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Toilet construction 
under the Swachh Bharat Mission 
and infant mortality in India
Suman Chakrabarti 1, Soyra Gune 2, Tim A. Bruckner 3, Julie Strominger 4 & Parvati Singh 4*

Improvement of water and sanitation conditions may reduce infant mortality, particularly in countries 
like India where open defecation is highly prevalent. We conducted a quasi-experimental study to 
investigate the association between the Swachh Bharat Mission (SBM)—a national sanitation program 
initiated in 2014—and infant (IMR) and under five mortality rates (U5MR) in India. We analyzed data 
from thirty-five Indian states and 640 districts spanning 10 years (2011–2020), with IMR and U5MR per 
thousand live births as the outcomes. Our main exposure was the district-level annual percentage of 
households that received a constructed toilet under SBM. We mapped changes in IMR and U5MR and 
toilet access at the district level over time. We fit two-way fixed effects regression models controlling 
for sociodemographic, wealth, and healthcare-related confounders at the district-level to estimate the 
association between toilets constructed and child mortality. Toilet access and child mortality have a 
historically robust inverse association in India. Toilets constructed increased dramatically across India 
following the implementation of SBM in 2014. Results from panel data regression models show that 
districts with > 30% toilets constructed under SBM corresponds with 5.3 lower IMR (p < 0.05), and 6.8 
lower U5MR (p < 0.05). Placebo, falsification tests and robustness checks support our main findings. 
The post-SBM period in India exhibited accelerated reductions in infant and child mortality compared 
to the pre-SBM years. Based on our regression estimates, the provision of toilets at-scale may have 
contributed to averting approximately 60,000–70,000 infant deaths annually. Our findings show that 
the implementation of transformative sanitation programs can deliver population health benefits in 
low- and middle-income countries.

Investments and global commitments to population health have facilitated a remarkable improvement in child 
survival in low- and middle-income countries (LMICs)1. India accounts for one-fifth of the 5.4 million under-five 
deaths  globally2. Therefore, reducing infant and child mortality in India is crucial for efforts to reduce the overall 
global burden. Much of the literature on child survival focuses on access to preventive and curative antenatal and 
postnatal  care3. Growing evidence finds that analyses of infant and child mortality should focus on subnational 
variations in antenatal and postnatal intervention coverage to provide a better understanding of the largest gaps 
in child  survival4. However, scant literature examines the effectiveness of large-scale investments, such as in 
sanitation, to address infant and child mortality.

Prior research documents disproportionately higher growth faltering in early childhood resulting in child 
stunting (low height for age) rates in India, despite rapid economic progress, relative to other  LMICs5. This 
phenomenon, also referred to as the “Asian Enigma”, presumably arises from the widespread practice of open 
defecation. Open defecation carries a substantial negative externality with respect to infant and child  health6. 
Proposed mechanisms include repeated infections through the fecal–oral route resulting in dehydration and 
malabsorption of nutrients following chronic inflammation of the small intestine (tropical enteropathy)7. His-
torically, lack of access to toilets has served as a major driver of open defecation, particularly in rural India. For 
this reason, expansion of access to sanitation facilities may reduce open defecation which, in turn, may improve 
infant and child  health6,8,9.

Infant and child mortality due to fecal pathogen-based infections (diarrhea, in particular) and malabsorption 
of nutrients may decline following improved access to toilets and elimination of open  defecation7,10. Scholars view 
sanitation as one of the most important public health interventions of the past century, with dramatic declines 
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in infant mortality rate (IMR) following improved sanitation in the United States and other western countries in 
the early  1900s11. Given India’s high burden of infant mortality, we would expect large-scale national sanitation 
programs in the twenty-first century to precede declines in infant and child mortality.

Contrary to theoretical expectations, however, conventional strategies for improving water and sanitation 
services do not always correspond with sizable improvements in infant and child health. Basic low-cost interven-
tions insufficiently address the multiple pathways through which infants and children are repeatedly exposed 
to enteric pathogens, especially in highly contaminated  settings12. Many researchers view the lack of evidence 
from randomized trials in low open defecation prevalence countries as confirmation of the need for more 
comprehensive  interventions13. Given the time and resources needed to implement large-scale interventions 
experimentally, sole reliance on randomized trials presents feasibility  constraints13. Examination of evidence 
from current, large-scale public health programs could offer evidence to inform the design of new interventions.

In this paper, we study one of the world’s largest sanitation programs ever undertaken, the Swachh Bharat 
Mission (SBM) or Clean India Mission. From 2014 to 2020, the government of India constructed over 100 mil-
lion household toilets and, as a result, declared more than 600,000 villages as free of open  defecation6. SBM was 
launched by Prime Minister Narendra Modi on October 2nd, 2014, as a “Jan Andolan” (people’s movement) and 
adopted an intensive, multi-pronged approach to national  sanitation14. For the period spanning 2015–2020, SBM 
averaged an annual budget of approximately 1.25 billion USD and comprised the following key  components15–18:

(a) The SBM aimed to provide subsidized toilets to eliminate open defecation. By 2020, approximately 109 
million individual household latrines (IHHLs) were built under the program. Over the same period there 
was a twofold increase in toilet availability and a decline in open defecation from 60 to 19% in the first 
5 years of the  campaign15–18.

(b) SBM’s “people’s movement” approach included Information, Education and Communication (IEC) cam-
paigns to raise awareness about sanitation and hygiene. With a funding of around $375 million, these 
campaigns reached rural Indians with an average of 50 messages per month over 5  years15–18.

(c) SBM invested in capacity building and training programs for government officials, frontline workers, 
volunteers, and communities to enhance sanitation  practices15–18.

(d) SBM established waste segregation, collection, transportation, and disposal systems, along with treatment 
plants and recycling centers for effective waste  management15–18.

(e) The SBM introduced mobile and web applications for citizen engagement and monitoring. The National 
Annual Rural Sanitation Survey (NARSS) was conducted bi-annually to assess progress and provided 
targeted approaches for underserved regions. Findings were used for delivery  augmentation15–18.

SBM’s approach of combining toilet construction with substantial investments in IEC and community engage-
ment differ markedly from prior sanitation efforts in  India18,19. However, despite the increase in household toilet 
availability and government reports of considerable reduction in open defecation post implementation of SBM, 
concerns regarding actual utilization of toilets, sustained behavior change and overreporting of Open Defecation 
Free (ODF) status of Indian regions  remain20. We contend that if the 109 million toilets constucted under the 
SBM program are being utilized, it may be reasonable to expect an associated marked improvement in health 
and mortality outcomes, particularly among young children. Indeed, recent studies find a significant influence 
of the program on improving growth and immune-sensitive responses among  children6,9,21,22. We build upon 
prior work and examine SBM’s relationship with infant and child mortality. In the present study, we exploit spa-
tiotemporal variation from over 600 districts in India across a span of 10 years to estimate the extent to which an 
increase in district-level household toilet availability post 2014 precedes reductions in infant and child mortality.

