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Abstract. Access to safe water and basic sanitation and hygiene facilities (WASH) are important for childhood health
globally. However, inequalities in WASH access persist, and local governments need to better understand the potential
impact of scaling up WASH services on childhood health. Using 2011 Peru Demographic and Health Survey data as a
case study, we applied amodified substitution estimator approach to assess the impact of scaling up access (20–100%)
to WASH on diarrhea prevalence among children < 5 years. The modified substitution estimator approach can help
identify population subgroups or areas where WASH interventions and sustained implementation could be most bene-
ficial and reduce existing disparities. Using findings from a recent meta-analysis and computing bootstrapped estimates
and 95%CIs, we examined inequalities in the effect ofWASH on self-reported diarrhea by urbanicity, maternal education
level, household wealth, and district of residence. Increasing access (100% change) to improved water sources, sani-
tation, and hygiene facilities reducedpopulation-level prevalence of childhooddiarrhea by 8.2% (95%CI: 4.1, 12.3), 5.5%
(95% CI: 0.7, 9.8), and 5.2% (95% CI: 2.2, 8.1), respectively. In stratified analyses, increased access to improved water
sources and hygiene facilities was associated with decreased prevalence of diarrhea, with the largest reduction in rural
areas and households with lower maternal education and lower wealth. Our findings suggest targeted WASH imple-
mentation in Peru is needed in rural areas and among lower socioeconomic-status households. In addition, even low
levels of change in overall WASH access may decrease diarrhea prevalence.

INTRODUCTION

Reliable sources of safe water, access to basic sanitation
facilities, and good hygiene practices, which include hand-
washing with soap and water (water and basic sanitation and
hygiene facilities [WASH]), are important for childhood survival
anddevelopment.1,2Children younger than5 years in low- and
middle-income countries are the most at risk for waterborne
diseases, with diarrhea estimated to account for 446,000
deaths in 2016.2 In addition, inadequate access to safe water,
lack of basic sanitation facilities, and poor hygiene practices
are important risk factors for childhood diarrhea.3–5 Elevated
diarrhea morbidity also negatively impacts normal childhood
growth, physical fitness, and cognitive function.6–8

Generally, interventions which improve water quality (e.g.,
installation of piped water sources into the dwelling or point-
of-use water treatment with safe storage), sanitation condi-
tions (e.g., installation of improved toilets), and hygiene
practices (e.g., promoting handwashing with soap and water)
have been found to effectively reduce diarrhea risk among
children across international settings4 and have been shown
to be cost-effective.9 Two systematic reviews found that
point-of-use water interventions and handwashing interven-
tions reduce childhood diarrhea by between 25% and
50%.10,11 In addition, a recent systematic review and meta-
analysis by Wolf et al.,3 based largely on studies of self-
reported diarrhea, found diarrhea risk among children < 5
years was reduced by interventions which improved point-of-
use water sources (RR = 0.39; 95% CI: 0.32, 0.48), sanitation
facilities (RR = 0.75; 95%CI: 0.63, 0.88), and hygiene facilities
(RR = 0.70; 95%CI: 0.64, 0.77). However, contrary to findings
from WASH studies using subjective measures of childhood

diarrhea, two recent WASH trials (WASH Benefits and the
Sanitation, Hygiene, Infant Nutrition Efficacy trial)12–14 found
no impact of WASH interventions on objectively measured
diarrhea outcomes. These authors suggest that for WASH
interventions to be effective, there is a need for consistent
public health interventions to support long-term behavior
change14 because implementation of WASH services often
struggle to achieve high coverage, compliance, and continu-
ous use over time.15

Globally, an estimated 2.1 billion people still lack access to
safe water sources and 4.2 billion lack access to basic sani-
tation facilities.16 Furthermore, disparities persist in access to
WASH services, particularly in rural (versus urban) settings
and by household wealth.16 For example, worldwide, only one
of three people with access to safe water sources and two of
five people with access to safely managed sanitation services
live in rural areas.17 In addition, basicWASH coverage is twice
as high among those in the highest wealth quintile compared
with those in the lowest.16Given these disparities, the benefits
of evidence-based WASH service implementation may differ
by population characteristics (e.g., socioeconomic status
[SES]) and contextual factors (e.g., urbanicity). Thus, when
identifying targets for implementation of WASH services, it is
important to consider variability in these estimates to select
the most effective targets. To support the scale-up of WASH
services, it is essential to better understand how improving
access to basic WASH may improve health outcomes across
the population, including in lower SES households and those
living in rural areas.
Peru is a country with high diarrheal disease burden among

