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ABSTRACT

Objective Progress towards equitable and sufficient water
has primarily been measured by population-level data on
water availability. However, higher-resolution measures
of water accessibility, adequacy, reliability and safety (ie,
water insecurity) are needed to understand how problems
with water impact health and well-being. Therefore, we
developed the Household Water InSecurity Experiences
(HWISE) Scale to measure household water insecurity in
an equivalent way across disparate cultural and ecological
settings.

Methods Cross-sectional surveys were implemented

in 8127 households across 28 sites in 23 low-income
and middle-income countries. Data collected included

34 items on water insecurity in the prior month; socio-
demographics; water acquisition, use and storage;
household food insecurity and perceived stress. We
retained water insecurity items that were salient and
applicable across all sites. We used classical test and
item response theories to assess dimensionality, reliability
and equivalence. Construct validity was assessed for

both individual and pooled sites using random coefficient
models.

Findings Twelve items about experiences of household
water insecurity were retained. ltems showed
unidimensionality in factor analyses and were reliable
(Cronbach’s alpha 0.84 to 0.93). The average non-
invariance rate was 0.03% (threshold <25%), indicating
equivalence of measurement and meaning across sites.
Predictive, convergent and discriminant validity were also
established.

Conclusions The HWISE Scale measures universal
experiences of household water insecurity across low-
income and middle-income countries. Its development
ushers in the ability to quantify the prevalence, causes
and consequences of household water insecurity, and can
contribute an evidence base for clinical, public health and
policy recommendations regarding water.

Key questions

What is already known?

» Household water insecurity, or the inability to access
and benefit from adequate, reliable and safe water,
is widely recognised as a threat to human health and
well-being.

» Current household-level measurements of water fo-
cus on only a subset of the components of water
insecurity or are not cross-culturally validated.

What are the new findings?

» We developed the 12-item Household Water
InSecurity Experiences (HWISE) Scale based on data
from 8127 households across 28 sites in 23 low-in-
come and middle-income countries.

» The HWISE Scale is reliable, valid and equivalently
measures the multiple components of water insecu-
rity (adequacy, reliability, accessibility, safety) across
disparate cultural and ecological settings.

» The HWISE Scale is simple to implement (approxi-
mately 4 min to administer) and scores are easy to
calculate.

What do the new findings imply?

» The HWISE Scale can be used to monitor and evalu-
ate water insecurity, identify vulnerable subpopula-
tions for maximally effective resource allocation and
measure the effectiveness of water-related policies
and interventions.

INTRODUCTION

Human health is predicated on water.
Problems with water availability (shortage,
flooding), accessibility (affordability, relia-
bility) and quality (chemicals, pathogens)
directly contribute to the global burden of
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disease.'™ Water-related issues also create the conditions
that undermine health by lowering economic produc-
tivity' °; triggering and perpetuating domestic, social,
intercommunal and political tensions and conflicts®;
and reinforcing environmental, social and gender ineg-
uities.” ° These problems are projected to become more
frequent and severe due to climate change, unequal
resource distributions and persistent degradation of
water quality and infrastructure.* ”® As such, numerous
national institutions and international agencies have
declared meeting the challenges of declining and ineq-
uitable water supplies to be an urgent priority.*” Further,
safe water in sufficient quantities is implicated in most of
the Sustainable Development Goals (SDGs).

Progress towards equitable and sufficient water has
been primarily assessed using measures of water avail-
ability, often at the state or regional level.” These indica-
tors have been useful to numerous governmental agencies
and scientific disciplines, but mask heterogeneity within
populations, thereby obscuring the individual health,
economic and psychosocial burdens of water problems.
In other words, water availability is a fundamental and
necessary component of our understanding about water,
but is not sufficient for understanding who has adequate
access to water for all household uses.

The concept of household water insecurity has
emerged as a powerful way to better ‘understand the
interactions among water’s various characteristics and
functions’.” Household water insecurity, defined as the
inability to access and benefit from adequate (ie, appro-
priate quantities of water for all household uses), reliable
and safe water for well-being and a healthy life, considers
the multiple components of water and does so at the level
at which they are experienced (ie, by individuals and
households)."’

Several existing metrics consider some of these compo-
nents of household water insecurity. For instance, the
Joint Monitoring Programme’s (JMP) core questions on
drinking water, sanitation and hygiene have produced
higherresolution information by collecting house-
hold-level data on water quality (primary drinking water
source, source of other water, drinking water treatment)
and accessibility (roundtrip time to primary drinking
water source).'! With these data, it is possible to calculate
the proportion of the population with access to a safely
managed drinking water source, which is currently the
indicator for measuring progress towards SDG 6.1. The
JMP core questions do not capture a number of critical
components of household water insecurity, however,
including adequacy across uses, acceptability, afford-
ability or reliability.'* ?

Site-specific scales have thus been developed to more
comprehensively measure all aspects of household water
insecurity, including those not measured by JMP.'*®
Because these scales were each developed to fit a specific
context, however, their scalability, generalisability and
cross-cultural equivalence have not been established. This
inability to validly measure household water insecurity in

a cross-culturally equivalent way is a significant scientific
gap that has spurred calls for higherresolution data,
including by the United Nations High-Level Panel on
Water.>’

We therefore set out to create the first tool for compar-
ative analysis of household water insecurity to be able to
identify exactly who is water insecure, to what extent, and
where and when it occurs. Here we report the develop-
ment of the survey instrument and its validation across
28 disparate settings in low-income and middle-income
countries.

METHODS

Data collection

The study protocol detailing site and participant selec-
tion and data collection is available elsewhere.'’ Briefly,
sites in low-income and middle-income countries were
selected using purposive sampling to maximise heter-
ogeneity of region, geography, culture, infrastructure,
seasonality and specific problems with water (figure 1).
We sought to survey at least 250 households per site."
Random sampling of households was used in the majority
of sites (table 1). The final sample included 8127 house-
holds across 28 sites in 23 low-income and middle-income
countries (table 1).

