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Abstract: Indonesia still faces several challenges in the areas of water, sanitation, and hygiene (WASH).
Diarrhea remains a major killer of children and it is important to understand the local diarrhea
transmission pathways to prioritise appropriate WASH interventions to reduce diarrhea burden.
This study used a cross-sectional data set from a recent national household survey (the 2012 Indonesia
Demographic and Health Survey) to examine the associations between diarrhea in children aged less
than 24 months with WASH interventions and population characteristics. Unsafe disposal of child
feces was strongly associated with an increased odds of child diarrhea (OR: 1.46; 95% CI: 1.18–1.82,
p = 0.001). However, other WASH practices were not found to be associated. The findings underline
the dangers of unsafe disposal of child feces and highlight the need for strengthening the related
policies and program strategies and their implementation.
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1. Introduction

Efforts to improve water, sanitation and hygiene (WASH) have been accelerated in Indonesia,
as part of the overall drive to achieve the Millennium Development Goals, resulting in accelerated
progress on WASH access [1]. Indonesia is reported to have met the MDG target for increased
population access to an improved water source but is not on track to achieve sanitation targets [2].
Indeed, open defecation, which is practiced by an estimated 51 million people in Indonesia, remains a
major challenge [2]. This is the second largest country burden of open defecation in the world, after
India. Every year between 136,000 and 190,000 under five children die in Indonesia [3], primarily from
preventable causes with diarrhea and pneumonia likely responsible for more than 40% of these deaths.
Diarrhea remains a major contributor to child mortality, accounting for an estimated 31% of deaths
among children aged one year and 25% of deaths among children aged 1–4 years [4].

Globally, up to 88% of the diarrhea disease burden has been estimated to be linked to incomplete
water, sanitation and hygiene provision, with the vast majority occurring in children in developing
countries [5]. A more recent meta-analysis on WASH and diarrhea concluded that improvements to
both water and sanitation can result in large potential reductions in diarrheal disease risk in low- and
middle-income settings [6]. It is important to understand the local diarrhea transmission pathways,
especially in children, in order to prioritize the appropriate WASH strategies and interventions,
including efforts towards appropriate behavior change in order to cut diarrhea incidence; for example
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the Government of India’s national WASH behavior change communication strategy prioritizes four
key interventions to break fecal-oral transmission: toilet usage, handwashing with soap, consumption
of safe water and proper disposal of child feces [7]. The first three routes have been examined to some
extent in the Indonesian context [8–13], as well as foodborne diarrhea [14,15] but the issue of proper
disposal of child feces has received insufficient attention so far, despite this being recognized as a key
risk, even when latrines are available [16].

The objective of this study was to identify the key WASH indicators associated with diarrhea
among Indonesian children aged less than 24 months and to determine possible subgroups in the
population needing programmatic focus given the importance of this period for child health and
nutrition. In particular it explores the potential roles and extent of unsafe disposal of child feces on
diarrhea transmission in the county.

2. Materials and Methods

Data from the 2012 Indonesia Demographic Health Survey (IDHS) were used in the analysis [17].
The IDHS, a large scale household survey, was designed to provide representative data at the national
and provincial level disaggregated by urban and rural locations. The survey methodology and scope
was approved by an ethics review panel [17].

The primary focus of this analysis was to identify determinants of reported diarrhea in the two
weeks prior to the survey among children aged below 24 months. In households with more than
one child aged below 24 months, only the youngest child was included in the analysis as data on
infant and young child feeding (IYCF) practices, antenatal care during most recent pregnancy and
delivery care are likely to be more accurate and readily available for the last child. Children aged less
than 24 months were chosen because of the increased risks associated with diarrhea and, due to their
exposure and vulnerability, to multiple transmission routes.