Methods
Data
India has two national data sources that provide subnational estimates of infant and under five mortality rates. 
The vital registration system of the Indian Census Bureau (VRS) provides infant mortality estimates at the state-
level (n = 36 states and union territories); whereas the District Level Household Surveys (DLHS) (waves two and 
three), and the National Family Health Surveys (NFHS) (waves four and five) allow estimation of infant mortality 
at the district-level (n = 640 districts)  between23–27.

Graphical analysis of long-term association between toilet coverage and infant mortality: The DLHS and 
NFHS are large national household surveys sampled to be representative at the district level. NFHS/DLHS follow 
a multi-stage design based on village size, with households randomly chosen in each selected village for rural 
areas. In urban areas, a similar approach was used with Census Enumeration Blocks, randomly selecting house-
holds per block. The DLHS corresponds to the years 2002–2004 and 2008–2009, while the NFHS corresponds 
to 2015–2016 and 2019–2021. We calculate infant and under five mortality rates at the district-level, along with 
estimates of the coverage of toilets and other covariates for all districts across the surveys. The district-level 
estimates are subsequently used for analyses.

SBM coverage data: For measuring SBM rollout we use district-level data from the Ministry of Drinking 
Water and Sanitation, Swachh Bharat Mission Target versus Achievement  database28. This government database 
provides data on the number of toilets built from 2014 to 2021 under the SBM for all districts in India, except for 
nine urban districts. To standardize this indicator, we divided the number of toilets built by the total number of 
households in each district, as per the Indian 2011 census, resulting in an annual SBM coverage indicator at the 
district-level expressed as a  percentage29.

Data for primary analysis: We merge SBM coverage data with NFHS data by birth-year of the child and district 
of residence. We matched birth-years with SBM years to investigate the association between toilets built under 



3

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20340  | https://doi.org/10.1038/s41598-024-71268-8

www.nature.com/scientificreports/

SBM each year and the infant deaths in the same year. Thus, we exploit variation from 6 years of SBM data for 
640 Indian districts for estimating the main coefficients of interest.

Data for robustness checks: The VRS provides annual estimates of infant mortality for years 2000–2019 which 
are considered the most reliable subnational estimates of infant mortality in India. We use the VRS panel data 
for longitudinal analyses at the state-level.

All datasets used in this study have been made publicly available by the Government of India.

Outcome
Our primary outcomes comprise (1) infant mortality rate (IMR), defined as the number of children dying before 
reaching the age of 1 year out of the total number of live births (per thousand), and (2) under five mortaltiy rate 
(U5MR), defined as the number of children dying before reaching the age of 5 years out of the total number of 
children born alive (per thousand). The VRS directly provides state-year estimates of the infant mortality. DLHS 
and NFHS provide complete birth history data, including the month and year of birth and death of the children, 
reported retrospectively by  mothers4. These data allow for the calculation of the IMR and U5MR for each year at 
the district-level. We validated estimates from DLHS and NFHS using the VRS data, ensuring that the state-level 
means obtained from DLHS and NFHS correspond closely with estimates from the VRS. This ensured that the 
district-level estimates concur with patterns at the state and national levels.

Other outcomes include child height-for-age (HAZ) and weight for age-z-scores (WAZ) estimated using the 
WHO growth standards, and episodes of diarrhea and acute respiratory infection (ARI) reported in the 15 days 
prior to the  survey30,31. These outcomes are indicators of child health and nutrition.

Graphical analysis
We employ graphical and regression methods to quantify the relation between SBM and mortality. First, we map 
the prevalence of IMR and coverage of toilets across Indian districts in 2002–2004, 2007–2008, 2015–2016, and 
2019–2021 to gauge spatiotemporal changes. Second, for the same years, we generate scatterplots to visualize the 
district-level cross-sectional association between IMR and toilet coverage, as well as the association between the 
annualized change in IMR and toilet coverage. Third, we map the cumulative coverage of toilets built under SBM 
across districts from 2015 to 2020 to illustrate geographic variation in program exposure over time.

Exposure and covariates for panel data analyses
For district-level econometric analyses, given the ecological, negative externalities of open defecation and poor 
sanitation practices, we define our exposure as percentage of households that received a toilet under SBM at 
the district-level by birth cohort. This served as the continuous treatment variable. We additional constructed a 
categorical treatment variable to measure the intensity of coverage. For the categorical variable, we binned the 
SBM coverage by birth cohort at the district-level into the following categories: 0%, > 0 to < 10%, 10 to < 20%, 20 
to < 30%, and 30 to ≤ 60% coverage. In any given birth cohort year, no district had more than 60% of households 
receiving toilets under SBM.

Covariates include the percentage of the population residing in urban areas, caste, religion, and wealth at the 
district-level. We created a district-wealth variable using a principal component analysis of household ownership 
and utilization of 33 assets and ammenities (including drinking water, cooking fuel)32. Subsequently, the wealth 
variable was collapsed at the district-level to provide a weighted estimated of district wealth. This wealth vari-
able controls for the possibility of poorer districts being targeted for toilet construction under SBM. We further 
include health seeking and behavioural factors including the mean number of antenatal care visits provided by 
a skilled health professional during pregnancy (which could independently reduce IMR and U5MR), as well as 
percent of hospital births, and BCG vaccination coverage, child birthorder, maternal education, access to health 
insurance, piped water, and clean cooking fuel. Covariates serve as standard control variables to account for 
confounding and to explain variation in IMR and U5MR at the district-level over  time33.

Two-way fixed effects econometric specification
For econometric analysis we merged district-year specific SBM coverage data with NFHS4 and NFHS5 data 
by district and birth-year. For example, if a child was born in district x in year y, then they would be assigned 
an SBM coverage level as the percentage of households that received a toilet under SBM in year y in district x.

In our primary specification we fit a two-way fixed effects (TWFE) model using district-level data with the 
following form:

Here SBMd,t is the variable of interest that measures SBM toilet coverage or the intensity of SBM coverage by 
birth cohort at the district-level. Xd,t is the full set of covariates, Dd is district fixed-effects that controls for all 
unobserved district-specific time invariant factors and BYt are birth year dummies that account for birth cohort 
specific differences in exposure to SBM that are common across districts. α measures the association of SBM 
with child mortality and is similar to a difference-in-difference (DID) estimate of SBM toilet coverage coefficient 
comparing the pre-SBM period to the post-SBM period. Put another way, the parameter α estimates the “net 
association” between change in SBM-related toilet construction and change in IMR or U5MR. TWFE estima-
tors control for all common time trends and any place-specific characteristics that could otherwise confound 
 results34. Standard errors are robust and were clustered at the district-level.