children younger than 5 years.18 In addition, Peru has high
national coverage of safe drinkingwater (e.g., water piped into
dwelling or within building) and basic sanitation facilities (e.g.,
access to toilets inside or outside dwelling), estimated to be
87% and 73%, respectively.19 However, these national esti-
mates mask variations in coverage among subgroups, par-
ticularly lower SES and rural populations, making it an ideal
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context to study this topic. For example, in Peru, the majority
of the3.8millionpeoplewho lack access to safewater sources
and 9.7 million who lack access to basic sanitation live in rural
areas.20 Previous studies in Peru have found that lower ma-
ternal educationwas also associatedwith disparities inWASH
access and childhood health.21,22 Although Peru has im-
proved access to basic WASH5,16,19 and achieved the fourth
Millennium Development Goal (MDG) of reducing mortality
among children younger than five by two-thirds,16,23 there
continue to be disparities among high-risk populations (i.e.,
lower SES households and those in rural areas). Furthermore,
over the last 50 years, rapid urbanization and environmental
change have led to concerns over water scarcity,24 whichmay
increase disparities inWASH access. TargetedWASH service
implementation may decrease these inequalities in WASH
access and improve childhood health in Peru.
To support WASH service scale-up and identify high-

impact service implementation targets, it is necessary to first
understand both their efficacy and their potential impact on
childhood health. Although traditional analytic methods, such
as the estimation of population-attributable risk25 or health
impact assessments (HIA),26,27 allow for the quantification
of hypothetical change in disease with (full or partial) removal
of an exposure (e.g., access to unimproved water sources,
sanitation facilities, and hygiene facilities), they do not
consider existing dose–response relationships, population
composition (age structure, education level, etc.), and
confounding structures. Indeed, in HIA or when using
population-attributable risks, it is assumed that the population
compositionwhere the estimates are drawn is the same as the
target population. Yet, given the potential effect modification
for the relationship of interest (i.e., effect ofWASHondiarrhea)
from these population composition characteristics,28 it is im-
portant to use local empirical data that are representative of
the target population. In the same vein, the confounding
structuremay vary between twopopulations, whichmotivates
the use of empirical adjusted relationships that are relevant for
the target population.
A recent method, the substitution estimator method de-

scribed by Ahern et al.,29 allows for the assessment of po-
tential plausible shifts (e.g., 20%reduction) in exposure,which
can provide a better understanding of the potential impact of
different intervention implementation scenarios. Such an ap-
proach also allows for the consideration of both contextual
and compositional characteristics of clusters to which we aim
to model the potential benefits. This method can also be ex-
tended to include heterogeneity in the potential benefits of
shifting WASH exposures across different population sub-
groups (e.g., those with lower SES or living in rural areas) or
geographic regions.
Inaddition,previousstudiessimulating interventionbenefits29–31

have typically assumed that the intervention of interest is 100%
effective at decreasing disease incidence. To account for a
more realistic effectiveness of WASH interventions at reducing
diarrhea among children, we modified the substitution estima-
tor methods to account for differential effectiveness scenarios
based on published estimates.3 In doing so, we aimed to use
Peru as a case study to estimate the absolute effect of scaling
up access to improved WASH services on self-reported di-
arrhea among children younger than 5 years. In addition, this
study aimed to assess inequalities in the impact of WASH on
childhood diarrhea by maternal education, place of residence

(rural versus urban), and poverty status and to examine differ-
ences by district to identify locations where potential WASH
interventions may have the greatest impact.

MATERIALS AND METHODS

To estimate the impact of hypothetical changes in access to
improved water sources, sanitation facilities, and hygiene fa-
cilities on diarrhea among children younger than 5 years, we
used data from the 2011 Demographic and Health Surveys
(DHS) in Peru as a case study. The DHS are nationally repre-
sentative cross-sectional surveys that are conducted annually
mainly focusing on maternal and child health. Women aged
15–49 years were interviewed to assess mother and child
demographics and health information, as well as household
characteristics. For the current study, data from the “children”
questionnaire included maternal age, maternal education,
child gender, andwhether the child haddiarrhea in the2weeks
before the survey. Data from the “household” questionnaire
corresponding to each record from the “children” question-
naire included source of drinking water, type of sanitation fa-
cility, type of hygiene facility, variables identifying the district
and household, and variables for household assets. Data from
both the “children” and “household” datasets weremerged to
allow for measurement of child-level, mother-level, and
household-level variables.
Measures. For all children < 5 years, diarrhea prevalence

