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Abstract: Informal settlements (slums)—defined as residential areas lacking durable housing;
sufficient living and public spaces; access to basic infrastructure, water, sanitation, and other services;
and secure tenancy—are presumed to be poor health environments. Research in Kenya suggests
that residents of these settlements have the worst health outcomes of any population, yet there is a
paucity of research focused on the health and well-being of these residents. Even less attention is
given to the role played by environment in health in these settings. The present study addresses these
gaps by examining potential environmental correlates, specifically access to water and sanitation,
of health-related quality of life (HRQOL) among 552 women in Mathare slum in Nairobi, Kenya.
A Kiswahili version of the 36-Item Short Form Health Survey (SF-36) measured HRQOL. Results
suggested that access to a toilet at all times was associated with every subscale of the mental health
and general well-being domains of the SF-36. Primary water source was also associated with women'’s
HRQOL. Despite increasing efforts to expand sanitation and water access in informal settlements,
more attention should be given to whether the interventions being introduced, which likely affect
women’s psychosocial health, are appropriate for all residents, including women.

Keywords: women'’s health; informal settlements; slums; Kenya; health-related quality of life; SE-36;
water and sanitation; correlates of health

1. Introduction

Informal settlements (also referred to as slums) are often presumed to be poor health environments.
Indeed, a recent comparative analysis found that higher rates of mortality and morbidity were associated
with slums than with rural and other urban environments [1]. Poor health has been attributed to poor
quality housing and infrastructure, and a lack of access to water, sewage, garbage collection, health care,
and other basic services [2]. Lack of educational and employment opportunities and absence of public
sector and law enforcement can foster violence and unrest in settlements and expose residents to greater
health risks by limiting their ability to easily and safely navigate their environments and manage
their health and daily tasks [3]. In low-income countries, lack of access to safe water, sanitation, and
hygiene (WASH) combines to account for about 842,000 deaths per year [4]. Poor sanitation is linked
to a number of communicable diseases, notably cholera, diarrhea, dysentery, and typhoid [5]. Women
with limited access to safe sanitation and water face particular challenges, including reproductive
tract infections, constipation, hemorrhoids, and dehydration, as well as a number of psychosocial
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stressors [6-10]. Research carried out in informal settlements in Kenya suggests that residents of these
settlements have the worst health outcomes of any population in the nation [3].

Other researchers have observed that self-perceived health-related quality of life (HRQOL) is
higher among women living in informal settlements than among their peers living in more developed
urban areas [11]. These researchers speculate that this rather surprising finding stems from two
phenomena: ‘self-selection’, in that women who migrate into informal settlements tend to be younger,
and possibly in possession of a more positive outlook about their health, and ‘geographic advantage’, in
that informal settlements are often located in central neighborhoods in close proximity to health services.
In addition to these two hypothesized correlates, a number of sociodemographic attributes have been
linked to the HRQOL of women living in informal settlements; in Kenya, identified correlations have
included age, education, employment, marital status, economic status, and disease state [12,13].

Despite recognition that inadequate sanitation and lack of access to water, both defining attributes
of informal settlements, are leading risk factors for disease and causes of mortality [4], surprisingly
little research has been done to date on the relationship between these environmental conditions and
health-related quality of life in informal settlements. The present study aims to address this gap by
examining potential environmental as well as sociodemographic correlates of HRQOL among women
residing in Mathare Valley Informal Settlement in Nairobi, Kenya. Of particular interest is the extent to
which sources of water and sanitation observed variability in HRQOL.

2. Materials and Methods

2.1. Research Setting

This study was carried out in 2018 in Mathare Valley Informal Settlement (Mathare), one of the
oldest and largest slums in Kenya. The settlement started in the 1920s during the early years after
the British established the Colony and Protectorate of Kenya. Colonial entities wanted to deter rural
Kenyan nationals from relocating to urban centers by prohibiting the provision of housing and basic
services to these migrants [14]. Thus, African residents in Nairobi were restricted to living in the
flood-prone areas east and south of the city center [15]. In 1952 the British attempted to demolish the
Mathare settlement. However, residents soon returned and there was an influx of new migrants. There
are estimates that suggest that Mathare’s population was around 30,000 residents in 1969 and doubled
by 1971 [15]. Today’s Mathare is comprised of 11 primary villages and is home to over 200,000 residents
living in an area smaller than 3 square-kilometers [16].

Provision of formal water and sanitation infrastructure has been limited in Mathare. After a
cholera outbreak in Mathare in 1971, the City Council started providing free water to some parts
of the settlement, but it was and is still not adequate to service most residents [15]. Research from
2011 estimated that about 83% of residents in Mathare relied primarily on shared toilets used by
approximately 85 households each. However, findings also suggested that over two-thirds of the
participants in the study sample also periodically relied on plastic bags, buckets, or open defecation [17].
According to estimates from the same study, only about 11% of residents had access to private in-home
or in-yard piped water while the majority of the remaining residents relied on stand points or water
kiosks outside the home [15]. More recent estimates from research carried out with 550 female residents
of Mathare in 2016 suggest that about three-quarters of female residents of Mathare rely on shared
public toilets or “plot’ toilets shared by clusters of 20-30 households and about three-quarters of women
use plastic bags, buckets, or open defecation to manage their daily sanitation needs at least once in a
24 h period [18]. Additionally, data from the same study indicate that almost 14% of female residents
have access to private in-home or in-yard taps or wells, but over half (57%) of women rely on public
taps (including kiosks) or wells for their drinking water [19].
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2.2. Data and Sample

This study used cross-sectional data from a 2018 pilot project to establish a baseline understanding
of women’s health in Mathare. The sample included 552 female residents in Mathare; approximately
50 from each of Mathare’s 11 villages. A well-documented technique for random sampling in informal
settlements [17,20,21] was used with mapping software to identify households to be included in the
survey. A single woman from each household was then selected using Kish [22] methodology. In order
to be included in the study women had to speak either Swahili or English, be at least 18 years old, and
be able to provide verbal consent. Surveys were administered by female residents in Mathare who have
been working with the primary investigators on research projects in Mathare since 2015 and who have
been trained extensively in data collection methodology and ethical research in informal settlements.
The primary investigators were also on-site in Mathare throughout the data collection process.

2.3. Measures

Health-related quality of life (HRQOL) was measured using a Kiswahili version of the 36-Item
Short Form Survey (SF-36) that had been previously translated and used in Tanzania (Wagner, et al.,
1999). Although other Kiswahili versions of the SF-36 have been used effectively in Kenya [12,13],
the Tanzanian version was selected for use in this study because its developers had conducted a
psychometric evaluation of the items and empirically validated the scores as recommended by the
International Quality of Life Assessment (IQOLA) [23,24].The SF-36 is a widely used questionnaire
designed to capture self-reported data in eight major nonfatal physical and mental health domains [25].
These included three mental health subscales: social functioning (SF), i.e., limitations in social activities
due to physical and or emotional problems; emotional role functioning (RE), i.e., limitations in one’s
usual role because of emotional problems; and mental health (MH). As well as this, there were three
physical health subscales: physical functioning (PF), i.e., limitations in physical activities due to health
problems; physical role functioning (RP), i.e., limitations in usual role due to physical problems; and
bodily pain (BP). Two further subscales to capture self-perceived general well-being included general
health (GH) and vitality (VT), i.e., energy and fatigue. Subscales were scored using the RAND 36-Item
Short form Survey scoring method [26]. Final subscale scores range from 0 to 100, with higher scores
indicating better quality of life within the subscale.

