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ABSTRACT

Background: Lack of toilets and the widespread practice of open defecation may contribute to India’s large burden of
child undernutrition.

Objectives: Ve examine whether a large national sanitation campaign launched in 2014, the Swachh Bharat Mission
(SBM), precedes a reduction in stunting and wasting among under 5-y-old (u5) children in India.

Methods: In this observational study, we used district-level data from before (2013-2014) and after (2015-2016) SBM
from 3 national surveys to derive, as our outcomes, the percentage of ub children per district who are stunted and
wasted. We defined our exposures as 1) binary indicator of SBM and 2) percentage of households with toilets per
district. Our analytic sample comprised nearly all 640 Indian districts (with ~1200 rural/urban divisions per district per
time point). Linear regression analyses controlled for baseline differences in districts, linear time trends by state, and
relevant covariates.

Results: Relative to pre-SBM, ub stunting declines by 0.06% (95% CI: -0.10, =0.01; P = 0.009) with every percentage
increase in households with toilets post-SBM. Rural regions and districts with higher pre-SBM toilet availability show
greater decline in ub stunting post-SBM.

Conclusions: An increase in toilet availability on a national scale, precipitated by the SBM sanitation campaign, is
associated with a reduction in undernutrition among u5 children in India over the early phase of the campaign. J Nutr

2021;151:2455-2464.
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Introduction

India accounts for nearly one-third of the global burden of
undernutrition in under S-y-old (u5) children (1). Stunting
(height for age below -2 standard deviations relative to global
reference curves) and wasting (weight for height below -
2 standard deviations relative to global reference curves)
remain alarmingly high among Indian children relative to
other countries of similar national economic output (2, 3).
This phenomenon, often referred to as the “Asian enigma,”
may arise from the extensive practice of open defecation in
India (4). Absence of household toilets and low utilization
of toilets promote open defecation and contaminate ambient
environment and water sources with fecal pathogens. In 2012,
nearly half of India’s 1.2 billion people reported lack of
household toilets and practiced open defecation (5). This
indiscriminately strewn human waste serves as one of the most
lethal and rampant means for spreading disease.

Open defecation carries a significant negative externality.
Persistent exposure to high concentrations of fecal matter

elevates the incidence of infections reliant on the fecal-oral
route of transmission, particularly among young children
(6). Repeated infections of the gut may induce subclinical
permeability changes in the small intestine, also referred to
as environmental enteropathy. This condition causes mal-
absorption of nutrients, resulting in chronic undernutrition
and stunting (6, 7). Undernutrition among u5 children may
“program” future growth (8-11). Sanitation efforts to reduce
open defecation may reduce child undernutrition, particularly
among u$ children (2). High population density, moreover,
may exacerbate the potential effects of open defecation on
child health. Improved sanitation may, therefore, hold particular
relevance for India (12).

Intriguingly, recent multinational randomized controlled
trials in low- and middle-income countries (LMICs) have not
found a relation between open defecation (low toilet use) and
growth faltering among children (13-18). Scholars contend
that the absence of this relation may arise from low baseline
prevalence of open defecation in these countries, which limits
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their generalizability to India (18-22). In India, studies present
mixed findings. Cross-sectional studies report a positive relation
between open defecation (or lack of toilet availability) and
child stunting (5, 23). Small-scale randomized controlled trials
in India show that provision of toilets and behavioral change
messaging increase toilet construction, reduce open defecation,
and increase child height (24). Moreover, these height gains in
uS children appear within a relatively short time span (24).
Research examining India and 3 other LMICs (Ethiopia, Peru,
Vietnam) also finds that stunting among children corresponds
inversely with access to toilets (except for Vietnam) (25).
However, several cluster-randomized controlled trials in Indian
villages have found no benefit of toilet access to child health (26,
27). The authors attribute these null results to inconsistent usage
of toilets and lack of effective behavioral change interventions
(26-28). Longitudinal research examining subnational changes
in water and sanitation across 59 countries also reports no
changes in child stunting or wasting following sanitation
improvements, although a reduction in diarrhea and child
mortality has been observed (29). These findings suggest that,
absent toilet adoption and usage, increased toilet availability
alone may not translate into reduced open defecation and
improved child nutrition in India (28, 30-32).

In 2014, the election of Prime Minister Narendra Modi’s
government ushered in the Swachh Bharat Mission (SBM) (33).
SBM succeeded the former Nirmal Bharat Abhiyan and put
forth a national mandate for total sanitation and complete
eradication of open defecation by 2019 (33). The government
allotted over $1 billion annually toward this program (33).
SBM Gramin (SBM-G) is the flagship component of SBM and
focuses on total sanitation in rural India under the Department
of Drinking Water and Sanitation (33). SBM Urban (SBM-U)
focuses on cities and urban clusters and is implemented by
India’s Ministry of Housing and Urban Affairs (34). Under
SBM-G, rural households are incentivized with a cash subsidy
of INR 12,000 (US$170) for toilet construction coupled with
intense public messaging (33).