was assessed by asking mothers whether a child had an ep-
isode of diarrhea in the 2 weeks before the interview, resulting
in a dichotomous measure (“yes” or “no”) of self-reported di-
arrhea. We defined water and sanitation as “improved” or
“unimproved” based on the 2011 WHO guidelines.32,33 “Im-
proved” water sources included sources that were piped into
the dwelling or piped outside the dwelling but within building,
whereas “unimproved” water sources included public tap or
standpipe, a well inside the building, a public well, a natural
water source (e.g., spring, river, dam, lake, stream, canal, or
irrigation channel), rainwater, a tanker truck, bottledwater, and
other sources. Sanitation facilities were defined as “im-
proved,” based on the 2011WHOguidelines,32,33 if they had a
toilet inside the dwelling, a toilet outside the dwelling, or a
ventilated latrine, whereas “unimproved” sanitation facilities
included those with shared facilities, a septic well, latrines, a
river or canal, or no service. To evaluatewhether shared status
modified the impact of sanitation facility, we also coded a
version excluding shared status.Becauseof the lackof aWHO
definition in 2011 and considering the currentWHOdefinitions
of an “improved” versus “unimproved” hygiene facility,34 we
categorized hygiene facilities based on the presence of
handwashing stations; those which included both soap and
water were considered “improved,” whereas the absence of
either was considered “unimproved.”
Maternal years of education was categorized as “less than

secondary education” (0–8 years) and “secondary education or
higher” (³ 9 years), andmaternal age in yearswas categorized as
“15–19,” “20–29,” “30–39,” and “40+”. Place of residence was
defined as “urban” or “rural” and distract was defined based on
the 24 administrative districts in Peru plus the Limametropolitan
area (Lima and Callao). Principal component analysis was used
to recalculate the household wealth index, similar to the DHS
index,35 but excluding variables about water and sanitation fa-
cility. Variables included to recalculate the household wealth
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index were type of floor, wall, and roof materials as well as
whether households had the following assets: electricity, a radio,
a television, a refrigerator, a bicycle, amotorcycle, and a car. The
households were then divided into wealth quintiles based on the
recalculated index. The bottom two quintiles of the recalculated
household wealth index were used to define household poverty
status (“poorer” or “wealthier”).
Statistical analysis. We described the distribution of

covariates by improved and unimproved access to a water
source, sanitation facility, and hygiene facility. We con-
structed separate models to assess the relationship between
water source, sanitation facility, hygiene facility, and self-
reported diarrhea prevalence among children < 5 years. For
this analysis, modified Poisson regression models36 with log
link and random intercepts, to account for clustering at the
administrative district level, were used, and prevalence ratios
(PR) were estimated. Models were weighted using DHS
sampling weights to account for complex survey design.37

Confounders were identified a priori using directed acyclic
graphs on the relationship among water source, sanitation
facility, hygiene facility, and childhood diarrhea.38 We con-
structed separate models for the type of water source, sani-
tation facility, andhygiene facility. Allmodelswere adjusted for
identified confounders (place of residence, child gender, ma-
ternal age, maternal education, and household poverty sta-
tus). Unadjusted and adjusted PR and 95% CIs are reported.
Substitution estimation procedure. Based on the models

described previously, we conducted an imputation-based
modeling approach to estimate the population effect of in-
creasing access to improved water source, sanitation facili-
ties, and hygiene facilities. We applied a modified version of
themethodpreviouslydescribedbyAhern et al.29 Thismethod

estimates the population-level effect of a hypothetical change
in exposure to a public health intervention (i.e., improved ac-
cess to water source, sanitation facility, or hygiene facility) on
the outcome of interest (i.e., diarrhea prevalence) while con-
ditioning on the specific set of confounders in the target
population.
First, the effect estimates from the multivariable models

described earlier are used to predict the outcome (i.e., di-
arrhea) for each individual had they experienced the exposure
(i.e., an improved water source, sanitation, or hygiene facility).
We extended the previous method by accounting for the ef-
fectiveness of each intervention, namely, point-of-use water
treatment with safe storage, basic sanitation facility, and
handwashing with soap and water.3 Effectiveness estimates
for potential sanitation and hygiene interventions were cal-
culated using pooled estimates from a random effects meta-
analysis reported by Wolf et al.3 Water-based interventions
were found to be the most effective in this systematic review,
sowe calculated the effectiveness of sanitation- and hygiene-
based interventions relative to the water-based intervention.
Specifically, using estimates from Wolf et al.,3 we considered
an effectiveness estimate of 100% for improved water source
interventions, 48% for improved sanitation facility, and 44%
for improved hygiene facility. (Details for calculations provided
in the Supplemental Appendix.)
Second, the imputed individual outcome probabilities were