2.3.1. Water and Sanitation

Women were asked several questions about their primary and alternative sources for their water
and daily sanitation needs. Answers to these questions were distilled into two variables for this
analysis. First, answers to survey questions about women’s primary source for drinking water were
collapsed into a 4-category “access to water’ variable (1 = relies on private tap/well inside home or yard,
2 = relies on shared tap or well outside home or yard, 3 = relies on public tap or well, and 4 = relies on
water vendors, tankers, or burst pipes). Second, a binary sanitation variable was created by giving
participants a score of ‘1’ if they stated having access to a toilet (of any kind) at all times throughout
the day and night and a score of ‘0’ if they reported having to use a bag, bucket, or open defecation at
least once in a 24 h period.

2.3.2. Socioeconomic and Demographic Characteristics

Finally, a number of socioeconomic and demographic variables including household income,
education, marital status, number of children, age, household count, gender of head of household,
employment, and business ownership were included in the models.

2.4. Analysis Strategy

Descriptive statistics were run for all variables of interest. Nonparametric Mann-Whitney
U tests and Kruskal-Wallis tests were run to test for significant associations between each of the
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socioeconomic and demographic covariates and women’s HRQOL (see Appendix A). All socioeconomic
and demographic variables were significantly associated with at least one of the eight subscales of the
SF-36. A set of two linear regression models was run in Stata statistical software (version 15) [27] to look
at the relationship between women'’s access to sanitation and water and each of the eight subscales of
the SF-36. Model 1 included only socioeconomic and demographic variables as independent variables
and Model 2 included women’s access to sanitation and water while controlling for the socioeconomic
and demographic covariates. Wald tests were used to compare model fit between Models 1 and 2 (see
Appendix B). In order to account for the stratified nature of the sample across villages, the descriptive
statistics and models were adjusted using the complex survey commands (svy) in Stata.

3. Results

3.1. Sample Characteristics

Sample characteristics are summarized in Table 1. Almost one-half of the women in the sample
had monthly incomes between 5000 and 9999 KES (approximately US $50-100) and an additional 29%
had incomes between 10,000-14,999 KES per month. Approximately 45% of the women had less than a
complete primary education and only 5% of women had completed secondary school. Almost half of
the sample was married and 35% reported being single or having a casual boyfriend. Almost 87% of
women in the sample had at least one child. About three-quarters of the women lived in households
with five or more people and almost half of the women lived in male-headed households. Women in
the sample ranged from ages 18 to 75 years, with a mean age of 35 years. Over 58% of women were
employed and about 34% of women ran a business. About 40% of women reported having access to
some type of toilet at all times throughout the day and night. More than half of the sample reported
relying on public taps or wells and an additional 34% reported using shared taps or wells outside of
their homes or yards. Only 6% of women reported having access to a private tap in their home or yard.

Table 1. Sample characteristics (n = 552).

Socioeconomic Demographic Variables Adjusted Proportions (%)
Monthly household income
Less than 5000 KES/month 54
5000-9999 KES/month 471
10,000-14,999 KES/month 294
At least 15,000 KES/month 18.1
Aware of household finances 93.3
Education
Less than primary 44.6
Completed primary school 23.9
At least some secondary 26.8
Completed secondary school 47
Marital status
Married 46.2
Living with a man, not married 6.0
Regular partner, live apart 13.2
Single/casual boyfriend 34.6
Number of children
No children 129
1-2 children 435
34 children 32.1

5+ children 11.6
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Table 1. Cont.

Socioeconomic Demographic Variables Adjusted Proportions (%)
Age mean (standard deviation) 35.0 yrs (0.41)
Household count

1 person 10.7

2 people 14.3

3-4 people 38.6

5+ people 36.4
Head of household is male 47.6
Respondent is employed 58.3
Respondent has a business 34.1

Water, sanitation, and hygiene (WASH)
variables

Access to toilet
Has access to a toilet at all times 40.0

Access to water

inside tap/well 5.8
outside tap/well 34.1
public tap/well 50.7
vendor/tanker/burst pipe 94

3.2. Physical Health

A summary of the results from linear regressions of the physical heath subscales on women’s
access to sanitation and water are presented in Table 2 with more detailed results, including nested
model statistics, presented in Appendix B. After adjusting for socioeconomic covariates including
income, education, marital status, number of children, age, household size, and employment, there
were no significant associations between women'’s primary sources for water and daily sanitation
needs and women'’s self-perceived physical health outcomes.

Table 2. Associations between water and sanitation and women’s physical health (n = 552).

Socioeconomic Demographic Variables Physical Function (PF) Physical Role Function (RP) Bodily Pain (BP)
Monthly household income

5000-9999 KES/month 6621 5.45 15.00 *

10,000-14,999 KES/month 6.23 3.67 15.06 *

At least 15,000 KES/month 4.05 10.65 17.10 **

Aware of household finances 9.28 * 8.04 4.29
Education

Completed primary school 34% 8.26 * -0.67

At least some secondary -0.30 3.20 -1.88

Completed secondary school 3.34 6.04 2.48
Marital status

Living with a man, not married 0.68 -2.34 0.38

Regular partner, live apart 3.05 2.58 —-2.50

Single/casual boyfriend -1.19 -8.14 -4.79
Number of children

1-2 children -3.16 -2.68 —-6.57

3—4 children -3.02 —4.64 -7.50

5+ children -2.24 -13.74 —-14.55*
Age —0.61 *** -0.67 ** —0.52 **
Household count

2 people 2.96 -2.59 -3.42

3-4 people 6441 -1.58 -0.18

5+ people go1t 0.25 0.93
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Table 2. Cont.

Socioeconomic Demographic Variables Physical Function (PF) Physical Role Function (RP) Bodily Pain (BP)
Head of household is male 1.93 1.41 1.03
Respondent is employed 2.05 8.46* 411t
Respondent has a business —-4.01* -6.681 -4.00
WASH variables
Access to toilet
Has access to a toilet at all times 1.58 2.35 2.80
Access to water
outside tap/well -0.07 0.72 -2.73
public tap/well -0.26 -0.01 213
vendor/tanker/burst pipe 0.57 9.34 -2.26

tp<0.1%p<0.05,* p<0.01,**p <0.001.

3.3. Mental Health

A summary of the results from linear regressions of the mental health subscales on women’s
access to sanitation and water are presented in Table 3 with more detailed results, including nested
model statistics, presented in Appendix B. First, results from the Wald tests suggest that including
women’s access to sanitation and water results in statistically significant improvement in the fit of the
RE and MH models. Next, after controlling for key socioeconomic covariates, access to a toilet at all
times was associated with a 6.7 point increase (CI = 0.22-13.18; p = 0.043) on the RE scale compared to
women who relied on bags, buckets, or open defecation at least once throughout a 24 h period. Having
access to a toilet at all times was also associated with a 4.7 point increase (CI = 2.05-7.41; p = 0.001) on
the MH scale and a 4.0 point increase (CI = 0.49-7.55; p = 0.026) on the SF scale compared to women
who relied on bags, buckets, or open defecation at least once throughout a 24 h period.