The analysis was undertaken using the dataset with the complete set of WASH indicators and other
covariates. WASH indicators included household sanitary facility, source of household drinking water,
reported household water treatment, availability of soap for handwashing in the household, reported
use of soap for handwashing, and reported disposal of child’s feces. Covariates included child’s age
and sex; mother’s perception of the size of her child at birth; IYCF practices; mother’s education
and age; father’s education and age; household wealth quintile (based on an asset index); number of
household members; number of antenatal care visits during last pregnancy; assisted delivery; birth
in facility and woman’s participation in household decisions (on wealth, large household purchases,
family visits and expenditure). Mother’s education level was categorized into primary or no education,
secondary school, and higher.

The World Health Organization’s definitions for indicators of IYCF practices in children aged
less than 24 months were applied [18]. In addition, a variable on “age-appropriate feeding” that
combined exclusive breastfeeding for children aged 0–5 months with minimum acceptable diet for
children aged 6–23 month was determined; a child was considered to have age-appropriate feeding if
she/he was aged 0–5 months and exclusively breastfed, or aged 6–23 months and consumed a minimal
acceptable diet.

Improved household water sources included piped water into a dwelling; piped into a yard or
plot; public tap; protected well in a dwelling; protected well in a yard or plot; protected public well,
and rainwater, in line with the global Joint Monitoring Protocol (JMP) methodology [2]. Treated water
included boiling, bleaching, filtering, and solar disinfecting. A pour-flush toilet with septic tank was
considered as improved sanitation. For hygiene indicators, observed availability of soap, use of soap
for handwashing and safe disposal of child’s feces were analyzed.

Safe disposal of child’s feces implies there is minimal risk of the excreta entering fecal-oral
pathogen transmission pathways and is only possible where there is access to an improved toilet or
latrine. Thus, “improved child feces disposal” is defined when a child’s feces is discarded or rinsed
into an “improved” toilet or latrine [19,20]. Methods of disposal of child feces that are termed unsafe
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in this analysis include feces being thrown outside the dwelling, left in the open, buried in the yard,
and rinsed away into anything but an improved toilet or latrine. In addition, the usage of all types
of diapers (washable or disposable) is regarded as unsafe given that the current solid waste disposal
practices in Indonesia can not systematically ensure the safe containment of excreta; the national
sanitation program also addresses this gap [21].

Variables with a p-value of <0.25 in univariate analysis were included in the multivariate
analyses. Variables with p-value of <0.05 after backward elimination were retained in the final
model. Logistic regression was used to estimate the odds ratio for diarrhea in the last two weeks;
prevalence ratios are provided in supplementary tables for comparison purposes. Clustering, sampling
stratification and sampling weights were taken into account using the svyset command in Stata
11. Pre-determined sub-group analyses were also undertaken to investigate the possible groups
needing extra programmatic attention. The subgroups were sex of child, and birth size to represent
child’s biology, woman’s education to represent socio economic status, and other WASH indicators
that potentially interact with fecal disposal (sanitation, water source and soap availability). For the
subgroup analysis, woman’s education was categorized as having higher education or not and birthsize
was categorized as birthweight less than average or not. Interaction tests were used to assess the
statistical difference in association between subgroups. Interactions were considered significant for
p-values < 0.01.

3. Results

There were 4909 observations with data on diarrhea, WASH indicators, and covariates out of 6778
observations for children under 24 months. Compared to all children under 24 months, the children in
the dataset were slightly better off in terms of sanitation (improved sanitation: 69% vs. 61%), water
source (improved water: 62% vs. 59%), optimal feeding practices (age appropriate feeding: 37% vs.
34%), socio-economic status (highest wealth quintile: 23% vs. 19%; higher education for women: 16%
vs. 13%, higher education for husband: 14% vs. 12%), and mothers pregnancy care and delivery
(ANC visit ě 4: 91% vs. 88%; assisted delivery: 90% vs. 85%).