averaged to estimate the population-level diarrhea prevalence
had all individuals received the exposure. Third, we compared
the average predicted probabilities observed empirically with
that imputed, to estimate the absolute and relative changes
in diarrhea prevalence associated with this hypothetical shift
in exposure. We also modified the previous analyses by

FIGURE 1. Estimated relative (%) difference in self-reported diarrhea prevalence with % change in exposure (from unimproved to improved) in
water source, sanitation facility, and hygiene facility among children < 5 years, Peru Demographic and Health Survey 2011.
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bootstrapping calculation of the estimate of change and 95%
CIs with 500 iterations. (Equations andmore detailed modeling
procedures described in Supplemental Appendix.)
Given that complete elimination of unimproved sources of

water, sanitation facilities, and hygiene facilities may not be a
realistic goal, we assessed the impact of WASH on diarrhea,
given a change in access from unimprovedWASH to improved
WASH by 20%, 40%, 60%, 80%, and 100%. These levels of
change were chosen to represent different incremental sce-
narios where a varying proportion of the population would
switch from unimproved sources of water, sanitation facilities,
and hygiene facilities to improved ones. For example, when
considering a scenariowith a changeof 100% forwater source,
it means that after the hypothetical intervention, all households
would have access to an improved source of water.
Assessing inequalities in potential WASH intervention

effectiveness. We also conducted analyses stratified by
place of residence (rural or urban), maternal education (less
than secondary or secondary and higher), poverty status
(poorer or wealthier), the 24 administrative districts plus met-
ropolitan Lima, and for sanitation by whether facility was
shared or unshared. For all analyses, we applied the Bonfer-
roni correction for multiple comparisons. Data management
was conducted using SAS 9.4 (SAS Institute, Cary, NC), and
all analyses were conducted in R (R Foundation for Statistical
Computing, Vienna, Austria). The code to reproduce our find-
ings is provided in Supplemental Material.

RESULTS

In our study sample (N = 7,560), diarrhea prevalence among
children < 5 years was 16.7%. Of the 7,560 children < 5 years,

DHS sampling weighted estimates found that 22.0% had
access to an unimproved source of drinkingwater, 43.2%had
access to an unimproved sanitation facility, and 40.6%
had access to an unimproved hygiene facility (Supplemental
Table 1). Thosewith access to unimprovedsourcesof drinking
water (N= 1,780)mostly lived in rural settings (56.6%) and had
lower levels of household wealth (poorer: 57.6%), including
mothers with lower maternal age (< 30 years: 56.2%) and
lower levels of education (< secondary education: 50.5%).
Among children with unimproved access to sanitation (N =
4,355), most lived in rural settings (62.3%) and had mothers
with lower maternal age (< 30 years: 54.0%) and levels of
education (< secondary education: 52.5%). Among thosewith
unimproved hygiene facility access (N = 3,376), most lived in
urban settings (53.4%) and had lower levels of household
wealth (poorer: 47.2%), including mothers with lower ma-
ternal age (< 30 years: 52.3%) and lower levels of education
(< secondary education: 46.0%).
After adjusting for selected confounders, our final multi-

variable modified Poisson regression models showed having
access to an unimproved (versus improved) WASH, including
source of water (PR: 1.35; 95% CI: 1.13, 1.62), sanitation fa-
cilities (PR: 1.22; 95%CI: 1.04, 1.43), or hygiene facilities (PR:
1.32; 95%CI: 1.09, 1.59), is associated with an increased risk
of diarrhea among children < 5 years (Supplemental Table 2).
Using the subject-level estimates of the probability of self-

reported diarrhea from these multivariable models, we gen-
erated estimates for the population-level effect of decreasing
the proportion of the sample exposed to unimproved WASH.
We assessed changes of 20%, 40%, 60%, 80%, and 100% in
unimproved (to improved) access to water sources, sanitation
facility, and hygiene facility on childhood diarrhea (Supplemental