(1)IMR/U5MRd,t = SBMd,tα + Xd,tθ + Dd + BYt + εd,t . . .
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Placebo and falsification tests
Our TWFE models assume that negative trends in IMR and U5MR were absent in districts eventually treated by 
SBM. This hypothesis is an extension of the parallel trends assumption that underlies any TWFE model. Since this 
assumption cannot be directly tested with out data, we conduct three types of tests to support the primary model.

Firstly, we conducted a randomization inference test for the primary model using the RITEST Stata module. 
This test utilizes the district-level SBM coverage data and randomly assigns it across districts and birth cohort 
years in our analysis sample. Thereafter, our primary TWFE model with IMR and U5MR as the outcomes is 
executed, and estimates are derived. This process is repeated for the number of iterations specified in the com-
mand. We set this number to a thousand. The test provides an estimate of the probability that our main result 
was obtained purely by chance.

Secondly, we conducted a fake treatment test using the DLHS and NFHS. The DLHS2, DLHS3, and NFHS4 
surveys provide us with a cohort of children born between 1998 and 2014 who were born prior to implementation 
of SBM. To ensure that there were no differential trends in districts that were later exposed to SBM pre-treatment, 
we assigned SBM coverage at the district-level by birth year between 2015 and 2018 to the same districts between 
2011 and 2014. For instance, 2015 coverage was assigned to 2011. We then re-fit our primary model and estimated 
coefficients with continuous and categorical treatments. These tests indicate whether sanitation investments made 
after SBM, align with patterns of mortality reduction in the earlier period.

Thirdly, we applied our primary specification using the NFHS4 and NFHS5 data to a set of placebo outcomes: 
≥ 4 antenatal care (ANC) visits during pregnancy, receipt of services from the Integrated Child Development 
Services Program (ICDS) during pregnancy, lactation, and childhood, maternal education, alcohol consumption, 
and clean cooking fuel. ANC and ICDS were used as indicators of exposure to national early childhood programs 
that can influence IMR and U5MR. Maternal education is a crucial underlying determinant of mortality. Alcohol 
consumption was chosen as a pure placebo outcome which theoretically should have no association with SBM 
rollout. Finally, clean cooking fuel served as a surrogate for coverage of the Pradhan Mantri Ujjwalak Yojana 
(PMJY) which was introduced in 2016.

Exploring the effects on child health outcomes and interaction effects with contextual factors
To test for potential mechanisms through which SBM can be linked with child mortality and to explore effects 
on other health and nutrition outcomes, we estimated Eq. 1 with other outcomes including HAZ, WAZ, diarrhea 
and ARI using the NFHS4 and NFHS5 data at the individual-level.

The mechanism of improved sanitation measures may vary based on availability of healthcare access. We 
hypoethsized that any potential relationship between SBM and mortality might be more muted in districts with 
high healthcare access. To further explore this hypothesis, we created dummy variables for districts with high 
(above the median) versus low (below the median) levels of coverage of BCG vaccinations. Districts with higher 
coverage of BCG above the median indicate areas with lower disease incidence and consequently lower mortal-
ity. We then interacted SBM coverage with this dummy to test if it attenuates SBM effects using Eq. 2 using the 
NFHS4 and NFHS5 data at district-birth year level.

Here, α represents the effects of SBM coverage at low levels of BCG coverage, while β estimates the additional 
effects of SBM coverage at high levels of BCG coverage in the district.

Similarly, given that household water supply may be a necessity for families to use the newly constructed 
toilets, the results from our models might depend on the quality of water facilities in the districts. To consider 
the influence of piped water on SBM, we employed an interaction model of SBM coverage with piped water 
access using Eq. 3.

Robustness check 1: state-level analysis with VRS data
Lastly, using state-year data from the VRS we visualized the deviation in the IMR trend post-SBM (2015–2019) 
from the predicted trend using pre-SBM data (2000–2014). The predicted trend is estimated using a mixed effects 
regression model with linear time and its square as fixed effects; and nested random effects for states (intercepts) 
and state-years (slopes). We fit an interrupted time series (ITS) model with state-year data from 2000 to 2019 
using the following equation for state s in year t:

Here Log IMR is the natural logarithm of IMR to account for its non-linear movement over time. Trendt 
is a discrete variable that indexes the years 2000 to 2019. SBMt is a dummy variable that takes the value 1 for 
2015–2019 and zero otherwise. Trendt × SBMt is an interaction term of Trend and SBM that tests for change in 
the trend of log IMR comparing the pre-SBM to the post-SBM period. S is state fixed-effects that controls for 
all unobserved state-specific time invariant factors. Broadly, this model produces a within state ITS estimate 
of the average effect of the SBM on IMR assuming that the pre-SBM trend within states provides a reasonable 
counterfactual estimate for what would have happened in the absence of the  program35. We correct standard 
error estimates for clustering at the state-level. Centering the trend variable at 2015 allows us to interpret the 
intercept as the value of log IMR at the start of SBM. We fit an additional ITS model excluding the variable SBMt 
in senstivity analyses.

(2)IMR/U5MRd,t = SBMd,tα + SBMd,tBCGd,tβ + Xd,tθ + Dd + BYt + εd,t . . .

(3)IMR/U5MRd,t = SBMd,tα + SBMd,tPipedd,tβ + Xd,tθ + Dd + BYt + εd,t . . .

(4)LogIMRs,t = Trendtα + SBMtβ + Trendt X SBMtπ + Ss + εs,t . . .
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Robustness check 2: individual-level analysis
There are three reasons for using districts as the level of analysis in our study. Firstly, mortality rates are typically 
calculated for specific geographical areas such as countries, states, and local areas. Since the DHS surveys are 
sampled to be representative at the district level, this is the smallest area for which we can obtain stable estimates 
of mortality from the data. Secondly, the DHS surveys do not capture direct individual-level covariates for chil-
dren who died. For instance, we lack information on whether the mother received care during pregnancy for 
children who died. Therefore, at the individual level, we are unable to directly adjust for such confounders. By 
aggregating variables to the district level, we can adjust for a range of child-specific confounders at the district 
level, although this does mean that inference is made at the district level rather than for individual children. 
Thirdly, sanitation effects are known to have positive externalities that extend beyond individual households. It 
is common practice to use sanitation as an ecological-level exposure aggregated to a level above the household 
(such as communities or districts) to account for these positive effects. Therefore, our preferred estimates are 
at the district level. However as a robustness check, to complement the district level analysis, we also perform 
child-level analyses using Eq. 1.