Adults were eligible for survey inclusion if they consid-
ered themselves to be knowledgeable about water acqui-
sition and use in their household. Participants gave oral
or written informed consent."

A comprehensive survey module was developed to
capture experiences across relevant components of water
insecurity (eg, acceptability, use)." ' It consisted of 32
items developed based on literature review'’ and field-
work."* ¥ The content and face validity of these items
were assessed at each site.'” The items elicited frequency
of experiences within the prior 4 weeks: ‘never’ (0 times),
‘rarely’ (1-2 times), ‘sometimes’ (3-10 times), ‘often’
(11-20 times), ‘always’ (more than 20 times), ‘not appli-
cable’, ‘don’t know’ or refused (online supplementary
table 1). A 4-week recall period was selected based on
ethnographic work,'” empirical evidence from Kenya'*
and a large body of evidence from food insecurity
literature.”

After 5 months of data collection, the water insecu-
rity items were revised (online supplementary table 1).
Modifications included slight rephrasing of 18 items to
improve comprehension by participants and to elicit
experiences related to water overabundance; two new
questions were added in an effort to capture cultural
components of water (online supplementary table 1)."
Sites in which the original water insecurity module was
used are referred to as ‘module version 1’ sites; those
using the revised water insecurity module are referred to
as ‘module version 2’ sites.

After obtaining informed consent, trained local
enumerators surveyed participants on socio-demo-
graphics; water acquisition, use and storage, including
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Map of 28 Household Water InSecurity Experience study sites across 23 low-income and middle-income countries.

(1) Module version 1 implemented; (2) module version 2 implemented. Image credit: Frank Elavsky, Northwestern University

Information Technology, Research Computing Services.

. 11 . . .
JMP survey items '; experiences of water insecurity;

household food insecurity using the Household Food
Insecurity Access Scalezl; and perceived stress using the
modified four-item Perceived Stress Scale.” In module
version 2, we also included items on perceived water
status in the community using a ladder scale (range 1-10)
and satisfaction with water situation (1-5 Likert scale).
Surveys were conducted in the participants’ preferred
language and lasted approximately 45 min. Cross-sec-
tional data collection occurred from March 2017 to July
2018." Data were uploaded to a centralised aggregate
server (Google App Engine) and cleaned using a stan-
dard protocol.19

Analysis

Analyses were guided by both classical test theory® and
item response theory (Rasch),* following best prac-
tices for scale development.”” We performed all analyses
(eg, descriptive, factor analyses, tests of dimensionality)
using four response categories [‘never’ (scored as 0),
‘rarely’ (scored as 1), ‘sometimes’ (scored as 2), ‘often/
always’ (scored as 3)]; ‘often’ and ‘always’ were collapsed
because ‘always’ was very rarely affirmed. In sensitivity
tests, the analyses were reprised with responses dichoto-
mised (‘never’ vs any affirmation), but since neither the
significance nor direction of the results differed, the
results based on polytomous scoring (ie, four categories)
are presented.

The first step of Household Water InSecurity Experi-
ence (HWISE) Scale creation was item retention, which
was based on theory informed by empirical evidence
from descriptive statistics, inter-item and intra-item

correlations, factor analysis and Rasch analysis. Any
item with greater than 30% missing values within a site
(reflecting inapplicability of the item) was considered
insufficiently universal to enable cross-site compari-
sons—a primary goal of the study—and thus removed
from analysis."?

Multidimensionality was tested using exploratory factor
analysis (EFA) and Rasch techniques. EFA was conducted
using oblique rotation to explore the latent structure
of the items for each site.” Items that did not meet
established cut-offs and those with cross-loadings across
multiple sites were removed.” For both exploratory and
confirmatory factor analysis, we used the following stan-
dard indices of approximate model-data fit: Bentler’s
Comparative Fit Index (CFI), the root mean square
error of approximation (RMSEA) and the standardised
root mean square residual (SRMR). Satisfactory fit was
determined using recommended combinational cutoffs
of (a) CFI20.95 and SRMR <0.08 or (b) RMSEA <0.06
and SRMR <0.08.*"

Once dimensionality of the retained items was deter-
mined, Guttman ordering (ie, a reproducible hierarchy
of item severity across sites, an assumption on which
Rasch analyses are based) was evaluated. Internal reli-
ability was also tested using Cronbach’s alpha (>0.80).

We then assessed equivalence, that is, measurement
invariance across sites. Although multiple group confir-
matory factor analysis is a standard method for assessing
invariance, it is not useful when there are many groups
with poor fit at the scalar level.”” Given that this was
evidentin our data, the alignment optimisation technique
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was a more suitable method for estimating group-specific
factor means and variances because it does not require
exact measurement invariance.”® Therefore, using the
alignment optimisation technique, we assessed invari-
ance for aligned threshold parameters and loadings
for scale items. Scales were considered approximately
invariant if less than 25% of the items’ parameters were
non-invariant and did not compromise the reliability of
mean comparison across sites.””

Construct validity was assessed for both individual and
pooled sites using random coefficient models, to account
for variation by site. Predictive construct validity was
assessed by determining if HWISE Scale scores predicted
food insecurity, perceived stress, satisfaction with water
situation and perceived water standing in the community.
Convergent construct validity was tested by examining
the association between HWISE Scale scores and time to
water source. Discriminant construct validity was tested
using differentiation between ‘known groups’, that is,
groups known to have different water situations, such as
those who have been injured while acquiring water versus
those who have not. We assessed differences in means
between ‘known groups’ using Student’s #tests.