From 2015 to 2020, >100 million household toilets have
been constructed in India and >600,000 villages have been
declared free of open defecation (33). This national intervention
combines toilet construction, waste management, and intensive
public messaging, with nearly 10% of all SBM expenditure
dedicated to information, education, and communication (IEC)
campaigns using a wide variety of channels (social media,
cinema, community mobilization, etc.) (33, 35, 36). According
to some estimates, the Indian population was exposed to
~11 sanitation, handwashing, and hygiene-related messages
per person per week, sponsored by SBM (35). Studies report,
following SBM, a heterogeneous decline in open defecation and
increased hygiene awareness in select North Indian states (37,
38). Whereas multiple sources document greater administrative
focus and investments made toward IEC and community
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mobilization toward total sanitation (36, 39), evidence on the
large-scale impact of SBM on child health outcomes remains
limited.

According to an evaluation in the states of Bihar, West
Bengal, and Odisha, villages declared as open defecation free
(ODF) following SBM showed marked reduction in fecal
contamination relative to non-ODF villages (40). Another
study that used data from the Performance Monitoring and
Accountability 2020 survey reports, following SBM, a 60%
reduction in open defecation among rural and 46% reduction
among urban regions of Rajasthan (37). In rural Punjab, a
cluster-randomized controlled trial reports a 7% reduction in
open defecation, corresponding to ~6% to 10% increase in
toilet ownership following SBM (38). These estimates align
with qualitative evidence from other independent evaluations
that also report increased toilet adoption in rural North
Indian states, owing to increased toilet construction and
community and governmental coercion toward use of toilets
following SBM (41). We, however, know of only 2 studies that
report nationwide evaluations of SBM; neither examine child
undernutrition and stunting (42, 43).

SBM represents one of the largest-scale public health
campaigns in the second most populous country in the world.
For this reason, quantifying the importance of SBM in reducing
child undernutrition holds strong policy relevance. Major
critiques of Indian sanitation policies that preceded SBM
involved nonutilization of constructed toilets and no discernible
improvement in child health despite an increase in toilet
availability (27, 44). Experts contend that the Total Sanitation
Campaign, for instance, failed to mobilize communities and
did not emphasize IEC in high-burden states (45). Following
SBM, if many newly constructed toilets are now being used, it
remains to be seen whether child undernutrition, particularly
among u5 children, improves accordingly. We examine, in a
longitudinal manner, whether and to what extent an increase
in district-level household toilet availability correlates with
reductions in percentage of u5 children who are stunted and
wasted across all districts in India over the early (i.e., within
first 2 y) phase of SBM. The pace of toilet construction and
SBM adoption shows considerable variation across Indian states
and districts (46). We exploit this geographic variation in
the intensity of toilet construction and estimate the relation
between SBM-related changes in toilet availability and u$
undernutrition.

Methods

Data sources

We used 3 different publicly available population-level survey data
sets in India for our study: 1) District Level Household and Facilities
Survey (DLHS), Round 4 (2013) (47); 2) Annual Health Survey (AHS,
2013-2014) (48); and 3) National Family Health Survey (NFHS),
Round 4 (2015-2016) (49). These surveys are representative at the
district and state levels (47-49). AHS includes 9 “high-burden” Indian
states (Uttar Pradesh, Chhattisgarh, Madhya Pradesh, Uttarakhand,
Jharkhand, Orissa, Bihar, Assam, and Rajasthan), and DLHS covers the
remaining 21 Indian states/territories for the pre-SBM time period of
2013-2014 (except Gujarat and Jammu and Kashmir). NFHS covers all
states/territories over the post-SBM time period (2015-2016). Recent
studies have used combinations of these data sets to study cross-
sectional and longitudinal changes in health outcomes in India (50,
51). The DLHS, AHS, and NFHS data series have been used in
>600 scientific publications, in addition to usage by the World Bank,
Government of India, and other policy-making agencies (52). This study
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used publicly available secondary data and was institutional review
board exempt.