Robustness check 3: assessing the relationship between cumulative exposure to SBM and 
mortality
In Eq. 1, our treatment exposure is the percentage of households who received toilets under SBM in a given birth 
year. As robustness check, we reestimate Eq. 1 using the cumulative percentage of households who received toilets 
under SBM since the start of the program in a given birth year as the treatment exposure. We hypothesize that 
particularly in the case of under five mortality, cumulative exposure to the SBM program over multiple years 
might have a larger association with mortality reductions compared to exposure in a single year. We categorized 
the continuous cumulative exposure variable into the following bins for our analysis: no coverage of SBM, < 25%, 
25 to < 50%, and 50% or above coverage.

Results
Figure 1 (panels a–d) show a secular decline in infant mortality in India from 2003 to 2020. Initially (2003), the 
majority of districts had an infant mortality rate (IMR) exceeding 60 per 1000 live births, with a mean of 48.9. 
However, by 2020, most districts had achieved an IMR below 30, with a district mean of 23.5. Notably, the central 
and Indo-Gangetic plains regions had the highest burden of IMR in 2020. Panels e–h of Fig. 1 depict the changes 
in household access to toilets. In 2003, toilet coverage remained relatively low across districts, with less than 
40% coverage on average (mean of 46.7%). This coverage showed minimal improvement from 2003 to 2008, and 

Fig. 1.  Changes in district-level infant mortality and toilet access in India, 2003–2020.
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some districts even witnessed a decline in access. However, by 2015, toilet coverage had substantially improved 
nationwide. In 2020, the majority of districts boasted toilet coverage exceeding 60% (mean of 81.2%). Figure 2 
(panels a and b) demonstrates an inverse correlation between district-level toilet coverage and IMR both in cross-
sectional analysis and after accounting for first differences. Whereas a cross-sectional association may indicate 
the presence of a link in the long run, the first difference plots show that IMR responds to short term changes 
in toilet access. Table S1 details the temporal distribution of key district-level characteristics from 2002 to 2021.

Figure 3 shows the expansion of SBM coverage between 2015 and 2020. The maps show that SBM cover-
age across district-years varies from less than 5% to > 90%, suggesting substantial yearly variation in toilet 
construction across India. Table 1 shows the distribution of outcomes and covariates used in the regression 
models, stratified by periods before and during SBM. Infant and child mortality was lower in the SBM period 
compared to the pre-SBM period. SBM coverage was 23% across districts, on average. There were improvements 
in maternal education, ANC, hospital births, health insurance, and clean cooking fuel. Examination of potential 
key correlates of SBM shows that SBM coverage varies positively with the availability of piped water (Table S2). 
Higher SBM coverage also co-occurs with higher utilization of health and nutrition programs, including ANC 
and institutional deliveries. SBM coverage varies inversely with household size. Together, these results suggest 
that districts scaled up other health services in concurrence with SBM coverage. However, states where the aver-
age household size was higher were slower to scale up SBM, likely reflecting a higher population burden and a 
greater requirement for toilets.

Figure 4 shows that trends in IMR and U5MR by birth cohort experienced a secular 10 point decline during 
SBM. Figure 5 shows results from the two-way fixed effects linear regression analyses using categorical SBM 
exposures at increasing levels. SBM coverage greater than 30% in a district corresponds with with 5.3 fewer 
infant and 6.7 fewer child deaths per 1000 (p < 0.05). Figure 6 presents the predicted IMR and U5MR with SBM 
formulated as a continuous exposure (percentage of toilet coverage per district). Fixed effects regression analyses 
indicate a decline in predicted IMR (− 0.09 per 1000 per 1% increase in SBM) and U5MR (− 0.11 per 1000 per 
1% increase in SBM) with increased SBM coverage for both outcomes (Table 2).

Placebo and falsification tests
In Table S3, randomization inference tests show that the probability that our main estimate of reduction in IMR 
and U5MR in relation to SBM being obtained purely by chance ranges from 0.02 to 0.07 (i.e. very low chance) 
across our four model specifications. Table S4 shows that re-estimation of the association between our exposure 
and outcome using a placebo treatment variable does not detect a relation between placebo treatment and IMR 
and U5MR indicating that birth cohorts that pre-dated SBM did not experience a reduction in IMR and U5MR 
in district eventually exposed to SBM. In Table S5, application of our primary exposure specification to a set of 

Fig. 2.  Cross-sectional and first difference district-level association between infant mortality and any toilet 
access in India, 2003–2020. Pp percentage point. Notes Panel (a)—Cross-sectional scatter plot where each dot is 
a district. Panel (b)—first difference scatter plot where each dot is a district.
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Fig. 3.  District-level cumulative Swachh Bharat Mission (SBM) coverage, 2015–2020. Note: Cumulative 
SBM coverage was estimated as the proportion of households that were covered by SBM in a given year. The 
cumulative SBM coverage was calculated using yearly district-level SBM coverage data. SBM coverage in a year 
was defined as proportion of households which received a toilet under SBM.

Table 1.  Characteristics of districts before and after the Swachh Bharat Mission (SBM). Data are from the 
National Family Health Survey waves 4 and 5.

Before SBM (pre-2015) SBM (2015 onwards)

Mean/% [95% CI] Mean/% [95% CI]

Infant mortality rate (per 1000) 38.3 [37.1, 39.4] 32.1 [31.1, 33.2]

Under 5 mortality rate (per 1000) 41.1 [39.9, 42.4] 33.2 [32.1, 34.3]

Cumulative households covered under SBM, % 0.0 [0.0, 0.0] 23.0 [22.3, 23.8]

Mean child birth-order, # 2.2 [2.1, 2.2] 2.0 [2.0, 2.1]

Women who completed 10 or more years of schooling 32.7 [31.9, 33.4] 42.8 [42.1, 43.6]

Women who are Hindu 72.9 [71.8, 74.0] 73.1 [72.0, 74.1]

Women who are Muslim 14.4 [13.7, 15.2] 14.0 [13.3, 14.7]

Women who are Scheduled caste 19.3 [18.8, 19.8] 20.6 [20.1, 21.1]

Women who are Scheduled tribes 19.4 [18.3, 20.5] 19.5 [18.5, 20.5]

Women who are other disadvantaged groups 37.7 [36.8, 38.6] 37.2 [36.4, 38.0]

Women who received 4 or more antenatal care visits from a skilled provider 49.6 [48.6, 50.7] 56.0 [55.2, 56.8]

Women who delivered in a hospital 78.4 [77.7, 79.1] 88.3 [87.8, 88.8]

Children who received BCG vaccination 89.3 [88.9, 89.8] 90.9 [90.5, 91.3]

Urban households 25.7 [24.8, 26.5] 25.0 [24.2, 25.8]

Households with health insurance 24.9 [24.1, 25.8] 37.5 [36.6, 38.3]

Mean number of individuals residing in households 6.0 [6.0, 6.0] 5.9 [5.9, 5.9]

Mean household wealth score 2.6 [2.6, 2.6] 3.0 [3.0, 3.1]

Households with clean cooking fuel 34.5 [33.6, 35.4] 47.9 [47.0, 48.8]

Households with piped water 43.8 [42.6, 44.9] 45.7 [44.8, 46.7]

Observations (district-years) 2560 3247
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7 placebo outcomes shows that SBM coverage was not significantly associated with these outcomes except for 
ANC (0.1 percentage points (pp)), and any ICDS service during pregnancy and lactation (− 0.1 pp).

