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Abstract 

Poor household water supply and sanitation can affect maternal and newborn health outcomes 

through several pathways, including the quality of drinking water consumed by pregnant 

woman and exposure to harmful fecal pathogens in the environment due to poor quality 

sanitation. Using data on 14,098 pregnancies across four rounds of the Indonesian Family Life 

Survey (IFLS), we investigate the relationship between water and sanitation and outcomes 

along the course of a pregnancy - health and complications during pregnancy, probability of a 

miscarriage, complications during child birth, probability of live birth, and neonatal outcomes 

including birth weight and newborn survival rates. After controlling for confounding factors, 

we find that access to at least basic household sanitation is strongly associated with 

substantially decreased overall risk during pregnancy and birth. Whether or not a household 

has access to at least basic sanitation is strongly significantly associated with a lower 

probability of miscarriage and is a strong predictor of high fever during labor (an indicator of 

infection). We find no systematic association between household access to basic water and 

maternal and newborn outcomes. We also find no evidence of herd protection resulting from 

high levels of sanitation within the community. 

JEL classification: I15, Q59, O15

Keywords: Sanitation, water, maternal health, neonatal health, Indonesia, developing 

countries
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1. Introduction 

The World Health Organization estimates that 303,000 women died from preventable causes 

related to pregnancy and childbirth in 2015. Maternal health is closely linked to stillbirth and 

neonatal deaths. Mortality for children under five years of age declined by nearly half between 

1990 and 2015, but progress has been much slower for neonatal deaths: 2.6 million babies die 

each year in the first month of life, and another 2.6 million are stillborn. Infection during 

pregnancy, childbirth, or during the neonatal period is one of the main causes of maternal and 

neonatal deaths, with over 1 million newborns dying each year in low and middle-income 

countries due to infections (Liu et al. 2016).  

 

Inadequate water, sanitation, and hygiene conditions (WASH), common to low- and middle-

income regions, are overlooked risk factors to adverse maternal and neonatal health outcomes. 

In 2021 it was estimated that approximately 1.9 billion people in the world lack access to basic 

sanitation services and 1.2 billion people lack access to basic drinking water (WHO/UNICEF 

2021).1 Pathogens that live in feces are transmitted through water and soil to humans, causing 

infections that also lead to anemia, malnutrition, and impaired physical and cognitive 

development.  An estimated 829,000 deaths were caused by diarrheal diseases due to unsafe 

water, sanitation and hygiene in 2016, accounting for 2.8% of all deaths (Prüss-Ustün et al. 

2019).  

That a large number of mothers and their newborns are exposed to unhygienic environments 

across the developing world, places them at high risk of infection. The proportion of women 

delivering at home in what is defined as an improved water and sanitation environment varies 

from 9% in West and Central Africa to 52.5% in the Middle East and North Africa (Gon et al. 

                                                           
1 For sanitation, this is the number of people who use an unimproved facility (701 million) and practice open 

defecation (673 million). It does not include those who either share an improved facility (627 million) or use an 

improved facility that does not safely dispose of the excreta (2.2 billion). For water, this is the number of people 

who use unimproved sources (435 million) and surface water (144 million). It does not include those who access 

safe water not on their own premises (1.6 billion). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pr%26%23x000fc%3Bss-Ust%26%23x000fc%3Bn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24779548
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2016), and recent estimates for least-developed countries show that 50% of health care facilities 

lack basic water services, 60% have no sanitation services, and 26% lack facilities for hand 

hygiene at the point of care (WHO/UNICEF 2020).  

 

While a large body of evidence establishes the negative effects of unsafe WASH on child health 

outcomes (Bhutta et al, 2013; Waddington et al., 2009; Andres et al., 2018; Wolf et al., 2018), 

there is little research on the effects on maternal and neonatal health outcomes, and the potential 

for WASH interventions to improve these outcomes. Overlooking the adverse effects of 

WASH on maternal and newborn health is especially concerning since conditions in-utero and 

early in life have been shown to have long lasting consequences on individuals’ health and 

economic outcomes (Almond et al, 2011).  Interventions to improve hygiene conditions during 

pregnancy, childbirth and in the first days of life could greatly reduce maternal and neonatal 

deaths (Gülmezoglu et al. 2016).  

 

Indonesia is a particularly interesting setting in which to study the relationship between water 

and sanitation and maternal and neonatal outcomes. Although Indonesia has made strong 

progress towards improving water and sanitation conditions - between 2000 and 2020 access 

to at least basic sanitation increased from 38 to 86 percent and access to at least basic drinking 

water increased from 75 to 92 percent - there are still 38 million Indonesians living without 

basic sanitation and 22 million without basic drinking water (WHO/UNICEF 2021). Maternal 

mortality also remains stubbornly high. For every 100,000 live births in 2015, 126 women died, 

missing the Millennium Development Goal of reducing maternal mortality to a rate of 102 per 

100,000 live births. In rural and isolated regions, maternal mortality is as high as 596 deaths 

per 100,000 live births (Belton, Myers & Ngana 2014).  Maternal and newborn mortality in 

Indonesia is also higher than in neighboring countries such as the Philippines and Malaysia 

(114 and 40 maternal deaths per 100,000 live births respectively). The WHO estimates 13.7 
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newborn deaths per 1,000 live births in Indonesia in contrast to the Philippines – 12.6 and 

Malaysia- 4.4. Indonesia’s poor sanitation and water conditions may be an important factor 

explaining the high rates of maternal and neonatal mortality. Despite persistent government 

attention, progress in reducing maternal mortality has slowed in recent years, highlighting a 

need to better understand potential causal factors and identify effective interventions 

(Soedarmono 2017; Belton et al. 2014).  

 

This paper uses a longitudinal data set of more than 14,000 pregnancies from the Indonesian 

Family Life Survey (IFLS) to explore the relationship between poor water and sanitation 

conditions and maternal and neonatal health outcomes. Our large, rich, longitudinal data source 

enables us to examine a broader range of outcome variables measured over a large sample of 

women and provides a rich array of control variables. These data allow us to employ statistical 

methods so that we come closer to obtaining true causal estimates of the effect of water and 

sanitation on maternal and neonatal outcomes.2 The paper is organized as follows: first, we 

summarize the existing literature on the linkages between water and sanitation and maternal 

and neonatal health. We then outline our methods, including details of the data, the empirical 

strategy, and descriptive statistics. Section 4 presents our results. Section 5 discusses our 

findings, policy implications and concludes.  

 

2. Literature Review  

The body of evidence relating to the biological mechanisms through which WASH influences 

maternal and neonatal health outcomes is well summarized by Campbell et al. (2015), who 

present a framework for the role of WASH on maternal health (Figure 1). The two overarching 

dimensions proposed by the authors are: (i) microorganisms and chemicals in water and (ii) 

                                                           
2 The IFLS does not provide information on personal hygiene e.g. handwashing so we are limited to examining 

water and sanitation. 
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WASH behaviors. One of the more common infections linked to maternal mortality is sepsis, 

which is associated with around 10% of maternal deaths in Africa and Asia (van Dillen et al. 

2010). Sepsis infection during pregnancy and the postpartum period can be caused by 

Streptococcus Albus bacteria spread due to poor hand-washing, unclean surfaces and 

unhygienic vaginal examination or cord-cutting practices.3 Pregnant women are more 

susceptible to infection with Salmonella bacteria, which can lead to miscarriage, while Listeria, 

another water-borne infection, is likewise associated with miscarriage, stillbirth and preterm 

delivery following exposure during pregnancy. Infectious agents (e.g. schistosomiasis) are 

associated with negative pregnancy and reproductive outcomes such as ectopic pregnancies, 

infertility, anemia during pregnancy, and low birth weight (Campbell et al. 2015). The lack of 

clean water sources and long distances to obtain water are additional risk factors for pregnant 

women.  