Once the scale was finalised, we sought to identify
a standardised threshold for defining households as
water insecure or not, to assess prevalence. We sought a
cut-point that would achieve a wide distribution of preva-
lence across sites and be sensitive to differences between
known groups within sites. We evaluated the sensitivity
of provisional cut-points by determining if food inse-
curity, perceived stress, satisfaction with water situation
and perceived water standing in the community differed
significantly between households who were classified as
water insecure and those who were not, using regression
models.

Three software packages were used: Stata V.14
(StataCorp); Mplus V.8 (Muthén & Muthén, Los Angeles,
California, USA) for classical test theory analyses; and
WINSTEPS (Winsteps, Beaverton, Oregon, USA) for
item response theory (Rasch) analyses.

Participant involvement

Although formative work drew on ethnographic research
that included participant involvement,'’ no participants
were involved in study design, implementation or dissem-
ination, including the writing of this manuscript.

RESULTS

Descriptive statistics

Surveys were implemented in 8127 households across 28
sites that were heterogeneous in geography, infrastruc-
ture and season (table 1). The frequency of affirmation of
water insecurity experiences differed vastly by site (online
supplementary figure 1). Of the 28 sites surveyed, three
were dropped from analysis for achieving less than 90%
of the a priori sample size (table 1). Additionally, two sites
(Honda, Colombia and Kahemba, Democratic Republic
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Analysis informing decision

Item dropped (item number)*

Rationale

Item correlations (EFA)

Borrow (1.23, 2.21)
Moving (1.3, 2.28)

Quarrel - neighbours (1.25, 2.22)
Quarrel - household (1.26, 2.23)
Taste bad (1.21, 2.19)

Drank unsafe (1.22, 2.20)

Poor item correlation coefficients
Poor item correlation coefficients
Poor item correlation coefficients
Poor item correlation coefficients
Poor item correlation coefficients
Poor item correlation coefficients

*Complete item numbering in online supplementary table 1.

of Congo) were excluded because of issues that occurred
with translation.

Item retention

Of the 34 potential scale items, 13 items were discarded
for being insufficiently salient to the concept of house-
hold water insecurity (n=3), being affirmed rarely (n=1)
and/or pertaining to phenomena that did not occur
universally across sites (n=9) (table 2, online supplemen-
tary figure 1).

With the remaining 21 items, a one-factor (ie, all 21
items in one dimension) solution was assessed using
EFA. The resultant model had poor fit indices. There-
fore, a two-factor solution was also evaluated using EFA.
The two-factor solution was composed of ‘access’ and
‘use’ domains that were established through consensus
with the analytic team. The two factors fit the data well
but were highly correlated (r=0.6-0.9), suggesting that
retaining two factors would be redundant. Given this, a
one-factor solution was assumed, and nine more items
were eliminated based on poor inter-item correlations
(table 2).

Dimensionality and reliability

Unidimensionality of the 12 items was established for
each site individually (online supplementary table 2).
Cronbach’s alpha values were calculated within sites and
then aggregated across sites; values ranged from 0.84 to
0.93, suggesting strong reliability (online supplementary
table 2). The 12 items did not exhibit Guttman ordering
across sites (ie, Rasch severity scores were not similar;
online supplementary figure 2). As such, Rasch became
ancillary for subsequent analyses.

Equivalence
Model fit indices from multi-group confirmatory factor
analysis indicated that the factor structure exhibited
configural invariance, that is, the latent factor was
associated with the same items across sites (module
1: RMSEA=0.08, CFI=0.96; module 2: RMSEA=0.08,
CFI=0.97). Thus, alignment optimisation was an appro-
priate next step.

Alignment optimisation matrices indicated that items
were invariant within module versions 1 and 2; that is, the
measurement and meaning associated with the items were

(=2}
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Table 3 Tests of HWISE Scale validity using random coefficient regression models, controlling for sites

Coefficient (95% CI) SD (residual) ICC

Predictive validityt

Satisfaction with water situationt —0.07 (-0.08 to -0.06)*** 1.12 0.19

Perceived water standing in community§ 0.16 (0.12 to 0.20)*** 2.26 0.12

4-item Perceived Stress Scale score (0-16) 0.05 (0.01 to 0.09)** 2.27 0.22

Household Food Insecurity Access score (0-27) 0.38 (0.29 to 0.47)** 5.61 0.32
Convergent validity]

Time (minutes) to water source 0.06 (0.02 to 0.09)** 6.82 0.41
Discriminant validity]

If injured while fetching water 4.51 (2.21 to 6.80)** 7.28 0.37

'P<0.05; **P<0.01; **P<0.001.

THWISE Scale score is the main independent variable.
FRange is 1-5, 5=very satisfied.

§Scored using a ladder with range 1-10,1=highest standing.
IHWISE Scale score is the dependent variable.

HWISE, Household Water InSecurity Experiences; ICC, intraclass correlation coefficient.

the same. The average non-invariance rate was 0.01% for
both the aligned intercept and factor loadings in module
version 1 and 0.03% in version 2 (online supplementary
table 3), which is below the cut-off of 25%. These results
establish the comparability of the measurement and
meaning of the HWISE Scale across sites.

Construct validity

With the 12-item scale (total score range 0-36, where
higher scores indicate greater household water insecu-
rity), we assessed construct validity. This was established
using data from module version 2 sites; module version
1 only had 11 of the final 12 HWISE Scale items (table 1,
online supplementary table 1).

In terms of predictive validity, higher HWISE Scale
scores were significantly associated with lower water satis-
faction, lower perceived water standing in the commu-
nity, greater perceived stress and greater food insecurity
in random coefficient regression models (table 3). For
example, for every 10 points higher on the HWISE Scale,
individuals were expected to score 3.8 points higher on
the Household Food Insecurity Access Scale.