Exploring the effects on child health outcomes and interaction effects with contextual factors
Table S6 presents results from the examination of the relation between intensity of exposure to SBM and child 
growth. We observe evidence of a threshold effect at coverage levels exceeding 30%, where the coefficients on 
height-for-age z-scores are both substantial and statistically significant (coefficient = 0.18, p < 0.05). In Table S7, 

Fig. 4.  Trends in infant and under-five deaths (per 1000) by birth cohort. Note: The mean mortality rate was 
estimated for each birth cohort by dividing the number of child deaths among infants and children below 
5 years in each cohort by the total number of children born in each cohort. The rate was then multiplied by 
10,000 to obtain the mean number of infant and under five deaths per 1000 in each cohort. Line placed at 2014 
as this was the year SBM was launched.

Fig. 5.  Panel data analysis examining the relationship between intensity of exposure to SBM and infant and 
child mortality. Note: A categorical variable was created using mean SBM coverage among households at the 
district-level with the following categories: 0%, > 0 and < 10%, 10 to < 20%, 20 to < 30%, and ≤ 60% coverage 
between 2015 and 2020. The reference group was districts with no toilets constructed under SBM in a particular 
year between 2015 and 2020. The model includes district-level controls for child birth order, maternal education, 
religion, caste, access to health services and insurance, and household wealth, cooking fuel, and piped water 
access. The model includes district-level fixed effects and standard errors are clustered at the district-level.



9

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20340  | https://doi.org/10.1038/s41598-024-71268-8

www.nature.com/scientificreports/

examination of the relation between SBM and diarrhea, ARI shows an inverse relation between SBM and both 
outcomes but does not reach conventional levels of statistical significance at high SBM levels. We attribute this 
pattern of results to the short recall period of incidence measures for diarrhea and ARI, which may not capture 
the full spectrum of illness experienced by children. A more ideal measure would be the yearly disease burden 
at the district-level.

In supplement Table S8, results from interaction of BCG vaccine and SBM coverage show that in districts 
with low BCG coverage, even small increases in toilet access correspond with reductions in IMR and U5MR. 
However, we observe an attenuation of this association for areas with high BCG coverage and high SBM cover-
age, indicating that higher vaccination levels (and attendant health services) may play a key role in reducing 
infant and child mortality.

In Table S9 interaction tests of SBM and piped water coverage show significant effects at lower levels of SBM 
coverage (< 20%) when piped water access is low. However, as piped water access increases, these effects at lower 
levels of SBM coverage appear attenuated. Notably, effects at high levels of SBM coverage (> 30%) appear to be 
independent of piped water access. Under SBM guideline recommendations, toilets constructed under SBM 
were encouraged to use twin-pit technology which does not require direct connection of the toilet to the sewage 
system and the fecal sludge from these toilets only requires to be cleared with water every 2–3  years15. Therefore, 
it is possible that the relation between SBM and child mortality may not rely strongly on access to piped water.

Fig. 6.  Predicted mortality among infants and children below 5 years obtained from panel data analysis using 
a continuous SBM exposure and mortality. Note: The model includes district-level controls for child birth order, 
maternal education, religion, caste, access to health services and insurance, and household wealth, cooking fuel, 
and piped water access. The model includes district-level fixed effects and standard errors are clustered at the 
district-level.

Table 2.  Results of panel data analysis examining the relationship between continuous SBM exposure and 
infant and child mortality. The model includes district-level controls for child birth order, maternal education, 
religion, caste, access to health services and insurance, and household wealth, cooking fuel, and piped water 
access. The model includes district-level fixed effects and standard errors are clustered at the district-level.

Infant mortality (per 1000) Under five mortality (per 1000)

β [95% CI] β [95% CI}

SBM coverage (%) − 0.09 [− 0.19, 0.02] − 0.11 [− 0.21, − 0.00]

District fixed effects Yes Yes

Controls Yes Yes

Observations (district-years) 5807 5807
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Robustness checks
Figure S1 (panel A) compares the observed trend in IMR from 2015 to 2020 with an estimated counterfactual 
trend derived from pre-SBM state-level data spanning 2000 to 2015 (ITS model). We find a noticeable devia-
tion in the observed trend, indicating that IMR reductions occurred more rapidly during the post-SBM period. 
Panel B (Fig. S1) shows the results of the state-level ITS model based on Eq. 1. IMR exhibited an annual decline 
of three percent between 2000 and 2015. Furthermore, the post-SBM period witnessed a mean IMR that was 
ten percent lower compared to the pre-SBM period. Remarkably, the rate of IMR reduction in the post-SBM 
period was eight to nine percent per year higher than the pre-SBM rate of reduction (p < 0.001). In Fig. S2 where 
we conduct individual-level examination of the relation between SBM and the probability of infant, under five 
deaths shows a consistent decline in these probabilities with increase in SBM coverage, in alignment with our 
district-level specification results. Table S10 presents the results of the analysis of examining the relationship 
between intensity of cumulative exposure to SBM and infant and under five mortality rates. Cumulative SBM 
coverage between 25 and < 50% in a district was associated with 6.2 fewer infant deaths per 1000 (p < 0.05) rela-
tive to districts that had no SBM coverage. Interestingly, a cumulative SBM coverage of above 0 was associated 
with 4.4–7.6 fewer under five deaths per 1000 (p < 0.05) with the largest association observed for cumulative 
coverage between 25 and 50% indicating that exposure to the SBM program through increased coverage has 
potential persisting benefits for child survival.

