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 Abstract 

 
 

This study explores the relationship between Water, Sanitation, and Hygiene (WASH) 

conditions and three critical public health outcomes in Nepal: household food insecurity, child 

malnutrition, and women’s nutritional status. Using data from the 2022 Nepal Demographic and 

Health Survey (DHS), we analyze how WASH factors influence food security, child nutrition, 

and women’s Body Mass Index (BMI) across diverse populations.  

Among the 13,786 households surveyed, 6,007 were classified as food insecure. 

Households relying on spring water experienced the highest levels of food insecurity, while those 

with on-premises drinking water, private sanitation, and handwashing resources had lower food 

insecurity levels. Ordinary least squares regression confirmed that the presence of soap, water 

treatment, and improved sanitation significantly reduced food insecurity, whereas poverty and 

shared sanitation facilities increased the risk. 

Further analysis examined the impact of WASH on child malnutrition among children 

aged 0–59 months. Binary logistic regression results revealed that water on-premises was 

protective against stunting, while children from poor and middle-income households had higher 

odds of being stunted or underweight. Urban residence was associated with lower odds of 

stunting and underweight, but wasting was more prevalent in urban areas. Additionally, access to 

piped water reduced the likelihood of underweight and wasting, while a higher number of young 

children in a household increased the probability of stunting and being underweight. 

The study also assessed the association between WASH conditions and women’s BMI 

among 6,291 non-pregnant women aged 15–49. Multinomial logistic regression results indicated 

that women with access to water on premises and piped water had higher odds of bein g 

overweight or obese. Additionally, women from non-Hindu and non-Brahmin/Chhetri ethnic 
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groups, those with access to flush toilets, and those residing in urban areas were more likely to 

be overweight or obese. 

These findings underscore the role of WASH infrastructure in shaping food security, 

child nutrition, and women’s health outcomes in Nepal. Strengthening WASH infrastructure and 

addressing socioeconomic disparities through integrated policy interventions may thus improve 

food insecurity, child malnutrition, and women nutrition.  
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Introduction to the Dissertation 

Water, Sanitation, and Hygiene (WASH)   

WASH refers to the provision of safe drinking water, sanitation facilities for waste 

disposal, and hygiene promotion to support healthy behaviors and well-being (World Health 

Organization, 2025). Securing sufficient access to safe water, sanitation, and hygiene (WASH), 

stands as a global health and development objective owing to its enduring and significant role in 

diminishing morbidity and mortality rates (Food and Agriculture Organization of the United 

Nations et al., 2018). Unsafe WASH increases the risk of diarrhea, chronic undernutrition, and 

childhood stunting (Wolf et al., 2023). WASH intervention can provide benefits in addressing 

maternal and child malnutrition (Keats et al., 2021). A positive impact of WASH interventions 

was observed on linear growth in children under five years old (Dangour et al., 2013). However,  

other study found no association found between WASH interventions with the prevention of 

acute malnutrition or the improvement of its treatment outcomes among children (Patlán-

Hernández et al., 2022).  

In Nepal, 89% of the population has access to basic water supply services, and 62% have 

access to basic sanitation facilities. Nonetheless, ensuring safe water quality at the point of 

consumption and promoting adequate hygiene practices remain significant challenges (A. 

Shrestha et al., 2020). A recent estimate suggests that only 16% of the population in Nepal are 

using safely managed drinking water, 51% are using sanitation services, and 64% have a 

handwashing facility with soap and water available at home (United Nations Water, 2025). 

Improving WASH conditions may enhance food security and the nutritional status of children 

and women in Nepal. However, research exploring this association remains scarce. Therefore, 

this study utilizes the recently published 2022 Nepal Demographic and Health Survey (DHS) 
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data to examine the relationship between WASH and household food security/insecurity, as well 

as malnutrition among children and Body Mass Index (BMI) as a measure of nutritional status 

among women in Nepal.  

Food Security/Insecurity  

According to the United States Agency for International Development (USAID), food 

security means having at all times, both physical and economic access to sufficient food to meet 

dietary needs for a productive and healthy life (United States Agency for International 

Development, 2023). On the other hand, the United States Department of Agriculture (USDA) 

defines food insecurity as a household-level economic and social condition of limited or uncertain 

access to adequate food (United States Agency for International Development, 2022).1  

Nepal recognized food security as a fundamental human right for all citizens in its interim 

constitution (2006/07)(Singh et al., 2014). However, only half of the households in Nepal are food 

secure (48%) and have access to food year-round (Ministry of Health et al., 2017). Among food-

insecure households (52%), 20% are mildly food insecure, 22% are moderately food insecure, and 

10% are severely food insecure (Maharjan & Joshi, 2011; Ministry of Health et al., 2017). This 

10% of the severely food-insecure population is neither able to meet their household food 

requirement nor have sufficient income to procure the deficit food (Maharjan & Joshi, 2011). 

According to the World Food Program (WFP), food security status in June 2022 improved slightly 

 
1 Ranges/classification of food security: 
High food security (old label = Food security): no reported indications of food-access problems or limitations. 

Marginal food security (old label = Food security): one or two reported indications—typically of anxiety over food 
sufficiency or shortage of food in the house. Little or no indication of changes in diets or food intake.  
Food Insecurity 

Low food security (old label = Food insecurity without hunger): reports of reduced quality, variety, or desirability of 
diet. Little or no indication of reduced food intake. 

Very low food security (old label = Food insecurity with hunger): reports of multiple indications of disrupted eating 
patterns and reduced food intake (United States Department of Agriculture. (2025). Food Security in the U.S. - 
Definitions of Food Security. Retrieved April 7, 2025 from https://www.ers.usda.gov/topics/food-nutrition-

assistance/food-security-in-the-us/definitions-of-food-security). 
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compared to October 2021; however, despite this improvement, approximately 3.86 million people 

(13.2%) in Nepal were not consuming an adequate diet (World Food Programme, 2022).  

In Nepal, ensuring safe water quality at the point of consumption and promoting adequate 

hygiene practices remain significant challenges (A. Shrestha et al., 2020).  Improving water, 

sanitation, and hygiene (WASH) conditions and practices could potentially prevent malnutrition-

related child deaths, as intestinal parasites and diarrhea incidence among children are strongly 

associated with stunting and physical weakness (A. Shrestha et al., 2020). Cunninghams and 

colleagues observed that one of the factors for maternal and child nutritional improvements in 

Nepal was increased coverage and use of toilets (Cunningham et al., 2017). This indicates the 

linkages between water and the important determinants of food security (Young et al., 2021). 

However, literature has overlooked the significance of water in food security, nutrition, and overall 

well-being (Young et al., 2021). Acknowledging the need for a comprehensive analysis of the 

relationship between WASH and household food security/insecurity in Nepal, this study examines 

the association between household food insecurity and WASH variables, accounting for socio-

demographic characteristics. 

Malnutrition  

The World Health Organization (WHO) defines malnutrition as “deficiencies, excesses or 

imbalances in a person’s intake of energy and/or nutrients” (World Health Organization, 2024a). 