Convergent validity was supported by a statistically
significant positive association between HWISE Scale
scores and minutes to water source, in a random coef-
ficient regression model (table 3; B=0.06, 95% CI: 0.02
to 0.09, p<0.01). In other words, for every 10 additional
minutes spent travelling to a water source, a household
would score 0.6 points higher on the HWISE Scale. The
relationship remained significant when controlling for
urbanicity.

To assess discriminant validity, we examined the differ-
ences between HWISE Scale scores for households that
experienced injury during water acquisition vs those that
did not. Injury while fetching water was associated with
a 4.51-point increase in HWISE Scale scores (95% CI:
2.21 to 6.80, p<0.001) (table 3). In light of demonstrated

validity, we retained all 12 of the provisional items for
inclusion in the HWISE Scale (table 4).

A useful feature of scales is the ability to generate prev-
alence estimates. Therefore, using these 12 items, we
sought to establish an appropriate cut-off for household
water insecurity. To do this, we explored the distribution
of HWISE Scale scores by food insecurity, perceived stress
and perceived water standing. Inflection points consis-
tently appeared at HWISE Scale scores of 10, 12 and 20.
We therefore evaluated if these three cut-points captured
heterogeneity in prevalence of water insecurity across
sites (online supplementary figure 3).

At a cut-point of 12, a household experiencing half
of the 12 HWISE Scale items ‘sometimes’ in the past 4
weeks would be considered water insecure. Using this
cut-point, water-insecure individuals had lower satisfac-
tion with water and perceived water standing, as well as
higher perceived stress and food insecurity scores, than
those who were not (online supplementary table 4). Simi-
larly, the odds of being water insecure increased by 2%
for every minute increase in time to primary water source
and 266% if injured while fetching water (online supple-
mentary table 4). A cut-point of 12 also distinguished
between subpopulations with expected differences in
water insecurity within sites, for example, households
within and outside refugee camps in Beirut, Lebanon
and households in neighbourhoods with greater and less
water availability in Chiquimula, Guatemala. Therefore,
an HWISE Scale score of 12 or higher was selected as
a reasonable provisional indicator for household water
insecurity.

DISCUSSION

We present the development and validation of the first
scale that quantifies experiences of household water
insecurity in an equivalent way across low-income and
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Table 4 Items, responses and scoring of the Household Water InSecurity Experiences Scale

Label Item*

Worry In the last 4 weeks, how frequently did you or anyone in your household worry you would not have enough water
for all of your household needs?

Interrupt In the last 4 weeks, how frequently has your main water source been interrupted or limited (eg, water pressure, less
water than expected, river dried up)?

Clothes In the last 4 weeks, how frequently have problems with water meant that clothes could not be washed?

Plans In the last 4 weeks, how frequently have you or anyone in your household had to change schedules or plans due
to problems with your water situation? (Activities that may have been interrupted include caring for others, doing
household chores, agricultural work, income-generating activities, etc.)

Food In the last 4 weeks, how frequently have you or anyone in your household had to change what was being eaten
because there were problems with water (eg, for washing foods, cooking, etc.)?

Hands In the last 4 weeks, how frequently have you or anyone in your household had to go without washing hands after
dirty activities (eg, defecating or changing diapers, cleaning animal dung) because of problems with water?

Body In the last 4 weeks, how frequently have you or anyone in your household had to go without washing their body
because of problems with water (eg, not enough water, dirty, unsafe)?

Drink In the last 4 weeks, how frequently has there not been as much water to drink as you would like for you or anyone
in your household?

Angry In the last 4 weeks, how frequently did you or anyone in your household feel angry about your water situation?

Sleep In the last 4 weeks, how frequently have you or anyone in your household gone to sleep thirsty because there
wasn’t any water to drink?

None In the last 4 weeks, how frequently has there been no useable or drinkable water whatsoever in your household?

Shame In the last 4 weeks, how frequently have problems with water caused you or anyone in your household to feel

ashamed/excluded/stigmatised?

*Responses to items are: never (0 times), rarely (1-2 times), sometimes (3-10 times), often (11-20 times), always (more than 20 times), don’t
know and not applicable/l don’t have this. Never is scored as 0, rarely is scored as 1, sometimes is scored as 2 and often/always are scored

as 3.

middle-income countries. The scale uses simply worded
questions to probe about household water access, availa-
bility and use, and can be administered in approximately
4 min. The ability of the HWISE Scale to comparably
measure key universal household water insecurity expe-
riences across diverse geographic, cultural and water-pro-
visioning contexts satisfies an urgent need articulated by
policymakers, governments and scholars.” %’

By quantifying experiences across multiple components
of household water insecurity (accessibility, adequacy,
reliability and safety), the HWISE Scale represents a
fundamental advance in our ability to measure this
phenomenon. For other global health issues, the advent
of high-resolution, experiential measures has informed
basic science, public health and international policy. For
instance, food insecurity was only solely assessed using
food availability via national-level and regional-level food
balance sheets, which are analogous to current measures
of water availability.” In the last 25 years, the inclusion
of food access, use and acceptability in experienced-based
scales (eg, Food Insecurity Experience Scale,” House-
hold Food Insecurity Access Scale®') has provided a
comparable measure for monitoring and evaluating food
insecurity worldwide.

This more comprehensive measurement of food inse-
curity has been transformative. Specifically, the advent
of high-resolution measures of food insecurity has

increased the number and rigour of studies of food inse-
curity; revealed its deleterious consequences for physical
and mental health® and cognitive development®**; and
informed the development of programmes and policies
that address food insecurity.”* *® The creation of house-
hold-level measures of food insecurity made it unmistak-
able that food insecurity is highly prevalent and threatens
health and economic productivity, and ultimately served
as a tool to help mitigate food insecurity.