Table 3. Associations between water and sanitation and women’s mental health (n = 552).

Socioeconomic Demographic Variables Emotional Role Function (RE) Mental Health (MH) Social Functioning (SF)

Monthly household income

5000-9999 KES/month 2.80 424 13.08 *

10,000-14,999 KES/month 1.13 7.89 ** 12.32*

At least 15,000 KES/month 3.67 7.90 * 12.06 *

Aware of household finances 3.64 3.00 2.73
Education

Completed primary school 8.82* 251t 3.01

At least some secondary 6.07 -1.65 2.38

Completed secondary school -1.79 0.30 -0.42
Marital status

Living with a man, not married -6.85 3.74 0.94

Regular partner, live apart 5.20 —0.67 0.83

Single/casual boyfriend —8.48 2.18 -3.00
Number of children

1-2 children 0.96 -5.96 * -9.62 **

3-4 children -1.37 —8.80 ** -11.10*

5+ children -11.07 —15.93 *** —21.53 ***
Age —0.61** —-0.01 -0.30*
Household count

2 people -3.16 7.43 % —-0.54

3—4 people -1.85 6.03 * 4.24

5+ people 0.88 7.68* 8.87*
Head of household is male 1.71 —-0.86 -0.81
Respondent is employed 5901 290t 0.34
Respondent has a business -8.29 * -1.33 —-4.33*
WASH variables
Access to toilet

Has access to a toilet at all times 6.70* 4.73 ** 4.02*
Access to water

outside tap/well -1.30 6.67 * 7.26

public tap/well 6.06 6.69 * 8.55F

vendor/tanker/burst pipe 9.76 3.55 -1.37

tp<0.1,%p<0.05,*p < 0.01,** p < 0.001.
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Relying on a private tap or well outside one’s home but inside a plot was associated with a 6.7
point increase (CI = 1.24-12.09; p = 0.016) on the MH scale compared to women who relied on private
taps in their homes or buildings. Relying on a public tap or well was associated with a 6.7 point
increase (CI = 1.37-12.02; p = 0.014) on the MH scale compared to women who relied on private taps in
their homes or buildings.

3.4. General Well-Being

A summary of the results from linear regressions of the general well-being subscales on women'’s
access to sanitation and water are presented in Table 4 with more detailed results, including nested
model statistics, presented in Appendix B. Results from the Wald tests suggest that including women’s
access to sanitation and water in the regressions results in statistically significant improvement in the
fit of the GH model. Additionally, having access to a toilet at all times was associated with a 3.0 point
increase (CI = 0.02-5.99; p = 0.048) on the VT scale compared to women who relied on bags, buckets, or
open defecation at least once throughout a 24 h period after controlling for key socioeconomic variables.
Having access to a toilet at all times was also associated with a 4.8 point increase (CI = 1.68-8.01;
p = 0.003) on the GH scale compared to women who relied on bags, buckets, or open defecation at least
once throughout a 24 h period.

Table 4. Associations between water and sanitation and women’s general well-being (n = 552).

Socioeconomic Variables Vitality (VT) General Health (GH)
Monthly household income

5000-9999 KES/month -1.32 9.63*

10,000-14,999 KES/month 0.13 12.47 **

At least 15,000 KES/month -0.13 10.42 *

Aware of household finances 0.69 440
Education

Completed primary school 3421 5.77 **

At least some secondary -0.21 1.53

Completed secondary school 6.59 2.45
Marital status

Living with a man, not married 2.84 —5.08

Regular partner, live apart 0.71 -2.66

Single/casual boyfriend -2.37 -2.28
Number of children

1-2 children -1.49 -5.90 *

3-4 children ~10.79 ** —7.32*

5+ children —125% ~12.83 **
Age -0.11 —0.30 **
Household count

2 people 6.161 3.22

3—4 people 5.96 5.09

5+ people 8.85* 7.09 *
Head of household is male -0.10 -4.29
Respondent is employed 5.14 ** 0.04
Respondent has a business -0.51 -1.43
WASH variables

Access to toilet
Has access to a toilet at all times 3.00 * 4.84 **

Access to water

outside tap/well 7.06 * -3.19
public tap/well 7.32 %% 4.25
vendor/tanker/burst pipe 2.45 -9.09 *

tp<0.1,%p<0.05,*p < 0.01,** p < 0.001.
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Relying on a private tap or well outside one’s home, but inside a plot was associated with a 7.1
point increase (CI = 1.43-12.68; p = 0.014) on the VT scale compared to women who relied on private
taps in their homes or buildings. Relying on a public tap or well was associated with a 7.3 point
increase (CI = 1.99-12.65; p = 0.007) on the VT scale compared to women who relied on private taps in
their homes or buildings. Relying on vendors, tankers, or burst pipes was associated with a 9.1 point
decrease (CI = -17.79—+(-0.39); p = 0.041) on the GH scale compared to women who relied on private
taps in their homes or buildings.

4. Discussion

This study reports findings on one aspect of women’s psychosocial health, HRQOL, and its
correlates in informal settlements in Nairobi, Kenya, paying particular attention to key environmental
correlates. Evidence suggests that despite having better access to care and health service coverage
in urban areas, residents of informal settlements have worse health on a number of indicators than
members of other urban and rural communities [1,3]. Research also suggests that female residents
of informal settlements over the age of 15 years may have a noticeable health disadvantage [28].
While there is a small, but growing body of research focused on health and the correlates of health
in informal settlements, the studies have focused largely on child health and mortality, reproductive
health, and maternal and prenatal conditions [3,28,29] with little attention given to psychosocial health
and well-being. Even less attention has been given to correlates of health that take into consideration
the role of environment on health, a critical gap in the literature given that lack of basic infrastructure
and public services, particularly water, sanitation, and formal sewerage systems, are part of the very
definition of informal settlements [30,31].

In their study focused on the role of characteristics of housing in health in informal settlements in
Buenos Aires, authors French and Gardener observed that “human activity is not simply the product
of abstract social norms and conventions, or an expression of inner, autonomous motives or drives:
it is inextricably immersed in a physical, material environment that prompts, facilitates, constrains,
and transmutes human action. The material world both configures, and is a product of, the everyday
activity of humans” (p. 158, [32]). Findings from this study, exploring the role of access to water and
sanitation in women’s HRQOL in informal settlements in Nairobi, highlight this critical link between a
woman'’s physical environment and her health. Findings suggest, for example, that while access to
sanitation and/or water was not significantly associated with any of the three subscales of the SF-36
that make up the physical health domain, access to sanitation was significantly associated with every
subscale of both the mental health and general well-being domains of the SF-36. Access to water was
also significantly associated with the emotional well-being subscale of the mental health domain and
both subscales that make up the general health domain of the SF-36.

