
ANNUAL BULLETIN OF RESEARCH INSTITUTE FOR SOCIAL SCIENCES
No. 52, 49-62, 2022

Abstract

Undernutrition and diarrhea among children remain a global health burden in the 21st century. We 
assessed the effect of access to basic water, sanitation, and hygiene (WASH) services at home had on 
reducing children’s likelihood of being undernourished or having diarrhea in Laos. We pooled two 
rounds of nationally representative cross-sectional household surveys — Lao Social Indicator Surveys 
2011/2021 and 2017. The study sample included 23,070 children under 5 years old. Multivariate 
multilevel logistic regression and propensity score matching (PSM) analysis were used as estimation 
methods. The PSM results showed that children’s access to basic WASH (both drinking water and 
sanitation) at home had statistically significant effects on reducing the likelihood of being stunted (OR 
= 0.960, p = 0.017), underweight (OR = 0.936, p = 0.005) and having diarrhea (OR = 0.969, p = 0.034). 
We confirmed that there were socioeconomic disparities among children accessing basic WASH, and 
thus further efforts will be needed towards equitable access to WASH in Laos.

1. Introduction

　　　Child undernutrition has been highly prevalent and remains a global health burden in the 21st 
century. An estimated 22.0% or 149.2 million and 6.7% or 45.4 million children under-five were stunted 
(height-for-age z-scores below -2) and wasted (weight-for-height z-scores below -2) worldwide in 2020, 
respectively1）．Child undernutrition increases the risks of mortality, mobility, illness, infection, 
developmental delay, and cognitive deficit in the early childhood period2）．Additionally, it causes 
detrimental effects on educational attainment and lower labor productivity in their later life3,4）．
Therefore, investment in child nutrition contributes not only to improving children’s current welfare 
but also to enhancing human’s capacity in the long run5）．The Sustainable Development Goals (SDGs) 
stipulates “By 2030, end all forms of malnutrition, including achieving, by 2025, the internationally 
agreed targets on stunting and wasting in children under 5 years of age, and address the nutritional 
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needs of adolescent girls, pregnant and lactating women and older persons”6）．The UNICEF’s 
conceptual framework categorizes the main causes of child nutritional status into three factors: 
immediate, underlying, and basic7）．Among them, water, sanitation, and hygiene (WASH) are 
considered an important factor as the underlying causes. Children who have inadequate access to safe 
WASH services are susceptible to infections and thus likely to be undernourished8）．
　　　In addition to undernutrition, reducing diarrheal cases among children is a global challenge 
because diarrhea has been known as one of the leading causes of child mortality in the world9）．
According to the current estimate, diarrhea accounted for 8 percent of all deaths among children 
under the age of five, which was equivalent to approximately 525,000 deaths9）．Most diarrhea-
induced child deaths were attributed to dehydration caused by the loss of a greater amount of water 
and electrolytes from the body in liquid stools9）．Therefore, the prevention of dehydration and 
malnutrition at the time of diarrhea as well as the widely recognized provision of safe WASH 
facilities is a key strategy for the prevention of diarrhea10）．
　　　The Lao People's Democratic Republic (Laos) is a land-locked country in mainland Southeast 
Asia and belongs to the least developed countries. Although Laos’s GDP per capita (2,629 USD) 
exceeded that of Cambodia (1,544 USD) and Myanmar (1,467 USD) in 202011），the situation 
surrounding child health and nutrition was inferior to these neighboring countries. Laos reduced its 
under-five mortality rate from 107.2 per 1000 live births in 2000 to 44.1 deaths per 1000 live births in 
2020, but the figure was worse compared to Cambodia (25.4 deaths per 1000 live births) and 
Myanmar (33.7 deaths per 1000 live births). Although several previous studies examined the 
determinants of child nutritional status in Laos12-15），little has been known about the effects of 
WASH on child health outcomes. Therefore, the purpose of the present study is to investigate the 
effects of WASH on child undernutrition and diarrhea in Laos. The findings are expected to help 
policymakers improve child health by guiding effective WASH policies and programs.