Table 1 presents the background characteristics on the children, their mothers and households.
Fifty-two percent of children were boys and 52% were aged less than one year. One in eight
(12.4%) mothers reported that their children were smaller than average or of very small size at
birth. The majority of mothers had secondary education (57%), were aged 20 to 29 years (52%) and
had high participation in key household decisions (all over 80%). Though access to improved water
and sanitation was relatively high in this population (62% and 69% respectively) only 47% practiced
safe disposal of child feces (Table 1). Availability of soap for handwashing was very high at 94%.
Table 2 presents the risk factors associated with diarrhea. The bivariate analysis shows a number of
significant associations with diarrhea, including mother’s age (<20), husband’s age (<30), mother and
husband’s level of education (primary or less), lack of household decision-making by the mothers,
lowest wealth quintile, and perceived size of the child at birth (as very small) and children aged over
12 months. Though the odds of diarrhea were significantly lower among children living in households
with improved sanitation, in addition to improved water source, availability of soap and reported
use of untreated water was also associated with lower odds of diarrhea. The odds of diarrhea is
significantly greater in households practicing unsafe disposal of child feces than those practicing safe
disposal (OR: 1.37; 95% CI:1.11–1.69, p ď 0.0001).
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Table 1. Population characteristics * of children <24 months in the Indonesian Demographic Health
Survey 2012 (N = 4909).

Factors Number (N) Proportion (%)

Household Characteristics

Sanitation Unimproved 1537 31.3
Water source Unimproved 1886 38.4
Water treatment Untreated 1534 31.2
Availability of soap for hand washing Unavailable 307 6.3

Safe disposal of child’s feces

Unsafe 2593 52.8
Lowest 655 13.3
Second 951 19.4
Third 1031 21.0

Fourth 1162 23.7
Highest 1110 22.6

Child characteristics

Sex
Boys 2548 51.9
Girls 2362 48.1

Age of child
12–23 months 2364 48.1
6–11 months 1321 26.9
0–5 months 1225 24.9

Birth size **

Very small 64 1.3
Smaller than average 546 11.1

Average 2793 56.9
Larger than average 1315 26.8

Very large 192 3.9

Birth assisted by trained professionals No 499 10.2
Birth in facility No 2983 60.8
Age-appropriate feeding No 3106 63.3

Women Characteristics

Women's education
Primary or less 1342 27.3

Secondary 2804 57.1
Higher 763 15.5

Husband's education
Primary or less 1424 29.0

Secondary 2789 56.8
Higher 696 14.2

Woman's age

<20 277 5.6
20–29 2566 52.3
30–39 1857 37.8
ě40 209 4.3

Husband's age
<30 1562 31.8

30–39 2443 49.8
ě40 904 18.4

Number of household members >4 3114 63.4
Woman participates in decision on own health No 734 15.0
Woman participates in decision on large household purchase No 837 17.1
Woman participates in decision on visit to family No 744 15.2
Woman participates in decision on what to do with money No 535 10.9
Number of antenatal care visits received by mother
during pregnancy

<4 418 8.5
ě4 4492 91.5

* Complete dataset for sanitation, source of water, water treatment, availability of soap for handwashing,
disposal of child’s feces, wealth quintile, woman’s education, gender, infant feeding practice, birth size,
woman’s age, husbands’ age, husband’s education, number of household member, woman’s participation in
decision-making, antenatal care, assisted delivery, delivery at facility, and age of child <24 months; ** Mother’s
perception of birth size.
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Table 2. Odd Ratio (OR) for risk factors for diarrhea in children aged 0–23 months in Indonesia (N = 4909).