 

 

Figure 1 here. 

 

 

Observational studies looking at the linkages between WASH and maternal and neonatal 

outcomes find that either poor water, sanitation or hygiene, and sometimes all three, are 

significantly associated with adverse pregnancy outcomes, though differences in measurement 

and context of both WASH environments and health outcomes, and the small number of 

studies, make generalizations difficult. The majority of studies have focused on maternal 

mortality. A systematic review and meta‐analysis of published studies on maternal mortality 

and WASH identified fourteen studies - eight country level studies, four individual small-scale 

case-control studies, one study using DHS surveys from ten countries and one large facility-

based survey (Benova et al. 2014). Only three of the individual level studies reported 

                                                           
3 An estimated 11% of all maternal deaths are caused by sepsis, an infection that is directly linked to unhygienic 

conditions during labor and childbirth (Say et al. 2014). 
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controlling for confounders, with socio-economic confounders being limited to maternal 

education, housing materials and, in one case, household assets. The meta-analysis found that 

women living in households with poor sanitation or poor water supply had on average 3.07 or 

1.75 times the odds of maternal mortality, respectively, compared to women with better 

sanitation or water. In the context of Indonesia, early work by Taguchi et al. (2003) used a 

matched case-control study design to show significantly increased odds of mortality (OR: 2.9, 

95% CI: 1.0-7.7) for mothers who did not have access to toilet facilities versus those who did. 

Availability of water was not a significant predictor of maternal death. The review concluded 

“there is a critical need for more research to explicitly explore water and sanitation…as risk 

factors…of (maternal) mortality”.  A further study on maternal mortality, Gon et al. (2014), 

used cross-sectional survey data from the 2010 Afghan Mortality Survey to conduct a case-

control study (N=69 cases, 15,386 controls) and finds significantly greater odds of pregnancy-

related mortality (OR: 1.91, 95% CI: 1.11-3.30) from unimproved water access compared to 

improved water access, and while the odds were greater for those with an unimproved toilet, 

the results were not significant (OR: 2.25, 95% CI: 0.71-7.19 

 

A small number of studies use individual level data to examine the relationship between WASH 

and pregnancy-related outcomes. In Nepal, Ghimire et al. (2017), in a study of 18,386 

pregnancies and 338 stillbirths identified across three DHS surveys, find that self-reported open 

defecation is associated with higher risk of stillbirth (aRR: 1.71, 95% CI: 1.0-2.18). Only weak 

evidence was found for the importance of drinking water source in predicting stillbirths. In 

rural India, Padhi et al. (2015) carried out a population-based prospective cohort study of 670 

pregnant women and find that self-reported open defecation is a significant predictor of adverse 
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pregnancy outcomes, which includes preterm births and low birth weight (aOR: 2.38, 95% CI: 

1.49-3.80).4 

 

While the small medical and epidemiological literature supports the linkages between WASH 

and maternal health, there are important evidence gaps and methodological limitations. Most 

studies in the existing literature rely on small sample sizes, examine a limited number of 

outcomes and do not sufficiently control for potential confounding variables. These studies 

identify statistical correlations between variables, but the causal mechanisms operating 

between WASH and neonatal and maternal health outcomes remain poorly understood (Benova 

et al. 2014).  

 

3. Data and Methods 

Data 

The data used in this analysis are drawn from the 1997, 2000, 2007 and 2014 waves of the 

Indonesian Family Life Survey (IFLS). The IFLS is a longitudinal socioeconomic survey which 

tracks households and individuals across time in provinces which are representative of 83 

percent of the population.5 It provides extensive information about socioeconomic, behavioral 

and health-related outcomes at community, household and individual levels. The survey 

captures the pregnancy history of all ever-married women aged 15 to 49 at the time of the 

                                                           
4 Evidence on the importance of handwashing for neonatal health is more limited still. Handwashing with soap by 

both mothers and birth attendants resulted in a 41 percent reduction in neonatal mortality (aRR: 0.59, 95% CI: 

0.37-0.94) in an observational prospective cohort study of 23,662 live births in Southern Nepal (Rhee et al. 2008). 
5 The IFLS is a longitudinal survey so the sampling scheme for the first wave is the primary determinant of the 

sample in subsequent waves. The sampling scheme stratified on provinces which were selected to maximize the 

representativeness of the country and capture its diversity. Within each of the 13 selected provinces, enumeration 

areas were randomly selected (321 in total). Households were randomly selected within enumeration areas.  The 

IFLS has high completion rates. The response rate in the first wave was 93.5% and over 90% of respondents in 

one wave are re-interviewed in the next wave. 76% of respondents interviewed in the first wave in 1993 are re-

contacted (including deaths) in the fifth wave in 2015. We do not use the 1993 round as the definition of key 

variables are not consistent with other waves and most of the maternal outcome questions were not included. 
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interview. It records the outcomes of previous pregnancies, and health outcomes for women 

who were pregnant at the time of each of the surveys.  It also collects information on household 

water and sanitation conditions. As the IFLS does not have information on hygiene, our 

analysis will examine the effects of water and sanitation (WATSAN). 

 

Figure 2 presents a pregnancy life-cycle diagram that shows the variables for which we have 

information. We use this diagram to guide the data description and the analysis. Our sample 

consists of 14,098 pregnancies between 1994 and 2014 - 12,690 pregnancies have ended prior 

to the surveys and 1,228 were ongoing at the time of the survey.6    

 

Figure 2 here. 

We observe the following outcomes for women who were pregnant at the time of the interview: 

 Diarrhea prevalence; 

 Haemoglobin; and 

 BMI. 

For pregnancies in the inter-survey period: 

 If the pregnancy ended in a miscarriage, a stillbirth or a live birth; 

 If the women experienced complications during the pregnancy, the type of 

complication (e.g. vaginal bleeding or fever)7; and 

 If the women experienced abnormal bleeding or high fever during labor.8 

For all live births: 

 weight at birth; 

 whether the child survived, and if not, age at death. 

                                                           
6 We exclude women who have migrated from IFLS survey villages to other villages outside the IFLS community 

sampling frame (as there is no community level information on water and sanitation for these communities). 
7 The complications registered are swelling of the feet or legs, vision difficulties during the day, difficulty with 

vision at night, vaginal bleeding, fever, convulsion and fainting, labor before 9 months. We only examine 

complications which have a clear connection with water and sanitation. 
8 Questions on complications during the pregnancy and during the delivery were included only from 2007. 
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The survey provides information on the sources of drinking water and place of defecation. We 

follow the classification used by the WHO-UNICEF Joint Monitoring Programme (JMP) for 

Water Supply and Sanitation to define basic sanitation and basic drinking water . Basic 

sanitation is an improved sanitation facility, i.e. one that hygienically separates human excreta 

from human contact, which is not shared with other households. In our data we classify a 

household as having basic sanitation if the reported place of defecation of the majority of 

householders is the household’s own toilet with a septic tank or own toilet without a septic tank 

which drains into a permanent pit. Basic drinking water is an improved drinking water source, 

i.e. one that by the nature of its design and construction has the potential to deliver safe water, 

which is accessible within 30 minutes roundtrip including queuing. We classify a household as 

having basic drinking water if the main source of drinking water is bottled water or piped water, 

rainwater or a well with a pump within the household’s premises.9 10 

 

The survey also contains village, household and maternal characteristics. For example, 

mother’s age and fertility history and important potential confounding variables reflecting 

household socio-economic status such as education, consumption per capita, and housing 

quality.   