2. Methods

2.1. Study context
　　　Laos has 7.1 million population and has one of the youngest populations in Asia, with a median 
age of 22.8 years in 201516）．People under the age of 5 and 18 constituted 11.6% and 44.2% of the 
population in 2015, respectively16）．The prevalence of child undernutrition was among the highest in 
the region. For instance, the prevalence of stunting among children of Laos (30.2%) was higher than 
that of Cambodia (29.9%) and Myanmar (25.2%) in 202011）．Laos recognized 49 ethnic groups, although 
most of the population was 54.6% Lao-Tai, 10.9% Khmu, and 8.0% Hmong; about 26.5% of the 
population was comprised of other ethnic groups in 200517）．In 2008, the country promulgated the 
National Nutrition Policy to conform the national policy to its international obligations and focused on 
accelerating the decrease in undernutrition and the associated morbidity and mortality risks for all 
ethnic groups18）．Regarding WASH, the percentage of people who had ‘basic’ drinking water 
services in Laos increased from 77% in 2015 to 85% in 202019）．Similarly, the percentage of people 
who had ‘basic’ sanitation in Laos increased from 70% in 2015 to 79% in 202019）．
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2.2. Data
     We used two rounds of the latest nationally representative cross-sectional data: the LSIS-I 
(2011/2012) and the LSIS-II (2017). The LSIS applied the technical frameworks of Multiple Indicator 
Cluster Surveys and the Demographic and Health Surveys. The LSIS-I provided baseline data for the 
7th National Socio-Economic Development Plan (NSEDP) of the Government of Laos and the 
Millennium Development Goals20, 21）．Following the LSIS-I, the LSIS-II was conducted to monitor the 
8th NSEDP and SDGs. LSIS-I data were collected from 18,843 households from October 2011 to 
February 201220），while 22,287 households were interviewed for the LSIS-II from July 2017 to 
November 201721）．Among them, we used the data of 23,070 children under 5 years old (11,258 from 
LSIS-I and 11,812 from LSIS-II) as the study sample. Ethical protocols of the surveys were approved 
by Lao Statistics Bureau, Government of Laos. Prior to the questionnaire survey, verbal consent was 
obtained from all adult respondents or from parents/guardian for minors. They were informed of the 
voluntary nature of participation and the confidentiality and anonymity of information20, 21）．

2.3. Water, sanitation, and hygiene (WASH)
　　　Access to WASH has been one of the key components of maintaining good health, welfare and 
productivity and was recognized as a human right by the UN General Assembly and Human Rights 
Council in 2010 and in 201522），Inadequate WASH can cause many diseases such as diarrhea, 
respiratory infections, malaria, schistosomiasis, trachoma, and cholera, as well as neglected tropical 
diseases23）．The most vulnerable groups to inadequate WASH are newborns, infants, and young 
children. While 3.3% of global deaths were attributed to inadequate WASH in 2016, 13% of deaths in 
children under 5 years of age were related to inadequate WASH23）．In 2020 worldwide, an estimated 
1.2 billion people lacked basic drinking water services and 1.9 billion people lacked basic sanitation 
services, and 494 million people practiced open defecation19）．
     According to the WHO and UNICEF as well as the LSIS report, ‘basic’ sources of drinking 
water refer to “piped water (located into dwelling, compound, yard, or plot to neighbor, public tap/
standpipe), tube well/ borehole, protected dug well, protected spring, rainwater collection, and 
packaged or delivered water”19, 20）．Regarding sanitation, ‘basic’ sanitation (latrine) facilities include 