Factors Diarrhea (%) N
Unadjusted (Bivariate) Adjusted (Multivariate)

OR 95% CI p OR 95% CI p

Sex
Boys 19.3% 2548 1.16 (0.93, 1.45) 0.19
Girls 17.1% 2362 Ref

Age of child (months)
12–23 20.6% 2364 1.77 (1.34, 2.34) 0.0003 2.15 (1.61, 2.87) <0.0001
6–11 19.2% 1321 1.62 (1.19, 2.22) 1.85 (1.35, 2.53)
0–5 12.8% 1225 Ref Ref

Mother’s perception
of child size at birth

Very small 43.1% 64 4.96 (1.77, 13.91) 0.017 5.02 (1.73, 14.71) 0.033
Smaller than average 19.8% 546 1.62 (0.75, 3.51) 1.63 (0.75, 3.52)

Average 18.2% 2793 1.46 (0.73, 2.95) 1.50 (0.74, 3.03)
Larger than average 17.1% 1315 1.35 (0.66, 2.77) 1.40 (0.68, 2.87)

Very large 13.2% 192 Ref Ref

Age-appropriate
feeding

No 18.1% 3106 0.97 (0.78, 1.21) 0.79
Yes 18.5% 1803 Ref

Woman’s age (years)

<20 29.0% 277 2.42 (1.21, 4.84) <0.0001 2.37 (1.17, 4.80) 0.0001
20–29 20.3% 2566 1.51 (0.87, 2.62) 1.50 (0.86, 2.62)
30–39 14.1% 1857 0.98 (0.56, 1.71) 0.97 (0.55, 1.71)
ě40 14.5% 209 Ref Ref

Husband’s age (years)
<30 23.7% 1562 1.81 (1.31, 2.51) <0.0001

30–39 16.1% 2443 1.13 (0.83, 1.52)
ě40 14.6% 904 Ref

Woman’s education
Primary or less 19.4% 1342 1.77 (1.19, 2.64) 0.0087 1.60 (1.08, 2.38) 0.04

Secondary 19.4% 2804 1.76 (1.22, 2.54) 1.63 (1.12, 2.37)
Higher 12.0% 763 Ref Ref

Husband's education
Primary or less 20.6% 1424 1.92 (1.26, 2.92) 0.0095

Secondary 18.6% 2789 1.70 (1.13, 2.55)
Higher 11.9% 696 Ref

Number of
household members

>4 19.1% 3114 1.16 (0.93, 1.45) 0.18
ď4 16.8% 1795 Ref

Wealth quintile

Lowest 22.9% 655 1.89 (1.32, 2.71) 0.013
Second 19.8% 951 1.57 (1.09, 2.25)
Third 19.3% 1031 1.51 (1.03, 2.21)

Fourth 17.8% 1162 1.37 (0.93, 2.02)
Highest 13.6% 1110 Ref
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Table 2. Cont.

Factors Diarrhea (%) N
Unadjusted (Bivariate) Adjusted (Multivariate)

OR 95% CI p OR 95% CI p

Sanitation
Unimproved 20.7% 1537 1.27 (1.01, 1.60) 0.05

Improved 17.1% 3372 Ref

Safe disposal of child’s feces Unsafe 20.4% 2593 1.37 (1.11, 1.69) <0.0001 1.46 (1.18, 1.82) 0.001
Safe 15.8% 2316 Ref

Availability of soap for hand washing Unavailable 24.9% 307 1.53 (1.09, 2.15) 0.01
Available 17.8% 4602 Ref

Water source
Unimproved 19.1% 1886 1.10 (0.89, 1.36) 0.37

Improved 17.7% 3023 Ref

Water treatment
Untreated 17.5% 1534 0.93 (0.74, 1.17) 0.54

Treated 18.6% 3375 Ref

Number of ANC visits of mother
during pregnancy

<4 22.2% 418 1.31 (0.97, 1.77) 0.08
ě4 17.9% 4492 Ref

Birth assisted by trained professionals No 20.4% 499 1.17 (0.88, 1.56) 0.29
Yes 18.0% 4410 Ref

Birth in facility No 19.2% 2983 1.17 (0.92, 1.48) 0.19
Yes 16.8% 1926 Ref

Woman participates in decision on
own health

No 24.3% 734 1.55 (1.16, 2.07) 0.003 1.45 (1.09, 1,91) 0.01
Yes 17.2% 4175 Ref Ref