 

 

                                                           
9 See https://www.unwater.org/publication_categories/whounicef-joint-monitoring-programme-for-water-

supply-sanitation-hygiene-jmp/. We experimented with using different definitions of access to water, including 

an old JMP definition of improved water which included piped water, rainwater, and protected well (but not 

bottled water); and the more recent JMP definition which included the above plus bottled water and unprotected 

well or spring, river or other, if the source of water for bathing for the household was piped water, pump or rain 

water. Using these alternative definitions did not qualitatively affect the results. 
10 The IFLS survey does not contain information that allows classification of ‘safely managed’ water supply and 

sanitation services, i.e. data on water quality, availability of water supply when needed, or management and 

treatment of excreta. Since water and sanitation services in some households may in fact meet the criteria of safely 

managed, the access levels used in this study should be interpreted as ‘at least basic’.   

https://www.unwater.org/publication_categories/whounicef-joint-monitoring-programme-for-water-supply-sanitation-hygiene-jmp/
https://www.unwater.org/publication_categories/whounicef-joint-monitoring-programme-for-water-supply-sanitation-hygiene-jmp/
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Estimation 

Using the IFLS waves as a pooled cross-section, we estimate an OLS model for the maternal 

and newborn outcomes. The estimation specification is: 

 

𝑌𝑖ℎ𝑣𝑡 =  𝛼1 + 𝛼2𝑊𝐴𝑇𝑆𝐴𝑁ℎ𝑡 +  𝛼3𝑊𝐴𝑇𝑆𝐴𝑁𝑣𝑡 + 𝛾1𝑃𝑟𝑒𝑔. ℎ𝑖𝑠𝑡𝑖𝑡 +  𝛾2𝑋𝑖ℎ𝑣𝑡 + 𝛾3𝑌𝑒𝑎𝑟𝑖 +

𝛿𝑔 + 휀𝑖ℎ𝑣               (1) 

 

where 𝑌𝑖ℎ𝑣𝑡 are the maternal health and newborn outcomes for woman 𝑖 in household ℎ in 

village 𝑣 at time 𝑡 (as described in Table 1). 𝑊𝐴𝑇𝑆𝐴𝑁ℎ𝑡 represents the water and sanitation 

variables at the household level ( at least basic drinking water and at least basic sanitation), 

𝑊𝐴𝑇𝑆𝐴𝑁𝑣𝑡 represents the village water and sanitation characteristics.11 We include the 

proportion of households in a village who do not defecate in the open to capture environmental 

health spillovers associated with open defecation. 𝑃𝑟𝑒𝑔. ℎ𝑖𝑠𝑡𝑖𝑡 contains information on 

whether the women had previously given birth. 𝑋𝑖ℎ𝑣 are confounder variables at the individual, 

household and village level, which includes characteristics of the mother (age, years of 

education); socio-economic characteristics of the households such as per capita consumption, 

housing quality, and whether the Indonesian language is used at home12; and at the village 

level, the proportion of births attended by a skilled birth attendant (as a proxy for the 

availability of modern village birthing services).13 𝑌𝑒𝑎𝑟𝑖 are  the survey wave fixed effects, 

allowing for general changes over time. 𝛿𝑔 are geographical (district, subdistrict or village) 

                                                           
11 We also estimated models where we included distance to a water source. This variable however has many 

missing values and was not statistically significant in most specifications. 
12 We initially included a wider array of socio-economic controls, including per capita consumption, but they were 

not systematically significant predictors of the dependent variables and/or did not affect the coefficient estimates 

on the WATSAN variables and are not included in the final specifications for which we report results. Good 

quality housing is defined to equal 1 if the house has a ceramic, marble, granite, stone or tiled floor, and masonry, 

cement or brick walls and is owned by the household. 
13 We do not include information on where the women gave birth as it is potentially endogenous. It is likely to 

reflect the woman’s health status which may also reflect WATSAN conditions. 
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fixed effects. Finally, 휀𝑖ℎ𝑣 is an error term. We cluster the standard errors at the village level to 

account for correlation in the errors between individuals in the same village.14  

 

We also use an overarching pregnancy risk index as a dependent variable in the analysis. The 

pregnancy risk index combines the information on the pregnancy outcome measures – 

miscarriage and still birth; complications during pregnancy (pre-term labor, vaginal bleeding 

fever during pregnancy); and complications during delivery (abnormal amount of bleeding, 

fever).15 This approach overcomes the problem of multiple hypothesis testing as it combines 

the individual dependent variables in one index and then conducts a single test of the 

association between the index and the key explanatory variables. In this case the probability of 

a false rejection does not increase as additional outcomes are added to the summary index, 

Anderson (2008). By combining all the outcome measures it also has the advantage of 

increasing the power of the test of association as it exploits the variation in all outcome 

measures simultaneously. The results are interpreted as whether the explanatory variables have 

a “general effect” on pregnancy risk. The descriptive statistics for the index are shown in Table 

1.  

We test the following hypotheses: 

H1: Household access to basic sanitation improves maternal and neonatal health; 

H2: Household access to basic water improves maternal and neonatal health; and 

                                                           
14 Note that we are relating the maternal and newborn outcomes for pregnancies between the current and previous 

survey waves to the water and sanitation status of the household at the time of the current survey. Hence, we are 

implicitly assuming that the water and sanitation characteristics have not changed between the time of pregnancy 

and the survey date. To the extent that some households will have upgraded their sanitation and water between 

survey waves, our estimates will underestimate the impact of improved sanitation and water. 
15 We do not include the variables on health during pregnancy (diarrhea, hemoglobin and BMI) in the index as 

these variables are only available for women who were pregnant at the time of the survey. We construct the index 

following the method of Kling et al. (2007). We first define the outcome measures such that larger values are 

associated with a bad outcome, i.e. more pregnancy risk. We standardize each measure by subtracting its mean 

from each observation and dividing by its standard deviation, and then calculate the mean of the standardized 

measures. As we do not have data on pregnancy complications in the first two waves of data, the index for those 

years does not include these variables. The wave-fixed effects account for the difference in how the index is 

measured across the survey waves. 
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H3: A smaller proportion of households defecating in the open in a community improves the 

maternal and neonatal health of that community. 

 

Hypotheses 1 and 2 posit a relationship between households’ WATSAN facilities and 

household health outcomes. Hypothesis 3 posits a relationship between community WATSAN 

behaviors and the health outcomes of households in that community. This is the sanitation herd 

protection hypothesis that the negative externalities arising from the fecal contamination 

associated with open defecation adversely affect the health of all community members.16 

 

The inclusion of controls for potential confounders and the geographic fixed effects in equation 

(1) allow us to come closer to obtaining causal estimates than has previously been presented in 

the literature. The geographic fixed effects control for non-time-varying unobservable factors 

that could confound the relationship between maternal outcomes and water and sanitation. We 

estimated results where we include district fixed effects, sub-district fixed effects and village 

fixed effects. The finer the level of disaggregation of these fixed effects, the more confident 

we can be that we are picking up the impact of water and sanitation, rather than confounding 

variables (such as the effect of average village wealth on maternal health).17 The sensitivity of 

the estimates to the inclusion of the finer-level fixed effects also provides an indication of the 

extent to which unobserved characteristics could be driving the results. Even with the inclusion 

of village fixed effects it remains possible that unobserved household characteristics which are 

correlated with water and sanitation and the outcome variables bias our estimates. To further 

explore this possibility, we exploit the panel nature of the data and examine whether our results 

                                                           
16 Note that there are no analogous externalities associated with access to improved water. 
17 There are approximately 500 districts, 7000 sub-districts and 75,000 villages in Indonesia. We also estimated 

models where we included year of birth fixed effects and models including interactions between wave-year and 

the geography (district, sub-district and village) fixed effects. These inclusions further control more precisely for 

differential time-trends and for characteristics of the geographic region which vary across survey rounds. Doing 

so does not affect the results. 
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are robust to the inclusion of individual (mother) fixed effects. In this case, we identify the 

impact of water and sanitation from variation across time between pregnancies for individual 

women, while controlling for all non-time-varying unobserved characteristics of the mother 

and the household in which she lives (for example, health preferences, which could be driving 

the results). The cost of this approach is a smaller sample size and identification which comes 

from within household changes in water and sanitation, therefore varying less over time and 

reducing statistical power.   