“dwelling has piped sewer systems with (pour) flush, septic tanks, or (ventilated improved) pit 
latrines, pit latrines with slabs, and composting toilets”19, 20）．
     In Laos, the percentage of households using basic drinking water was 83.9% (96.7% in the urban 
and 78.3% in the rural regions) in 201720）．However, less than 10% of the households used piped 
water as the main source of drinking water, but rather relies on bottled water (48.1% in whole nation, 
81.9% in the urban, 33.1% in the rural regions) 20）．Moreover, 73.8% of the households used basic 
sanitation facility, with 94.1% in the urban 64.9% in the rural regions20）．One of the remarkable and 
crucial differences between regions was the practice of open defecation. Although only 4.2% of the 
households practiced open defecation in the urban area, did 32.6% of the households in the rural 
area20）．
　　　In our study, we defined a variable “Basic drinking water” takes 1 if the household of a child 
has basic drinking water facility, or 0 otherwise. In the same way, we defined a variable “Basic 
sanitation” takes 1 if the household has basic sanitation facility, or 0 otherwise. Based on these 
variables, we created a main explanatory variable “Basic WASH” that takes 1 if the household has 
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both basic drinking water (“Basic drinking water”=1) and basic sanitation (“Basics sanitation” = 1) 
facilities, or 0 otherwise.

2.4. Children’s nutritional status
　　　As outcome variables of child undernutrition, we used three anthropometric measures, height-
for-age z-score (HAZ), weight-for-age z-score (WAZ), and weight-for-height z-score (WHZ), that 
correspond to standard deviations from the median of the reference population24）．HAZ is a longer-
term index that represents linear growth of a child and often used as an index of chronic 
undernutrition or ‘stunting’. WAZ is an index of both acute and chronic undernutrition which 
provides the information about ‘underweight’. WHZ is a shorter-time index which indicates acute 
undernutrition or ‘wasting’. Wasting is usually caused by a recent nutritional deficiency and 
manifests seasonal variations according to a change in the availability of food or disease prevalence. A 
child whose HAZ, WAZ, or WHZ is more than two standard deviations below the median of the 
reference population is classified as moderately ‘stunted’, ‘underweight’, or ‘wasted’, respectively.

2.5. Diarrheal disease
　　　There are various causes of diarrheal symptoms, yet previous studies showed some methods 
for preventing diarrhea. Approximately 88% of global deaths from diarrhea were caused by unsafe 
water, unhygienic environment, and inappropriate toilet9），and therefore improving water quality is 
one of the measures of preventing diarrhea. Although there are many ways to improve its quality, 
most of them are inexpensive. In the LSIS, an incidence of diarrhea of a child was defined if their 
mothers or caretakers answered that the child had a symptom of diarrhea in the two weeks 
preceding the survey20）．As an outcome variable of our study, we defined a variable “Diarrhea” 
takes 1 if a child had a diarrheal symptom in the two weeks prior to the survey, or 0 otherwise.

2.6. Control variables
　　　As control variables, we used child-, mother-, household-, and community-level characteristics. 
Child-level variables included sex and age (0-4 years old). Mother-level variables consisted of their age 
and educational achievement (none, primary, secondary, and higher). Household-level variables 
included the ethnicity of the household head (Lao-Tai, Mon-Khmer, Hmong-Mien, and others) and 
wealth quintiles. The community-level variables include province dummies (Vientiane Capital, 
Phongsaly, Luangnamtha, Oudomxay, Bokeo, Luangprabang, Huaphanh, Xayabury, Xiengkhuang, 
Vientiane, Borikhamxay, Khammuane, Savannakhet, Saravane, Sekong, Champasack, Attapeu, and 
Xaysomboune). In addition, we used a round dummy variable (LSIS-I [2011-2021] and LSIS-II [2017]). 
Selection of the covariates was based on the UNICEF’s analytical framework on the causes of child 
nutrition7） and empirical studies on child nutrition12-15） and diarrhea25） in Laos.

2.7. Statistical analysis
　　　To evaluate the impact of children’s access to WASH services on their nutrition and diarrheal 
symptom, we conducted multivariate multilevel logistic regressions. Nevertheless, the assumption 
that children’s access to WASH is exogenous may not be realistic. To solve this endogeneity problem, 
we applied the propensity score matching (PSM) method to obtain robust estimates. The PSM 
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attempts to estimate the effects of a treatment in observational studies by reducing the bias arising 
from confounding factors that might predict outcomes. The PSM matches treated and untreated units 
based on a set of basic characteristics and attempts to balance covariates of both groups. In our 
study, we created the following groups: children with access to basic WASH and children without 
access to basic WASH. Stata version 16 was used for statistical analysis.