Discussion
India’s national sanitation campaign, the Swachh Bharat Mission (SBM), aimed to provide toilets to all house-
holds by 2019. As one of the largest global public health interventions, its benefits for infant and child health 
was explored in this study. Analyzing data from multiple large, nationally representative surveys covering 35 
states/union territories and over 600 districts over 20 years, we investigated the relation between increased toilet 
access under SBM and infant and child mortality reduction from 2000 to 2020. Toilet access and child mortality 
have a historically robust inverse relation in India. Results from our quasi-experimental analyses suggest for 
every 10-percentage point increase in district-level toilet access following SBM corresponds with a reduction 
in district-level IMR by 0.9 points and U5MR by 1.1 points, on average. We further find evidence of a threshold 
effect wherein the district-level toilet coverage of 30% (and above) corresponds with substantial reductions in 
infant and child mortality. Similar critical thresholds have also been identified in other recent studies on open 
 defecation36,37. In abolute numbers, this coefficient would scale to an estimated 60,000–70,000 infant lives annu-
ally. Our study provides novel evidence of reductions in infant and child mortality following a comprehensive 
national sanitation program in India, potentially indicating the transformative role of SBM.

Our study’s strengths lie in its strong internal validity in that we utilize a quasi-experimental design with SBM 
as a plausibly exogenous programmatic exposure. Our longitudinal analyses control for birth year and district 
fixed effects, and a number of important control variables, thereby minimizing confounding bias. Leveraging 
annual district-level toilet construction, we also avoid the atomistic fallacy and consider unsanitary behaviors’ 
negative externality at a larger geographic  scale38. For LMICs struggling with open defecation, our study also 
may hold external validity—but of course only replication can establish this case.

Our findings on child mortalty and anthropometry align with evidence from global and South Asian con-
texts, where multiple studies using population representative surveys have indicated that enhanced sanitation 
can potentially reduce child mortality rates by 5–30%39–41. Furthermore, observational data strongly support the 
notion that improved sanitation practices in India lead to reductions in child mortality, growth faltering, and 
incidence of diarrheal  disease8,42,43. However, it is essential to interpret our findings in light of India’s existing 
primary health care infrastructure, which provides a considerable portion of the population with preventive 
and curative health services that address various diseases stemming from inadequate sanitation and resulting 
in child  mortality44. Consequently, the effectiveness of the SBM may have been influenced by the availability of 
universal health services. We contend that that the benefits of improved sanitation measures may vary based on 
availability of comprehensive healthcare access and synergistic programming aspects of the SBM campaign, above 
and beyond toilet construction, in relation to behavior change and oral-fecal exposure to contaminants. Results 
from our analysis of interactions between vaccine coverage and SBM support these synergistic effects. Districts 
that had higher vaccine coverage showed smaller SBM benefits, suggesting that the existing disease environment, 
gauged by coverage of preventive health interventions, plays a significant role in moderating sanitation benefits.

Our study adds to the growing body of evidence linking large-scale national sanitation campaigns to improved 
child health  outcomes6,9. Interestingly, recent research also highlights the broader benefits of increased toilet 
access, including women’s safety, financial savings from reduced medical expenses, and overall improvements in 
quality of  life45–47. However, despite these positive benefits, disparities in toilet adoption and usage persist due to 
caste and religion-based discriminatory  practices48. Concerningly, some studies indicate that coercive measures 
and discrimination implemented by local authorities to meet campaign targets have violated individuals’ rights, 
particularly affecting marginalized communities like manual scavengers and lower-caste  individuals49. These 
practices pose challenges to the effective and equitable implementation of the SBM, and raise legitimate concerns 
about the long-term sustainability of hygiene-related behavior change. While this examination falls outside the 
scope of our present study, we encourage future research to utilize following rounds of national survey data to 
explore long-term changes in toilet use and its relation to child mortality in India.

Limitations
Like most observational studies, we acknowledge limitations. We caution readers regarding potential endogene-
ity in the coverage of SBM. Adoption of SBM presents legitimate issues regarding the non-random distribution 
of program intensity among districts, which may be correlated with unobserved district features like political 
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dynamics or pre-existing infrastructure. If these features also have an impact on the outcomes we are interested 
in, they may introduce bias into our estimations. While other researchers have adopted an instrumental variables 
strategy to address endogeneity in placement of sanitation programs, finding a valid instrument for SBM cover-
age at the district level is challenging because most instruments (such as distance to political capitals or political 
affiliation) are directly linked to other determinants of health and sanitation outcomes, violating the exclusion 
restriction. Thus, we instead decided to use a TWFE strategy, making use of SBM’s district-by-district phased 
deployment and conducted falsification and robustiness checks to increase confidence in our estimates. With 
respect to the degree of detail in program coverage statistics, we also acknowledge that using coverage data at the 
district level rather than at the village or household level might obscure variations in program implementation 
and results within a district.

Unmeasured factors that could cause residual confounding would meet the following criteria to be a signifi-
cant threat to our results: (1) correlate positively with SBM but not be caused by it, (2) vary inversely with IMR 
and U5MR, (3) exhibit the same regional variation as our SBM exposure across districts over time, and (4) not 
be accounted for by the set of control variables included in our analyses. Despite our results being supported 
by several placebo tests and robustness checks, we acknowledge that the parallel trends assumption cannot be 
directly tested with our data, therefore we cannot interpret our findings as causal. Further, in our falsification 
tests, we detected a simultaneous scale-up of antenatal care and SBM, however, the analysis showed that poten-
tial biases stemming from this variable are likely of a small order. Additionally, we lack cause-specific IMR and 
U5MR data, preventing differentiation of mortality causes like diarrhea from other reasons. Future studies should 
explore these disaggregations when detailed and consistent data become available.

Conclusion
Our study provides evidence of the benefits of India’s national sanitation campaign, the Swachh Bharat Mission or 
Clean India Mission, for infant and child mortality reduction. Our findings add to the growing body of evidence 
linking national sanitation campaigns to improved child health outcomes and emphasizes the need for similar 
interventions in other low- and middle-income countries.

Data availability
All data used in this study are publicly available at https:// dhspr ogram. com/ data/, https:// iipsi ndia. ac. in/ conte nt/ 
distr ict- level- house hold- proje ct and https:// www. nitif orsta tes. gov. in/ data- landi ng.  The NFHS and DLHS unit 
level data cannot be shared by users. The government SBM data were downloaded from https:// www. data. gov. 
in/ keywo rds/ SBM. Authors will share state and district-level datasets used in this study via email upon request 
(s.chakrabarti@cgiar.org).