Variables

We examined the health outcomes of stunting and wasting among
u5 children—2 measures of child undernutrition that may respond to
district-level reductions in open defecation. Stunting reflects chronic
undernutrition and indicates early, sustained exposure to infections
and inadequate diet (53). Wasting reflects acute undernutrition from
recent loss in body mass usually following acute starvation and/or
severe disease (53). We used child anthropometric measurements (age in
months, height in centimeters, weight in kilograms) to construct height-
for-age and weight-for-height z scores relative to WHO global reference
curves for u5 children (54). Next, consistent with the global practice,
we classified children at or below -2 SD of height-for-age z scores as
stunted and below -2 SD of weight-for-height z score as wasted (54).
We categorized children below -3 SD for these z scores as severely
stunted and wasted (respectively) (54). We aggregated the number of
stunted and wasted children by district (separately for rural/urban
areas, classified based on Indian census definitions) (55) to obtain the
prevalence of each undernutrition type. We used the total number of
u$ children surveyed as the denominator and applied analytic survey
weights to render the population-representative estimates at the district
level.

We used 2 exposures that measure the timing and intensity of
SBM. We first used a binary (1/0) indicator variable of SBM, coded
as “0” before SBM implementation (2013-2014) and “1” post-
SBM implementation (2015-2016). Next, we used the percentage
of households in a district with individual, unshared toilets! (total
households surveyed as denominator, weighted using survey weights).
Given the timing, large magnitude, and broad scope of the SBM
campaign, we reasoned that any acute increase from 2013-2014 to
2015-2016 at the district level in having a toilet potentially arises from
SBM. We view this assumption as reasonable because, following the
launch of SBM, financial allocations for sanitation increased by an
unprecedented 24% in the financial year 2014-2015 relative to the
financial year of 2013-2014 (56). Indian parliamentary reports indicate
that of the 107 million toilets constructed under SBM (until 2020),
~40% (40,520,686) were constructed by 2016 (57). Nationwide toilet
availability also increased dramatically after 2014 (58).

Our final analytic sample (excluding districts with missing data)
comprised 1127 district-units pre-SBM (563 rural, 564 urban) and
1264 district-units post-SBM (627 rural, 637 urban). To give the reader
a sense of the geographic variation of our exposure and outcome
variables, we mapped, across all available districts in India, u5 stunting
and availability of household toilets by pre- and post-SBM period.
We also graphed the unadjusted linear relation between u$ stunting,
wasting, and percentage of households with personal toilets for pre-
and post-SBM periods. Next, we graphed national averages of uS
children who are undernourished (stunted, wasted) and percentage of
households with personal toilets for 3 time points: 2005-2006, 2013—
2014, and 2015-2016.

"DLHS, AHS, and NFHS report household toilet availability based on response
to the following question: “What kind of toilet facility do members of your
household usually use?” The list of responses (in all 3 surveys) includes a)
flush to piped sewer system; b) flush to septic tank; c) flush to pit latrine;
d) flush to somewhere else; e) flush, don't know where; f) pit ventilated
improved biogas latrine; g) pit latrine with slab; h) pit latrine without slab/open
pit; i) twin pit/composting toilet; j) dry toilet; k) no facility/uses open space or
field; and I) other. We identified household-level responses (a-i) as indicative
of a presence of a toilet in that household. The AHS, DLHS, and NFHS
surveys also ask if the reported toilet facility is shared by persons from
other households (survey question: “Do you share this toilet facility with
other households?”). We only included, in our enumeration, toilets that were
not shared with persons from other households/community to develop the
exposure (percentage of households with personal toilet). Survey weights for
all covariates were retrieved from the AHS, DLHS, and NFHS, respectively.

Empirical estimation

Our test, often referred to as a “difference-in-difference” analysis in
the evaluation literature (59), turns on whether the uS child health
outcomes improve above expected levels following districts’ increase in
toilet construction from the pre- to post-SBM period. We use ordinary
least squares regression to estimate the following equation:

Yior = Bo + BiToilet; o + BrSBM;
+,33T0i16ti,t’r * SBM, + /34Zi.t,r

+ BsState x year + BgRural + B;District; + &, (1)

where Y;  ; is the percentage of u$ children who are stunted or wasted
(separate variables) in district i at time ¢ (pre-SBM, post-SBM) in region
7 (rural, urban). Toilet; ; , is the percentage of households with toilets
in district ¢ at time ¢ and region 7. SBM; is a binary variable coded
0 for pre-SBM and 1 for post-SBM. B3 is the main coefficient of
interest that represents the interaction between SBM and percentage
change (pre- to post-SBM) of households with toilets. Put another
way, the parameter estimates the “net association” between SBM-
related toilet construction and change in child health outcome. Z; ;, ,
is a vector of control variables comprising district-level aggregates of
maternal education (matriculate or 10th grade and above), institutional
delivery (hospital birth), child immunization, maternal health care
during pregnancy (at least 4 antenatal care visits), households with
access to electricity, clean drinking water (boiled, chlorinated, or
treated with alum; filtered using electric filters or composite materials),
clean cooking fuel (liquid petroleum gas, biogas), and district wealth
(deciles) in district 7 at time ¢ in region 7. District wealth deciles were
created using methods described by Filmer and Pritchett (60) (excluding
electricity, source of water, toilet availability, and cooking fuel as
we controlled for these factors separately). These variables control
for district-level socioeconomic attributes, access to health systems,
and child health correlates other than toilets (61-63). We estimate
Equation 1 for the full sample (overall) and stratified by rural/urban
regions.