Previous research in Mathare, carried out by the authors of this study, suggests that the majority of
women living in these environments cannot, for a variety of reasons including lack of resources and/or
time, fear of violence, health concerns, time of day, and building closures, access a toilet for all of their
daily sanitation needs and, as a result, revert at least once in a 24 h period to using open defecation
and/or plastic bags or buckets in their homes (which are then emptied into open drainages outside the
home) to manage urination and/or defecation [18,33-35]. As more sanitation interventions are being
introduced into settlements, women’s regular access to toilets is expanding. For example, findings
from this study suggest about 40% of women report having access to a toilet at all times during the
night and day, up from only 26% in 2016 [18]. Even the most recent evidence, however, suggests that
well over half of women do not have access to a toilet at all times. This finding is important in itself,
but even more critical is the evidence of the strong association between women’s access to a toilet
at all times and their psychosocial health. Numerous studies have provided evidence that access to
sanitation is linked to health [36—40], but this is the first study to explore associations between women’s
access to toilets at all times and their HRQOL in informal settlements in Nairobi. The findings suggest
that having access to a toilet at all times is significantly associated with better outcomes on the RE, MH,
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SF, VT, and GH subscales, all subscales falling under the umbrella categories of mental health and
general well-being in the SF-36. These findings not only highlight the importance of readily accessible
sanitation, but they also give us insight into a different dimension of women’s health in informal
settlements that must be taken into account when designing interventions to improve health outcomes
in this population. Specifically, if limited access to sanitation is a definitional attribute of informal
settlements, then it must be a factor when considering the overall health and well-being of its residents,
particularly women.

Interestingly, neither access to sanitation nor water was significantly associated with any of the
physical health subscales of the SF-36 in this study. This finding was surprising in two ways. First,
given evidence suggesting there are strong associations between lack of access to sanitation and
conditions like diarrhea, typhoid, and cholera [5], it seemed probable that lack of access to sanitation
would be significantly associated with women’s reports about their physical health. However, our
findings suggest there were no significant associations. Next, previous research has also shown
that lack of access to an in-home or on-site water source is associated with poor health and pain for
women [41,42]. Without in-home or on-site water women are frequently responsible for transporting
heavy containers of water (e.g., jerricans or buckets) from the off-site source to their homes, leading to
potential musculoskeletal disorders and pain [41,42]. In addition, poor water quality, which differs by
source, has also been associated with negative physical health outcomes and conditions [43]. Findings
from our study are inconsistent with these previous findings. Inconsistencies between findings in our
study and others may be because most of the existent studies investigating links between access to
sanitation and water and women’s physical health and pain were carried out in rural settings where
the distance to toilets/sites for urination and defecation and water points are likely much greater than
the distance most women travel to access these services in informal settlements. The inconsistency
may also highlight limitations of the SF-36 measure. Questions in the SF-36, for example, are not
likely to capture information about illnesses or conditions like those often associated with lacking
access to sanitation or poor quality drinking water (e.g., diarrhea, cholera, and typhoid), particularly if
these conditions were experienced more than a month in the past. The SF-36 only measures current
and recent (in the past 4 weeks) HRQOL. This limitation of the SF-36 may also be problematic when
exploring links between women’s access to water and their physical health. Geere et al. (2018), for
example, suggest that women’s access to water may not be linked to current or recent experiences of
pain (e.g., in the last week), but may be associated with chronic pain or injuries in particular parts
of the body [42]. Using just the SF-36, we cannot test for associations between women’s access to
water or sanitation and their experiences of chronic pain or previous injury or illnesses. More research,
particularly comparative research between rural communities and informal settlement environments
and using additional measures of physical health outcomes, should be done to explore potential
associations between women’s access to water and sanitation and their experiences of chronic pain,
injury, or other physical health outcomes.

While physical health outcomes were not significantly associated with access to water, access
to water was an important factor associated with other domains of women’s HRQOL. However, the
nature of the associations differed by the type of water to which women had access. Access to a tap or
well outside the home/yard, including public taps or wells, was associated with higher scores on the
MH and VT subscales of the SF-36 compared to access to an in-home/yard water source. While in-home
water taps/wells are often the gold-standard for water provision, there can be water quality challenges
to in-home water taps/wells in informal settlements. Research suggests, for example, that relying on an
in-home water tap or well may be associated with higher rates of diarrhea [19]. Literature suggests that
providers of water at public kiosks and taps are usually licensed, and therefore, the water from those
sites is typically regulated [44]. On the other hand, water from private vendors, individual households,
and landlords who supply water to their tenants are usually unregulated; thus, there is little control
over water quality [44]. In addition to water quality issues, there can also be water scarcity issues.
Water supply in informal settlements is subject to rationing by the Nairobi Water Company. In informal
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settlements, water often flows from taps only three days out of seven and, when reservoir supplies
are low, even fewer [45]. Water supply to individual households is often the first to be shut-off; thus,
having access to more reliable private or public taps may have its advantages. In addition, water taps
outside the home are often spaces for women to come together to socialize. Women congregate around
water points to do laundry, fill jerry cans, and, while doing so, talk. Although there is a paucity of
research focusing on the creation of social geography and important places within informal settlements,
research does suggest that neighborhood connections in other environments is associated with positive
psychosocial health outcomes [46].

Findings from this study also suggest that reliance on informal vendors/tankers/burst pipes is
associated with lower scores on the GH subscale. During times of drought, formal water supplies
are sometimes shutoff for a week or more at which point families have to buy water at an elevated
price from water vendors selling water by the jerry can [45]. Other families may live too far from any
tap/well or have a physical or health condition that limits their ability to fetch water, and, consequently,
have to rely on vendors to deliver water to their homes. Water from vendors is expensive and often
risky because buyers do not know the source or quality of the water. In light of these challenges, it is,
perhaps, not surprising that reliance on informal vendors/tankers/burst pipes is associated with poor
psychosocial health for women in these settlements.

While the findings from this study draw attention to an important and understudied aspect of
health in informal settlements, the persistent environmental correlates of women’s HRQOL, the study
has limitations. First, the data are cross-sectional; thus, we cannot make any causal claims about the
relationship between the factors and women’s HRQOL. Additionally, the Swabhili version of the SF-36
used in this study, while validated in a general Tanzanian population [47], has not been used widely
in Kenya in general, and in informal settlements in particular; thus, the interpretation of some of the
questions may differ somewhat in this population.

