during each survey period

(Leder et al., 2021).
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Results

Descriptive Analysis

Table 1 provides descriptive statistics of the analytic sample (N=323). The average age of

women in the study was approximately 40 years old. Of the 323 women, over 85% were married

and the largest percentage had a primary school level of education (39.9%). The majority

ethnicity (66.9%) was Makassarese and majority religion (92.3%) was Muslim. Four percent of

the study participants reported living with a disability. When asked at T3 about their satisfaction

with their current financial situation, the mean response was 5.8 on a scale of 1-10, with a higher

score indicating higher levels of satisfaction.

Table 1. Demographic Characteristics (N=323)

Variable N or Mean % or SD (Min-Max)
Age 40.62 11.39 (19.5 — 78.17)
Marital Status
Single/Never Married 17 5.3%
Married 280 86.7%
Divorced 9 2.8%
Separated 3 0.9%
Widowed 14 4.3%
Wealth Quintiles
Lowest 85 23.3%
Second lowest 54 16.7%
Middle 46 14.2%
Second highest 52 16.1%
Highest 86 26.6%
Highest Level of Schooling Completed
Never attended 13 4%
Primary school 129 39.9%
Junior high school 73 22.6%
Senior high school 94 29.1%
Academy/Trade School 3 0.9%
University 9 2.8%
Missing 2 0.6%
Ethnicity
Makassarese 216 69.5%
Other 95 30.6%
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Religion

Muslim 292 92.3%

Other 11 3.4%

Missing 14 4.3%
Living with Disability 13 4%
Self-Reported Financial Satisfaction 5.8 1.85 (1-10)

Missing observations:

2 observations (0.62%) missing from highest level of schooling completed
12 observations (3.72%) missing from ethnicity

14 observations (4.33%) missing from religion

Table 2 and Figures 2-4 present descriptive statistics for key outcome and predictor
variables of interest. The mean CESD-10 score during the pandemic was 4.33, and the highest
score reported was 23 (out of a total possible score of 30) (Figure 2). The mean HWISE-4 score
among households was 1.34, with the highest reported score being 12 (out of a total possible
score of 12). Figure 3 shows the distribution of responses to the HWISE-4 questions. Just above
17% of households were classified as “water insecure” based on HWISE-4 guidelines.
Approximately 20% of households were classified as food insecure. Figure 4 demonstrates the

distribution of responses to the IPA RECOVR questions measuring food insecurity.
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Table 2. Descriptive statistics of key variables of interest (N=323)

Variable | N or Mean | % or SD (Min-Max)
Psychological Wellbeing

CESD-10 Score Pre-Pandemic (mean) 4.05 3.13(0-17)

CESD-10 Score During Pandemic (mean) 433 2.98 (0—23)
Resource Insecurity
Water Insecurity

Water Secure (count) 265 82%

Water Insecure (count) 58 17.9%

HWISE Score (mean) 1.34 2.3(0-12)
Food Insecurity

Food secure (count) 255 78.9%

Food insecure (count) 65 20.1%
Joint Insecurity

Both (count) 21 6.5%

Either food or water (count) 81 25%

Neither (count) 218 67.5%

At least one (count) 102 31.5%

Missing observations:

3 (0.93%) missing from food insecurity
3 (0.93%) missing from joint insecurity

102 (31.58%) missing from CESD-10 score pre-pandemic

Time Point

T1 (Before
Pandemic)

N=221

T3 (During
Pandemic)

N=323

Figure 2: Distribution of CESD-10 scores at T1 (N=221) and T3 (N=323).
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How frequently in the last month have you or
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Figure 3: Distribution of responses to HWISE questions.
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Figure 4: Distribution of responses to experiences of household food insecurity.

. Never (0 Times)
Rarely (1-2 Times)

Sometimes (3-10 Times)

Often (11-20 Times) or
Always (=20 Times)

. Mever (0 Times)
Rarely (1-2 Times)

Sometimes (3-10 Times)

Often (11-20 Times) ar
Alwiays(=20 Times)

35



Bivariate Analysis

Table 3 shows results of bivariate analyses between each independent variable and CESD-
10 score. Bivariate analysis suggested a positive but not statistically significant relationship
between water insecurity and CESD-10 score during the COVID-19 pandemic (B: 0.14, P: 0.094,
Cl: -0.02 — 0.31). The relationship between food insecurity and CESD-10 score was also positive
and was statistically significant (B: 1.66, P: 0.001, Cl: 0.65 - 2.66). Joint insecurity had a stronger,
statistically significant positive relationship with CESD-10 score (B: 2.37, P: 0.005, Cl: 0.71 — 4.07).