We do not control for diarrhea as it falls on the hypothesized
pathway linking poor sanitation (open defecation) to child under-
nutrition (63). The collection of information on diarrhea, moreover,
relies on reporting based on its occurrence in the 2 wk preceding
each survey, which makes it an acute rather than chronic outcome
and also introduces bias from seasonality (diarrhea is more common
during summer/monsoon seasons relative to winter). State x year is
the vector of state-specific linear time trends that control for state-
specific factors that may vary linearly over time for the duration of
our study. Examples of such factors include state-level policies that
affect sanitation as well as child undernutrition and state-specific trends
in income, health system access, and cultural, dietary norms. Rural
is a binary identifier of aggregation level by rural/urban location
of households within districts, based on Indian census criteria of
population density and predominant type of economic activity (agrarian
compared with others). District; is a vector of district-level fixed
effects that accounts for time-invariant attributes of districts that may
influence child undernutrition. ¢; ;, , is the cluster-robust standard error
term.

Owing to the distinct nature of SBM-G (rural) and SBM-U (urban),
we also estimate Equation 1 for rural and urban units separately. We
exclude state-specific linear time trends for the rural/urban stratified
regression analyses owing to reduction in sample size (and statistical
power) by half, but we retained district fixed effects. We also estimate
Equation 1 using only the baseline (i.e., pre-SBM) percentage of
households with personal toilets to examine whether baseline toilet
availability affected the strength of the relation between new toilet
construction and uS health outcomes. Last, we perform the multiple
sensitivity checks to ensure robustness of all findings and to identify
potential circumstances in which any discovered SBM campaign
“effect” might have been most salient.
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TABLE 1 Mean (SD) of district-level aggregate variables by rural/urban region across pre- and post-SBM periods in India’

Pre-SBM (2012-2013)

Post-SBM (2015-2016)

Variable Rural Urban Rural Urban
Sample size 563 564 627 637
Percentage of households with personal toilet 38.1(27.9) 65.1(16.7) 46.1(27.1) 70.6 (14.9)
Percentage of ub children who are stunted 48.8(14.0) 43.7 (17.5) 37.3(10.6) 30.7(11.4)
Percentage of u5 children who are wasted 23.2(10.3) 21.8(12.5) 20.9(8.7) 19.4(9.8)
Percentage of ub children who are severely stunted 26.4(12.2) 235(14.9) 15.8(7.0) 12.7(7.1)
Percentage of ub5 children who are severely wasted 10.9(7.5) 11.2(8.7) 8.0(5.2) 8.7 (6.6)
Percentage of households with clean drinking water 17.3(25.0) 30.7(26.1) 22.4(26.8) 39.0(25.7)
Percentage of institutional deliveries 68.5(22.3) 82.2(16.0) 77.3(18.4) 87.3(14.2)
Percentage of households with clean cooking fuel 17.2(19.0) 60.7 (20.8) 24.9(19.4) 72.7(17.8)
Percentage of households with electricity 65.4(33.8) 83.8(19.2) 86.0(16.2) 96.4 (5.6)
Percentage of women with at least 10 y of schooling 21.0(14.7) 428(14.2) 28.9(14.2) 49.4(12.8)
Percentage of women who reported 4 ANC visits during pregnancy 41.6(27.1) 60.9(24.2) 45.3(32.6) 67.1(28.8)
Percentage of children who received full immunization 62.7(9.9) 65.6(8.7) 63.4(9.9) 66 (8.7)
District wealth decile 48(2.9) 58(2.9) 5.2(2.6) 6.2(2.8)

"Values are mean (SD). ANC, Antenetal Care; SBM, Swachh Bharat Mission; u5, under 5-y-old.

Results

Post-SBM, the percentage of households with personal toilets
increased by 12% in rural and by 5% in urban areas, relative
to pre-SBM (Table 1). Over the same period, the percentage
of u5 children who are stunted declined by almost 10% in
rural and 7% in urban areas. However, the percentage of u5
children who are wasted stayed nearly constant from pre-
to post-SBM. Supplemental Figure 1 shows the scatterplot
overlaid with unadjusted linear fit of our exposure compared
with outcomes at the district level, by rural and urban regions
in India. The slope of the linear fit between percentage of
households with personal toilets and u$ stunting is negative
and marginally steeper post-SBM relative to pre-SBM for rural
districts (Supplemental Figure 1). The percentage of u$ children
who are wasted stays nearly constant over pre- and post-SBM
in urban districts, although its linear fit with respect to toilet
availability post-SBM shows a steeper slope relative to pre-SBM
among rural districts (Supplemental Figure 2).