Malnutrition encompasses two main categories of conditions. The first is undernutrition, which 

includes stunted growth (inadequate height for age), wasting (insufficient weight for height), being 

underweight (low weight for age), and deficiencies or insufficiencies of essential vitamins and 

minerals. The second category involves excess nutrition, including overweight and obesity. 2 

 
2 Stunting 
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Nepal has one of the highest rates of child malnutrition in the world, with around 36% of 

children under five years of age being stunted (Adhikari et al., 2019). Nepal Demographic and 

Health Survey Report 2016 stated that the prevalence of stunting, wasting, underweight, and 

overweight among children younger than 5 years was 35.8%, 11%, 27%, and 1% respectively 

(Ministry of Health et al., 2017). The prevalence of wasting also increases with the level of food 

insecurity: from mild (9.4%) to moderate (10.8%) and to severe (11.3%) (Nepali et al., 2020). 

Children residing in households experiencing severe food insecurity exhibited a higher likelihood 

of being underweight or stunted in comparison to those from food-secure households (Singh et al., 

 
1) Severely stunted: Number of children age 0-59 months whose height-for-age z-score is below minus 3 (‑3.0) 

standard deviations (SD) below the median on the WHO Child Growth Standards (hc70 < ‑300)  
2) Moderately or severely stunted: Number of children age 0-59 months whose height-for-age z-score is below 

minus 2 (‑2.0) standard deviations (SD) below the median on the WHO Child Growth Standards (hc70 < -200) 

 
Mean z-score for height-for-age: Sum of the z-scores of children age 0-59 months with a non-flagged height for age 

score (∑ hc70/100, if hc70 < 9990) 
 

Wasting and overweight: 

1)  Severely wasted: Number of children age 0-59 months whose weight-for-height z-score is below minus 3 (‑3.0) 
standard deviations (SD) below the median on the WHO Child Growth Standards (hc72 < ‑300)  

2) Moderately or severely wasted: Number of children age 0-59 months whose weight-for-height z-score is below 

minus 2 (‑2.0) standard deviations (SD) below the median on the WHO Child Growth Standards (hc72 < -200) 
3) Overweight: Number of children age 0-59 months whose weight-for-height z-score is above plus 2 (+2.0) 

standard deviations (SD) above the median on the WHO Child Growth Standards (hc72 > 200 & hc72 < 9990) 
 
Mean z-score for weight for height: Sum of the z-scores of children age 0-59 months with a non-flagged weight 

for height score (∑ hc72/100, if hc72 < 9990) 
 
Underweight and overweight for age: 

1) Severely underweight: Number of children age 0-59 months whose weight-for-age z-score is below minus 3 
(‑3.0) standard deviations (SD) below the median on the WHO Child Growth Standards (hc71 < -300) 

2) Moderately underweight: Number of children age 0-59 months whose weight-for-age z-score is below minus 2 
(‑2.0) standard deviations (SD) below the median on the WHO Child Growth Standards (hc71 < ‑200)  

3) Overweight for age: Number of children whose weight-for-age z-score is above plus 2 (+2.0) standard 

deviations (SD) above the mean on the WHO Child Growth Standards (hc71 > 200 & hc71 < 9990) (legacy 
indicator) 
 

Mean z-score for weight for age: Sum of the z-scores of children age 0-59 months with a non-flagged weight 
for age score (∑ hc71/100, if hc71 < 9990)  

 
(United States Agency for International Development. (2025). Guide to DHS Statistics DHS-8: Nutritional 
Status. Retrieved 4/2/2025 from https://dhsprogram.com/data/Guide-to-DHS-Statistics/Nutritional_Status.htm) 
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2014). A previous study suggests that food insecurity and hunger can have a range of adverse 

health and social implications, including an increased risk of malnutrition, susceptibility to 

multiple infections, chronic illnesses, impaired physical health and wellbeing, hindered learning, 

and poor mental health (Singh et al., 2021). Additionally, malnutrition can have lifelong 

consequences, such as psychosocial dysfunction in children, cognitive impairment, poor physical 

health, socio-familial problems, and reduced productivity (Chemjong & KC, 2020).  Thus, given 

the high burden of malnutrition among children in Nepal, there is a need to examine the association 

between WASH intervention and malnutrition.  

Nepal has one of the highest childhood undernutrition prevalence rates in the South Asian 

region (United Nations Children's Fund South Asia, 2019). According to the Nepal Demographic 

and Health Survey (DHS) 2022, 25% of children under five were stunted, 8% were wasted, and 

19% were underweight (Ministry of Health et al., 2022). Previous studies have explored the 

relationship between WASH practices and child nutrition. For instance, one study examined 

WASH practices and their impact on child health and nutritional status (Shrestha et al., 2022). 

Their findings indicated significant improvements in WASH practices, including increased 

handwashing and better water quality, which contributed to a reduction in infectious diseases 

such as fever, respiratory illness, and diarrhea. However, the limited geographic scope of the 

study restricts its generalizability to the national level.  

Similarly, another study utilized data from the 2016 DHS to investigate the association 

between WASH variables and preschool child undernutrition, finding a positive relationship 

between enhanced WASH practices and improved nutritional outcomes among child ren under 

five (S. K. Shrestha et al., 2020). With the rapid advancements in WASH practices in Nepal and 

the availability of updated 2022 DHS data, a comprehensive investigation is needed to reassess 
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the association between WASH conditions and childhood undernutrition at the national level. 

Therefore, this study examines the relationship between WASH variables and the nutritional 

status (stunting, wasting, and undernutrition) of children aged 0–59 months while controlling for 

household sociodemographic characteristics. 

Body Mass Index (BMI) 

BMI is a measure of weight to height and serves as a quick, cost-effective, and reliable 

screening tool for identifying underweight, overweight/ obese (Centers for Disease Control and 

Prevention, 2024). It is widely used as a population health indicator across the globe. BMI was 

categorized into three categories: underweight (< 18.5 kg/m²), normal (18.5 to 24.9 kg/m²), and 

overweight/obese (>= 25 kg/m²). 

Food insecurity impacted 41.5% of women of reproductive age in Nepal (Aung, 2024). As 

per the Nepal DHS 2016, approximately 17% of women of reproductive age (15–49 years) were 

underweight, with a BMI below 18.5 kg/m² (Ministry of Health et al., 2017). Women from severely 

food-insecure households in Nepal are significantly more likely to be underweight than women 

from food-secure households (Singh et al., 2014). Dalit women were 82%, 85%, 92% more 

vulnerable to food insecurity than Muslims, Brahmin/Chhetri, Terai indigenous, and hill 

population (Pandey & Fusaro, 2020). However, other studies suggest that household food security 

was not associated with underweight or overweight/obesity among reproductive age women in 

Nepal (Rai et al., 2019).  