In other bivariate analyses, psychological wellbeing prior to the COVID-19 pandemic (B:
2.7, P<0.001, CI: 0.15 — 0.40) and financial satisfaction (B: -0.17, P: 0.004, Cl: -0.33 - -0.01)
displayed a statistically significant association with psychological wellbeing during COVID. Due to
strong theoretical foundations and empirical evidence from other studies in favor of the
importance of our selected covariates for psychological wellbeing, all covariates identified a priori
were retained in subsequent models. Because the data come from a randomized controlled trial,
we also checked whether intervention status had any observable relationship with the key
outcome of interest, but analysis found no effect and, therefore, intervention status was not
included in the models. In a t-test examining the differences between CESD-10 score prior to and
during the COVID-19 pandemic, there was no statistically significant difference (u (diff)= 0.25, t:

1.07, Cl: -0.21 - 0.71).
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Table 3. Bivariate Analysis with CESD-10 Score During Pandemic (N=323)

Variable | B | 95% CI | p-value
Resource Security

Water Insecurity 0.14 -0.02-0.31 0.094
Food Insecurity 1.66 0.65-2.66 0.001
Food & Water Insecurity 2.37 0.71-4.07 0.005
Respondent Characteristics

CESD-10 Score at T1 0.27 0.15-0.4 <0.001
Wealth -0.09 -0.3-0.11 0.381
Disability 1.57 -0.53-3.67 0.143
Intervention Status 0.001 -0.61-0.61 0.996
Financial Satisfaction -0.17 -0.33--0.01 0.004
Missing observations:

102 (31.58%) missing from CESD-10 score pre-pandemic

3 (0.93%) missing from food insecurity

3 (0.93%) missing from joint insecurity

Multivariate Analysis

Table 4 shows the results of multivariate analyses between the predictor variables (food
insecurity, water insecurity, and joint food and water insecurity) with CESD-10 score. The first
model adjusted for wealth, disability, and financial satisfaction. A sub-analysis adjusted for all
covariates (wealth, disability, financial satisfaction, and pre-pandemic CESD-10 score). The final

model was a sensitivity analysis adjusting for all covariates except for wealth.

Water Insecurity

A model with the full sample size (N=323) and adjusted for wealth, disability, financial
satisfaction, and clustering at the settlement level indicated that water insecurity was positively
associated with CESD-10 score, though the result was not statistically significant (B: 0.13, P: 0.07,

Cl: - 0.01 — 0.26). In models that additionally adjusted for CESD-10 score at T1 (N=221), results
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were similar (B: 0.12, P: 0.186, Cl: -0.06 — 0.3). Removing wealth as a covariate had no change on

the effect of water insecurity on CESD-10 score (B: 0.12, P: 0.19, Cl: -0.06 — 0.3).

Food Insecurity

Before adjusting for CESD-10 score at T1, a model (N=320) with clustering and fixed
effects at the settlement level indicated a statistically significant positive relationship between
food insecurity and CESD-10 score (B: 1.48, Cl: 0.79—-2.17, P<0.001). However, in the sub-analysis
(N=218) adjusting for CESD-10 score at T1, the relationship between food insecurity and CESD-
10 score was attenuated and no longer statistically significant (B: 0.95, Cl: -0.37 — 2.26, P: 0.157).
As with water insecurity, a sensitivity analysis excluding wealth as a covariate did not have a
meaningful change on the effect of food insecurity on psychological wellbeing (B: 0.96, Cl: -0.3 —

2.22, p: 0.137)

Joint Food & Water Insecurity

A final analysis was conducted examining the psychological wellbeing effects of joint food
and water insecurity as compared to one or no resource insecurity. A model including all
covariates (wealth, disability, and financial satisfaction) with clustering and fixed effects at the
settlement level showed a statistically significant positive relationship between joint food and
water insecurity and CESD-10 score (B: 2.40, P<0.001, Cl: 1.43-3.38). When adjusting for CESD-10
score at T1, joint insecurity maintained strong and statistically significant associations with CESD-

10 score during COVID-19 (B: 1.96, P: 0.001, Cl: 0.78-3.15). A sensitivity analysis removing wealth
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score from the regression had no influence on the effects of joint resource insecurity on

psychological wellbeing (B: 1.97, P: 0.001, Cl: 0.8 — 3.14).