Supplemental Figures 3 and 4 map the change in percentage
of u5 children who are stunted and percentage of households
with personal toilets. Post-SBM, most districts in India show
increased toilet availability (Supplemental Figure 3). We also
observe a marked decline in u$5 stunting in these states post-
SBM (Supplemental Figure 4).

The relation between regional toilet availability and u$
stunting in India was constant in the time periods preceding
SBM, thus supporting the “constant slope” assumption (Sup-
plemental Figure 5, Supplemental Table 1). Table 2 shows the
main results from linear fixed-effects (district-level) regression
analyses for stunting and wasting in u5 children, overall and
by rural/urban regions. The coefficient of the interaction term
(SBM x percentage of households with personal toilets) gives
the “net association” of SBM with u$ stunting and wasting.
Results from the analysis of the overall sample (inclusive of
rural and urban districts) support the hypothesis in that, relative
to pre-SBM, stunting declined by 0.06 percentage points per
unit (or 1%) increase in household-level toilet availability post-
SBM (P = 0.009) (Table 2, model 1). However, there was
no change in the percentage of u5 children who are wasted
with the change in toilet availability (Table 2, models 2, 4,
6). The decline in uS stunting concentrates among rural areas
(coefficient =-0.05, P = 0.023) (Table 2, model 3). These results
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underscore the role of SBM-G relative to SBM-U in reducing
child undernutrition over our study period (Table 2, models 3,
5). Supplemental Figure 6 provides a “visual” depiction of our
interaction test, in which we graph the predicted values of us
stunting (average marginal effects, based on Equation 1) over
incremental values of percentage of households with toilets, for
pre- and post-SBM time periods (64). The slope of predicted
u$ stunting is steeper over the post-SBM period compared with
pre-SBM. This difference in slopes of linear prediction over pre-
SBM, relative to post-SBM, illustrates the association between
u$ stunting and SBM s percentage of households with personal
toilets interaction term (Supplemental Figure 6).

We also examined whether a district’s baseline level of
toilets pre-SBM affects the strength of the findings. Table 3
indicates that higher toilet availability pre-SBM corresponds
with a greater reduction in u$ stunting (but not wasting) post-
SBM (coefficient = —-0.05, P = 0.031). This finding suggests
that districts with a relatively higher baseline toilet availability
showed a greater decline in u5 stunting compared with districts
that formerly had a lower percentage of household toilets.
In addition, relative to districts at the lowest quartile of
toilet availability at the pre-SBM baseline, u5 stunting declines
to a greater degree among districts at higher baseline toilet
quartiles (Supplemental Figures 7, 8; Supplemental Table 2).
Results from Table 3 and Supplemental Table 2 suggest that
uS stunting may exhibit a nonlinear response to an increase
in district-level toilet availability. Whereas all the interaction
coefficients in Supplemental Table 2 are negative, only the
estimate for SBM x third quartile reaches conventional levels
of statistical significance for u5 stunting (Supplemental Table 2,
model 1). In our data, districts at the third quartile of
baseline toilet availability show a mean of 64% (percentage
of households with personal toilets) pre-SBM. Within these
districts, the mean percentage of households with personal
toilets increases to 72% post-SBM. These patterns indicate
that increasing toilet availability to >70% may likely elicit
reductions in u$ stunting. This nonlinear association has also
been observed in other studies and suggests that improvements
in child undernutrition may correspond with achievement of
sanitation coverage “thresholds,” underscoring the negative
externality of open defecation (28, 65, 66).

Exploratory age group-specific analyses suggest that the
overall decline in uS stunting reported in Table 2 concentrates
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(Continued)

TABLE 2

95% Cl Pvalue
—13.07,1.91 0.14

Model 6: Outcome = percentage of u5 children who are wasted

Coefficient
—5.58

Pvalue
0.143
0.284
0577

95% Cl
—15.43,2.23

Model 5: Outcome = percentage of ub children who are stunted

Coefficient
—6.60

Post-SBM (reference = pre-SBM)

Urban
Covariates
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0.01 —0.12,0.14 0.86
0.73

0.02

—0.08,0.27

0.10
—0.03

Baseline (pre-SBM) percentage of households with personal toilet
SBM s baseline percentage of households with personal toilet