5. Conclusions

It is widely accepted that access to sanitation and clean and water and sanitation are critical to
making improvements to health around the world. They were Target 7 of the Millennium Development
Goals [48] and form Goal 6 of the Sustainable Development Goals [49]. Despite the acknowledgement
of their importance to health, access to water and sanitation is persistently poor in informal settlements.
Some research suggests that despite increasing efforts and interventions to expand coverage, the
number of residents in informal settlements without access to clean and adequate water and sanitation
may actually increase as the populations in these settlements continue to grow rapidly [50]. In
sub-Saharan Africa, half of the urban dwellers already live in informal settlements, and this number is
expected to triple by 2050 [51]. This is likely to have serious consequences for the health of residents in
informal settlements, not just in terms of increased risk of communicable diseases such as diarrhea,
cholera, and typhoid, but, as results from this study suggest, for women'’s psychosocial well-being.
The physical and social environment play a critical role in one’s health and well-being. Findings from
this study highlight a need not just for greater access to sanitation and water in informal settlements,
but for better and more appropriate access. Results suggest, for example, that women may not be able
to take advantage of extant sanitation at all times during the day and night, which may have serious
consequences for their psychosocial health. Additionally, results suggest that developers and policy
makers need to pay attention to how the type of accessible water may also affect women’s psychosocial
health. More research focused on the social geography in informal settlements is needed to examine
how and where social spaces are created by residents and how these spaces influence residents’ overall
psychosocial health and well-being—knowledge that could, in the future, be used to identify, develop,
and target more holistic interventions to promote health and well-being in these environments.
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Appendix A
Table A1. Mean SF-36 Scores for sample grouped according to current demographic characteristics
(n =552).
Correlates %o of PF RP BP RE MH SF VT GH
Sample
Entire population 100.0 89.1 72.8 79.3 75.5 69.8 83.0 56.3 70.0

Socioeconomic variables

Monthly household income

Less than 5000 KES/month 54 79.3 61.7 60.1 66.7 61.6 66.7 52.7 55.5
5000-10,000 KES/month 47.1 90.7 734 80.6 76.3 68.8 84.7 55.9 70.0
10,000-15,000 KES/month 29.4 89.4 71.0 78.9 74.7 717 83.0 57.0 72.0
More than 15,000 KES/month 18.1 87.6 77.8 82.3 773 717 83.6 573 712
K-W p-value 0.004 0.076  0.020 0.524 0.005 0.039 0.675  0.006
Aware of household finances
Unaware 6.7 81.9 68.2 74.6 76.6 67.1 80.7 54.7 63.2
Aware 93.3 89.6 732 79.6 75.4 70.0 83.2 56.4 70.5
MWW p-value 0430 0243 0528 0559 0847  0.652  0.620  0.093
Education
Less than primary 44.6 86.6 67.0 77.3 69.5 68.1 79.6 53.7 66.2
Completed primary school 239 92.2 782 79.5 80.8 732 85.3 59.2 74.6
At least some secondary 26.8 89.9 77.0 81.7 81.8 69.3 86.7 56.9 721
Completed secondary school 47 92.5 76.9 83.7 69.2 712 83.2 62.7 712
K-W p-value 0196 0120 0245 0014 0171 0.057 0.015  0.002
Marital status
Married 46.2 90.6 754 81.7 78.3 69.0 84.5 57.0 70.8
Living with a man, not married 6.0 91.2 72.0 83.0 70.7 715 85.2 58.8 67.1
Regular partner, live apart 132 92.1 81.2 80.4 85.8 68.4 86.3 58.2 69.7
Single/casual boyfriend 34.6 85.5 66.4 75.1 68.6 71.1 79.5 54.2 69.6
K-W p-value 0.005 0.034 0.018 0.003 0284 0.088 0192  0.567
Number of children
No children 129 93.3 83.1 88.4 84.0 74.3 92.8 59.7 75.4
1-2 children 43.5 90.0 76.0 80.9 78.9 714 83.9 60.6 71.2
3—4 children 321 87.5 70.1 77.5 729 68.9 823 51.9 69.1
5+ children 11.6 85.5 57.0 68.4 60.4 61.3 70.9 48.8 62.3
K-W p-value 0.014  0.003  0.000 0.011  0.000  0.000  0.000  0.002
Age
18-24 11.8 92.5 83.5 87.5 84.6 729 90.4 59.9 74.8
25-34 39.5 92.6 76.8 82.8 79.5 69.6 83.9 57.7 71.2
35-44 371 89.4 722 78.1 75.0 70.8 84.4 56.2 71.3
45-55 7.1 80.6 53.2 69.7 59.0 64.3 74.0 50.6 61.2
55+ 45 61.0 46.0 52.5 46.7 64.2 58.5 45.0 50.0
K-W p-value 0.000  0.000  0.000 0.000 0.032  0.000 0.008  0.000
Household count
1 person 10.7 82.6 73.3 78.5 74.6 66.5 80.5 51.3 65.8
2 people 14.3 89.7 75.6 80.1 76.8 74.0 83.4 59.6 72.0
3—4 people 38.6 90.6 74.5 81.1 77.6 70.7 84.0 585 71.5
5+ people 36.4 89.2 69.8 77.4 73.0 68.1 82.6 542 68.9
K-W p-value 0876 0797 0.645 0.882 0.043 0981 0.014 0.287
Head of household is male
Female 52.4 87.1 70.4 76.6 729 70.1 81.1 55.4 69.8
Male 47.6 91.3 75.5 82.2 78.3 69.5 85.1 57.4 70.2
MWW p-value 0.018 0.078 0.003 0.08 0355 0.041 0223  0.901
Respondent is employed
Unemployed 417 87.1 67.0 76.7 71.2 67.5 817 53.7 69.1
Employed 58.3 90.5 77.0 81.2 78.6 714 83.9 58.2 70.7

MWW p-value 0.703 0.001 0.056 0.036  0.011 0.823 0.005 0.893
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Table Al. Cont.

% of

Correlates PF RP BP RE MH SF VT GH
Sample
Respondent has a business
No business 65.9 91.2 76.7 81.7 79.9 70.9 85.4 57.7 71.1
Business 34.1 85.1 65.3 74.6 66.8 67.6 78.5 53.7 68.0
MWW p-value 0.000 0.000 0.003 0.000 0.004 0.000 0.018 0.297
WASH variables
Access to toilet
Does not have access to a toilet 60.0 88.4 71.2 77.8 72.7 67.6 81.0 54.9 67.9
Has access to a toilet 40.0 90.2 75.2 81.5 79.6 73.1 86.0 58.4 73.1
MWW p-value 0.006 0.294 0.073 0.017 0.000 0.000 0.009 0.002
Access to water
inside tap/well 5.8 90.6 74.2 81.8 75.0 65.1 78.5 50.9 71.6
outside tap/well 34.1 89.3 74.1 77.3 72.3 715 84.1 58.3 67.4
public tap/well 50.7 89.8 71.8 81.8 77.6 70.0 85.0 56.7 74.1
vendor/tanker/burst pipe 94 83.5 73.1 71.3 75.6 65.4 71.2 50.4 56.9
K-W p-value 0.672 0.860 0.328 0.526 0.052 0.364 0.005 0.000

K-W = Kruskal-Wallis test; MWW = Mann-Whitney U test; PF = physical functioning, RP = physical role function,
BP = bodily pain, GH = general health, VT = vitality, SF = social functioning, RE = emotional role function, MH =
mental health.

Appendix B

Table A2. Associations between water and sanitation and women'’s physical function (n = 552).