Table 4. Multivariate Regression Results

Model IN _ [B [95%c P-Value
Water Insecurity

Adjusted for wealth, disability, and financial situation 323 0.13 -0.01-0.26 | 0.07
Adjusted for all covariates (including pre-COVID-CESD-10) 221 0.12 -0.06-0.3 0.186
Adjusted for all covariates WITHOUT wealth 221 0.12 -0.06-0.3 0.19
Food Insecurity

Adjusted for wealth, disability, financial situation 320 1.48 0.79-2.17 | 0.000
Adjusted for all covariates (including pre-COVID-CESD-10) 218 0.95 -0.37-2.26 | 0.157
Adjusted for all covariates WITHOUT wealth 218 0.96 -0.3-2.22 0.137
Joint Water and Food Insecurity

Adjusted for wealth, disability, financial situation 320 2.4 1.43-3.38 | 0.000
Adjusted for all covariates (including pre-COVID-CESD-10) 218 1.96 0.78-3.15 | 0.001
Adjusted for all covariates WITHOUT wealth 218 1.97 0.8-3.14 0.001

Missing observations:

102 (31.58%) missing from CESD-10 score pre-pandemic
3 (0.93%) missing from food insecurity

3 (0.93%) missing from joint insecurity
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Discussion

As the only longitudinal study to the author’s knowledge that examines relationships
between food and water insecurity and women’s psychological wellbeing in urban informal
settlements during the COVID-19 pandemic, this study contributes to the understanding of how
resource insecurity may influence the wellbeing of women living in urban informal settlements
during shocks and stressors. About 30% of the women reported facing at least one type of
resource insecurity, and 6.5% of the women reported facing both water and food insecurity.
When analyzed together, joint food and water insecurity had a strong and statistically significant
relationship with psychological wellbeing as compared to having just one or no resource
insecurity, even after controlling for pre-pandemic wellbeing. This corroborates past research in
urban informal settlements that finds high reports of household food and water insecurity
(Adams, 2017; Adams et al., 2020; Joshi et al., 2019; Naicker et al., 2015). It also aligns with prior
research that suggests that joint food and water insecurity compound the individual effects of
one or the other (Miller, Frongillo, et al., 2021; Schuster et al., 2020).

Water and food insecurity are not a mutually exclusive experience (Miller et al., 2021).
Water insecurity is complex and has been found to have a strong influence on food insecurity,
through food production and preparation (Miller, Workman, et al., 2021; Varis et al., 2017). For
this reason, it may be most appropriate to analyze food and water insecurity in conjunction,
rather than as two separate experiences.

The COVID-19 pandemic appeared to have a negligible influence on women’s self-
reported psychological wellbeing as measured by CESD-10 score. A longitudinal study conducted

on the impact of COVID-19 on the psychological wellbeing of refugee youth living in urban
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informal settlements in Kampala, Uganda had similar findings (Logie et al., 2022). A possible
explanation for this finding, which is counter to much of the literature that found negative and
significant impacts of COVID-19 on mental health in LMICs (Egger et al., 2021; Hamadani et al.,
2020; Porter et al., 2021; Serafini et al., 2020), is that living in an urban informal settlement
presents a multitude of day-to-day challenges, for which individuals living in these settings have
already developed coping mechanisms (Logie et al., 2022).

Prior to adjusting for pre-pandemic wellbeing, food insecurity had statistically significant
associations with CESD-10 score, indicating a potential relationship between resource insecurity
and psychological wellbeing. However, after adjusting for pre-pandemic psychological wellbeing,
these relationships were still positive but were no longer statistically significant. One possible
explanation for this is that individuals facing food insecurity during the COVID-19 pandemic were
already at a heightened risk for or already facing food insecurity prior to the pandemic so the
mental health impacts of resource insecurity already existed. However, since there is no pre-
pandemic data available for food or water insecurity, it is not possible to test this hypothesis.