 

4. Results 

Descriptive Statistics 

We present descriptive statistics for each survey year as well as for the total sample (Table 1). 

We will focus our discussion on the statistics for the total sample, organized according to the 

pregnancy life-cycle in Figure 2. The first panel shows all the pregnancies that occurred during 

the inter-survey periods. At the time of the survey, a pregnancy is either ongoing or completed. 

Nine percent of the pregnancies in the sample were ongoing, 7% of the pregnancies in the 

sample ended in a miscarriage, 1% were stillbirths and 83% resulted in live births. Of 

completed pregnancies, 91% resulted in a live birth, 8% in a miscarriage and 1% in a still birth. 

Although, stillbirths are an uncommon event, the rate of stillbirth in Indonesia is relatively 

high, consistent with Blencowe et al. (2016)’s report that Indonesia ranks eighth in terms of 

frequency of stillbirths.18 

 

Table 1 shows that around 6% of women who were pregnant at the time of the survey had 

diarrhea in the 4 weeks before the interview. The average hemoglobin level is 11.1 gm/dL 

                                                           
18 The lifetime average prevalence of miscarriage over a woman’s reproductive life calculated form the pregnancy 

history data is 18%. This is higher than what is found in more developed countries e.g. Denmark - 13% (Andersen 

et al., 2000) or Britain -15% (Everett, 1997). 
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which is just above the mild anemia level of 11 and is considered a normal level during 

pregnancy (Scanlon et al. 2000). The average BMI for the sample is 23.8 (normal BMI for non-

pregnant women is in the range of 18.5 to 24.9).  

 

The next panel presents the prevalence of complications during pregnancy and labor for all 

completed pregnancies (available only in the 2007 and 2014 surveys). The prevalence of 

swollen feet or legs during pregnancy is the most common complication (12%), followed by 

preterm labor (4%), vaginal bleeding (4%) and fever (3%). During delivery around 8% of 

women experienced more than normal bleeding while 4% experienced a high fever. Excessive 

bleeding or fever during delivery is associated with chorioamnionitis/sepsis, among other 

factors (Combs et al. 1991 and Smulian et al. 2003).19   

 

For livebirths, the average birthweight was 3.15 kilograms. Internationally newborn weight 

averages around 3.5 kg and birth weight between 3.0 kg and 3.8 kg is classified as healthy 

(Fenton et al., 2013). Of all livebirths, two percent of infants died within the first month of life.  

 

Table 1 here. 

 

Figure 3 illustrates the time-trends in household access to basic sanitation, average village open 

defecation rates and household access to basic water. In 1997 39% of households in the sample 

had access to basic sanitation. By 2014 this had improved to 70%. The average community 

open defecation rate (share of households sampled in the community who report they defecate 

                                                           
19 Chorioamnionitis or intra-amniotic infection is an inflammation of the fetal membranes due to bacterial 

infection. 



 

16 
 

in the open) decreased from 28% of households in 1997 to 7% in 2014. In 1997 only 20% of 

households had access to basic water, which increased to 46% by 2014.20 

 

Figure 3 here. 

 

Table 2 shows the main WATSAN variables and the control variables at the household and 

village level. The summary statistics of the control variables show an average maternal age in 

the sample of 27 years. Mothers on average have 8.4 years of education. Of the pregnancies in 

our sample, 36% are first births. The average community prevalence of delivering with the 

assistance of a skilled-birth attendant is 66% (82% in 2014, up from 51% in 1997).21 Sixty-one 

percent of pregnancies in the sample were in urban areas.  

 

Table 2 here. 

 

 

Estimation Results 
 

We present the estimation results in the order in which they occur over the course of a 

pregnancy. We present the coefficients on the WATSAN variables from specifications with 

village fixed effects. Appendix Tables A1 to A4 present the full set of coefficients and the 

results with district and sub-district fixed effects.22 Columns 1 to 3 presents the results for the 

indicators of maternal health during pregnancy. Table 3 clearly shows that none of the 

WATSAN variables are statistically significantly associated with concurrent diarrhea 

prevalence, hemoglobin levels or BMI.  

 

                                                           
20 Although access to both improved sanitation and water are increasing over time, the correlation between the 

two variables at the household level is only 0.31 so presents no challenges in terms of separately identifying their 

impacts on the outcome variables. 
21 A woman is defined to have given birth with the assistance of a skilled birth attendant if she delivered in a 

hospital, private or public health clinic or at a village delivery post. 
22 Table A5 in the Appendix presents the raw differences in the outcome variables between households with 

improved sanitation and those without. We focus on improved household sanitation as it is the variable that is 

found to be a determinant of maternal health below. 
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Results for complications experienced during pregnancy and miscarriage are presented in 

Columns 4 to 7. There is no systematic association between the WATSAN variables and pre-

term labor, vaginal bleeding or fever during pregnancy. Household access to at least basic 

sanitation is however associated with a lower probability of miscarriage (approximately a 1.2 

percentage point decrease in the probability of miscarriage (17.1%), significant at the 10% 

level). The coefficients on the control variables reported in Appendix Table A2 show that 

mother’s age at delivery is positively associated with the risk of miscarriage and first 

pregnancies are associated with a higher chance of pre-term labor and fever during pregnancy. 

The IFLS asks women who miscarried about the cause of the miscarriage. Those with at least 

basic household sanitation are less likely to report that the miscarriage was due to sickness 

(8.8% versus 16.4%). 

 

Columns 8 to 9 report results for delivery complications and the probability of a live birth. 

Basic sanitation in the home significantly decreases the probability of a high fever during labor 

by approximately 1.6 percentage points (40%). This is consistent with unhygienic conditions 

during labor leading to infection, and potentially life-threatening sepsis. We find no significant 

relationship between water and sanitation and women experiencing more than normal bleeding 

during delivery nor the probability of having a live birth. 

 

Results for newborn outcomes are presented in Columns 11 and 12. None of the WATSAN 

variables are significantly associated with low birth weight. The community open defecation 

free rate was significantly associated with a decreased probability of the infant dying when 

only district fixed effects were included, but this effect becomes insignificant once sub-district 

fixed effects are included (Appendix Table A4, Column 4). Although we do not find 

associations between water and sanitation and many of the outcome variables, the coefficient 

on basic household sanitation is often signed in the direction of a negative impact. Column 13 
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presents the results for the overarching pregnancy risk index which combines these variables. 

Access to at least basic household sanitation is strongly associated with a decreased overall risk 

of complications in pregnancy and labor.23 Maternal age and first pregnancy are also strongly 

associated with increased risk (Appendix Table A4). No other WATSAN variables are 

statistically significant. The impact of household sanitation on overall pregnancy risk is 

equivalent to a reduction in maternal age by 4.6 years.24  

 

Table 3 here. 