—0.08,0.12

—0.15,0.09

(reference = pre-SBM)
Percentage of households with clean water

0.85
0.65
032
0.59
0.38
0.01
0.79
0.02

—0.12,0.14

0.01
0.04
0.07
0.04
0.07
—0.06
—0.02
—262

0.088
0.235
0.022
0.024
0.917

—0.39,0.03
—0.09,0.35
—0.33, —0.03

—0.18

—0.15,0.24

—0.06, 0.19
—0.12,0.21

—0.08, 0.21
—0.11, —0.01

0.13
—0.18
—0.24
—0.01

Percentage of households with clean cooking fuel

Percentage of households with electricity

—0.45, —0.03

Percentage of women with at least 10y of schooling

Percentage of institutional deliveries

—0.23,0.20
—0.06, 0.06
—0.27,0.17

0.948
0.665

0.00
—0.05
—218

Percentage of women who reported 4 ANC visits during pregnancy

Percentage of children who received full immunization

District wealth decile

—0.17,0.13
—4.84, —0.40

0.093

—4.73,0.36

36.63
1148

2049
1128

Mean of dependent variable

Sample size

TOutcome for model 1: percentage of u5 children who are stunted in the overall sample (inclusive of rural and urban districts); Outcome for model 2: percentage of u5 children who are wasted in the overall sample (inclusive of rural and urban

districts); Outcome for model 3: percentage of u5 children who are stunted in rural districts; Outcome for model 4: percentage of u5 children who are wasted in rural districts; Outcome for model 5: percentage of u5 children who are stunted in
urban districts; and Outcome for model 6: percentage of ub children who are wasted in urban districts. All outcomes predicted as a function of SBM status (post-SBM) and percentage of households with personal toilets per district in India.

District fixed effects and state-specific linear time trend covariates not shown. ANC, antenatal care; SBM, Swachh Bharat Mission; ub, under 5y old.

among the >2-y (i.e., 2-y to 4-y, 11-mo-old) age group
(Supplemental Table 3). We observe no statistically detectable
relations between age group-specific wasting and percentage of
households with toilets. In addition, when examining extremely
adverse health outcomes, the increase in household toilets post-
SBM corresponds with a reduction in severe u$ stunting (very
small magnitude of coefficient observed in relation to severe us
wasting) (Supplemental Table 4).

Last, we reestimated our main equation but used odds of
u3S health as the outcome at the individual level instead of at
the aggregate district level. In addition to covariates specified in
Equation 1, these individual-level analyses also controlled for
month of birth and month of survey (Supplemental Table 5).
Inference remains similar to the main results in that we observe
SBM-related reduction in the odds of u$5 stunting (Supplemental
Table 5, model 1). However, contrary to our other analyses
(but in alignment with Supplemental Figure 2), individual-level
estimations also show a decline in the odds of wasting among
u5 children (Supplemental Table 5, model 2).

Whereas the magnitude of our estimates appears modest,
we deem these findings as plausible in light of prior work
that reports qualitatively similar results from smaller-scale
experimental analyses (24, 28). To give the reader a sense of the
magnitude of the findings, we estimated the predicted change
in u$ stunting cases following the SBM campaign. About 50
million u$ Indian children were stunted pre-SBM (1). This figure
fell by 10% post-SBM (Table 1) with 5§ million fewer u5 stunted
children in 2015-2016. Of this decline, 0.06% less u5 stunting
occurs with each 1-unit (1%) increase in intrahousehold toilet
availability post-SBM (based on our results). Application of
our discovered coefficient to this stunting decline and the
observed increase in toilets (i.e., 0.0006 % 5 million * 8)
yields 24,000 fewer u5 stunted children (ranging from 4000
to 40,000 based on 95% CI of interaction term coefficient
reported in Table 2) statistically attributable to an increase
in toilet availability following SBM. Given the age-specific
patterns observed in Supplemental Table 3, we contend that this
reduction concentrates among u5 children older than 2 y of age.

Discussion

Relative to other developing countries, India remains an outlier
with respect to high undernutrition in general and wasting in
particular among u$ children (2, 3). The widespread practice
of open defecation among the Indian population appears to
explain this anomaly (particularly for stunting) (4), although
there is some debate (67). We test whether the early phase
(i.e., first 2 y) of a large-scale national sanitation campaign in
India—the SBM—corresponds with an increase in household-
level toilet availability and concurrent decline in undernutrition
(stunting and wasting) among u3 children. Results show that a
1% increase in district-level household toilet availability post-
SBM (relative to pre-SBM) correlates with a 0.06 % decline in u$
stunting, but we observe no changes in u$ wasting. Reduction
in u3 stunting post-SBM appears to concentrate in rural areas.