Physical Function (PF)

Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables

Monthly household income

5000-9999 KES/month 6.72 0.076 —-0.707-14.139 6.62 0.084 —0.887-14.119

10,000-14,999 KES/month 6.45 0.091 —1.042-13.946 6.23 0.107 —1.350-13.810

At least 15,000 KES/month 4.58 0.267 —3.517-12.685 4.05 0.336 —4.222-12.328

Aware of household finances 8.80 0.028 0.933-16.669 9.28 0.029 0.959-17.608
Education

Completed primary school 3.56 0.016 0.657-6.463 3.40 0.020 0.536-6.265

At least some secondary -0.23 0.884 —3.384-2.915 -0.30 0.853 —3.439-2.847

Completed secondary school 3.49 0.135 —1.087-8.065 3.34 0.152 —-1.238-7.923
Marital status

Living with a man, not married 0.90 0.791 —5.735-7.526 0.68 0.841 —5.989-7.351

Regular partner, live apart 3.36 0.243 —2.285-9.012 3.05 0.292 —2.629-8.729

Single/casual boyfriend -0.91 0.734 —6.167-4.345 -1.19 0.662 —6.508-4.136
Number of children

1-2 children -3.30 0.216 —8.542-1.937 -3.16 0.242 —8.455-2.141

3—4 children -3.22 0.353 -10.005-3.574  -3.02 0.379 -9.767-3.722

5+ children -2.47 0.546 -10.518-5.570  -2.24 0.582 —10.222-5.748
Age —-0.60 0.000 —0.842-0.357 -0.61 0.000 —0.849-0.369
Household count

2 people 3.16 0.339 —3.323-9.642 2.96 0.370 —-3.520-9.435

3—4 people 6.57 0.065 —0.412-13.551 6.44 0.073 —0.595-13.476

5+ people 8.12 0.049 0.050-16.185 8.01 0.050 —0.013-16.033
Head of household is male 2.18 0.388 —2.776-7.140 1.93 0.453 —3.110-6.966
Respondent is employed 1.99 0.181 —0.931-4.916 2.05 0.170 —0.885-4.993
Respondent has a business -4.17 0.007 —7.210-1.136 —4.01 0.010 —7.079-0.944
WASH Variables
Access to toilet

Has access to a toilet at all times 1.58 0.285 -1.316-4.471
Access to water

outside tap/well —0.07 0.981 —5.780-5.641

public tap/well —-0.26 0.928 —5.935-5.410

vendor/tanker/burst pipe 0.57 0.888 —7.414-8.557
R-squared 0.2131 0.2155

Wald Test Statistics F (p-value) 5.7 (p = 0.000) 0.77 (p = 0.464)
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Table A3. Associations between water and sanitation and women’s physical role function (n = 552).

Physical Role Function (RP)

Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables

Monthly household income

5000-9999 KES/month 4.92 0.502 —9.457-19.296 5.45 0.456 —8.920-19.828

10,000-14,999 KES/month 3.32 0.663 —11.645-18.290 3.67 0.633 —11.411-18.747

At least 15,000 KES/month 10.50 0.183 —4.976-25.970 10.65 0.188 —5.204-26.495

Aware of household finances 3.67 0.549 —8.353-15.690 8.04 0.250 —-5.683-21.755
Education

Completed primary school 8.37 0.035 0.612-16.123 8.26 0.035 0.568-15.956

At least some secondary 2.98 0.455 —4.845-10.796 3.20 0.421 —4.599-10.994

Completed secondary school 5.97 0.382 —7.433-19.379 6.04 0.372 —7.243-19.317
Marital status

Living with a man, not married -2.14 0.756 -15.699-11.417  -2.34 0.734 —-15.909-11.222

Regular partner, live apart 3.37 0.578 —8.534-15.283 2.58 0.669 —9.295-14.462

Single/casual boyfriend -7.73 0.163 -18.600-3.147 -8.14 0.139 —-18.913-2.642
Number of children

1-2 children -3.01 0.613 -14.686-8.667  —2.68 0.653 -14.383-9.029

3—4 children -4.97 0.479 —18.754-8.816 —4.64 0.510 —18.489-9.200

5+ children -14.11 0.099 -30.902-2.677 -13.74 0.110 -30.622-3.140
Age —-0.62 0.002 —-1.013-0.232 —-0.67 0.001 —-1.068-0.263
Household count

2 people -2.05 0.747 —-14.535-10.438  —2.59 0.687 —15.209-10.030

3—4 people -1.61 0.8 —-14.099-10.879  —1.58 0.806 —14.195-11.036

5+ people 0.04 0.995 —12.998-13.080 0.25 0.970 —12.764-13.267
Head of household is male 1.59 0.759 —8.579-11.758 141 0.786 —8.764-11.579
Respondent is employed 8.73 0.011 1.982-15.484 8.46 0.016 1.604-15.322
Respondent has a business —6.56 0.069 -13.642-0.521 —6.68 0.065 —13.772-0.408
WASH Variables
Access to toilet

Has access to a toilet at all times 2.35 0.472 —4.067-8.774
Access to water

outside tap/well 0.72 0.916 —12.747-14.192

public tap/well -0.01 0.999 —13.215-13.200

vendor/tanker/burst pipe 9.34 0.268 —7.200-25.880
R-squared 0.1048 0.1065
Wald Test Statistics F (p-value) 6.6 (p = 0.000) 0.63 (p = 0.533)

Table A4. Associations between water and sanitation and women’s bodily pain (n = 552).

Bodily Pain (BP)
Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables
Monthly household income

5000-9999 KES/month 15.96 0.010 3.86-28.066 15.00 0.013 3.206-26.794

10,000-14,999 KES/month 15.76 0.014 3.252-28.269 15.06 0.016 2.773-27.345

At least 15,000 KES/month 18.63 0.005 5.699-31.555 17.10 0.009 4.36-29.847

Aware of household finances 5.48 0.250 —3.869-14.832 4.29 0.429 —6.355-14.941
Education

Completed primary school -0.76 0.765 —5.729-4.216 —-0.67 0.788 —5.595-4.246

At least some secondary -1.46 0.573 —6.545-3.623 -1.88 0.468 —-6.977-3.21

Completed secondary school 1.85 0.717 —8.176-11.872 2.48 0.618 —-7.3-12.268
Marital status

Living with a man, not married 1.19 0.796 —7.866-10.256 0.38 0.933 —8.625-9.394

Regular partner, live apart -2.79 0.533 —11.588-5.998 -2.50 0.578 —11.352-6.343

Single/casual boyfriend -4.17 0.285 —11.831-3.487 —4.79 0.220 —12.443-2.869
Number of children

1-2 children —6.74 0.093 -14.612-1.138 —-6.57 0.106 —14.524-1.389

3—4 children -7.37 0.138 -17.12-2.376 —7.50 0.131 —17.257-2.251

5+ children -14.2 0.017 —25.802-2.591 —14.55 0.014 —26.159—-2.943
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Table A4. Cont.

Bodily Pain (BP)
Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Age —-0.55 0.000 —0.851-0.249 -0.52 0.001 —-0.818—-0.221
Household count

2 people -3.26 0.431 —11.37-4.854 -3.42 0.404 —11.465-4.626

3—4 people 0.57 0.893 —-7.764-8.91 -0.18 0.967 —8.57-8.213

5+ people 1.63 0.732 —-7.719-10.973 0.93 0.844 —8.305-10.159
Head of household is male 0.95 0.792 —6.123-8.028 1.03 0.775 —6.005-8.056
Respondent is employed 3.39 0.157 —-1.302-8.077 4.11 0.088 —0.62-8.83
Respondent has a business -4.59 0.063 —9.436-0.257 —4.00 0.102 —8.793-0.794
WASH Variables
Access to toilet

Has access to a toilet at all times 2.80 0.187 —-1.363-6.953
Access to water

outside tap/well -2.73 0.509 —10.84-5.383

public tap/well 2.13 0.601 -5.873-10.142

vendor/tanker/burst pipe -2.26 0.704 -13.917-9.404
R-squared 0.1267 0.1302
Wald Test Statistics F (p-value) 7.2 (p = 0.000) 1.21 (p = 0.298)

Table A5. Associations between water and sanitation and women’s emotional role function (n = 552).