Woman participates in decision on large
household purchase

No 22.2% 837 1.36 (1.05, 1.75) 0.02
Yes 17.4% 4072 Ref

Woman participates in decision on visit
to family

No 23.1% 744 1.42 (1.10, 1.85) 0.01
Yes 17.4% 4165 Ref

Woman participates in decision on what to
do with money

No 21.8% 535 1.29 (0.94, 1.78) 0.12
Yes 17.8% 4374 Ref
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The multivariate analyses indicated that unsafe disposal of a child’s feces, child’s age, reported
birth size, woman’s education, woman’s age, and lack of mother’s participation in decision-making of
her own health remained significantly associated with diarrhea. Adjusting for covariates, disposal of
child feces was significantly associated with an increased odds of diarrhea (OR: 1.46; 95% CI: 1.18–1.82,
p = 0.001) (Table 2). Understanding that the urban and rural disparity may be important, we also did
the analysis using rural/urban disaggregation and found that this variable was not significant in the
multivariate nor the subgroup analysis.

Table 3 shows the results of subgroup analysis that examined interactions between specific
determinants, controlling for key factors. After adjusting for child’s age, reported birth size, woman’s
education, woman’s age, and woman participation in decision of her own health, there is a tendency
for interaction with gender where the odds of diarrhea associated with unsafe disposal were greater in
female children compared to boys (OR: 1.93; 95% CI: 1.41–2.65, p < 0.0001, p for interaction = 0.02).

Table 3. Subgroup analysis on association between diarrhea in children aged less than 24 months and
disposal of child’s feces by biological indicators, socio economic indicators and WASH indicators.

Subgroup N

Adjusted (Multivariate) *

OR
95% CI p Interaction p

Lower Upper

Biological Indicator

Gender *
Male 2548 1.15 0.85 1.56 0.37 0.02

Female 2362 1.93 1.41 2.65 <0.0001

Birth Size **

Smaller than Average 610 2.31 1.27 4.22 0.006 0.12
Average to Very Large 4299 1.38 1.09 1.74 0.007

Socio Economic Indicator

Woman’s education ***
secondary or lower 4146 1.52 1.20 1.92 <0.0001 0.28

Higher 763 1.08 0.62 1.89 0.79

Sanitation*

Unimproved 1537 2.19 1.40 3.43 0.001 0.04
Improved 3372 1.24 0.94 1.62 0.12

Water Source *

Unimproved water 1886 1.59 1.12 2.23 0.009 0.57
Improved water 3023 1.39 1.06 1.84 0.018

Soap Availability *

No 307 1.32 0.61 2.83 0.479 0.81
Yes 4602 1.45 1.16 1.82 0.001

* Adjusted for woman’s education, child’s age, birth size, woman’s age, and woman participation in decision
of her own health; ** Adjusted for woman's education, child’s age, woman’s age, and woman participation in
decision of her own health; *** Adjusted for child’s age, birth size, woman’s age, and woman participation in
decision of her own health.

In addition, there is a tendency that the association between unsafe disposal and diarrhea was
greater if the household had unimproved sanitation (OR: 2.19; 95% CI: 1.40–3.43, p = 0.001, p for
interaction = 0.04)). None of the interactions for the other variables nor the Interaction P values were
significant. (Table 3).
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4. Discussion

Our analysis of the IDHS 2012 dataset showed that the odds on diarrhea in children aged less
than 24 months were significantly higher among children living in households that practiced unsafe
disposal of child’s feces compared with those that practice safe disposal after adjusting for other WASH
indicators and covariates. We did not find an association between sanitation or access to improved
water and diarrhea, unlike that reported from other international research e.g., [22] or within Indonesia
e.g., [12]. We also did not find any association between soap availability or improved water quality
with diarrhea as might be expected. For example, a community-based water treatment kiosk scheme
in urban slums in northern Jakarta reduced diarrhea in children aged 6–36 months by 49% (RR: 0.49;
95% CI: 0.29–0.83) [9].