Intriguingly, whereas the first 1000 d of life (i.e., ages 0-
2 y) remain one of the most vulnerable time periods for child
growth and development, we find no relation between improved
ambient sanitation and stunting in this age group. Our analyses,
rather, show reduced stunting among children aged 2-5 vy,
following increased toilet availability post-SBM. We speculate,
post hoc, that this circumstance may arise for 2 reasons.
First, other researchers have described “exposure bias”—the



TABLE 3 Ordinary least squares fixed-effects regression results using baseline (i.e. pre-SBM) toilet availability as interacted

exposure’
Model 1: Outcome = percentage of u5 children who Model 2: Outcome = percentage of ub children
are stunted who are wasted
Covariates Coefficient 95% CI Pvalue Coefficient 95% Cl Pvalue
Post-SBM (reference = pre-SBM) 4.47 —2.70,11.65 0.222 1.34 —5.27,7.94 0.692
Baseline (pre-SBM) percentage of households with personal toilet —0.01 —0.07,0.04 0.665 —0.03 —0.08,0.01 0141
SBM s baseline percentage of households with personal toilet —0.05 —0.09, 0.00 0.031 0.00 —0.04, 0.04 0.978
(reference = pre-SBM)

Percentage of households with clean water —0.09 —0.18,0.00 0.047 —0.07 —0.14,0.00 0.064
Percentage of households with clean cooking fuel 0.06 —0.01,0.13 0.104 0.03 —0.04,0.10 0.443
Percentage of households with electricity —0.06 —0.11,0.00 0.059 —0.01 —0.05,0.04 0.787
Percentage of women with at least 10y of schooling —0.20 —0.31,-0.08 0.001 0.05 —0.06,0.16 0.366
Percentage of institutional deliveries —0.05 —0.15,0.04 0.286 —0.02 —0.08, 0.05 0.604
Percentage of women who reported 4 ANC visits during pregnancy —0.06 —0.12,0.01 0.094 —0.03 —0.08,0.02 0.283
Percentage of children who received full immunization 0.04 —0.09,0.16 0.554 —-0.01 —0.11,0.08 0.766
District wealth decile —1.62 -3.21,-0.02 0.047 —1.76 —3.04,-0.47 0.007
Urban (reference = rural) 0.21 —233,2.76 0.869 —050 —3.48,2.48 0741
Mean of dependent variable 39.65 330

Sample size 2317 2310

TOutcome for model 1: percentage of ub children who are stunted; Outcome for model 2: percentage of u5 children who are wasted. All outcomes predicted as a function of
SBM status (post-SBM) and baseline (pre-SBM) percentage of households with personal toilets per district in India interaction term. District fixed effects and state-specific
linear time trend covariates not shown. ANC, antenatal care; SBM, Swachh Bharat Mission; u5, under 5y old.

attenuation of benefits from postnatal protective factors—as a
potential reason for lower statistical detection of associations
between child growth and environmental exposures among
under 2-y-old children (68). Factors associated with postnatal
nutritional insults or benefits may not have manifested fully
among children aged 0-2 y, making it difficult to gauge stable
relations in statistical tests (68). It is also plausible that accrued
effects of environmental exposures (e.g., improved sanitation)
over the first 1000 d of life may correspond with reduced
stunting among 2- to S-y-old children, indicating a lagged
response that becomes “visible” during later childhood (69).
Second, reduced reliance on breastfeeding, increased mobility,
and greater exposure to contaminated food, water, soil, and
surfaces among 2- to 5-y-old children, relative to those under
2 y old, may also account for our age-specific results (23,
65, 66). We further note that the absence of any relation
between stunting and increased toilet availability following
SBM among children aged <2 y in our analyses coheres
with findings from randomized sanitation trials that report no
changes in undernutrition during early childhood (first 1000 d
of life) following sanitation improvements in other developing
countries (13-19).

To our knowledge, this is the first study to examine one of
the largest and current public health campaigns with respect
to uS child health outcomes in a nationally representative,
longitudinal manner. Strengths of our study include the timing
and variable intensity of toilet construction of SBM across
districts. In addition, we use nationally representative data
sets encompassing the majority of districts in India. A key
aspect of our study involves the use of well-timed survey data
sets shortly before and up to 2 y after SBM, which offers
a quasi-experimental circumstance and reduces concerns of
maturation bias (70). We, moreover, adjust for other important
determinants of stunting and wasting among u5 children. Our
use of district-level fixed effects and state-level linear time
trends further minimizes confounding from inherent regional
differences and shared antecedents of child undernutrition
across Indian districts.