Previous studies have highlighted indirect links, such as reduced exposure to 

contaminated water through piped water systems, leading to a lower incidence of diarrheal 

diseases (Cunningham et al., 2016; Mehata et al., 2022; Pandey et al., 2020). Additionally, 

improvements in sanitation and hygiene have been associated with maternal weight gain in 
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Nepal from 1996 to 2011. Prior research also found that among non-pregnant women, access to 

piped water was positively associated with BMI (Cunningham et al., 2017) and negatively 

associated with low maternal BMI (Headey & Hoddinott, 2015). While access to clean water, 

improved sanitation, and proper hygiene are essential for overall health and nutrition, their direct 

impact on women's nutritional status has not been extensively studied. Therefore, this study 

investigates the relationship between WASH variables and the nutritional status (BMI) of non-

pregnant women aged 15–49 years, while accounting for household sociodemographic 

characteristics using 2022 DHS data for Nepal. 

Knowledge Gap/Problem Statement 

There is limited understanding of the WASH along with other socio-economic factors as 

the household determinants of food security in Nepal (Young et al., 2021). Understanding the 

determinants of food security can help identify and address the root causes of food insecurity, such 

as poverty, access to food, and availability of food that in turn can be used by the policy makers to 

fulfill the basic human right and met the goal of sustainable development to end hunger by 2030 

(Chemjong & KC, 2020). 

Previously, attempts have been made to establish the association between WASH and food 

insecurity and child and maternal nutrition in Nepal. Sarkar and colleagues (2022) observed an 

association between sanitation and hygiene with food insecurity in the Kathmandu valley of Nepal 

(Sarkar et al., 2022). Studies also examined several social determinants of household food security 

(Chemjong & KC, 2020; Maharjan & Khatri-Chhetri, 2006; Maharjan & Joshi, 2011; Regmi et 

al., 2019). 

WASH practices were positively associated with improved nutritional outcomes among 

children under five in Nepal (S. K. Shrestha et al., 2020).  Households regularly washing hands 
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and better water quality led to fewer cases of infectious diseases like fever, respiratory illness, and 

diarrhea among children (Shrestha et al., 2022). 

Analysis from 1990 to 2011 Nepal DHS data showed, improved water source (piped water) 

was positively associated with improved maternal BMI (Cunningham et al., 2017; Cunningham et 

al., 2016). Better sanitation and hygiene contributed to the 35% change in maternal weight gain 

(Cunningham et al., 2016). A positive relationship was also observed between improved sanitation 

and the likelihood of being overweight/obese (Cunningham et al., 2016; Headey & Hoddinott, 

2015). 

However, the narrow focus of previous studies, primarily limited to city -level analyses, 

restricts their generalizability. Moreover, Nepal has undergone significant advancements in 

WASH interventions, maternal and child nutrition programs, and food security policies over the 

past decade, emphasizing the need for an updated examination. Thus, utilizing the recently 

available 2022 DHS data (United States Agency for International Development, 2024), this study 

aims to investigate the association between WASH variables and household food insecurity, 

childhood (0–59 months) malnutrition, and women's (15–49 years) nutritional status. The 2022 

DHS dataset provides nationally representative and up-to-date information, enabling a more 

precise and comprehensive assessment of WASH with food insecurity and nutrition outcomes. 

Purpose 

The purpose of this quantitative, non-experimental, cross-sectional study was to investigate 

the relationship between WASH variables with household food insecurity, malnutrition among 

children aged 0-59 months, and women's (aged 15-49) nutrition as measured by BMI, using 2022 

DHS data for Nepal. Sociodemographic variables, such as age, place of residence, religion, 

ethnicity, and wealth index, will be used as covariates.  
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Significance of Study 

This study provides a comprehensive analysis of the relationship between WASH 

conditions and key indicators of food security and nutrition in Nepal, addressing critical gaps in 

the existing literature. By utilizing the most recent 2022 Nepal DHS data, this  study offers 

updated insights into how WASH factors influence household food insecurity, child malnutrition 

(stunting, wasting, and underweight), and women's nutritional status as measured by BMI.  

Understanding the root causes of food insecurity and the factors that influence food 

security can help build more stable and resilient societies, inform policy development, and 

support evidence-based interventions aimed at improving food security for vulnerable 

populations in Nepal.  The findings will provide valuable insights for policymakers, enabling 

them to develop targeted policies and interventions that integrate WASH improvements with 

food security strategies. Additionally, this study will support ef forts to enhance nutritional 

outcomes for children and women, further strengthening Nepal’s public health and development 

initiatives. 
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Paper 1: Water, Sanitation, and Hygiene (WASH): Impacts on Household Food Insecurity 

in Nepal 

Abstract 

 This study examines the relationship between water, sanitation, and hygiene (WASH) 

conditions and household food insecurity in Nepal using data from the 2022 Nepal Demographic 

and Health Survey (NDHS). Among the 13,786 households surveyed, 6,007 were class ified as 

food insecure. Households relying on protected and unprotected spring water experienced the 

highest levels of food insecurity, while those with on-premises drinking water, private sanitation, 

and handwashing resources had lower food insecurity levels. Ordinary least squares regression 

confirmed that the presence of soap, water treatment, and improved sanitation were significantly 

associated with reduced food insecurity, whereas poverty and shared sanitation facilities 

increased the risk. These findings underscore the critical role of WASH in shaping food security 

outcomes in Nepalese households. Strengthening WASH infrastructure and addressing 

socioeconomic disparities through integrated policy interventions are essential to mitigating food 

insecurity in Nepal. 

Keywords: Demographic Health Survey (DHS), Food Insecurity, Nepal, Water, Sanitation, and 

Hygiene (WASH) 
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Introduction 

Nepal recognized food security as a fundamental human right for all citizens in its interim 

constitution (2006/07) (Singh et al., 2014), However, only half of the households in Nepal are food 

secure (48%) and have access to food year-round (Ministry of Health et al., 2017). Among food-

insecure households (52%), 20% are mildly food insecure, 22% are moderately food insecure, and 

10% are severely food insecure (Maharjan & Joshi, 2011; Ministry of Health et al., 2017). This 

10% of the severely food-insecure population is neither able to meet their household food 

requirements nor have sufficient income to procure enough food (Maharjan & Joshi, 2011).  

According to the World Food Program (WFP), food security status in June 2022 improved 

slightly compared to October 2021; however, despite this improvement, approximately 3.86 

million people (13.2%) in Nepal were not consuming an adequate diet (World Food Programme, 

2022). According to the Global Hunger Index 2024, Nepal ranked 68 out of 127 countries (Concern 

Worldwide and Welthungerhilfe, 2024). Food insecurity and hunger can have a range of negative 

health and social implications, including an increased risk of malnutrition, susceptibility to 

multiple infections, chronic illnesses, impaired physical health and well-being, hindered learning, 

and poor mental health (Singh et al., 2021).  

Previous studies have suggested that food security in Nepal is determined by various 

factors such as income, unemployment, agricultural productivity, less number of livestock 

holdings, access to market, social protection, age of the household head, geograp hic locations 

such as households in Mountain and Hill, climate variability, gender, family size, and education 

levels (Chemjong & KC, 2020; Maharjan & Khatri-Chhetri, 2006; Maharjan & Joshi, 2011; 

Regmi et al., 2019).  
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Regmi and colleagues suggest the size of the family, gender, age, and education levels, as 

well as land ownership, household income, receipt of remittances, and improved access to 

markets and roads were found to be strongly correlated with food security (Regmi et al., 2019). 