Our findings are consistent with a meta-analysis of 10 observational studies from across several
countries and found that child feces disposal behaviors considered risky (open defecation, stool
disposed of/or visible in the open) were associated with a 23% increase in risk of diarrheal diseases
(RR: 1.23, 95% CI: 1.15–1.32) while behaviors considered as safe (use of latrines, nappies, potties, toilets,
washing diapers) were borderline protective (RR: 0.93, 95% CI: 0.86–1.00) [23]. Other identified factors,
as identified from analyses of DHS studies examing child diarrhea and nutrition indicators have
highlighted, for example, the importance of distance to water source [24] and livestock ownership [25]
which were not factored into this study.

Using DHS data for Northwest Ethiopia, it was found that improper child stool disposal along
with low level of maternal education; lack of toilet; having more than two under five children; higher
birth order and age of children were risk factors for childhood diarrhea after adjusting for other
variables [26]. Similarly, a multivariate analysis from Iraq found that diarrhea was associated with
age of child, area of residence, maternal education, source of water, toilet facility, unsafe disposal of
children's stool and improper disposal of dirty water [27].

The association found in our analyses between unsafe disposal of child feces and diarrhea alone,
but not sanitation or soap availability or feeding practices, therefore, differs with much of the literature.
However, the subgroup analyses did find a tendency for interaction with unimproved sanitation
(Table 3). A combination of both the IDHS 2007 and 2012 datasets found piped water; child age and
sex; household wealth; living in an urban area; sanitation coverage; health status and health facilities
to be associated with diarrhea incidence while water treatment, and mother’s education were not
significantly associated with diarrhea; that study did not look at safe child feces disposal [13]. While
that study employed two datasets and looked at children under age 5, there are common findings with
this analysis for water treatment and the type of toilet at household level.

Potential reasons for the lack of association of WASH factors with diarrhea, apart from safe
disposal of children’s feces, may be due to the unique contaminant exposure pathways to which
children under the age of two years are exposed, such as the importance of direct fecal contamination of
child’s hands or play areas, poor hygiene practices of caregivers or geophagy [28,29]. This may also be
influenced by local context-specific cultural and environmental factors. The authors have not controlled
for other household members having diarrhea and so this is a possible limitation. The association
between untreated water and lower odd of diarrhea may reflect on the poor protective effect of water
treatment, as evidenced by significant frequency and levels of fecal contamination of stored boiled
water in one Indonesian setting [30]. One other limitation is that, given the wealth quintiles provided
in the IDHS dataset were used, these would have also included water and sanitation assets.

We could not confirm the caregiver’s handwashing practice while the availability of soap at
the place for hand washing place as a proxy for handwashing practice was not associated with
diarrhea. Interestingly, we did find an association between maternal education (primary or less),
age (under 20 years), and lack of participation in decision making with diarrhea, after adjusting for
household wealth.

Although sanitation is not independently associated with diarrhea in our study, the greater
odds of diarrhea due to unsafe disposal of child feces in households with unimproved sanitation
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is consistent with the pathways between unimproved sanitation and diarrhea. The greater odds of
diarrhea due to unsafe disposal of child feces, and diarrhea in girls compared to boys, could indicate a
possibility of gender bias in cleaning infants. There may be a tendency to consider boys dirtier and,
therefore, a need to clean them more thoroughly than girls. We could not, however, confirm this.
The tendency for interaction between unsafe disposal of child feces and gender, as well as sanitation,
indicate the need for further research to optimize programmatic focus, with this study providing
some possible and logical points of intervention and to assess this within the broader context of
gender differences in child health outcomes [31,32]. Other studies working with mothers to determine
feasible and acceptable safe practices for safe disposal of child feces have shown encouraging results
around behavior change [33–35], of particular importance in Indonesia given the impact of maternal
education on child health outcomes [36,37]. Comprehensive reviews and frameworks of behavior
change approaches may be employed to better inform this work at scale [38,39].