 

Robustness Test  

As a robustness test, we estimated models with individual (mother) fixed effects. Table 4 shows 

that basic household sanitation continues to be significantly associated with a reduced 

probability of a woman having a high fever during labor (4.5 percentage point decrease, 

significant at the 10% level). The association between basic household sanitation and overall 

pregnancy risk continues to be negative and is now slightly larger in size but is estimated with 

less precision (t=1.50).  

 

Table 4 here. 

 
 

5. Conclusions and Policy Implications  

This paper uses data on 14,098 pregnancies to estimate the effects of water and sanitation on 

maternal and newborn health. After controlling for possible confounding factors, we find 

                                                           
23 This risk reflects the strong negative association between improved sanitation and the probability of fever during 

labor and the probability of miscarriage, and also the weaker associations between improved sanitation and many 

of the outcome variables. 
24 This is calculated using the coefficient on improved sanitation in column 13 of Table 6 and the coefficient on 

maternal age estimated in the same specification and reported in Table A4, Column 9: -0.037/0.008=4.625. 
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access to at least basic sanitation is associated with a 40% lower incidence of fever during 

labor. Fever during labor is associated with potentially life-threatening sepsis which is 

responsible for 10 percent of maternal deaths in Africa and Asia (van Dillen et al. 2010). There 

is also some evidence that basic sanitation reduces the risk of miscarriage, although this is not 

robust to the inclusion of maternal fixed effects. We however find no systematic association 

between the other individual maternal and neonatal health indicators and basic sanitation. This 

is at odds with Ghimire et al. (2017) which found that open defection increased the risk of 

stillbirth in Nepal and Padhi et al. (2015) which found it was associated with low birth weight 

in India.  

 

Our null findings may reflect that some of the outcomes we examine are highly variable, e.g. 

diarrhea prevalence, or reflect the accumulation of a variety of impacts across time, e.g. BMI. 

The sign of the coefficients on many of these variables however suggest that poor sanitation 

negatively affects maternal health and the accumulation of these variables into a pregnancy 

risk index shows that household access to at least basic sanitation strongly reduces the overall 

health risks associated with pregnancy. The magnitude of this effect is equivalent to a decrease 

of almost five years in maternal age.  

 

Our findings provide tentative support for the role of poor sanitation and fecal disposal in 

maternal health, as identified in the Campbell model. Poor sanitation leads to infections, 

diarrhea and gastro-enteritis. Open defecation in the Indonesian context may also result in 

water-based and water-borne infections as people commonly submerge themselves in 

contaminated rivers when defecating in the open. 

 

The lack of association between basic water access and maternal health is contrary to the 

Campbell model, although consistent with the majority of studies in the small existing literature 
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which find that improved water plays a lesser role in maternal health (Ghimire et al. 2017; 

Padhi et al. 2015; Taguchi et al. 2003).  

 

We find no evidence of herd immunity resulting from high levels of sanitation within the 

community. The lack of herd effects contrasts with the finding of Geruso and Spears (2017) 

that externalities due to poor sanitation affect neighborhood rates of infant mortality in India; 

and Cameron et al. (2020) who find that improved sanitation produces positive spillovers on 

child height in Laos. Our results may reflect community sanitation practices having less bearing 

on maternal health than child health.  

 

Our analysis is the first to empirically apply elements of the conceptual framework for the role 

of water, sanitation and hygiene in maternal and newborn health developed by Campbell et al. 

(2015) at a population level. The richness of the IFLS data and the inclusion of fixed effects at 

a fine level of geographic aggregation, and maternal fixed effects, allow us to control for many 

household factors that could influence outcomes, bringing our estimates closer to causal 

identification. Nonetheless, a few limitations of our study must be considered. First, data on 

hygiene practices and the quality of sanitation and drinking water supply are unavailable and 

would enable more precise estimation. We also do not have data on hygiene conditions at the 

place of delivery (for women who do not deliver at home) which is a potentially important 

determinant of birth outcomes. A further limitation is that our data are self-reported making it 

possible that our estimates suffer from reporting bias. We were also limited in terms of 

observed outcomes. We do not, for example, have information on conditions soon after the 

birth, such as post-partum fever, infection and newborn sepsis Finally, the data are 

observational, and our estimates may suffer from residual confounding. 
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The research literature to date has emphasized the effects of unsafe WASH on child health 

outcomes and has largely ignored the importance of WASH for maternal and newborn health. 

We provide evidence that improvements in sanitation play a role in the health of pregnant 

women and their in-utero children in low-income settings. The lack of association of access to 

basic water with health outcomes suggests that improving water supply may be of secondary 

importance to the health of pregnant women and their newborn children. Basic water may 

however play a more important role once an infant’s diet is supplemented with foods other than 

breastmilk. Our findings support the need for greater integration of WASH, particularly 

sanitation improvements, in reproductive, maternal, neonatal, and child health programming. 

This will also require WASH sectoral actors to adapt interventions, so they address the specific 

needs of pregnant women and newborns.  
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Table 1. Descriptive statistics for maternal and newborn outcomes by year 

  1997 2000 2007 2014 Overall 

  Mean Obs. Mean Obs. Mean Obs. Mean Obs. Mean  Obs. 

Proportions of sample:           

Currently pregnant  0.11 2,168 0.16 2,075 0.07 4,990 0.07 4,865 0.09 14,098 
 (0.31)  (0.37)  (0.25)  (0.26)  (0.28)  

Miscarried 0.06 2,168 0.07 2,075 0.07 4,990 0.08 4,865 0.07 14,098 
 (0.24)  (0.25)  (0.26)  (0.27)  (0.26)  

Still birth 0.01 2,168 0.01 2,075 0.02 4,990 0.01 4,865 0.01 14,098 
 (0.1)  (0.11)  (0.12)  (0.1)  (0.11)  

Live birth 0.82 2,168 0.76 2,075 0.84 4,990 0.84 4,865 0.83 14,098 

  (0.39)   (0.43)   (0.36)   (0.37)   (0.38)   

Proportions of Completed Pregnancies         

Miscarried 0.07 1,927 0.08 1,745 0.08 4,661 0.09 4,521 0.08 12,854 

Still Birth 0.01 1,927 0.01 1,745 0.02 4,661 0.01 4,521 0.01 12,854 

Live Birth 0.92 1,927 0.91 1,745 0.90 4,661 0.90 4,521 0.91 12,854 

Health during pregnancy (for women who were pregnant at the time of the survey) 

Diarrhea prevalence 4 weeks  0.05 241 0.06 330 0.05 329 0.08 344 0.06 1,244 
 (0.23)  (0.24)  (0.23)  (0.27)  (0.25)  

Hemoglobin (g/dl) 10.97 241 10.93 330 11.23 329 11.23 344 11.10 1,244 
 (1.49)  (1.46)  (1.4)  (1.43)  (1.45)  

BMI 22.85 241 23.10 330 23.79 329 24.99 344 23.76 1,244 

  (3.14)   (3.27)   (4.24)   (4.47)   (3.96)   

Complications during pregnancy  

Vaginal bleeding      0.03 4,057 0.05 3,511 0.04 7,568 
      (0.17)  (0.21)  (0.19)  

Fever      0.03 4,057 0.03 3,511 0.03 7,568 
      (0.18)  (0.17)  (0.18)  

Pregnancy complications: labor 

before 9 months 
     0.03 4,057 0.05 3,511 0.04 7,568 

      (0.17)  (0.21)  (0.19)  

Pregnancy complications: Any 

(bleeding, fever, early labor) 
     0.08 4,057 0.11 3,511 0.09 7,568 

      (0.27)  (0.31)  (0.29)  

Swollen feet or legs      0.10 4,057 0.15 3,511 0.12 7,568 

          (0.3)   (0.36)   (0.33)   

Complications during Labor 
              

More than normal bleeding      0.08 3,731 0.08 3,010 0.08 6,741 

 
     (0.27)  (0.27)  (0.27)  

High fever      0.05 3,731 0.04 3,010 0.04 6,741 

          (0.22)   (0.19)   (0.2)   

Newborn outcomes 
              

Baby's weight in kgs. 3.18 1,289 3.14 1,263 3.17 3,168 3.11 2,844 3.15 8,564 

 (0.6)  (0.56)  (0.57)  (0.56)  (0.57)  

child died within the 1st month 0.02 1,763 0.02 1,584 0.01 4,212 0.02 3,770 0.02 11,329 

  (0.12)   (0.14)   (0.12)   (0.12)   (0.13)   

Overall Pregnancy Risk 
              

Risky Pregnancy Index* -0.04 1,927 -0.00 1,745 0.02 4,661 0.03 4,521 0.01 12,854 

 (0.68)  (0.73)  (0.55)   (0.58)   (0.61)   

Notes: The sample is ever married women 15-49 who were pregnant between 1994 and 2014. Standard deviations in parentheses. 