3. Results

3.1. Sample characteristics
　　　Table 1 reports the sample characteristics. With respect to the main predictors, 74.9% and 
57.2% of the total children had access to basic drinking water and basic sanitation services at home, 
respectively. Accordingly, around half (50.3%) of the children had access to basic WASH (both basic 
drinking water and basic sanitation services) at home. In addition to the mean values of the total 
sample, we report the mean values of children by whether they had access to basic WASH (“Basic 
WASH”) or not (“Without basic WASH”).
　　　Regarding outcome variables, the proportions of children who were stunted, underweight, and 
wasted were 33.9%, 29.6%, and 6.8%, respectively. 8.3% of the children had an episode of diarrhea in 
the two weeks prior to the survey. The proportions of undernutrition and diarrhea were significantly 
lower among children with basic WASH than for those without. Regarding the covariates, educational 
attainment of the mothers of a child with basic WASH were significantly higher than that of those 
without. The household wealth level was higher for children with basic WASH than for those 
without.

Table 1. Sample characteristics
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3.2. Regression analysis
　　　Table 2 presents the results of the multivariate multilevel logistic regressions on the effects of 
basic WASH on undernutrition and diarrhea among children. The magnitude of the effects was 
assessed by odds ratios (ORs), which are interpreted as increasing the likelihood of undernourished or 
having diarrhea (if OR > 1) or reducing that likelihood (if OR < 1). Regarding the main predictor, 
whether the child had access to basic WASH — both drinking water and sanitation — at home (Model 
1), there was a statistically significant effect. The estimated ORs for stunting (OR = 0.843, p = 0.001) 
indicates that if the child has access to basic WASH, the odds of a child being stunted decreased by 

　　*p<0.1 **p<0.05 ***p<0.01
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0.157. Similarly, favorable effects of basic WASH were confirmed for underweight (OR = 0.855, p = 
0.002) and diarrhea (OR = 0.875, p = 0.081). On the other hand, there was no significant effect of basic 
WASH for wasting at the less than 10% significance level (OR = 0.871, p = 0.124).  Model 2 and Model 
3 report the estimated effect of basic drinking water and basic sanitation services, respectively. 
Children with access to basic drinking water services (Model 2) were less likely to be undernourished 
at the less than 5% significance levels, albeit with no statistical significance for diarrheal episode. 
Children with access to basic sanitation services (Model 3) were less likely to be stunted (OR = 0.875, 
p = 0.011), underweight (OR = 0.824, p < 0.001), wasted (OR = 0.849, p = 0.078), and have diarrhea (OR 
= 0.862, p = 0.063).
　　　Regarding the estimated results of the covariates, higher educational levels of the mother were 
associated with reduced likelihood of stunting and underweight among children, but not for wasting 
and diarrhea. Regarding ethnicity, children from Mon-Khumer, Hmong-Mien, and other ethnic groups 
were more likely to be undernourished and have diarrhea than those from Lao-Tai group. Children 
from wealthier households were less likely to be undernourished or have diarrhea.

Table 2. Results of multilevel logistic regressions for the effect of WASH
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     Table 3 presents the results of the logistic regression analysis to identify factors that are 
associated with the child’s access to basic WASH services at home. It shows higher educational levels 
of the mother and household’s wealth level were strongly associated with a higher likelihood of 
preschool attendance and home stimulation. Regarding ethnicity, children from Mon-Khumer, Hmong-
Mien, and other ethnic groups were less likely to have access to basic WASH services.

　　　　Odds ratios (ORs) are reported, *p<0.1 **p<0.05 ***p<0.01, † : Reference
　　　　Estimates of covariates for Model 2 and Model 3 are omitted from the table.