Received: 4 December 2023; Accepted: 26 August 2024

References
 1. Dicker, D. et al. Global, regional, and national age-sex-specific mortality and life expectancy, 1950–2017: A systematic analysis for 

the global burden of disease study 2017. Lancet 392, 1684–1735 (2018).
 2. GBD Compare. Institute for Health Metrics and Evaluation. https:// www. healt hdata. org/ data- visua lizat ion/ gbd- compa re.
 3. Bhutta, Z. A. et al. Countdown to 2015 decade report (2000–10): Taking stock of maternal, newborn, and child survival. Lancet 

375, 2032–2044 (2010).
 4. Dandona, R. et al. Subnational mapping of under-5 and neonatal mortality trends in India: The global burden of disease study 

2000–17. Lancet 395, 1640–1658 (2020).
 5. Spears, D. Exposure to open defecation can account for the Indian enigma of child height. J. Dev. Econ. https:// doi. org/ 10. 1016/j. 

jdeve co. 2018. 08. 003 (2018).
 6. Singh, P., Shah, M. & Bruckner, T. A. Child undernutrition following the introduction of a large-scale toilet construction campaign 

in India. J. Nutr. 151, 2455 (2021).
 7. Humphrey, J. H. Child undernutrition, tropical enteropathy, toilets, and handwashing. Lancet 374, 1032–1035 (2009).
 8. Chakrabarti, S., Singh, P. & Bruckner, T. Association of poor sanitation with growth measurements among children in India. JAMA 

Netw. Open https:// doi. org/ 10. 1001/ jaman etwor kopen. 2020. 2791 (2020).
 9. Singh, P., Forthal, D. N., Shah, M. & Bruckner, T. A. Association between vaccine preventable diseases in children and improved 

sanitation following a nationwide sanitation campaign in India: An ecological analysis. BMJ Open 12, e052937 (2022).
 10. Hammer, J. & Spears, D. Village sanitation and child health: Effects and external validity in a randomized field experiment in rural 

India. J. Health Econ. https:// doi. org/ 10. 1016/j. jheal eco. 2016. 03. 003 (2016).
 11. Cutler, D. & Miller, G. The role of public health improvements in health advances: The twentieth-century United States. Demography 

42, 1–22 (2005).
 12. Cumming, O. & Curtis, V. Implications of WASH benefits trials for water and sanitation. Lancet Glob. Health 6, e613–e614 (2018).
 13. Pickering, A. J. et al. The WASH benefits and SHINE trials: Interpretation of WASH intervention effects on linear growth and 

diarrhoea. Lancet Glob. Health 7, e1139–e1146 (2019).
 14. Gupta, M. J., Meenakshi, D. & Bakshi, R. Swachh Bharat Abhiyan: A catalyst for sustainable development. J. Posit. Sch. Psychol. 

16, 4211–4221 (2022).
 15. Ministry of Drinking Water and Sanitation. Guidelines for Swachh Bharat Mission (Gramin) (2017).
 16. Ministry of Jal Shakti, G. of I. Toilets Built Under Swachh Bharat Mission. Press Release (2022).
 17. Progress on household drinking water, sanitation and hygiene, 2000–2020: Five years into the SDGs—UNICEF DATA. https:// 

data. unicef. org/ resou rces/ progr ess- on- house hold- drink ing- water- sanit ation- and- hygie ne- 2000- 2020/.
 18. Dalberg & WASH Institute. An Assessment of the Reach and Value of IEC Activities under Swachh Bharat Mission (Grameen) (2019).
 19 Hueso, A. & Bell, B. An untold story of policy failure: The total sanitation Campaign in India. Water Policy 15, 1001–1017 (2013).
 20. VerKuilen, A. et al. Effectiveness of the Swachh Bharat Mission and barriers to ending open defecation in India: A systematic 

review. Front. Environ. Sci. 11, 1141825 (2023).
 21 Dwivedi, L. K., Banerjee, K., Jain, N., Ranjan, M. & Dixit, P. Child health and unhealthy sanitary practices in India: Evidence from 

recent round of national family health survey-IV. SSM Popul. Health 7, 100313 (2019).

https://dhsprogram.com/data/
https://iipsindia.ac.in/content/district-level-household-project
https://iipsindia.ac.in/content/district-level-household-project
https://www.nitiforstates.gov.in/data-landing
https://www.data.gov.in/keywords/SBM
https://www.data.gov.in/keywords/SBM
https://www.healthdata.org/data-visualization/gbd-compare
https://doi.org/10.1016/j.jdeveco.2018.08.003
https://doi.org/10.1016/j.jdeveco.2018.08.003
https://doi.org/10.1001/jamanetworkopen.2020.2791
https://doi.org/10.1016/j.jhealeco.2016.03.003
https://data.unicef.org/resources/progress-on-household-drinking-water-sanitation-and-hygiene-2000-2020/
https://data.unicef.org/resources/progress-on-household-drinking-water-sanitation-and-hygiene-2000-2020/


12

Vol:.(1234567890)

Scientific Reports |        (2024) 14:20340  | https://doi.org/10.1038/s41598-024-71268-8

www.nature.com/scientificreports/

 22. Dandabathula, G., Bhardwaj, P., Burra, M., Rao, P. V. V. P. & Rao, S. S. Impact assessment of India’s Swachh Bharat Mission—Clean 
India campaign on acute diarrheal disease outbreaks: Yes, there is a positive change. J. Fam. Med. Prim. Care 8, 1202–1208 (2019).

 23. ORGI SRS | Government of India. https:// censu sindia. gov. in/ census. websi te/ node/ 294.
 24. Ministry of Health and Family Welfare Government of India. National Family Health Survey-4, 2015–2016 [Datasets]. https:// 

dhspr ogram. com/ data/ (2017).
 25. Ministry of Health and Family Welfare Government of India. National Family Health Survey-5, 2019–21 [Datasets]. https:// dhspr 

ogram. com/ data/ (2022).
 26. International Institute for Population Sciences. District Level Household Survey 2002–2004 (DLHS-2). Preprint at (2005).
 27. International Institute of Population Sciences—Ministry of Health and Family Welfare (MoHFW)—Government of India. District 

Level Household Survey 2008–2009 (DLHS-4): Household Questionnaire—Under Reproductive and Child Health Project (RCH) 
(2008).

 28. Ministry of Drinking Water and Sanitation. Swachh Bharat Mission Target vs Achievement On the Basis of Detail entered. National 
Informatics Centre/Government of India https:// sbmar chive. ddws. gov. in/ sbmre port/ Report/ Physi cal/ SBM_ Targe tVsAc hieve mentW 
ithou t1314. aspx (2024).

 29. Office of the Registrar General & Census Commissioner, I. (ORGI). Census of India 2011-Instruction Manual For Houselisting 
and Housing Census (English). Census Digital Library https:// censu sindia. gov. in/ nada/ index. php/ catal og/ 43487.

 30 WHO. WHO Child Growth Standards: Length/Height-for-Age, Weight-for-Age, Weight-for-Length, Weight-for-Height and Body Mass 
Index-for-Age: Methods and Development (World Health Organization, 2006). https:// doi. org/ 10. 4067/ S0370- 41062 00900 04000 
12.