Additionally, they also observe that food insecure is relatively more prevalent in rural areas with 

higher dependent on rainfed agriculture, higher dependency ratio and larger family size (Ministry 

of Health et al., 2017). Food insecurity is particularly common in remote and low-productive 

rural areas dependent on rainfed subsistence agriculture. Severe food insecurity affects about 

12% of the rural population compared to 9% in urban areas and 14% in the Mountain zone 

compared to 9% in the Terai zone (Ministry of Health et al., 2017).  

According to the Food and Agriculture Organization (FAO), there are four main 

dimensions of food security: 1) Physical availability of food, 2) Economic and physical access of 

food, 3) Food utilization, and 4) Stability (vulnerability and shocks) over time  (Food and 

Agriculture Organization of the United Nations, 2013). This underscores that household food 

security status is influenced not only by factors like availability, economics, and stability but also 

by food utilization. Water sources and Sanitation facilities are the indicators for the utilization 

and thus ultimately the food security (Food and Agriculture Organization of the United Nations, 

2013). Access to safe drinking water is defined as the percentage of the population having access 

to and using improved drinking water sources.  

Basic sanitation refers to the provision of facilities enabling safe disposal of human waste 

(feces and urine) and the ability to uphold hygienic standards through services such as treatment 

and disposal of wastewater (Centers for Disease Control and Prevention, 2022b). Hygiene 

standards encompass practices that enhance cleanliness and promote good health, including 
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regular handwashing, maintaining facial cleanliness, and bathing using soap and water (Centers 

for disease Control and Prevention, 2022a).  

WASH plays a multifaceted role in addressing food insecurity. Inadequate water and 

sanitation lead to higher burden of enteric diseases which impair nutrient absorption and 

exacerbate child malnutrition thereby worsening food insecurity (Workman et al., 2022). Access 

to safe drinking water promotes food safety through proper sanitation practices, and enhancing 

nutritional outcomes through improved hygiene behaviors, thereby contributing to reduced food 

contamination, and better health and nutrition outcomes.  

In Nepal, while 89% of the population has access to basic water supply services and 62% 

have access to basic sanitation facilities, ensuring safe water quality at the point of consumption 

and promoting adequate hygiene practices remain significant challenges (A. Shrestha et al., 

2020).  Improving water, sanitation, and hygiene (WASH) conditions and practices could 

potentially prevent malnutrition-related child deaths. Intestinal parasites and diarrhea incidence 

among children are strongly associated with stunting and physical weakness (A. Shrestha et al., 

2020).  

Cunninghams et al.  (2017) observed that one of the factors in improving the nutritional 

status of mothers and children in Nepal is the increased coverage and use of toilets (Cunningham 

et al., 2017). This highlights the basic linkages between water and food security (Young et al., 

2021). However, researchers seem to have downplayed the significance of water in food security, 

nutrition, and overall well-being (Young et al., 2021). Although previous studies have examined 

several determinants of household food security (Chemjong & KC, 2020; Maharjan & Khatri-

Chhetri, 2006; Maharjan & Joshi, 2011; Regmi et al., 2019), few have investigated the impact of 

household water, sanitation, and hygiene conditions on food insecurity. Understanding the water-
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related determinants of food security clarifies the role of water insecurity in hygiene and food 

preparation.  Thus, the relationship between WASH and food insecurity has not been well 

established in the context of Nepal.  

Thus, the purpose of this quantitative, non-experimental, cross-sectional design study was 

to investigate the association of WASH as household factors affecting food insecurity, utilizing 

recent data from the 2022 Nepal Demographic and Health Survey (DHS).    First, a conceptual 

framework is established based on the relationship between WASH and food insecurity.  Second, 

I examine the data from the 2022 Nepal Demographic and Health Survey to explore the 

association of WASH as household factors influencing food insecurity. Finally, I articulate 

specific policy insights derived from the analysis.      

Conceptual Framework 

Global health experts also recognize that food security challenges cannot be met until 

safe drinking WASH are available in the world’s poorest communities (WASH Advocates, 

2013). Securing sufficient access to safe and nutritious food, along with WASH, stands as 

paramount global health and development objectives owing to their enduring and significant role 

in diminishing morbidity and mortality rates (Food and Agriculture Organization of the United 

Nations et al., 2018). However, in 2022, 2.2 billion people lacked access to uncontaminated 

water sources situated on their premises or were not readily available when required (World 

Health Organization, 2023). Moreover, over 1.5 billion individuals do not have access to basic 

sanitation facilities, such as personal toilets or latrines (World Health Organization, 2024c). In 

2020, 2.3 billion people were without essential hygiene services, including handwashing 

facilities equipped with soap and water (World Health Organization, 2021).  
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This paper draws on concepts from previous studies to develop a fundamental 

relationship between WASH and food insecurity (Brewis et al., 2020; Tolossa & Tafesse, 2008; 

Workman et al., 2022; Young et al., 2021). Resilient water, sanitation, and hygiene systems are 

vital for water security and are strongly connected to food security and global health (Zavala et 

al., 2021). Likewise, effective WASH is essential for enhancing nutritional outcomes. The link 

between food security and WASH goes beyond clean water, highlighting the importance of safe 

sanitation and hygiene. Access to clean water alone is insufficient to improve nutrition; the entire 

WASH system plays a critical role (Gensch & Tillett, 2019). The relationship between individual 

WASH components and food insecurity is described below. 

Role of Water in Food Insecurity 

Several perspectives cite the role of water insecurity and food insecurity (Miller et al., 

2024). Miller and colleagues argue that water scarcity can limit agricultural production, reduce 

crop yields, and diminish farm incomes, which in turn lowers the availability and affordability of 

nutrient-dense foods (Miller et al., 2024). Similarly, Tolossa and colleagues contend that lack of 

access to clean drinking water reduces production and productivity and deteriorates health, 

leading to increased food insecurity (Tolossa & Tafesse, 2008).  

Cairncross and colleagues offer a financial perspective, suggesting that expenditures on 

obtaining safe drinking water take away funds allocated for food, exacerbating food insecurity 

(Cairncross & Kinnear, 1992). Schuster and colleagues examined water security from a 

nutritional perspective, suggesting that when water is scarce, individuals replace their preferred 

dishes with meals made from less diverse foods, further exacerbating food insecurity (Schuster et 

al., 2020). Similarly, Young and Boateng argue that water insecurity is detrimental to child 

feeding and nutrition (Young et al., 2021) and precedes food insecurity (Boateng et al., 2022).  
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Role of Sanitation in Food Insecurity 

Similarly, previous studies have also highlighted the interplay between sanitation and 

food insecurity. Workman and colleagues suggested that illnesses arising from inadequate 

sanitation can diminish productivity and income, potentially leading to malnutrition and 

increased susceptibility to food insecurity (Workman et al., 2022). Miller and colleagues argued 

that adequate sanitation facilities are essential for ensuring proper disposal of human waste and 

minimizing the risk of water contamination  and food insecurity (Miller et al., 2024). A position 

paper from WASH Advocates noted that although utilizing wastewater can lead to greater crop 

yields, it also poses an increased risk of exposure to microbial contamination, which negatively 

impacts food security (WASH Advocates, 2013). A USAID report also suggests that good 

sanitation practices reduce food contamination during production, processing, storage, and 

distribution, leading to a reduction in foodborne diseases such as diarrhea by at least 30 percent, 

thereby reducing food insecurity (United States Agency for International Development, 2013).  