*Risky pregnancy Index is the mean of the Z-scores of having a miscarriage, a still birth, and the indicators for complications during 

pregnancy and labor. 
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Table 2. Descriptive statistics for WATSAN and control variables by year. 

  1997 2000 2007 2014 Overall 

  Mean Obs. Mean Obs. Mean Obs. Mean Obs. Mean  Obs. 

WATSAN Variables                     

Household level:                
At least basic sanitation 0.39 1,794 0.42 1,843 0.59 3,566 0.70 3,599 0.57 10,802 

 (0.49)  (0.49)  (0.49)  (0.46)  (0.5)  

At least basic water  0.20 1,794 0.29 1,843 0.38 3,566 0.46 3,599 0.36 10,802 

 (0.4)  (0.45)  (0.49)  (0.5)  (0.48)  

Village level:                

Proportion of households who 

do not defecate in the open 
0.72 304 0.76 296 0.85 312 0.93 300 0.84 555 

  (0.31)   (0.28)   (0.21)   (0.12)   (0.24)   

Control Variables                     

Individual level:                

Mother’s Age at delivery 27.89 2,168 26.80 2,075 26.57 4,990 27.17 4,865 27.01 14,098 
 (6.39)  (6.57)  (6.22)  (6.2)  (6.31)  

Mother’s years of education 6.51 2,156 7.45 2,075 8.44 4,988 9.56 4,863 8.39 14,082 

 (4.05)  (3.92)  (3.81)  (3.62)  (3.95)  

Mother's first pregnancy 0.28 2,168 0.37 2,075 0.38 4,990 0.38 4,865 0.36 14,098 

 (0.45)  (0.48)  (0.48)  (0.49)  (0.48)  

Indonesian spoken at home 0.23 2,168 0.22 2,075 0.26 4,990 0.32 4,865 0.27 14,098 

  (0.42)   (0.41)   (0.44)   (0.47)   (0.45)   

Household level:                

Good quality housing 0.22 1,794 0.24 1,843 0.32 3,567 0.43 3,599 0.33 10,803 

 (0.41)  (0.43)  (0.47)  (0.5)  (0.47)  

Log Per capita consumption 13.46 1,794 14.15 1,843 15.02 3,567 15.78 3,599 14.86 10,803 

  (0.78)   (0.74)   (0.75)   (0.78)   (1.13)   

Village level:                

Proportion of births assisted by 

a SBA 
0.51 304 0.55 296 0.64 312 0.82 300 0.66 555 

 (0.41)  (0.4)  (0.37)  (0.26)  (0.38)  

Urban 0.57 304 0.56 296 0.62 312 0.67 300 0.61 555 

  (0.5)   (0.5)   (0.49)   (0.47)   (0.49)   

Notes: The sample is ever married women 15-49 who were pregnant between 1994 and 2014. Standard deviations in 

parentheses.  
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Table 3. Estimation Results 

 Health During Pregnancy: Complications During Pregnancy:  

 Diarrhea Hemoglobin BMI Pre-term labor Bleeding Fever Miscarriage 

  (1) (2) (3) (4) (5) (6) (7) 

At least basic sanitation -0.006 -0.054 -0.377 -0.003 -0.006 -0.002 -0.012* 

 (0.027) (0.157) (0.395) (0.005) (0.006) (0.006) (0.007) 

At least basic water  0.009 0.007 0.003 0.005 0.010 0.000 -0.001 

 (0.024) (0.147) (0.417) (0.006) (0.006) (0.005) (0.007) 

Proportion of households who do not 

defecate in the open 

-0.009 0.617 -1.286 0.021 -0.018 -0.041 0.028 

(0.114) (0.798) (1.400) (0.050) (0.038) (0.041) (0.032) 

Fixed Effects Village Village Village Village Village Village Village 

Observations 1,228 1,228 1,228 7,568 7,568 7,568 12,854 

R-squared 0.352 0.326 0.482 0.081 0.061 0.075 0.060 

      

 Complications During Labor:  Infant Outcomes:   

 

Bleeding Fever Live Birth Low Birth 

Weight 

Child died in 

first month 

 Pregnancy 

Risk Index 

 (8) (9) (10) (11) (12)  (13) 

At least basic sanitation -0.001 -0.016** 0.001 -0.004 0.001  -0.037** 

 (0.010) (0.007) (0.003) (0.009) (0.003)  (0.015) 

At least basic water  -0.008 -0.001 -0.001 0.001 -0.001  0.012 

 (0.008) (0.007) (0.003) (0.007) (0.003)  (0.015) 

Proportion of households who do not  0.043 0.050 0.006 -0.049 -0.025  0.057 

defecate in the open (0.054) (0.044) (0.013) (0.050) (0.020)  (0.077) 

Fixed Effects Village Village Village Village Village  Village 

Observations 6,741 6,741 11,815 8,564 11,329  12,854 

R-squared 0.064 0.065 0.041 0.084 0.050  0.068 

We report coefficients from OLS estimation. All specifications also include the following control variables: mother's age, an indicator for first pregnancy, mother's 

years of education, an indicator variable for speaking Indonesian at home, an indicator variable for good quality housing, the proportion of village births delivered in 

a health facility and an indicator for urban area. Clustered errors at village level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All specifications also include 

survey wave dummies and a constant. 
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Table 4. Robustness Test - Panel results (individual fixed effects) 

 Miscarriage High Fever During Labor Pregnancy Risk Index 

 (1) (2) (3) 

        

At least basic sanitation -0.003 -0.045* -0.044 

 (0.012) (0.027) (0.030) 

At least basic water  -0.013 -0.015 -0.023 

 (0.012) (0.021) (0.027) 

Proportion of households who do not  0.053 0.009 0.025 

defecate in the open (0.045) (0.093) (0.105) 

Fixed Effects Individual Individual Individual 

Observations 9,304 4,794 9,304 

Number of individuals 3,887 2,974 3,887 

R-squared 0.010 0.012 0.014 

We report coefficients from OLS estimation. All specifications also include the following control variables: 

mother's age, an indicator for first pregnancy, mother's years of education, an indicator variable for speaking 

Indonesian at home, an indicator variable for good quality housing, the proportion of village births delivered in 

a health facility and an indicator for urban area. Robust errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

All specifications also include survey wave dummies and a constant. 
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Source: Campbell et al. (2015). 