The use of the HWISE Scale could be similarly transfor-
mative for our understanding of water insecurity. Specif-
ically, the scale permits comparative studies that quantify
the multiple components of water insecurity with higher
resolution than currently possible, allowing for the
identification of global inequities, as well as vulnerable
sub-populations within communities. The scale also has
the potential to identify determinants of water insecu-
rity and assess the health, economic and psychosocial
consequences of household water insecurity, including
food insecurity.”® Furthermore, the scale could be used
to monitor trends in water insecurity over time, such
as how it is shaped by macro-level social, economic and
political shifts; climatic variability; and local shocks, such
as extreme weather events or contamination. These
scale data can, in turn, be used to select water-related
programmes, technologies and policies to implement,
and to evaluate their impacts and cost-effectiveness. The
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scale’s ease-of-use makes it appropriate for adoption in
both community-led self-evaluation efforts and for large-
scale monitoring and evaluation.

The HWISE Scale can also complement existing indica-
tors to more comprehensively measure progress towards
the SDGs. Current JMP survey items provide critical data
on the quality and accessibility of drinking water sources, !
but they do not quantify other necessary components
of water insecurity, including reliability, acceptability or
adequacy across multiple uses. As such, the prevalence of
problems associated with securing and benefiting from
safe water could be significantly underestimated.'* ?

For instance, a household classified as having a safely
managed drinking water source using the current J]MP
service ladder may not be able to reliably access this
source (eg, due to intermittent supply, water rationing,
non-functional water technologies, unaffordability).
This unreliable access, in turn, can drive households to
seek water from a lower-quality secondary source, cause
changes in critical water-related activities (eg, food prepa-
ration, handwashing) and alter daily routines.””*' All of
these components of water insecurity would go uncap-
tured if only the JMP survey items were applied.

Indeed, the proportion of water-insecure households,
as identified using the HWISE Scale, is different from and
more comprehensive than the proportion using a sub-op-
timal drinking water source, according to JMP standards
(online supplementary figure 4). As such, the unique
ability of the HWISE Scale to concurrently measure
multiple components of household water insecurity has
the potential to provide a more robust assessment of SDG
6, ‘ensure access to water and sanitation for all’.

The HWISE Scale is also consistent with the SDG prin-
ciples of ‘universality’ and ‘leaving no one behind’, in
that the scale can be easily implemented in low-income
and middle-income countries, and the data it generates
can be disaggregated to identify vulnerable populations.
Further, it satisfies a call for a more holistic conceptuali-
sation of water and sanitation.*” Just as the prevalence of
household food security is an indicator for SDG 2 (‘no
hunger’), household water insecurity could be a key
target for improved health and well-being that can be
tracked using the HWISE Scale.

The HWISE Scale captures components of water inse-
curity that are experienced universally across low-income
and middle-income countries. To do this, however, the
final scale is necessarily reductionist. Supplemental items
or modules tailored to local experiences and evaluation
needs may be used to complement the HWISE Scale.
For example, agriculture-focused endeavours may retain
the items on water for crops, gardens and livestock that
were dropped; others may find the items pertaining to
children’s well-being important (eg, school attendance,
bathing; table 2, online supplementary table 1). Further,
there are other water insecurity experiences that may be
salient in some settings but are not captured in this scale,
for example, affordability, which could be measured with
additional items.

Strengths of this study include the diversity of sites,
rigour of data collection and analytic methods, and use of
best practices in scale development. Limitations include
that, although samples from each site were sufficiently
large and most were random, they were not necessarily
representative of the state or country.

Development and validation of the HWISE Scale is only
one step toward understanding and mitigating water inse-
curity. The HWISE Scale must be widely implemented
in order to generate data that help to understand and
monitor the prevalence, aetiologies and consequences
of household water insecurity. A further next step is to
evaluate if the HWISE Scale is valid in high-income coun-
tries. The tentative cut-point of 12 as the preliminary
threshold for defining water-insecure households should
also be revisited when there are sufficient data to evaluate
relationships with other adverse outcomes, for example,
morbidity or agricultural productivity. Lastly, multiple
levels of water insecurity could be considered (eg, high vs
low water insecurity).

In sum, the HWISE Scale provides a universal, simple
measure to comprehensively capture complex, house-
hold-level relations between people and water in low-in-
come and middle-income countries. Given that water
insecurity is a linchpin in human health disparities and
the structural dynamics of poverty and economic devel-
opment,?*®7 1% the use of the HWISE Scale could be
transformative in many arenas. As problems with water
become more common and severe, the data that the
HWISE Scale generates can guide the international
community’s ambitious development agenda by contrib-
uting an evidence base for clinical, public health and
policy recommendations regarding water.

Author affiliations

1Anthropology, Northwestern University, Evanston, lllinois, USA

“Nutrition, Harvard University, Cambridge, Massachusetts, USA

%Center for Research on Population and Health, American University of Beirut,
Beirut, Lebanon

“Health Promotion, Education, and Behavior, University of South Carolina, Columbia,
South Carolina, USA

SMedicine, University of California San Francisco, San Francisco, California, USA
%School of Human Evolution and Social Change, Arizona State University, Tempe,
Arizona, USA

"Geography, Texas A&M University College Station, College Station, Texas, USA
8Geography, University of Miami, Coral Gables, Florida, USA

Twitter Sera L Young @profserayoung, Godfred O Boateng @Gboaten2015, Zeina
Jamaluddine @Z_Jamaluddine, Joshua D Miller @joshdoesscience, Shalean

M Collins @ShaleanCollins, Amber Wutich @AWutich and Wendy E Jepson
@ProfessorJepson