Table 3. Results of logistic regressions for children’s access to basic WASH
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　Odds ratios (ORs) are reported, *p<0.1 **p<0.05 ***p<0.01, † : Reference
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3.3. Propensity score matching analysis
　　　Table 4 reports the results of the PSM analysis. As a main predictor, children’s access to basic 
WASH (both drinking water and sanitation services) at home had statistically significant effects on 
reducing the likelihood of being stunted (OR = 0.960, p = 0.017), underweight (OR = 0.936, p = 0.005) 
and having diarrhea (OR = 0.969, p = 0.034).
　　　Children with access to basic drinking water services were less likely to be stunted and 
underweight. Children with access to basic sanitation services were less likely to be underweight, 
wasted, and have diarrhea. These results confirm the robust and favorable effect of WASH services 
on reduction in undernutrition and diarrheal episode among Laotian children.

4. Discussion

　　　This study investigated the effect of WASH on undernutrition and diarrhea among children in 
Laos by analyzing a nationally representative sample from two rounds of household surveys — LSIS-I 
(2011/2012) and LSIS-II (2017) — . We confirmed that children’s access to basic WASH services at 
home, after controlling for potential confounders, had significant effects on reducing children’s 
likelihoods of being undernourished and having diarrhea by conducting both multivariate multilevel 
logistic regressions and PSM analysis.
　　　This favorable effect of access to WASH on child health status is consistent with the results of 
several previous studies in LMICs. Despite the importance of WASH on for improving child health in 
LMICs, results from the previous empirical studies were mixed26）．Many experimental studies 
exerted no significant effects of WASH. For instance, studies using experimental methods have 
documented that intervention of providing safe water, sanitation, and handwashing reduced child 
diarrhea, but the single treatment of water had no positive effect on diarrhea in rural Bangladesh27），
while in rural Kenya these interventions had small and insignificant effects on diarrhea and growth28）．
On the other hand, several observational studies found more optimistic results on the relationship 
between WASH and child health outcomes. For instance, using subnational data from 59 countries, an 

　Odds ratios (ORs) are reported, *p<0.1 **p<0.05 ***p<0.01, p-values in brackets

Table 4. Results of of propensity score matching analysis
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empirical study found the negative correlation between the access to piped water in their dwelling 
and child stunting29）．In addition, a systematic review found that point-of-use water treatments such 
as water filtration and disinfection as well as hygiene education and soap provision can mitigate the 
risk of diarrhea. In the public health literature, WASH has been recognized as a crucial component to 
reduce stunting, but WASH alone was not sufficient30）．Our study adds the new findings of the 
effects of WASH in Laos to the literature.
　　　We also confirmed that there were significant socioeconomic inequalities in terms of 
educational attainment of the parents, ethnicities, and wealth of the household among Laotian children 
accessing WASH. To ensure better health and well-being of all people in Laos, the 9th NSEDP 
primarily aims to improving hygiene and preventing diseases. Their WASH-related targets include 
increasing the percentage of basic drinking water from 83.9% in 2017 to 95% in 2025 and that of 
sanitation from 73.8% in 2017 to 85% in 2025, respectively31）．As the 9th NSEDP emphasizes the 
importance of achieving the goals for the development of the nation with ensured fair and equitable 
improvements, policymakers should work toward eliminating disparities in children’s access to basic 
WASH in Laos.
　　　This study has several limitations. We could not investigate the detailed mechanism behind the 
linkage between children’s access to WASH and their nutritional status due to the nature of cross-
sectional datasets. Further research will be preferable to clarify this point.
　　　Despite these limitations, this study is the first empirical study to investigate the effects of 
WASH on child nutrition and diarrhea by analyzing two rounds of nationally representative cross-
sectional datasets in Laos, and it will thus serve as a reference and foundation for future research. 
From policy point of view, since the dissemination of WASH is still low, the further expansion of 
preschool will be critical for the improvement of child health in Laos.

5. Conclusions

　　　This study confirms the importance of WASH for child nutrition and health in Laos. The 
further expansion of WASH services at home will be critical for the achievement of health- and 
WASH-related SDGs in Laos.
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