 

 

Figure 1 

Nexus of WASH and Food Insecurity 
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Role of Hygiene in Food Insecurity 

Lastly, proper hygiene behaviors have been linked to food insecurity. Shrestha and 

colleagues argue that handwashing and food preparation practices are critical for preventing 

contamination and reducing the risk of foodborne illnesses (A. Shrestha et al., 2020). Inadequate 

hygiene practices can lead to the transmission of pathogens, compromising food safety and 

deteriorating health, which contributes to food insecurity (Chemjong & KC, 2020; Food and 

Agriculture Organization of the United Nations et al., 2018).  

Shrestha and colleagues suggest adequate hygiene behavior, such as handwashing, 

keeping the latrines clean, keeping the household environment free from animal feces, and 

assuring a reliable supply of safe water (A. Shrestha et al., 2020). Proper hygiene can make a 

significant difference in halting the cycle of infectious disease and undernutrition, improving 

sanitation, improved access to water and playing a crucial role in decreasing food insecurity.   

 
Method 

Data 

This study will use the nationally representation secondary cross-sectional data, from the 

2022 Nepal DHS (United States Agency for International Development, 2024). The DHS survey 

is conducted every five years. DHS surveys collect primary data using four types of Model 

Questionnaires. One such questionnaire is the Household Questionnaire, which is designed to 

gather details about the dwelling unit of the household, as well as the characteristics of its usual 

residents and visitors.  

The Household Questionnaire contains information on the following topics: Household 

Schedule: For usual members of the household and visitors, information is collected about age, 

sex, relationship to the head of the household, education, parental survivorship and residence, 
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and birth registration. Household characteristics: Questions inquire about the source of drinking 

water, toilet facilities, cooking fuel, household assets, and exposure to second-hand smoke. To 

capture food insecurity, a series of questions regarding household food insecurity are included in 

the DHS Household Questionnaire. 

Measures  

Dependent Variables 

Food Insecurity. The main dependent variable is food insecurity. Food insecurity is 

assessed using the Food Insecurity Experience Scale (FIES) developed by the Food and 

Agriculture Organization of the United Nations (Food and Agriculture Organization of the 

United Nations, 2013). The FIES evaluates food insecurity on a continuous scale of severity 

(sum of eight question and range from 0=food secure, 1-3=mild food insecure, 4-6=moderate 

food insecure, 7-8=severe food insecure). In the 2022 DHS, households were asked eight 

questions regarding their ability to access adequate food during the preceding 12 months, and 

their responses were used to calculate the prevalence and severity of food insecurity experienced 

at the household level.  

In this study, we conducted factor analysis, specifically Principal Component Analysis 

(PCA), on all eight questions: 1) Was there a time when you were worried you would not have 

enough food to eat because of a lack of money or other resources? 2) Was there a time when you 

were unable to eat healthy and nutritious food because of a lack of money or other resources? 3) 

Was there a time when you ate only a few kinds of foods because of a lack of money or other 

resources? 4) Was there a time when you had to skip a meal because there was not enough 

money or other resources to get food? 5) Was there a time when you ate less than you thought 

you should because of a lack of money or other resources? 6) Was there a time when your 



31 
 

household ran out of food because of a lack of money or other resources? 7) Was there a time 

when you were hungry but did not eat because of a lack of money or other resources for food? 8) 

Was there a time when you went without eating for a whole day because of a lack of money or 

other resources? 

The PCA results suggest that one of the eight questions, “Was there a time when you 

went without eating for a whole day because of a lack of money or other resources?” has a lower 

loading compared to the other questions. Therefore, this study utilized seven questions, 

effectively measuring the food insecurity status. Subsequently, we aggregated responses from 

these seven questions to create a new variable representing f ood security/insecurity status 

(0=food secure, >0=food insecure). Aggregate response was the sum of seven individual 

responses. This study included only households experiencing food insecurity (food 

insecurity>0). 

Independent Variables  

Water Access. Access to water was measured using multiple questions: “What is the 

main source of drinking water for members of your household?” (Piped into dwelling, piped to 

yard/plot, piped to neighbor, public tap/standpipe, tubewell or borehole, protected well, 

unprotected well, protected spring, unprotected spring, rainwater, tanker truck, cart with small 

tank, surface water (river/dam/lake/pond/stream/canal/irrigation channel), bottled water, others). 

The variable was categorized into two levels: piped water vs. others. “How long does it take to 

go there, get water, and come back?” (On premises, not on premises, don’t know). “Do you do 
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anything to the water to make it safer to drink?” (Yes, no, don’t know). Any response of Don't 

Know was treated as missing. 

Sanitation Access. Household sanitation was assessed using several questionnaires: 

What type of toilet facility do members of your household typically use? (Flush or pour flush 

toilet, pit latrine, composting toilet, bucket toilet, hanging toilet/hanging latrine, no 

facility/bush/field, others) and was recoded as Flushed vs. Others.  Do you share this toilet 

facility with other households? (Yes, no). Where is this toilet facility located? (In own dwelling, 

in own yard/plot, elsewhere). Any “ Don't Know " responses were treated as missing. 

Hygiene.  Household hygiene was assessed using multiple questionnaires: Observe the 

presence of water at the handwashing station (Water is available, water is not available), Observe 

the presence of soap or detergent (Yes, No), Items present (ash, mud, sand) (Yes, No). Any “ 

Don't Know " responses were treated as missing. 

Household Characteristics. Some of the other variables include the number of 

household members, the number of eligible women (ages 15-49), the number of eligible men, the 

number of eligible children aged 5 and under (de jure), the type of place of residence (Rural, 

Urban), and whether any member of this household has an account in a bank or other financial 

institution (Yes, No). The Wealth Index Combined (Poorest, Poorer, Middle, Richer, Richest) is 

recorded as Poor (Poorest and Poor), Middle, and Rich (Richer and Richest). In each case, ‘ 

Don't Know’ is treated as missing. 

Data Analysis 

Descriptive statistics, including the mean for continuous variables and frequency for 

categorical variables, were used to describe the characteristics of households with food 

insecurity. An independent sample t-test or analysis of variance (ANOVA) was employed to 
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determine the mean difference in food insecurity across categorical and continuous variables, 

respectively. Ordinary least squares regression was utilized to estimate the association between 

WASH household factors and food insecurity. The statistical model is:  

Model 1. 