Collaborators HWISE Research Coordination Network: Ellis Adams; Farooq
Ahmed; Mallika Alexander; Mobolanle Balogun; Michael Boivin; Alexandra Brewis;
Genny Carrillo; Kelly Chapman; Stroma Cole; Hassan Eini-Zinab; Jorge Escobar-
Vargas; Matthew C. Freeman; Asiki Gershim; Hala Ghattas; Ashley Hagaman; Nicola
Hawley; Divya Krishnakumar; Kenneth Maes; Jyoti Mathad; Jonathan Maupin;
Hugo Melgar-Quifionez; Javier Moran; Monet Niesluchowski; Nasrin Omidvar;
Patrick Mbullo Owour; Amber Pearson; Asher Rosinger; Luisa Samayoa-Figueroa;
E. Cuauhtemoc Sanchez-Rodriguez; Jader Santos; Marianne V. Santoso; Roseanne
Schuster; Sonali Srivastava; Chad Staddon; Andrea Sullivan; Yihenew Tesfaye;
Nathaly Trivifio-Ledn; Alex Trowell; Desire Tshala-Katumbay; Raymond Tutu; Felipe
Uribe-Salas; and Cassandra Workman.

Young SL, et al. BMJ Global Health 2019;4:e001750. doi:10.1136/bmjgh-2019-001750

1ybuAdoo
Aq pa193101d “1N119g JO ANISIBAIUN UBILIBWY 18 $202 ‘62 [Mdy uo jwod fwa yb//:dny woll papeojumod "6T0Z Jaqualdas 62 Uo 052 T00-6T0Z-UBIWg/9ETT 0T St paysiignd 1s11 :yiieaH qo[o rINg


https://dx.doi.org/10.1136/bmjgh-2019-001750
https://dx.doi.org/10.1136/bmjgh-2019-001750
https://twitter.com/profserayoung
https://twitter.com/Gboaten2015
https://twitter.com/Z_Jamaluddine
https://twitter.com/joshdoesscience
https://twitter.com/ShaleanCollins
https://twitter.com/AWutich
https://twitter.com/ProfessorJepson
http://gh.bmj.com/

BMJ Global Health 8

Contributors SLY, GOB, TBN, AW and WEJ designed the study. SLY, ZJ, JDM, SMC,
AW, WEJ, JS and HWISE RCN members collected data. SLY, GOB, ZJ, JDM, EAF, TBN
and JS analysed and interpreted the data. SLY, GOB, ZJ, JDM, EAF, TBN, SMC, AW,
WEJ and JS drafted the article. All authors critically reviewed and approved the
final draft of the manuscript.

Funding This project was funded with the Competitive Research Grants to
Develop Innovative Methods and Metrics for Agriculture and Nutrition Actions
(IMMANA). IMMANA is funded with UK Aid from the UK government. This project
was also supported by the Buffett Institute for Global Studies and the Center for
Water Research at Northwestern University; Arizona State University’s Center for
Global Health at the School of Human Evolution and Social Change and Decision
Center for a Desert City (National Science Foundation SES-1462086); the Office

of the Vice Provost for Research of the University of Miami; the National Institutes
of Health grant NIEHS/FIC RO1ES019841 for the Kahemba Study, DRC. We also
acknowledge the National Science Foundation's HWISE Research Coordination
Network (BCS-1759972) for support of the collaboration. SLY was supported by the
National Institutes of Health (NIMH R21 MH108444; NIMH K01 MH098902). WEJ
was supported by the National Science Foundation (BCS-1560962). Funders of the
study had no role in study design, data collection, data analysis, data interpretation
or writing of the report. Authors had full access to all study data and had final
responsibility for the decision to submit for publication.

Map disclaimer The depiction of boundaries on the map(s) in this article does not
imply the expression of any opinion whatsoever on the part of BMJ (or any member
of its group) concerning the legal status of any country, territory, jurisdiction or area
or of its authorities. The map(s) are provided without any warranty of any kind, either
express or implied.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval Study activities received necessary ethical approvals from
institutional review bodies relevant to each site.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Sera L Young http://orcid.org/0000-0002-1763-1218
Godfred O Boateng https://orcid.org/0000-0001-5898-6966
Zeina Jamaluddine https://orcid.org/0000-0003-2074-9329
Joshua D Miller http://orcid.org/0000-0002-2171-856X
Edward A Frongillo https://orcid.org/0000-0002-8265-9815
Torsten B Neilands https://orcid.org/0000-0001-7936-9123
Shalean M Collins https://orcid.org/0000-0003-2991-8037
Wendy E Jepson https://orcid.org/0000-0002-7693-1376

REFERENCES

1. Bain R, Cronk R, Hossain R, et al. Global assessment of exposure to
faecal contamination through drinking water based on a systematic
review. Trop Med Int Health 2014;19:917-27.

2. Landrigan PJ, Fuller R, Acosta NJR, et al. The Lancet Commission
on pollution and health. The Lancet 2018;391:462-512.

3. Webb P. Water insecurity and the poor: issues and research needs.
Bonn, Germany: Universitat Bonn, 1998. https://www.zef.de/
uploads/tx_zefportal/Publications/zef_dp2-98.pdf

4. World Economic Forum. The global risks report. 2018. 13th Edition.
Geneva, Switzerland: World Economic Forum, 2018. http://www3.
weforum.org/docs/WEF_GRR18_Report.pdf

5. Sorenson SB, Morssink C, Campos PA. Safe access to safe water in
low income countries: water fetching in current times. Soc Sci Med
2011;72:1522-6.

6. Wutich A, Brewis A. Food, water, and scarcity: toward a broader
anthropology of resource insecurity. Current Anthropology
2014;55:444-68.

7. High level panel on water. making every drop count: an agenda for
water action. United Nations 2018 https://sustainabledevelopment.
un.org/content/documents/17825HLPW_Outcome.pdf

8.