Emotional Role Function (RE)

Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables

Monthly household income

5000-9999 KES/month 3.60 0.631 -11.114-18.320 2.80 0.708 —11.866-17.461

10,000-14,999 KES/month 1.64 0.834 —13.713-16.994 1.13 0.885 —14.257-16.522

At least 15,000 KES/month 5.53 0.498 —-10.499-21.569 3.67 0.659 —12.671-20.010

Aware of household finances 0.35 0.955 -11.993-12.702 3.64 0.605 —10.182-17.461
Education

Completed primary school 8.74 0.035 0.628-16.849 8.82 0.031 0.827-16.809

At least some secondary 6.38 0.108 —-1.404-14.163 6.07 0.123 —-1.647-13.794

Completed secondary school -3.05 0.698 -18.497-12.399  -1.79 0.816 —16.850-13.273
Marital status

Living with a man, not married —-5.55 0.469 —20.589-9.489 —6.85 0.355 —21.382-7.689

Regular partner, live apart 5.43 0.408 —7.459-18.316 5.20 0.425 —7.594-17.994

Single/casual boyfriend -7.11 0.232 —18.772-4.559 —8.48 0.15 —20.027-3.076
Number of children

1-2 children 0.28 0.965 -12.340-12.906 0.96 0.883 -11.788-13.703

3-4 children -1.50 0.841 -16.149-13.152  -1.37 0.855 —16.087-13.344

5+ children -10.91 0.227 -28.640-6.817  —11.07 0.227 —29.031-6.893
Age —-0.61 0.004 -1.026-0.199 —-0.61 0.004 —-1.028-0.192
Household count

2 people -2.30 0.722 -14.995-10.391  -3.16 0.627 —-15.899-9.585

3—4 people —-0.60 0.928 -13.671-12476  -1.85 0.782 —14.982-11.282

5+ people 1.79 0.794 —11.651-15.226 0.88 0.897 —12.442-14.206
Head of household is male 1.63 0.767 —-9.135-12.389 1.71 0.755 —-9.069-12.497
Respondent is employed 5.10 0.143 -1.725-11.924 5.90 0.094 -1.000-12.795
Respondent has a business -9.07 0.014 -16.256-1.875 —-8.29 0.024 -15.475-1.112
WASH Variables
Access to toilet

Has access to a toilet at all times 6.70 0.043 0.222-13.179
Access to water

outside tap/well -1.30 0.854 —15.153-12.551

public tap/well 6.06 0.381 —7.510-19.628

vendor/tanker/burst pipe 9.76 0.255 —7.080-26.596
R-squared 0.0909 0.1029

Wald Test Statistics F (p-value) 5.2 (p=0.000) 4.17 (p = 0.016)
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Table A6. Associations between water and sanitation and women’s mental health (n = 552).

Mental Health (MH)
Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables
Monthly household income

5000-9,999 KES/month 4.73 0.090 —-0.736-10.186 4.24 0.145 -1.461-9.932

10,000-14,999 KES/month 8.64 0.002 3.089-14.192 7.89 0.007 2.167-13.621

At least 15,000 KES/month 9.47 0.004 3.121-15.814 7.90 0.018 1.336-14.458

Aware of household finances 3.54 0.264 —2.676-9.748 3.00 0.416 —4.242-10.248
Education

Completed primary school 3.11 0.041 0.125-6.094 2.51 0.095 —0.436-5.456

At least some secondary -1.55 0.339 —4.72-1.628 -1.65 0.312 —4.851-1.552

Completed secondary school 0.77 0.851 —7.243-8.776 0.30 0.941 —7.7-8.305
Marital status

Living with a man, not married 3.87 0.137 —1.233-8.982 3.74 0.167 —-1.569-9.057

Regular partner, live apart -0.27 0.923 -5.73-5.194 —0.67 0.809 —6.136-4.789

Single/casual boyfriend 2.98 0.242 —2.011-7.962 2.18 0.400 —2.903-7.262
Number of children

1-2 children —-6.51 0.014 —-11.695-1.327 -5.96 0.024 —-11.114-0.803

3—4 children -9.51 0.002 —15.501-3.514 —8.80 0.004 —14.819-2.781

5+ children —-16.95 0.000 -24.337-9.562  —15.93 0.000 —23.264-8.604
Age 0.00 0.997 —0.159-0.158 -0.01 0.882 —-0.17-0.146
Household count

2 people 7.97 0.002 2.986-12.945 7.43 0.003 2.563-12.295

3—4 people 6.92 0.018 1.18-12.662 6.03 0.038 0.334-11.718

5+ people 8.44 0.008 2.25-14.628 7.68 0.015 1.496-13.86
Head of household is male -0.15 0.945 —4.546-4.24 —-0.86 0.706 —5.344-3.621
Respondent is employed 2.57 0.106 —0.544-5.675 2.90 0.065 —-0.176-5.972
Respondent has a business -2.14 0.165 —5.173-0.888 -1.33 0.368 —4.233-1.571
WASH Variables
Access to toilet

Has access to a toilet at all times 473 0.001 2.054-7.412
Access to water

outside tap/well 6.67 0.016 1.245-12.094

public tap/well 6.69 0.014 1.369-12.017

vendor/tanker/burst pipe 3.55 0.303 -3.21-10.31
R-squared 0.0901 0.1076
Wald Test Statistics F (p-value) 4.74 (p = 0.000) 6.18 (p = 0.002)

Table A7. Associations between water and sanitation and women’s social function (n = 552).

Social Functioning (SF)

Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables

Monthly household income

5000-9999 KES/month 14.05 0.016 2.625-25.481 13.08 0.015 2.6-23.566

10,000-14,999 KES/month 13.39 0.023 1.867-24.913 12.32 0.023 1.689-22.946

At least 15,000 KES/month 13.98 0.021 2.144-25.814 12.06 0.032 1.044-23.075

Aware of household finances 6.15 0.166 —2.558-14.85 2.73 0.604 —7.59-13.042
Education

Completed primary school 3.57 0.095 —-0.626-7.770 3.01 0.150 -1.089-7.102

At least some secondary 2.66 0.232 -1.706-7.02 2.38 0.293 —2.062-6.827

Completed secondary school —-0.01 0.998 —9.300-9.274 —0.42 0.928 —9.697-8.847
Marital status

Living with a man, not married 0.99 0.818 —7.513-9.502 0.94 0.832 —7.734-9.606

Regular partner, live apart 0.68 0.876 —7.828-9.18 0.83 0.848 —7.658-9.311

Single/casual boyfriend -2.32 0.575 —10.424-5.792 -3.00 0.472 -11.207-5.201
Number of children

1-2 children -10.05 0.004 -16.822—3.28  -9.62 0.006 -16.48—-2.751

3—4 children -11.66 0.008 -20.288—3.024 -11.1 0.012 —19.732—2.475

5+ children -22.37 0.000 —-33.81—10.938 -21.53 0.000 —32.749—-10.32
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Table A7. Cont.