Due to smaller size and less smell, the feces of young children may be regarded by caregivers
as less harmful than adults [23,40] though may possibly have a higher loading of pathogens [41,42].
Globally-insufficient analysis has been done on the child excreta disposal interventions, despite its
potential importance as a high risk factor; safe disposal of children’s stools has generally not been an
important component to date in sanitation programs [40]. A formative study in Eastern Indonesia
found that 80% of respondents “disagreed” or “strongly disagreed” with the statement “Baby’s feces
do not spread disease”, indicating a high level of knowledge that children’s feces is a health risk [43].
However, correct knowledge on the dangers of child feces did not always translate to safe child feces
disposal practices; 48% of the same households with children aged less than five years indicated that
they dispose of the child feces unsafely in the environment. These reported levels of safe disposal (52%)
are lower than East Java where 66% reported safe disposal of child feces [44]. Another study from 3
Indonesian Districts, one each in Java, NTT, and Papua, found only 43.4% of household reporting safe
child feces disposal [45], again indicating the extent of the problem.

Recent advocacy emphasized that unsafe disposal practices are common even in households with
improved sanitation [19]. Despite the inclusion of the concept of safe disposal of child feces in national
guidance around open defecation-free communities [21], few WASH interventions in Indonesia
specifically target the issue and so this has been, in the most part, a neglected intervention [19].
This is similar to findings from other countries, e.g., [46–48].

The findings from this analysis reinforce the association of unsafe disposal of child feces and
child diarrhea. This underlines the importance of addressing this issue in policy formulation and
program implementation [19,20]. The importance of household sanitation facilities is important, but
not adequate, and the safe disposal of child feces is related to practice and behaviors. Appropriate
behavior change interventions to address disposal of child feces will, therefore, need to be included
systematically in the national community sanitation program. In addition, this message needs to be
reinforced through the health care infrastructure particularly those working on maternal and child
health, and on infant and young child feeding. In order for this to happen effectively, further formative
research is still needed in Indonesia on better identification of enablers and barriers to behavior change
of safe disposal of child feces. Formative studies in the context of Indonesia, e.g., [20,43] are especially
critical to guide interventions given the diversity, population, and large geographic expanse of the
country and also given the need to urgently foster greater demand for sanitation in Indonesia [49].
Further research may also examine a broader range of health and nutrition indicators [45], especially
given the challenges with self-reporting of diarrhea [50].

This focus is in line with recent global calls and guidance for renewed action combining the
hardware in support of WASH with the ‘software’ which addresses the required behavior change
to optimize the impact of these services in communities and institutions towards the desired health
impact [51]. Global guidance, such as [52], may also present opportunities to advocate stronger on this
key issue.
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5. Conclusions

In conclusion, our multivariate analysis examined risk factors for diarrhea in Indonesian children
aged less than 24 months using data from the 2012 national IDHS survey and found a strong association
between unsafe child faeces disposal practices and diarrhea, but no significant multivariate association
with the source of drinking water, household water treatment or availability of soap for handwashing.
These associations were independent of socio-economic status and other population characteristics,
except for unimproved sanitation and child sex.

These findings merit a stronger emphasis on the safe disposal of child feces in sanitation policy,
implementation, and monitoring in sanitation programs in Indonesia with mothers being the critical
entry point for behavior change. This could be an important component of broader efforts to accelerate
WASH service provision at home and in institutions to improve maternal and newborn health
and nutrition.
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ratio (PR), Table S2: Subgroup analysis on association between diarrhea in children aged less than 24 months and
disposal of child’s feces by biological indicators, socio economic indicators and wash indicators—Comparison of
odds ratio (OR) and prevalence ratio (PR).
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