Food insecurity = β0 + β1 Number of household members + β2 Place of residence 

(Rural vs Urban)+ β3 Wealth Index Combined (Poor) + β4 Wealth Index Combined (Middle)+ 

β5 Source of drinking water (piped water) + β6 Location of drinking water (On premise)+ β7 

Type of toilet facility(Flush Toilet) + β8 Presence of water at hand washing place (Yes)+ β9 

Soap or detergent present at wash site (Yes)+ β10 Ash, mud, sand present at wash site (Yes)+ 

β11 Anything done to water to make safe to drink (Yes)+ β12 Share toilet with other households 

(Yes)+ β13 Location of toilet facility (In own dwelling)+ β14 Location of toilet facility (In own 

yard/plot)+  

Findings 

Out of 13,786 households, a total of 6007 were food insecure (with food insecurity status 

greater than zero based on our principal component analysis) and were included in our 

descriptive analysis. On average, there were 4 members in a household (with a minimum of 1 

and a maximum of 26). The number of women in a household ranged from 0 to 6, the number of 

men ranged from 0 to 5, and the number of children aged 5 and under (de jure) ranged from 0 to 

6. The majority of households were rural (53%) and had a bank account (68%). Approximately 

68% of households were classified as poor or poorest in terms of the wealth index (see Appendix 

1 and Appendix 2). 

ANOVA results showed that mean food insecurity was highest among households with 

protected springs as their source of drinking water (mean=3.29, SD=2.05, n=154), followed by 



34 
 

unprotected springs (mean=3.23, SD=1.87, n=113) and lowest among households with water 

piped into their dwelling (mean=1.97, SD=1.45, n=178). There was a significant difference in 

food insecurity across different sources of drinking water (F=10.58, p<0.01). In terms of the 

location of drinking water, households with drinking water not on premises were more food 

insecure (mean=3.13, SD=1.88, n=1490) than those with drinking water on premises 

(mean=2.65, SD=1.76, n=4516), showing a significant difference with  F=1.069, p<0.01. 

Regarding toilet facilities, households with no facility/bush/field were the most food insecure 

(mean=3.52, SD=2.01, n=630), whereas households with biogas-attached toilets were the least 

food insecure (mean=1.90, SD=1.10, n=122).  

There was a significant difference in food insecurity across different sources of toilet 

facilities (F=30.38, p<0.01). Examining the relationship between handwashing, sanitation, and 

food insecurity, our results showed that households with water (mean=2.61 , SD=1.72, n=4924), 

soap or detergent (mean=2.44, SD=1.63, n=3403), or ash, mud, and sand (mean=2.66, SD=1.71, 

n=1453) present at the wash site were less likely to be food insecure. If a household made water 

safe to drink through processing, they were less likely to be food insecure (mean=2.4, SD=1.61, 

n=1197). Households that do not share toilets with others (mean=2.61, SD=1.7, n=3992) or have 

toilet facilities in their own dwelling were less food insecure than others (mean=2.11, SD=1.52, 

n=555) (Appendix 3). 

Table 1  
Association Between Food Insecurity And Water, Sanitation and Hygiene (WASH), Nepal, 2022 

Variable B SE B β t p 

Constant 2.705 0.090 
 

30.152 <0.001 

Items present: Soap or detergent (Yes vs No 
(ref)) 

-0.315 0.055 -0.088 -5.683 <0.001 

Presence of water at hand washing place (Yes 
vs No (ref)) 

-0.375 0.073 -0.078 -5.140 <0.001 

Share toilet with other households (Yes vs No 
(ref)) 

0.229 0.053 0.057 4.301 <0.001 
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Items present: Ash, mud, sand (Yes vs No (ref)) -0.197 0.056 -0.048 -3.554 <0.001 

Anything done to water to make safe to drink 
(Yes vs No (ref)) 

-0.171 0.057 -0.040 -2.978 0.003 

Wealth Index Poor (Poor vs Rich (ref)) 0.697 0.067 0.189 10.426 <0.001 

Wealth Index Medium (Medium vs Rich (ref)) 0.285 0.080 0.061 3.545 <0.001 

Model fit statistics (R2) = 0.068 

The ordinary least squares regression was performed on 5353 households (missing values 

were removed) using the recorded independent variable (Table 1). The distribution of food 

insecurity status indicates that a large proportion of households experienced mild food insecurity 

(Figure 2).   

 
Figure 2 

Distribution of food insecurity status based on FIES scores (ranging from 1 to 7): scores 

1–3 indicate mild food insecurity, 4–5 indicate moderate food insecurity, and 6–7 indicate severe 

food insecurity.  

The stepwise procedure indicated that the mean household food insecurity was 2.705 

(se=0.090). WASH-related variables, such as the presence of soap or detergent (β=-0.315, 
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se=0.055, p=0.000), ash, mud, and sand (β=-0.197, se=0.056, p=0.000), and water availability at 

the handwashing place (β=-0.375, se=0.073, p=0.000), were associated with a decrease in food 

insecurity. Similarly, any treatment of water to make it safe for drinking (β=-0.171, se=0.057, 

p=0.003) was linked to a reduction in food insecurity. However, an increase in household 

poverty level, such as a wealth index of poor (β=0.679, se=0.067, p=0.000) and medium 

(β=0.285, se=0.080, p=0.000), along with sharing a toilet with other households ( β=0.229, 

se=0.053, p=0.000), were factors associated with an increase in food insecurity. Wealth Index 

Poor is a strong predictor of food insecurity as compared to other variables. Other predictor 

variables were statistically non-significant. 

Discussion 

This study investigated the relationship between WASH conditions and food insecurity 

among households in Nepal, drawing on data from 5353 out of 6007 food-insecure households. 

The findings reveal a strong association between WASH conditions and household f ood 

insecurity, highlighting the critical role of access to clean water, sanitation, and hygiene in 

mitigating food insecurity. Our findings are consistent with previous studies. For instance, 

Brewis and colleagues (2019) observed that household water insecurity was strongly associated 

with food insecurity among 27 sites in low and middle-income countries (Brewis et al., 2020). 

Miller and colleagues suggested that water-insecure households had 1.67 (95% CI: 1.47, 1.89) 

times higher odds of reporting any food insecurity (Miller et al., 2024). 

Our ANOVA results indicated that households dependent on spring water sources 

exhibited the highest levels of food insecurity. This may be due to the additional time and 

financial resources required to access clean water when it is not readily available th rough a piped 

system (Gurung et al., 2019; Young et al., 2023) . Households with water sources located on 
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their premises experienced significantly lower levels of food insecurity compared to those who 

had to collect water from off-premises locations. The time and effort spent collecting clean water 

detract from other essential activities, such as food preparation and income generation, which 

might worsen food insecurity (Brewis et al., 2020; Young et al., 2023; Young et al., 2021).  

In terms of hygiene practices, the availability of water, soap, or detergent at handwashing 

stations was linked to lower levels of food insecurity. As noted earlier, this could be attributed to 

a decrease in preventable diseases, such as diarrhea and other infections, which often arise from 

poor hygiene (Shrestha et al., 2022). Fewer illnesses may result in reduced resource allocation 

toward healthcare and enhance dietary intake by ensuring better nutritional absorption. 

Additionally, food contamination is less likely when proper handwashing is observed, further 

supporting improved food security.  