Social Functioning (SF)

Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Age -0.32 0.030 —0.605—-0.03 -0.30 0.037 —-0.58—-0.018
Household count

2 people -0.27 0.942 —7.544-7.005 —0.54 0.881 —7.642-6.559

3—4 people 5.39 0.173 —2.365-13.137 424 0.277 —3.414-11.903

5+ people 9.95 0.023 1.367-18.535 8.87 0.038 0.505-17.238
Head of household is male —-0.20 0.956 —7.266—6.865 —-0.81 0.822 —-7.825-6.213
Respondent is employed -0.29 0.888 —4.31-3.733 0.34 0.867 —3.595-4.266
Respondent has a business -5.37 0.011 -9.531—1.213  —4.33 0.034 —-8.316—0.337
WASH Variables
Access to toilet

Has access to a toilet at all times 4.02 0.026 0.492-7.547
Access to water

outside tap/well 7.26 0.113 -1.714-16.232

public tap/well 8.55 0.060 —0.352-17.442

vendor/tanker/burst pipe -1.37 0.830 -13.873-11.14
R-squared 0.1268 0.1327
Wald Test Statistics F (p-value) 5.6 (p = 0.000) 210 (p =0.124)

Table A8. Associations between water and sanitation and women'’s vitality (n = 552).

Vitality (VT)
Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables
Monthly household income

5000-9999 KES/month —-0.89 0.707 —5.561-3.776 -1.32 0.605 —6.349-3.701

10,000-14,999 KES/month 0.68 0.787 —4.277-5.639 0.13 0.961 —5.08-5.338

At least 15,000 KES/month 0.92 0.754 —4.833-6.671 -0.13 0.967 —6.299-6.04

Aware of household finances 2.09 0.435 —3.164-7.34 0.69 0.817 —5.14-6.514
Education

Completed primary school 3.86 0.035 0.265-7.46 3.42 0.062 —-0.166-7.006

At least some secondary -0.16 0.936 —3.966-3.655 -0.21 0.915 —4.03-3.616

Completed secondary school 6.92 0.119 -1.775-15.616 6.59 0.139 —2.148-15.33
Marital status

Living with a man, not married 2.71 0.387 —3.437-8.864 2.84 0.386 —3.587-9.266

Regular partner, live apart 0.73 0.830 -5.973-7.436 0.71 0.836 —6.041-7.468

Single/casual boyfriend -1.87 0.526 —7.671-3.924 -2.37 0.425 —8.187-3.455
Number of children

1-2 children -1.88 0.554 —8.129-4.365 -1.49 0.642 -7.78-4.8

3-4 children -11.29 0.002 -18.309-4.267  —10.79 0.003 —17.881-3.689

5+ children -13.27 0.001 -21.193-5.348  —12.50 0.002 —20.528-4.462
Age -0.11 0.242 —0.288-0.073 -0.11 0.253 —0.288-0.076
Household count

2 people 6.46 0.047 0.097-12.815 6.16 0.058 —0.198-12.518

3—4 people 6.75 0.041 0.285-13.222 5.96 0.074 —0.584-12.507

5+ people 9.54 0.007 2.589-16.482 8.85 0.014 1.792-15.903
Head of household is male 0.35 0.906 —5.461-6.156 -0.10 0.974 —5.963-5.771
Respondent is employed 4.85 0.007 1.307-8.387 5.14 0.004 1.648-8.635
Respondent has a business -1.19 0.489 —4.558-2.182 —-0.51 0.764 —3.864-2.837
WASH Variables
Access to toilet

Has access to a toilet at all times 3.00 0.048 0.022-5.985
Access to water

outside tap/well 7.06 0.014 1.435-12.676

public tap/well 7.32 0.007 1.988-12.65

vendor/tanker/burst pipe 2.45 0.446 -3.863-8.771
R-squared 0.994 0.1044

Wald Test Statistics F (p-value) 6.2 (p = 0.000) 1.69 (p = 0.185)
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Table A9. Associations between water and sanitation and women’s general health (n = 552).

General Health (GH)
Correlates Model 1 Model 2
B p-Value CI (95%) B p-Value CI (95%)

Socioeconomic variables
Monthly household income

5000-9999 KES/month 11.64 0.006 3.322-19.965 9.63 0.016 1.801-17.464

10,000-14,999 KES/month 14.13 0.001 5.637-22.628 12.47 0.002 4.424-20.512

At least 15,000 KES/month 13.61 0.002 4.84-22.386 10.42 0.014 2.077-18.765

Aware of household finances 9.09 0.020 1.437-16.745 4.40 0.296 —3.86-12.664
Education

Completed primary school 5.85 0.001 2.417-9.288 5.77 0.001 2.484-9.05

At least some secondary 2.39 0.242 —1.622-6.407 1.53 0.451 —2.446-5.497

Completed secondary school 1.81 0.735 —8.699-12.324 2.45 0.628 —7.458-12.348
Marital status

Living with a man, not married -3.82 0.305 -11.12-3.485 -5.08 0.165 -12.266-2.098

Regular partner, live apart -3.28 0.342 —-10.061-3.497 —2.66 0.427 -9.222-3.911

Single/casual boyfriend -1.25 0.688 ~7.373-4.867 -2.28 0.454 —8.255-3.698
Number of children

1-2 children —-6.15 0.036 —11.888-0.417 -5.90 0.042 —-11.586-0.209

3—4 children -7.23 0.038 —14.041-0.417 -7.32 0.033 -14.072-0.578

5+ children —-12.48 0.005 —21.075-3.88 -12.83 0.004 —21.556-4.098
Age —-0.36 0.002 —0.587-0.134 —-0.30 0.008 —-0.512-0.079
Household count

2 people 3.36 0.309 —3.124-9.845 3.22 0.302 —-2.909-9.357

3—4 people 6.52 0.059 —0.258-13.307 5.09 0.134 —-1.58-11.763

5+ people 8.53 0.017 1.507-15.562 7.09 0.044 0.201-13.976
Head of household is male -4.13 0.142 —9.649-1.384 —4.29 0.112 -9.591-1.009
Respondent is employed -1.34 0.444 —4.769-2.094 0.04 0.979 —3.292-3.382
Respondent has a business -2.71 0.148 —6.382-0.961 -1.43 0.422 —4.917-2.06
WASH Variables
Access to toilet

Has access to a toilet at all times 4.84 0.003 1.676-8.011
Access to water

outside tap/well -3.19 0.324 —9.529-3.152

public tap/well 4.25 0.167 —1.786-10.291

vendor/tanker/burst pipe -9.09 0.041 -17.788-0.392
R-squared 0.108 0.1201
Wald Test Statistics F (p-value) 4.3 (p = 0.000) 4.32 (p =0.014)
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