Water insecurity had positive (but not statistically significant) associations with CESD-10
score both prior to and after adjusting for pre-pandemic wellbeing, which contradicts some of
the literature that finds significant associations between water insecurity and mental health in
LMICs (Brewis et al., 2019; Wutich et al., 2020). This is the first study on psychological wellbeing
and water insecurity in LMICs that uses CESD-10 score as a measurement for psychological
wellbeing (Wutich et al., 2020), which may be an explanation for the deviation in findings.
Another possible explanation for this could be the effects of seasonality on the data collection.

Water insecurity data was collected during the dry season in Makassar, while CESD-10 score was
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collected during the rainy season. Research has shown that seasonality affects water insecurity
in both Makassar and globally (Danielaini et al., 2019; Grasham et al., 2019; Singh et al., 2021),
so the timing of data collection may have influenced the outcome. Furthermore, while nearly
20% of respondents were classified as water insecure, more than 60% of the population reported
no experiences of water insecurity at all (i.e., HWISE scores equal to 0) in the past month. It is
possible that the distribution of these results may have made it challenging to detect a
relationship between water insecurity and CESD-10 score.

Another potential explanation for the null findings in both the food and water insecurity
regressions is the small sample size and issues with number of clusters in the RISE trial, which is
discussed further in the strengths and limitations. The sample size in RISE was pre-determined
by the number of households in the settlements and calculated to detect an effect on the trial’s
primary health outcomes assessed in children under 5 rather than the outcomes assessed here

(Leder et al., 2021).

Strengths and Limitations

This study had several strengths. One of the primary strengths is the inclusion of data on
both food and water insecurity, as well as data on psychological wellbeing from timepoints before
and during the COVID-19 pandemic. Several studies explore the relationship between resource
insecurity and psychological wellbeing during the COVID-19 pandemic (S. M. D.-U. Islam et al.,
2020; Nyashanu et al., 2020; Santana et al., 2021), but we identified that a major gap in the
existing literature was the virtual absence of metrics representing ‘baseline’ psychological

wellbeing, which are necessary in order to draw conclusions about causality. To the author’s
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knowledge, this is only the second study on psychological wellbeing during COVID-19 in urban
informal settlements that utilizes pre-pandemic psychological wellbeing data and is the first that
does so specifically for women. Moreover, this is one of very few studies looking at the impacts
of COVID-19 in urban informal settlements and the first looking specifically at food and water
insecurity. This study is also the first to focus on these topics in Indonesia, expanding the
geographical reach of research in urban informal settlements. Finally, the methodologies for
measuring psychological wellbeing, food insecurity, and water insecurity were all grounded in
prior research. The HWISE-4 survey tool has been validated in multiple LMICs, including Indonesia
(Young et al., 2021). The CESD-10 and IPA RECOVR survey have been used successfully in a swath
of LMICs, including in East Asia and the Pacific (Egger et al., 2021; Mackinnon et al., 1998;
Tampubolon & Hanandita, 2014).

There are several limitations in this study as well. RISE collects data at the household level,
which means that different household members may respond to different survey waves. Many
survey participants who responded to the CESD-10 questionnaire during T1 were not available or
did not respond during the household surveys in T3, meaning that there was no baseline
psychological wellbeing data available for approximately one-third of the original sample. While
this limited our sample size and thus statistical power for the pre-pandemic CESD-10 adjusted
models, our decision and ability to match pre- and post-pandemic CESD-10 scores at the
individual (rather than the household) level was a substantial strength in terms of the study’s
internal validity. Furthermore, due to the COVID-19 pandemic, surveys were conducted via

phone rather than face-to-face, which may have impacted how participants responded to the
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survey questions, although feedback from RISE participants suggested that women may have
been more comfortable talking about sensitive subjects over the phone rather than face-to-face.