FIGURE 2. Estimated relative (%) difference in self-reported diarrhea prevalence with % change in exposure (from unimproved to improved) in
water source, sanitation facility, and hygiene facility among children< 5 years stratified by place of residence, PeruDemographic andHealth Survey
2011.
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Table3).Weshowed thatwith100%change fromunimproved to
improved water source, sanitation facility, and hygiene facility
access, prevalence of childhood diarrhea would decrease by
137.0 cases (per 10,000; 95% CI: 67.7, 209.1), 92.0 cases (per
10,000; 95% CI: 11.7, 167.0), and 87.2 cases (per 10,000; 95%
CI: 39.3, 134.3), respectively. In addition,with100%change from
unimproved to improved WASH access, we estimated relative
decreases (Supplemental Table 4, Figure 1) in diarrhea preva-
lence of 8.2% (95% CI: 4.1, 12.3), 5.5% (95% CI: 0.7, 9.8), and
5.2% (95% CI: 2.2, 8.1). Even without a 100% change in un-
improved WASH, we found that 20–80% changes in access to
improved WASH resulted in decreases in diarrhea prevalence.
In analyses stratified by place of residence (rural versus

urban; Supplemental Table 5; Figure 2), a 100%shift in access
to improved water source and hygiene facility among those in
rural settings resulted in a decrease in the prevalence of
childhood diarrhea by 11.8% (95% CI: 4.9, 19.1) and 5.0%
(95% CI: 1, 9.7). However, we saw no change in diarrhea
prevalence associated with improved sanitation facility ac-
cess in rural areas. In analyses stratifiedbymaternal education
level (Supplemental Table 10, Figure 3), those with mothers
who had less than secondary education showed the largest
decrease in prevalence of childhood diarrhea with complete
elimination of access to unimproved water sources (17.4%
[95% CI: 9.7, 25.4]) and hygiene facility (9.0% [95% CI: 3.3,
14.1]). When stratified by poverty status (Supplemental
Table 12, Figure 4), we again saw the largest decreases in
diarrhea prevalence among those in poorer households, as-
sociated with complete removal of access to unimproved
water sources (17.6% [95%CI: 10.5, 25.4]) andhygiene facility
(9.3% [95% CI: 5.3, 13.9]).

DISCUSSION

In this study, we applied a substitution estimator method to
simulate the potential impact of interventions to increase ac-
cess to improved water sources, sanitation facilities, and hy-
giene facilities on childhooddiarrheal disease and reduction of
existing disparities. Consistent with previous research, we
found access to unimproved water sources, sanitation facili-
ties, and hygiene facilities were associatedwith increased risk
of diarrhea among children <5 years in Peru.1,3,4,18 In-
terestingly, we found that water source interventions were
systematically associated with higher benefits, especially
among mothers with lower levels of education, lower wealth
households, and living in rural areas. This result can be
explained by both the larger effect estimates for unimproved
(versus improved) water sources on childhood diarrhea (see
Supplemental Table 2) and estimates of effectiveness for
point-of-use water source interventions based on real-world
water source interventions from Wolf et al.3 In addition, in
stratified analyses, we did not find improved sanitation facili-
ties to be associated with decreased diarrhea prevalence.
These findings are consistent with previous studies which
have indicated improvement of sanitation facility alone may
not effectively reduce diarrhea risk.39–41

Using substitution estimator methods, we found that in-
creasing access to improved water sources, sanitation facili-
ties, and hygiene facilities may effectively reduce diarrhea
morbidity among children < 5 years in Peru. Although the
complete elimination of unimproved access is unlikely in the
short term, a low to moderate change in access to WASH
could significantly decrease diarrhea prevalence among chil-
dren with important variability between population subgroups

FIGURE 3. Estimated relative (%) difference in self-reported diarrhea prevalence with % change in exposure (from unimproved to improved) in
water source, sanitation facility, and hygiene facility among children < 5 years stratified by maternal education, Peru Demographic and Health
Survey 2011.
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and areas. Similar to other studies, we found the largest po-
tential benefit associated with scaling up improved water
source and hygiene facility access.4,10 However, our esti-
mates of the overall impact of WASH scale-up on childhood
diarrhea were more modest than those reported by Darvesh
et al.4 for point-of-use water filtration (40% decrease) and
hygiene education with provision of soap (27% decrease).
Given Peru has relatively high coverage of improvedWASH