9.

10.

11.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Cook C, Bakker K. Water security: debating an emerging paradigm.
Global Environmental Change 2012;22:94-102.

Liu J, Yang H, Gosling SN, et al. Water scarcity assessments in the
past, present, and future. Earth's Future 2017;5:545-59.

Jepson WE, Wutich A, Colllins SM, et al. Progress in household
water insecurity metrics: a cross-disciplinary approach. WIREs
Water 2017;4:e1214-21.

Progress on Drinking Water, Sanitation and Hygiene: 2017 Update
and SDG Baselines. World Health Organization (WHQO) and the
United Nations Children’s Fund (UNICEF, 2017.

. Bartram J, Brocklehurst C, Fisher M, et al. Global monitoring of

water supply and sanitation: history, methods and future challenges.
Int J Environ Res Public Health 2014;11:8137-65.

. Yu W, Wardrop NA, Bain RES, et al. A global perspective on

drinking-water and sanitation classification: an evaluation of census
content. PLoS One 2016;11:e0151645.

. Boateng GO, Collins SM, Mbullo P, et al. A novel household water

insecurity scale: procedures and psychometric analysis among
postpartum women in Western Kenya. PLoS One 2018;13:e0198591.
Wautich A, Ragsdale K. Water insecurity and emotional distress:
coping with supply, access, and seasonal variability of water in a
Bolivian squatter settlement. Soc Sci Med 2008;67:2116-25.
Jepson W. Measuring ‘no-win’ waterscapes: Experience-based
scales and classification approaches to assess household

water security in colonias on the US-Mexico border. Geoforum
2014;51:107-20.

Aihara Y, Shrestha S, Kazama F, et al. Validation of household

water insecurity scale in urban Nepal. Water Policy
2015;17:wp2015116-32.

Stevenson EGJ, Greene LE, Maes KC, et al. Water insecurity

in 3 dimensions: an anthropological perspective on water

and women's psychosocial distress in Ethiopia. Soc Sci Med
2012;75:392-400.

Young SL, Collins SM, Boateng GO, et al. Development and
validation protocol for an instrument to measure household water
insecurity across cultures and ecologies: the household water
insecurity experiences (HWISE) scale. BMJ Open 2019;9:e023558.
Jones AD, Ngure FM, Pelto G, et al. What are we assessing when
we measure food security? A compendium and review of current
metrics. Advances in Nutrition 2013;4:481-505.

Coates J, Swindale A, Bilinsky P. Household food insecurity access
scale (HFIAS) for measurement of food access: Indicator guide.
Washington DC: Food and Nutrition Technical Assistance Project,
2007. http://scholar.google.com/scholar?g=related:nvm7-fo2LIUJ:
scholar.google.com/&hl=en&num=30&as_sdt=0,5

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived
stress. J Health Soc Behav 1983;24:385.

Bollen K. Structural equations with latent variables. New York: Wiley,
1989.

Harvey RJ, Hammer AL, Theory IR. Item response theory. Couns
Psychol 1999;27:353-83.

Boateng GO, Neilands TB, Frongillo EA, et al. Best practices for
developing and validating scales for health, social, and behavioral
research: a primer. Frontiers in Public Health 2018;6.

Muthén B, Asparouhov T. IRT studies of many groups: the alignment
method. Frontiers in Psychology 2014;5.

Hu Li-tze, Bentler PM. Cutoff criteria for fit indexes in covariance
structure analysis: conventional criteria versus new alternatives.
Structural Equation Modeling: A Multidisciplinary Journal
1999;6:1-55.

Asparouhov T, Muthén B. Multiple-Group factor analysis alignment.
Structural Equation Modeling: A Multidisciplinary Journal
2014;21:495-508.

UN-Water Task Force on Water Security. Water security & the
global water agenda: A UN-water analytical brief. United Nations
University 2013 http://www.unwater.org/downloads/watersecurity_
analyticalbrief.pdf (accessed 14 Nov 2018).

Ballard T, Kepple A, Cafiero C. The Food Insecurity Experience
Scale: development of a global standard for monitoring hunger
worldwide. Rome, ltaly: Food & Agriculture Organization, 2013.
http://www.fao.org/economic/ess/ess-fs/voices/en/

Jones AD. Food insecurity and mental health status: a global
analysis of 149 countries. Am J Prev Med 2017;53:264-73.
Johnson AD, Markowitz AJ. Associations between household food
insecurity in early childhood and children's kindergarten skills. Child
Dev 2018;89:e1-17.

Pérez-Escamilla R, Vianna R. Food insecurity and the behavioral and
intellectual development of children: a review of the evidence, 2012.
Pérez-Escamilla R. Can experience-based household food security
scales help improve food security governance? Glob Food Sec
2012;1:120-5.