Another limitation is that T2 was the first time that the RISE study used the HWISE-4 or
the IPA RECOVR questions on food insecurity. For this reason, there was no information available
on baseline food or water security prior to the COVID-19 pandemic, therefore leaving out a
potentially valuable piece of information on how change in food or water security subsequently
influenced change in psychological wellbeing. Finally, the clustered nature of the RISE trial calls
for consideration of clustered effects in data analysis, yet 11 clusters may be problematic for
statistical power and therefore clustering at the settlement level may have obscured the effects

of food and water insecurity on psychological wellbeing (McNeish & Stapleton, 2016).

Public Health Implications

These findings have important implications for practitioners working on global health,
urban planning, resilience, and other areas related to urban informal settlements or at the nexus
of food security, water security, and health or development.

Globally, poor psychological wellbeing, such as heightened stress or depression, is
associated with premature mortality and hinders social progress, human capital, and individual
potential (Herrman et al., 2019; Patel et al., 2016). While the nutritional and infectious disease
implications of food and water insecurity are well-documented and recognized in the field of
global public health (Adams et al., 2020; Boliko, 2019; Ivers & Cullen, 2011; Poulsen et al., 2015;
Schuster et al., 2020), the impacts on psychological wellbeing have been less well-documented

(Adams et al.,, 2020; Pourmotabbed et al., 2020; Wutich et al., 2020). Understanding these
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pathways in urban informal settlements, where data is scant, may be particularly important as
informal settlements continue to play a pivotal role in urbanization (UN-Habitat, 2015). In
Makassar specifically, 67% of the housing growth has occurred in urban informal settlements in
the past ten years, and population growth projections show that the city will continue to expand
rapidly in the next 20 years due to urban migration (ASEAN Australia Smart Cities Trust Fund,
2021).

In terms of global public health practice, the findings of this study underline the
importance of addressing food and water insecurity together, rather than in silos as is standard
practice. Currently the SDGs call for addressing both food and water insecurity in separate goals,
but fail to acknowledge their complex and important inter-relationship (Ringler, C. et al., 2018;
Varis et al., 2017; Young, Frongillo, et al., 2021). Coordination between the water, sanitation and
hygiene (WASH) and nutrition sectors may be vital for delivering effective interventions that
reflect the complexity of their beneficiaries’ lived experiences (Ringler & Paulo, 2020). Moving
forward, global health practitioners should reconsider the approach of food and water insecurity
as separate experiences and design interventions and policies that both acknowledge and
address their relationships. This consideration is important for urban informal settlements,
where there may be both limited or inconsistent access to WASH infrastructure and disrupted
food environments/food supply chains (Sverdlik, 2011). World Vision’s piped water intervention
in Zambia is a good example of how an intervention could potentially address both water and
food insecurity. Researchers found that increasing access to piped water also increased
household gardens as well as garden size (Winter et al., 2021). Theoretically, household gardens

can aid in decreasing household food insecurity by increasing availability and accessibility of
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nutritious foods (Galhena et al., 2013). However, food insecurity was not a main focus of the
World Vision intervention, nutrition outcomes were not measured, and the intervention took
place in rural areas, limiting its generalizability to urban informal settlements (Winter et al.,
2021). To the author’s knowledge, there are currently no interventions or programs that jointly
address water and food insecurity directly as primary outcomes, which underlines the
importance of rethinking how we approach food and water insecurity policy and practice (Young,
Frongillo, et al., 2021).

The findings of this study have important implications for women, who are often the
primary caregivers in the household and therefore may be more susceptible to the effects of both
resource insecurity and of shocks and stressors such as the COVID-19 pandemic on wellbeing
(Angwenyi et al., 2021; Oldewage-Theron & Kruger, 2011). More often than not, women bear the
burden of household duties such as water collection, cooking, and infant and young child feeding,
all of which depend on access to water and food sources, resulting in a disproportionate burden
of the effects of food and water insecurity on women’s time and energy (Madzorera & Fawzi,
2020; Ray, 2007). While there have been concerted efforts recently to mainstream gender into
WASH and nutrition research and programming (Brody et al., 2015; Madzorera & Fawzi, 2020;
Packett et al., 2020; Pouramin et al., 2020), these efforts will be stymied if the relationship

between and effects of these insecurities on women’s wellbeing are not considered.
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