 

Figure 1. Dimensions, components and examples of health effects in conceptual framework 

linking water, sanitation and hygiene (WASH) with maternal and reproductive health.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Lifecycle of pregnancy 
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Figure 3. Sanitation and Water Trends 

 

 

 

 

 
 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

HH Basic Sanitation HH Basic Water Village Open Defecation Rate



 

32 
 

APPENDIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table A1. Health During Pregnancy – Full Estimation Results 

  Diarrhea (4 weeks prevalence) Hemoglobin (g/dl) BMI  

  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

At least basic sanitation -0.003 -0.003 -0.006 -0.063 -0.070 -0.054 -0.204 -0.313 -0.377 

 (0.020) (0.025) (0.027) (0.118) (0.152) (0.157) (0.294) (0.377) (0.395) 

At least basic water  -0.007 0.004 0.009 -0.015 0.037 0.007 -0.145 -0.038 0.003 

 (0.016) (0.023) (0.024) (0.108) (0.142) (0.147) (0.295) (0.393) (0.417) 

Proportion of households who do not 

defecate in the open 

-0.028 -0.025 -0.009 -0.011 0.301 0.617 -0.991 0.006 -1.286 

(0.041) (0.081) (0.114) (0.307) (0.646) (0.798) (0.681) (1.123) (1.400) 

Mother's Age -0.000 -0.000 -0.001 0.007 0.009 0.011 0.090*** 0.107*** 0.106*** 

 (0.002) (0.002) (0.002) (0.010) (0.013) (0.014) (0.023) (0.030) (0.031) 

First pregnancy -0.002 -0.004 -0.006 -0.012 0.052 0.038 -0.951*** -1.009*** -1.020*** 

 (0.021) (0.026) (0.028) (0.119) (0.154) (0.161) (0.294) (0.342) (0.359) 

Mother's years of education 0.000 0.001 0.001 -0.000 0.008 0.015 0.035 0.045 0.039 

 (0.003) (0.003) (0.004) (0.016) (0.021) (0.022) (0.041) (0.054) (0.057) 

Speak Indonesian at home 0.020 0.028 0.029 0.199 0.193 0.161 0.535 0.511 0.540 

 (0.026) (0.035) (0.038) (0.146) (0.207) (0.222) (0.369) (0.507) (0.539) 

Good quality housing -0.002 -0.013 -0.015 0.105 0.044 0.053 0.374 0.561 0.513 

 (0.019) (0.025) (0.026) (0.110) (0.147) (0.154) (0.315) (0.396) (0.412) 

Proportion of village births delivered in 

health facility 

0.019 0.045 0.059 0.154 0.401 0.395 1.031* 0.054 0.280 

(0.036) (0.060) (0.074) (0.227) (0.449) (0.464) (0.567) (0.941) (1.092) 

Urban -0.026 0.021 0.052 0.002 -0.251 -0.567 -0.118 1.247* 1.057 

 (0.023) (0.053) (0.068) (0.133) (0.283) (0.363) (0.412) (0.709) (0.895) 

Fixed Effects District Sub-district Village District Sub-district Village District Sub-district Village 

Observations 1,228 1,228 1,228 1,228 1,228 1,228 1,228 1,228 1,228 

R-squared 0.170 0.345 0.352 0.150 0.303 0.326 0.295 0.465 0.482 

We report coefficients from OLS estimation. Clustered errors at village level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All specifications also include survey 

wave dummies and a constant. 
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Table A2. Complications during pregnancy and Miscarriage – Full Estimation Results 

  Pre-term labor Vaginal bleeding Fever during pregnancy Miscarried  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

              

At least basic sanitation -0.004 -0.003 -0.003 -0.003 -0.006 -0.006 0.001 -0.002 -0.002 -0.010 -0.012* -0.012* 

 (0.005) (0.005) (0.005) (0.006) (0.006) (0.006) (0.005) (0.006) (0.006) (0.006) (0.007) (0.007) 

At least basic water  0.003 0.005 0.005 0.013** 0.010 0.010 -0.001 0.000 0.000 0.001 -0.001 -0.001 

 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.005) (0.005) (0.005) (0.007) (0.007) (0.007) 

Proportion of households who 

do not defecate in the open 

0.018 0.030 0.021 -0.019 -0.006 -0.018 -0.031 -0.039 -0.041 -0.005 0.004 0.028 

(0.023) (0.048) (0.050) (0.019) (0.038) (0.038) (0.020) (0.039) (0.041) (0.017) (0.027) (0.032) 

Mother's Age 0.001 0.001 0.001 0.000 0.000 0.000 0.000 -0.000 -0.000 0.003*** 0.003*** 0.003*** 

 (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) 

First pregnancy 0.017*** 0.016*** 0.017*** -0.006 -0.003 -0.003 0.013** 0.012** 0.012** 0.006 0.007 0.007 

 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.007) (0.007) (0.007) 

Mother's years of education -0.001 -0.001 -0.001 -0.000 -0.000 -0.000 -0.000 -0.001 -0.001 0.001 0.001 0.001 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Speak Indonesian at home -0.000 -0.004 -0.005 -0.015** -0.014* -0.014* -0.003 -0.004 -0.004 0.008 0.007 0.008 

 (0.008) (0.008) (0.008) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.008) (0.008) (0.008) 

Good quality housing -0.005 -0.006 -0.005 -0.001 -0.001 -0.000 0.002 0.004 0.004 0.002 -0.000 -0.001 

 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.005) (0.005) (0.005) (0.006) (0.006) (0.006) 

Proportion of village births 

delivered in health facility 

0.023 -0.004 -0.012 0.012 0.004 0.003 0.002 0.006 0.006 0.022 0.008 0.008 

(0.018) (0.026) (0.026) (0.016) (0.024) (0.024) (0.013) (0.021) (0.021) (0.015) (0.020) (0.022) 

Urban 0.014 0.023 0.031 -0.004 -0.009 -0.007 -0.003 -0.015 -0.005 0.007 0.027** 0.034** 

  (0.010) (0.020) (0.024) (0.009) (0.018) (0.021) (0.008) (0.014) (0.019) (0.008) (0.012) (0.016) 

Fixed Effects District 

Sub-

district Village District 

Sub-

district Village District 

Sub-

district Village District 

Sub-

district Village 

Observations 7,568 7,568 7,568 7,568 7,568 7,568 7,568 7,568 7,568 12,854 12,854 12,854 

R-squared 0.047 0.074 0.081 0.030 0.053 0.061 0.049 0.073 0.075 0.028 0.054 0.060 

We report coefficients from OLS estimation. Clustered errors at village level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All specifications also include survey wave dummies and a 

constant. 
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Table A3. Complications During Labor and Live Births – Full Estimation Results 

  More than normal bleeding High fever during labor Live birth (vs still birth) 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

           
At least basic sanitation -0.003 -0.002 -0.001 -0.013* -0.016** -0.016** 0.001 0.001 0.001 

 (0.009) (0.010) (0.010) (0.007) (0.007) (0.007) (0.003) (0.003) (0.003) 

At least basic water  -0.004 -0.007 -0.008 0.000 -0.001 -0.001 -0.002 -0.001 -0.001 

 (0.008) (0.008) (0.008) (0.006) (0.007) (0.007) (0.003) (0.003) (0.003) 

Proportion of households who do not defecate in 

the open 

0.008 0.028 0.043 0.026 0.047 0.050 0.001 0.005 0.006 

(0.026) (0.053) (0.054) (0.022) (0.042) (0.044) (0.006) (0.012) (0.013) 

Mother's Age 0.000 0.001 0.001 0.001 0.001 0.001 -0.001** -0.001** -0.001** 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) 

First pregnancy 0.001 0.003 0.004 0.009 0.010 0.010 -0.007** -0.008** -0.008** 

 (0.008) (0.009) (0.009) (0.006) (0.006) (0.007) (0.003) (0.003) (0.003) 