 31. Croft, T. N., Marshall, A. M. J. & Allen, C. K. Guide to DHS Statistics—DHS-7 (version 2). (USAID, 2020).
 32. Filmer, D. & Pritchett, L. H. Estimating wealth effects without expenditure data-or tears: An application to educational enrollments 

in states of India. Demography https:// doi. org/ 10. 2307/ 30882 92 (2007).
 33. Victora, C. G., Habicht, J.-P. & Bryce, J. Evidence-based public health: Moving beyond randomized trials. Am. J. Public Health 

https:// doi. org/ 10. 2105/ AJPH. 94.3. 400 (2004).
 34. Coffey, D., Geruso, M. & Spears, D. Sanitation, disease externalities and anaemia: Evidence from Nepal. Econ. J. https:// doi. org/ 

10. 1111/ ecoj. 12491 (2018).
 35. Shadish, W., Cook, T. & Campbell, T. Experiments and generalized causal inference. In Experimental and Quasi-experimental 

Designs for Generalized Causal Inference (2005) https:// doi. org/ 10. 1198/ jasa. 2005. s22
 36. Chakrabarti, S. et al. Deworming and micronutrient status by community open defecation prevalence: An observational study 

using nationally representative data from India, 2016–2018. PLoS Med. 21, e1004402 (2024).
 37 Hamlet, L. C., Chakrabarti, S. & Kaminsky, J. Environmental sanitation and undernutrition among China’s children and adolescents 

from 1989 to 2011. Nat. Water 1, 736–736 (2023).
 38 Diez Roux, A. V. A glossary for multilevel analysis. J. Epidemiol. Community Health (1978) 56, 588–594 (2002).
 39 Lu, Z., Bandara, J. S. & Paramati, S. R. Impact of sanitation, safe drinking water and health expenditure on infant mortality rate in 

developing economies. Aust. Econ. Pap. 59, 13–33 (2020).
 40. Gunther, I., Fink, G. & Bank, T. W. Water, Sanitation and Children’s Health: Evidence from 172 DHS Surveys. Policy Research Work-

ing Paper Series No. 5275 (2010).
 41 Fink, G., Günther, I. & Hill, K. The effect of water and sanitation on child health: Evidence from the demographic and health 

surveys 1986–2007. Int. J. Epidemiol. 40, 1196–1204 (2011).
 42. Nandi, A., Megiddo, I., Ashok, A., Verma, A. & Laxminarayan, R. Reduced burden of childhood diarrheal diseases through 

increased access to water and sanitation in India: A modeling analysis. Soc. Sci. Med. 180, 181–192 (2017).
 43. Geruso, M. & Spears, D. Neighborhood sanitation and infant mortality. Am. Econ. J. Appl. Econ. https:// doi. org/ 10. 1257/ app. 20150 

431 (2018).
 44. Lozano, R. et al. Measuring universal health coverage based on an index of effective coverage of health services in 204 countries 

and territories, 1990–2019: A systematic analysis for the global burden of disease study 2019. Lancet 396, 1250–1284 (2020).
 45. Viewing Caste Inequality Upside Down. Econ Polit Wkly 57, 7–8 (2015).
 46. Financial and Economic Impacts of the Swachh Bharat Mission in India | UNICEF India. https:// www. unicef. org/ india/ repor ts/ 

finan cial- and- econo mic- impac ts- swachh- bharat- missi on- india.
 47. Sambodhi Research and Communications. Access to Toilets and the Safety, Convenience and Self-Respect of Women in Rural India 

(2018).
 48. Where India Goes—HarperCollins Publishers India. https:// harpe rcoll ins. co. in/ produ ct/ where- india- goes/.
 49 VerKuilen, A. et al. Effectiveness of the Swachh Bharat Mission and barriers to ending open defecation in India: A systematic 

review. Front. Environ. Sci. 11, 1141825 (2023).

Author contributions
Conceptualization: SC and PS, data curation: SC and PS, formal analysis: SC and SG, funding acquisition: NA, 
investigation: SC, PS, SG and TB, methodology: SC, SG and PS, project administration: SC, SG, PS and TB, 
resources: SC, software: SC, supervision: SC, PS and JS, validation: SC, SG, PS and TB, visualization: SC, SG, 
writing—original draft: SC, PS, TB and JS, and writing—review and editing: SC, SG, PS, TB JS.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 71268-8.

Correspondence and requests for materials should be addressed to P.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://censusindia.gov.in/census.website/node/294
https://dhsprogram.com/data/
https://dhsprogram.com/data/
https://dhsprogram.com/data/
https://dhsprogram.com/data/
https://sbmarchive.ddws.gov.in/sbmreport/Report/Physical/SBM_TargetVsAchievementWithout1314.aspx
https://sbmarchive.ddws.gov.in/sbmreport/Report/Physical/SBM_TargetVsAchievementWithout1314.aspx
https://censusindia.gov.in/nada/index.php/catalog/43487
https://doi.org/10.4067/S0370-41062009000400012
https://doi.org/10.4067/S0370-41062009000400012
https://doi.org/10.2307/3088292
https://doi.org/10.2105/AJPH.94.3.400
https://doi.org/10.1111/ecoj.12491
https://doi.org/10.1111/ecoj.12491
https://doi.org/10.1198/jasa.2005.s22
https://doi.org/10.1257/app.20150431
https://doi.org/10.1257/app.20150431
https://www.unicef.org/india/reports/financial-and-economic-impacts-swachh-bharat-mission-india
https://www.unicef.org/india/reports/financial-and-economic-impacts-swachh-bharat-mission-india
https://harpercollins.co.in/product/where-india-goes/
https://doi.org/10.1038/s41598-024-71268-8
https://doi.org/10.1038/s41598-024-71268-8
www.nature.com/reprints


13

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20340  | https://doi.org/10.1038/s41598-024-71268-8

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and 
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ 
licen ses/ by- nc- nd/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Toilet construction under the Swachh Bharat Mission and infant mortality in India
	Methods
	Data
	Outcome
	Graphical analysis
	Exposure and covariates for panel data analyses
	Two-way fixed effects econometric specification
	Placebo and falsification tests
	Exploring the effects on child health outcomes and interaction effects with contextual factors
	Robustness check 1: state-level analysis with VRS data
	Robustness check 2: individual-level analysis
	Robustness check 3: assessing the relationship between cumulative exposure to SBM and mortality

	Results
	Placebo and falsification tests
	Exploring the effects on child health outcomes and interaction effects with contextual factors
	Robustness checks

	Discussion
	Limitations

	Conclusion
	References