access,19 the greatest benefit may come from addressing
existing inequalities in access with targeted water service
implementation and improved hygiene facilities in rural areas,
thosewith lower wealth, and amongmothers with lower levels
of education. However, trials of the effectiveness of WASH
interventions have had low levels of coverage and compliance,
particularly for sanitation upgrades, point-of-use water treat-
ment, andbasichandwashing interventions,when implemented
in rural areas.3,12,13,42 In Peru, access to WASH is significantly
lower in rural areas than urban areas, and the limited delivery
of WASH interventions has negatively impacted childhood
health.16,17 We found that in rural areas, increased access to
improvedwater sources and hygiene facilities reduced diarrhea
prevalence among children younger than 5 years. Specifically,
we found moderate reductions in diarrhea prevalence associ-
atedwith even just a20%change fromunimproved to improved
status for water source and hygiene facility, even without
complete elimination of unimproved access. Taken together,
these findings indicate that scaling up WASH services among
subpopulations at high risk may effectively increase equity in
access and improve childhood health in Peru.
Although Peru has achieved the fourth MDG of reducing

mortality among children younger than five by two-thirds,23

there are remaining inequalities in childhood health and

mortality. Bohra et al.22 found large maternal education–
based inequalities in childhood mortality and access to water
and sanitation in Peru. Our results are in accord with this and
suggest that interventions which improve access to WASH
among lower SES households could be effective at de-
creasing diarrhea incidence among children in Peru. There is
also a need to address the economic and educational in-
equalities in Peru which influence WASH access and nega-
tively impact childhood health.
These findings should be considered in light of their limita-

tions. First, this study used self-reported data from the cross-
sectional DHS study; thus, our findingsmay be subject to recall
and reporting bias.43 Second, our exposure definitions were
based on household access to water sources, sanitation facil-
ities, andhygiene facilities, and there ispotential for exposure to
other sources of unimproved WASH that we were unable to
account for, whichmay have resulted in themisclassification of
the exposure.Wealso had to consider the relationshipbetween
WASH variables and diarrhea to be linear, so the estimates we
obtained can correspond to documented estimates from hy-
pothetical interventions. Yet, it is possible that nonlinear rela-
tionships between sanitation access and self-reported diarrhea
exist. In future intervention studies, it would be interesting to
report potential nonlinear dose–response relationships in the
effectiveness of WASH interventions. Furthermore, we con-
sidered interventions on water, sanitation, and hygiene as in-
dependent interventions, given that data on their potential joint
benefits were not documented. Whereas it is reasonable to
assume that the benefits of joint interventions may be more
effective than isolated interventions, recent studies have not
consistently found this to be true.12–14 Therefore, our estimates
can be considered as conservative because they do not allow

FIGURE 4. Estimated relative (%) difference in self-reported diarrhea prevalence with % change in exposure (from unimproved to improved) in
water source, sanitation facility, and hygiene facility among children < 5 years stratified by poverty status, Peru Demographic and Health Survey
2011.
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for any extrapolation regarding the impacts of potential joint
interventions. In addition, the estimates ofWASH effectiveness
from Wolf et al.3 were chosen as the best available pooled es-
timates to examine the impact of WASH interventions in a new
setting; thus, our findings are dependent on these assumed
levels of intervention effectiveness. We were also unable to
distinguish the differential effectiveness of various water inter-
ventions (e.g., household water treatment and safe storage),
and our estimates should be interpreted as point-of-use filter
interventions with safe storage as documented by Wolf et al.3

Finally, given that estimates of intervention effectiveness from
Wolf et al.3 were largely based on self-reported diarrhea and
there is some evidence they overestimate the effect of WASH
on objective measures of diarrhea, the potential impact of
WASHmay be overestimated in some settings. We encourage
future research to validate these findings in settings where pre-
and post-data are available for WASH and childhood diarrhea.
Nevertheless, this studywas thefirst toapplyamodifiedversion
of the substitution estimator approach while accounting for
previous estimates of WASH intervention effectiveness. This
study can also serve as a guide for future research evaluating
the impact of potential public health intervention implementa-
tion on other health outcomes.

CONCLUSION

Using a modified version of the substitution estimator
methods described by Ahern et al.,29 which accounted for the
effectiveness of water, sanitation, and hygiene interventions,3

we found potential benefits in scaling up access to WASH in
reducing health disparities. Our findings suggest there is a
need for targeted WASH service implementation in Peru, and
rural areas and lower SES households will benefit the most
from these interventions, and even low levels of change in
overall access may decrease the prevalence of childhood di-
arrhea. As such, polices which support the targeted imple-
mentation of sustained WASH services among high-risk
populations should be prioritized and may significantly im-
prove childhood health in Peru.
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