Households lacking toilet facilities, or those utilizing open areas like the bush or fields, 

experienced the highest levels of food insecurity. In contrast, those equipped with biogas -

attached toilets demonstrated the lowest levels of food insecurity. This disparity likely reflects 

the broader effects of insufficient sanitation on health and financial resources, as inadequate 

sanitation contributes to the spread of diseases, further straining household finances and 

worsening food insecurity. Furthermore, households sharing toilets with others faced greater 

food insecurity compared to those with private facilities, likely due to overcrowding and the 

accompanying health risks linked to shared sanitation. 

Additionally, households that treated water to make it safe for drinking were less food 

insecure, indicating that even in resource-limited settings, efforts to improve water safety can 

directly reduce food insecurity. For instance, a study by Sarkar and colleagues highlighted that in 

Kathmandu, a major city in Nepal, 94% of water sources tested positive for bacterial 
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contamination, including total and fecal coliform (Sarkar et al., 2022). Furthermore, harmful 

metals such as aluminum, arsenic, iron, and manganese were present at unsafe levels, exceeding 

World Health Organization (WHO) guidelines. Treating water in such contexts likely enhances 

water quality and improves health and the body’s ability to absorb nutrients, thereby reducing 

food insecurity. 

The ordinary least squares regression results emphasize that efforts to ensure safe 

drinking water, sanitation practices (such as sharing toilets with other households), and the 

availability of handwashing materials (e.g., soap, ash, or mud) are all signif icantly associated 

with household food security.  

These findings align with previous research on the role of sanitation and hygiene in food 

insecurity (Sarkar et al., 2022). Additionally, shared toilets may indicate broader socioeconomic 

disadvantages, highlighting the multidimensional nature of poverty that contributes to both poor 

sanitation and food insecurity. This point is further supported by the fact that in this stud y, 

household poverty (wealth index) level was a key sociodemographic factor strongly linked to 

food insecurity.  

Households facing higher poverty levels experience greater food insecurity, as increased 

poverty restricts access to resources and results in insufficient food availability. For instance, 

Dhital and colleagues (2022) discovered that households with a poor wealth index had 78% 

lower odds of accessing an improved water source compared to wealthier households (Dhital et 

al., 2022). Nevertheless, it is important to note that even after adjusting for poverty, WASH 

factors remained independently linked to food insecurity. This highlights the importance of 

enhancing WASH conditions as a direct strategy to reduce food insecurity, beyond merely 

alleviating poverty. 
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Policy Implications 

The findings of this study have several important policy implications. First, improving 

access to safe drinking water and sanitation facilities is essential for reducing food insecurity. 

Policymakers should prioritize interventions that ensure households have access to water sources 

on their premises and promote the use of safe and hygienic sanitation facilities. Second, 

promoting hygiene practices, such as providing soap and clean water at handwashing stations, 

should be integrated into broader food security programs. Lastly, targeted interventions aimed at 

poverty reduction will be crucial in addressing the root causes of food insecurity in Nepal, as 

wealth inequality continues to play a significant role in limiting access to both food and WASH 

resources. 

Limitations and Future Research 

While this study offers valuable insights into the relationship between WASH conditions 

and food insecurity, it is essential to recognize some limitations. The cross-sectional nature of the 

data restricts the ability to establish causal relationships between WASH factors and food 

insecurity. Therefore, future research could utilize longitudinal data to enhance understanding of 

the directionality of these associations. Furthermore, broadening the scope of WASH 

interventions alongside poverty alleviation strategies could present a more comprehensive 

approach to addressing food insecurity in resource-limited settings like Nepal. 

In conclusion, this study emphasizes the essential role that WASH conditions play in 

shaping food insecurity among Nepalese households. Access to safe drinking water, improved 

sanitation, and proper hygiene practices correlate with lower levels of food insecurity, while 

poverty and inadequate sanitation worsen it. Tackling WASH challenges alongside poverty 
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alleviation programs may provide a more comprehensive approach to reducing food insecurity in 

Nepal. 
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Paper 2: Water and Sanitation Conditions as Determinants of Stunting, Undernutrition, 

and Wasting Among Young Children in Nepal 

Abstract 

 This study utilized data from the 2022 Nepal Demographic and Health Survey (DHS) to 

examine the association between Water, Sanitation, and Hygiene (WASH) factors and child 

malnutrition among children aged 0 to 59 months. Key WASH indicators included the source of 

drinking water, the location of water access, the type of toilet, and toilet sharing. Socioeconomic 

factors such as the wealth index, type of residence, and household composition were considered 

as covariates. Using binary logistic regression, the results revealed that having water on-premises 

was protective against stunting. In contrast, children from poor and middle-income households 

had higher odds of both stunting and being underweight. Urban residence was associated with 

lower odds of stunting and underweight; however, wasting was more prevalent in urban areas.  

Furthermore, access to piped water decreased the likelihood of both underweight and 

wasting. Simultaneously, a higher number of young children in a household was associated with 

an increased probability of stunting and underweight. These findings highlight the significance 

of targeted interventions to enhance water access, sanitation, and economic conditions in 

vulnerable communities. Tackling these structural determinants is essential for reducing child 

malnutrition and fostering equitable health outcomes in Nepal.  

Keywords: Undernutrition, Stunting, Wasting, Water Sanitation and Hygiene (WASH) 
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Introduction 

Undernutrition, which encompasses stunting (low height-for-age), wasting (low weight-

for-height), and underweight (low weight-for-age), is a major public health issue that 

significantly heightens the vulnerability of children under five years old to illness and mortality 

(World Health Organization, 2024a). Undernutrition among children under five remains a critical 

public health challenge in many low- and middle-income countries (Amare et al., 2019; Anin et 

al., 2020; Madiba et al., 2019). Sub-Saharan Africa and South Asia bear the highest burden of 

child undernutrition (Black et al., 2013) and inadequate water, sanitation, and hygiene (WASH) 

globally (Chase & Ngure, 2016). 

Forms of Undernutrition 

Low height-for-age is referred to as stunting. Among the three forms of undernutrition, 

stunting is the most prevalent among children under five (Said-Mohamed et al., 2015). It is 

defined as having a height-for-age z-score more than two standard deviations (SDs) below the 

World Health Organization (WHO) Child Growth Standards (Said-Mohamed et al., 2015) 

median. In 2022, an estimated 148.1 million children under the age of five were stunted (too 

short for their age) (World Health Organization et al., 2023).  Children who are stunted face 

long-term growth failure, reflecting the cumulative impact of chronic deficiencies in food intake, 

inadequate care practices, and recurrent illness (Said-Mohamed et al., 2015). This study analyzes 

the effects of water and sanitation conditions on stunting and wasting.  

Low weight-for-height is referred to as wasting. This form of malnutrition results from 

recent shocks, such as inadequate calories and nutrients due to famine or a sudden, severe illness. 

In 2022, approximately 45.0 million children under the age of five were wasted (too thin for their 

height) (World Health Organization et al., 2023).  
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Low weight for age is a third form of malnutrition. Underweight children may also be 

stunted or wasted. Underweight serves as a composite measure that reflects both stunting and 

wasting (Chase & Ngure, 2016). 