Mother's years of education -0.000 -0.000 -0.000 -0.003*** -0.003** -0.003** 0.000 0.000 0.000 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) 

Speak Indonesian at home 0.009 0.009 0.009 0.005 0.008 0.007 0.003 0.002 0.002 

 (0.010) (0.011) (0.011) (0.008) (0.009) (0.009) (0.003) (0.003) (0.003) 

Good quality housing 0.002 0.001 0.002 0.005 0.005 0.005 -0.004 -0.004 -0.005 

 (0.008) (0.008) (0.009) (0.006) (0.006) (0.007) (0.003) (0.003) (0.003) 

Proportion of village births delivered in health 

facility 

0.027 0.019 0.021 -0.027* -0.017 -0.022 -0.001 0.000 -0.001 

(0.022) (0.033) (0.034) (0.016) (0.024) (0.024) (0.006) (0.009) (0.009) 

Urban -0.008 -0.005 -0.004 0.006 -0.005 -0.000 0.004 0.006 0.009 

 (0.011) (0.022) (0.029) (0.009) (0.013) (0.017) (0.003) (0.006) (0.007) 

Fixed Effects District Sub-district Village District Sub-district Village District Sub-district Village 

Observations 6,741 6,741 6,741 6,741 6,741 6,741 11,815 11,815 11,815 

R-squared 0.037 0.060 0.064 0.035 0.062 0.065 0.019 0.037 0.041 

We report coefficients from OLS estimation. Clustered errors at village level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All specifications also include survey wave dummies and a 

constant. 
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Table A4. Infant Outcomes and Overall Pregnancy Risk Index - Full Estimation Results 

  Low birth weight (0/1) Child died during 1st month Pregnancy Risk Index 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

           
At least basic sanitation -0.002 -0.005 -0.004 0.001 0.002 0.001 -0.031** -0.038** -0.037** 

 (0.008) (0.008) (0.009) (0.003) (0.003) (0.003) (0.015) (0.015) (0.015) 

At least basic water  -0.002 0.001 0.001 -0.001 -0.000 -0.001 0.017 0.012 0.012 

 (0.006) (0.007) (0.007) (0.003) (0.003) (0.003) (0.014) (0.015) (0.015) 

Proportion of households who do 

not defecate in the open 

-0.007 -0.036 -0.049 -0.018* -0.010 -0.025 -0.001 0.022 0.057 

(0.021) (0.042) (0.050) (0.010) (0.018) (0.020) (0.040) (0.066) (0.077) 

Mother's Age -0.001 -0.001 -0.001 -0.000 -0.000 -0.000 0.007*** 0.007*** 0.008*** 

 (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) 

First pregnancy 0.034*** 0.035*** 0.035*** 0.003 0.003 0.003 0.045*** 0.048*** 0.049*** 

 (0.008) (0.008) (0.008) (0.003) (0.003) (0.003) (0.014) (0.014) (0.014) 

Mother's years of education -0.005*** -0.005*** -0.005*** -0.001 -0.001 -0.001 -0.002 -0.001 -0.001 

 (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) (0.002) (0.002) (0.002) 

Speak Indonesian at home -0.014 -0.010 -0.010 -0.001 0.001 0.001 0.009 0.010 0.010 

 (0.009) (0.010) (0.010) (0.004) (0.005) (0.005) (0.016) (0.017) (0.017) 

Good quality housing 0.008 0.009 0.011 -0.001 -0.000 -0.000 0.011 0.008 0.008 

 (0.007) (0.008) (0.008) (0.003) (0.003) (0.003) (0.015) (0.015) (0.015) 

Proportion of village births 

delivered in health facility 

0.017 0.042* 0.040 -0.006 0.002 0.005 0.055 0.018 0.019 

(0.017) (0.023) (0.026) (0.007) (0.009) (0.010) (0.035) (0.048) (0.051) 

Urban 0.006 0.006 0.010 0.003 0.005 0.007 0.012 0.047 0.069 

  (0.010) (0.018) (0.025) (0.004) (0.007) (0.008) (0.021) (0.032) (0.043) 

Fixed Effects District Sub-district Village District Sub-district Village District Sub-district Village 

Observations 8,564 8,564 8,564 11,329 11,329 11,329 12,854 12,854 12,854 

R-squared 0.042 0.079 0.084 0.023 0.047 0.050 0.029 0.061 0.068 

We report coefficients from OLS estimation. Clustered errors at village level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All specifications also include survey 

wave dummies and a constant. 
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Table A5. Raw Differences in Outcomes With Basic Household Sanitation 

 

At least 

basic 

sanitation 

Less than 

basic 

sanitation Difference 95%CI p-value 

Diarrhea (4 wk prevalence) 0.0631 0.0657 -0.0026 (-0.0300 - 0.0249) 0.8540 

Hemoglobin (g/dL) 11.160 11.030 0.1372 (-0.0246 - 0.2989) 0.0964 

BMI 24.060 23.390 0.6671 (0.2259 - 1.1084) 0.0031 

Pre-term labour 0.0358 0.0391 -0.0033 (-0.0121 - 0.0056) 0.4700 

Vaginal bleeding 0.0389 0.0354 0.0035 (-0.0054 - 0.0124) 0.4430 

Fever during pregnancy 0.0302 0.0369 -0.0067 (-0.0150 - 0.0017) 0.1170 

Miscarried 0.0837 0.0770 0.0067 (-0.0029 - 0.0162) 0.1700 

More than normal bleeding 0.0767 0.0816 -0.0049 (-0.0182 - 0.0084) 0.4730 

High fever during labour 0.0369 0.0552 -0.0183 (-0.0284 - -0.0081) 0.0004 

Live Birth (vs still birth) 0.9870 0.9840 0.0031 (-0.0012 - 0.0075) 0.1590 

Low birth weight (0/1) 0.0764 0.0850 -0.0086 (-0.0204 - 0.0031) 0.1500 

Child died during 1st month 0.0136 0.0191 -0.0055 (-0.0102 - -0.0008) 0.0210 

Pregnancy Risk Index 0.0135 0.0113 0.0023 (-0.0190 - 0.0235) 0.8340 
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Table A6. Robustness Test - Panel results (individual fixed effects) – Full Estimation Results 

 Miscarriage High Fever During Labor Pregnancy Risk Index 

 (1) (2) (3) 

        

At least basic sanitation -0.003 -0.045* -0.044 

 (0.012) (0.027) (0.030) 

At least basic water  -0.013 -0.015 -0.023 

 (0.012) (0.021) (0.027) 

Proportion of households who do not  0.053 0.009 0.025 

defecate in the open (0.045) (0.093) (0.105) 

Mother's Age at delivery 0.006*** 0.002 0.014*** 

 (0.002) (0.003) (0.005) 

First pregnancy 0.066*** 0.019 0.156*** 

 (0.011) (0.013) (0.023) 

Mother's years of education 0.002 0.011 -0.010 

 (0.005) (0.011) (0.011) 

Speak Indonesian at home 0.008 -0.002 -0.014 

 (0.018) (0.031) (0.038) 

Good quality housing -0.011 -0.004 0.003 

 (0.012) (0.019) (0.031) 

Proportion of village births delivered  -0.010 -0.034 -0.003 

in health facility (0.028) (0.051) (0.065) 

Urban -0.003 -0.021 -0.049 

  (0.019) (0.033) (0.051) 

Fixed Effects Individual Individual Individual 

Observations 9,304 4,794 9,304 

Number of individuals 3,887 2,974 3,887 

R-squared 0.010 0.012 0.014 

We report coefficients from OLS estimation. Robust errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All 

specifications also include survey wave dummies and a constant. 
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