Limitations include that, as with any nonrandomized
study in which the intervention occurred in all regions, we
cannot exclude the possibility of unmeasured confounding. We
attempted to minimize this possibility in several ways. First,
our “difference-in-difference” study design exploits variation
in intensity of toilet construction in the 2 y immediately
following SBM. Second, inclusion of several district-level
covariates known to predict infrastructure quality, economic
status, and child growth do not affect inference. Third, we
relied on responses from individual surveys, rather than from
governmental reports, to capture our key exposure of intensity
of changes in toilet construction. Use of the validated survey
data minimizes any circumstance in which a third party skewed
sanitation and child health statistics to “favor” a result showing
SBM effectiveness. Fourth, our extensive sensitivity analyses
indicate consistency of results.

However, owing to the observational nature of our study, the
potential for confounding from unobserved factors remains. E-
value estimates indicate that for our findings to arise from a
common confounder, this unobserved confounder would have
to account for a simultaneous increase in the exposure and
decline in our outcome by at least 1.30 percentage points (71).
We control for several key factors that may exhibit such large
associations with the outcome and exposure in our analyses
(district wealth decile, maternal education, maternal stature
through district fixed effects) (72, 73). We, however, do not
control for infant and young child feeding (IYCF) practices in
our ecologic analyses (owing to limited comparability of IYCF
measurement methods across our pre- and post-SBM data sets).
We encourage future research to use our estimated E-value of
1.30 in subjecting our analyses to test for rival explanations and
confounders.

Some scholars note that the widespread use of height-for-age
Z score (HAZ) may obscure patterns observed through alter-
nate anthropometric measures such as height-for-age difference
(HAD) (74). We encourage future research to examine the role
of SBM in reducing HAD using individual-level longitudinal
data.
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Recent reports suggest that India may have reversed its
previous improvements in child undernutrition owing to eco-
nomic instability and gross domestic product decline between
2016 and 2019 (75-77). Given that wealth plays a key role in
child undernutrition, macroeconomic decline owing to policies
such as national demonetization may have adversely affected
household income and child health outcomes, particularly
among low-income households in India (78, 79).

Research finds that toilet ownership does not necessarily
correspond with toilet use, particularly in North Indian regions
where members of households with toilets may still prefer to
practice open defecation owing to religious beliefs about purity,
cleanliness, quality of in-house toilets, and long-term habits
(31, 32, 80). The practice of caste-based discrimination, or
“untouchability,” represents one of the key drivers of persistent
open defecation in India (81). Even when private household
toilets are available, individuals may not use them owing to
cultural perception of cleaning toilets or emptying sewage
tanks/pits as impure or unholy activities (31, 32, 81). Disposal of
human waste has traditionally been relegated to “lower” castes.
Deeply ingrained discriminatory ideology informs widespread
personal preferences such that defecating in the open appears
preferable to cleaning or managing human excreta, particularly
among rural North Indian populations (31, 32, 81). We
encourage future research to examine the variation in casteism
following SBM’s intensive public messaging efforts, in relation
to toilet use and child health outcomes. Our study’s data sets
also are limited in that they do not contain specific information
about preference for toilet use.

The observation that greater toilet availability at pre-SBM
baseline corresponds with greater reductions in uS stunting
deserves comment. Our results may help explain other studies
that have null effects as modest reductions in open defecation
are unlikely to have a detectable effect on child stunting.
Consistent with Gertler et al. (28), these results suggest that
comprehensive interventions like SBM that combine both
intensive health promotional nudges and financial subsidies
for sanitation construction may be needed to reduce open
defecation enough to generate meaningful improvements in
child health. We remind the reader that this explanation is post
hoc and requires further rigorous refinement and testing.

We do not observe any changes in u5 stunting in urban areas.
It is plausible that urban areas, owing to higher population
density and potentially greater risk of transmission of fecal
pathogens, may require greater investments under SBM-U to
improve child undernutrition (12, 63). Concerningly, we also do
not observe any decline in wasting among u$ children following
increased toilet availability post-SBM. Wasting reflects acute
undernutrition and may result from transient food shortage and
disease (82, 83). Loss of (or inadequate) muscle mass during
periods of nutritional deprivation likely predisposes children to
wasting (82, 83). Based on our findings and current literature,
we contend that sanitation improvements alone may not be
sufficient toward addressing India’s high burden of u$ wasting.
Concerted efforts toward protein, energy, and micronutrient
dietary supplementation may help improve this indicator of
undernutrition in Indian children (82, 83).

Conclusion

Our analysis of the introduction of SBM, one of the largest-ever
sanitation interventions in terms of scale and funding, indicates
that a multifaceted sanitation campaign may have reduced
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growth retardation in u5 children by a modest magnitude over
the early phase of its implementation. We encourage replication
of our findings and examination of later time points in the SBM
rollout.
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