10

Young SL, et al. BMJ Global Health 2019;4:e001750. doi:10.1136/bmjgh-2019-001750

1ybuAdoo
Aq pa193101d “1N119g JO ANISIBAIUN UBILIBWY 18 $202 ‘62 [Mdy uo jwod fwa yb//:dny woll papeojumod "6T0Z Jaqualdas 62 Uo 052 T00-6T0Z-UBIWg/9ETT 0T St paysiignd 1s11 :yiieaH qo[o rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1763-1218
https://orcid.org/0000-0001-5898-6966
https://orcid.org/0000-0003-2074-9329
http://orcid.org/0000-0002-2171-856X
https://orcid.org/0000-0002-8265-9815
https://orcid.org/0000-0001-7936-9123
https://orcid.org/0000-0003-2991-8037
https://orcid.org/0000-0002-7693-1376
http://dx.doi.org/10.1111/tmi.12334
http://dx.doi.org/10.1016/S0140-6736(17)32345-0
https://www.zef.de/uploads/tx_zefportal/Publications/zef_dp2-98.pdf
https://www.zef.de/uploads/tx_zefportal/Publications/zef_dp2-98.pdf
http://www3.weforum.org/docs/WEF_GRR18_Report.pdf
http://www3.weforum.org/docs/WEF_GRR18_Report.pdf
http://dx.doi.org/10.1016/j.socscimed.2011.03.010
https://sustainabledevelopment.un.org/content/documents/17825HLPW_Outcome.pdf
https://sustainabledevelopment.un.org/content/documents/17825HLPW_Outcome.pdf
http://dx.doi.org/10.1016/j.gloenvcha.2011.10.011
http://dx.doi.org/10.1002/2016EF000518
http://dx.doi.org/10.1002/wat2.1214
http://dx.doi.org/10.1002/wat2.1214
http://dx.doi.org/10.3390/ijerph110808137
http://dx.doi.org/10.1371/journal.pone.0151645
http://dx.doi.org/10.1371/journal.pone.0198591
http://dx.doi.org/10.1016/j.socscimed.2008.09.042
http://dx.doi.org/10.1016/j.geoforum.2013.10.002
http://dx.doi.org/10.2166/wp.2015.116
http://dx.doi.org/10.1016/j.socscimed.2012.03.022
http://dx.doi.org/10.1136/bmjopen-2018-023558
http://dx.doi.org/10.3945/an.113.004119
http://scholar.google.com/scholar?q=related:nvm7-fo2LIUJ:scholar.google.com/&hl=en&num=30&as_sdt=0,5
http://scholar.google.com/scholar?q=related:nvm7-fo2LIUJ:scholar.google.com/&hl=en&num=30&as_sdt=0,5
http://dx.doi.org/10.2307/2136404
http://dx.doi.org/10.1177/0011000099273004
http://dx.doi.org/10.1177/0011000099273004
http://dx.doi.org/10.3389/fpubh.2018.00149
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.1080/10705511.2014.919210
http://www.unwater.org/downloads/watersecurity_analyticalbrief.pdf
http://www.unwater.org/downloads/watersecurity_analyticalbrief.pdf
http://www.fao.org/economic/ess/ess-fs/voices/en/
http://dx.doi.org/10.1016/j.amepre.2017.04.008
http://dx.doi.org/10.1111/cdev.12764
http://dx.doi.org/10.1111/cdev.12764
http://dx.doi.org/10.1016/j.gfs.2012.10.006
http://gh.bmj.com/

8 BMJ Global Health

35. 39.

36.

37.

38.

Pérez-Escamilla R, Gubert MB, Rogers B, et al. Food security
measurement and governance: assessment of the usefulness of
diverse food insecurity indicators for policy makers. Global Food
Security 2017;14:96-104.

Ringler C, Choufani J, Chase C, et al. Meeting the nutrition and
water targets of the sustainable development goals: achieving
progress through linked interventions. CGIAR Research Program on
Water, Land and Ecosystems (WLE); The World Bank 2018.

Smiley SL. Defining and measuring water access: lessons from
Tanzania for moving forward in the post-Millennium development
goal era. African Geographical Review 2017;36:168-82.

Adams EA. Thirsty slums in African cities: household water insecurity
in urban informal settlements of Lilongwe, Malawi. International
Journal of Water Resources Development 2018;34:869-87.

40.

41.

42.

Stoler J, Fink G, Weeks JR, et al. When urban TAPS run dry: Sachet
water consumption and health effects in low income neighborhoods
of Accra, Ghana. Health Place 2012;18:250-62.

Price H, Adams E, Quilliam RS. The difference a day can make: the
temporal dynamics of drinking water access and quality in urban
slums. Science of The Total Environment 2019;671:818-26.

Collins SM, Mbullo Owuor P, Miller JD, et al. ‘| know how stressful

it is to lack water!” Exploring the lived experiences of household
water insecurity among pregnant and postpartum women in western
Kenya. Global Public Health 2018:1-14.

Langford M, Winkler |. Muddying the water? assessing target-
based approaches in development cooperation for water and
sanitation. Journal of Human Development and Capabilities
2014;15:247-60.

Young SL, et al. BMJ Global Health 2019;4:e001750. doi:10.1136/bmjgh-2019-001750

—
—

1ybuAdoo
Aq pa193101d “1N119g JO ANISIBAIUN UBILIBWY 18 $202 ‘62 [Mdy uo jwod fwa yb//:dny woll papeojumod "6T0Z Jaqualdas 62 Uo 052 T00-6T0Z-UBIWg/9ETT 0T St paysiignd 1s11 :yiieaH qo[o rINg


http://dx.doi.org/10.1016/j.gfs.2017.06.003
http://dx.doi.org/10.1016/j.gfs.2017.06.003
http://dx.doi.org/10.5337/2018.221
http://dx.doi.org/10.5337/2018.221
http://dx.doi.org/10.1080/19376812.2016.1171154
http://dx.doi.org/10.1080/07900627.2017.1322941
http://dx.doi.org/10.1080/07900627.2017.1322941
http://dx.doi.org/10.1016/j.healthplace.2011.09.020
http://dx.doi.org/10.1016/j.scitotenv.2019.03.355
http://dx.doi.org/10.1080/19452829.2014.896321
http://gh.bmj.com/

	The Household Water InSecurity Experiences (HWISE) Scale: development and validation of a household water insecurity measure for low-income and middle-income countries
	ABSTRACT
	Introduction﻿﻿
	Methods
	Data collection
	Analysis
	Participant involvement

	Results
	Descriptive statistics
	Item retention
	Dimensionality and reliability
	Equivalence
	Construct validity

	Discussion
	References