Determinants of Undernutrition 

Key factors contributing to the high prevalence of childhood undernutrition include 

insufficient food intake, frequent diarrhea, recurring infections, inadequate sanitation practices, 

and low levels of parental education (Amare et al., 2019; Organization, 2019; Yalew et al., 2014). 

However, literature suggests that undernutrition can also be indirectly influenced by factors such 

as food insufficiency, inadequate childcare, limited access to healthcare, maternal illiteracy, and 

environmental conditions, including the availability and quality of water, sanitation, and hygiene 

(WASH) practices (Chase & Ngure, 2016). 

Numerous studies have examined the relationship between undernutrition and factors 

such as WASH, socioeconomic conditions, infectious diseases, and child health, particularly 

among children under five in low- and middle-income countries (Momberg et al., 2021; 

Sahiledengle et al., 2022; S. K. Shrestha et al., 2020). For example, Sahiledengle and colleagues 

suggest that inadequate access to WASH facilities is strongly linked to child undernutrition, 

particularly stunting and wasting among children under five in Ethiopia (Sahiledengle et al., 

2022). The paper highlights that insufficient sanitation, the practice of open defecation, and 

substandard housing conditions (e.g., dirt floors) significantly raise the likelihood of stunting in 

Ethiopian children. However, most research investigating the relationship between WASH 

variables and stunting, wasting, or underweight has been conducted in Sub -Saharan Africa, 

where the protocol was published in PROSPERO (Momberg et al., 2021). 
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Nepal is among the countries with the highest levels of childhood undernutrition in the 

South Asian (United Nations Children's Fund South Asia, 2019). The Nepal DHS 2022 indicated 

that 25% of children under five were stunted, 8% were wasted, and 19% were underweight 

(Ministry of Health et al., 2022). Shrestha and colleagues examined WASH practices and their 

impact on child health and nutritional status in two specific districts (Shrestha et al., 2022). Their 

findings suggest significant improvements in WASH practices, with more households regularly 

washing their hands and experiencing better water quality. This resulted in fewer infectious 

diseases such as fever, respiratory illness, and diarrhea. However, this study only covered these 

two districts and did not represent the entire nation. 

Similarly, Shrestha and co-authors examined the association and interactive effects 

between WASH variables and preschool child undernutrition, utilizing household data from the 

2016 Nepal Demographic and Health Survey to represent child undernutrition status (S. K. 

Shrestha et al., 2020). They observed that WASH practices were positively associated with 

improved nutritional outcomes among children under five in Nepal. However, several significant 

events between 2016 and 2022: post-earthquake recovery, slower GDP growth and increased 

food prices during and after COVID-19 pandemic, severe flood in 2017 and 2021  likely 

influenced both WASH access and nutritional outcomes. Thus, with 2022 data recently available, 

there is a need to investigate the relationship between WASH variables and undernutrition. 

Therefore, the purpose of this quantitative, cross-sectional study is to examine how WASH 

variables influence various forms of childhood undernutrition in Nepal using a large 

representative sample from the 2022 Nepal DHS. 
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Hypotheses 

Null Hypothesis (H₀): There is no significant association between WASH variables and various 

forms of childhood undernutrition (stunting, wasting, and underweight) in Nepal.  

Alternative Hypothesis (H1): A significant association exists between WASH variables and 

various forms of childhood undernutrition (stunting, wasting, and underweight) in Nepal.  

Methods 

Sample and Data Collection 

This study will use the nationally representative secondary cross-sectional data from the 

2022 Nepal Demographic and Health Survey (United States Agency for International 

Development, 2024). The DHS survey is conducted every five years. A detailed description of 

the sampling methods and methodology is reported in the Nepal DHS (Ministry of Health et al., 

2022). We used the Children’s Data Sets, which include one record for every child of the 

interviewed women born in the five years preceding the survey. This dataset contains 

information about the child's pregnancy, post-natal care, immunization, and health. The unit of 

analysis in this dataset is the children of women who were born in the last five years (0 -59 

months). 

Measures 

Dependent Variables. 

Stunting. Stunting refers to the impaired growth and development that children 

experience due to poor nutrition, recurrent infections, and insufficient psychosocial stimulation 

(World Health Organization, 2015). Our dataset classifies children aged 0-59 months as stunted 

if their height-for-age is more than two standard deviations below the median of the WHO Child 
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Growth Standards. Stunting is evaluated based on a child’s height in relation to their age (World 

Health Organization, 2015). 

Underweight. Children with low weight-for-age are referred to as underweight. In our 

dataset, an underweight child (0-59 months) is defined as one whose weight-for-age z score is 

two standard deviations below the WHO child growth standards. A child may be classified as  

stunted, wasted, or both (World Health Organization, 2024a). 

Wasting is characterized by a low weight-for-height ratio, often reflecting recent and 

severe weight loss (World Health Organization, 2024a). It typically results from inadequate food 

quality and quantity but can persist over time. Frequent or prolonged illnesses are also common 

contributing factors. Our dataset defines a wasted child (0-59 months) as one whose weight-for-

height z-score is two standard deviations below the WHO child growth standards.  

Independent WASH Variables 

Water Access. Access to water for children was measured using two questionnaires: 

“What is the main source of drinking water for your household members? “ (Responses were 

categorized into two groups: piped water vs. others). “How long does it take to go there, collect 

water, and return?” (Responses were categorized into two groups: On-premises and off-

premises). 

Sanitation and Hygiene Access. Children's sanitation was assessed with two questions: 

What type of toilet facility does your household usually use? (Responses were categorized into 

two groups: Flush to safety tank toilet and others) Do you share this toilet facility with other 

families? [Yes, No] 
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Covariates 

Covariates are variables used as controls in statistical analysis. Other variables, such as 

wealth index (categorized as poor, rich, and middle), place of residence (urban and rural), and the 

number of children aged five and under in the household (de jure), were also utilized as 

covariates. 

Analysis 

Descriptive statistics, including the mean for continuous variables and frequency for 

categorical variables, were used to describe the characteristics of children aged 0 -5. An 

independent samples t-test or ANOVA was utilized to determine the mean differences in 

stunting, underweight, and wasting scores across categorical and continuous independent 

variables. Binary logistic regression with forward LR was conducted to estimate the association 

between drinking WASH and the nutritional status of children. The statistical models for 

stunting, underweight, and wasting are as follows: 

Model 1. 

Stunted Children (stunted vs not stunted) = β0 + β1 Source of Drinking Water (piped 

water) + β2 Location of Drinking Water (On-premises) + β3 Type of Toilet Facility (Flush Toilet) 

+ β4 Share Toilet with Other Households (no) + β5 Type of Place of Residence (urban) + β6 

Wealth Index Combined (poor)+ β7 Wealth Index Combined (middle) + β8 Number of Children 

Five and Under in Household (de jure) +e 

Model 2. 

Wasted Children (wasted vs not wasted) = β0 + β1 Source of Drinking Water (piped 

water) + β2 Location of Drinking Water (on-premises) + β3 Type of Toilet Facility (flush toilet) + 

β4 Share Toilet with Other Households (no) + β5 Type of Place of Residence (urban) + β6 Wealth 
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Index Combined (poor)+ β7 Wealth Index Combined (middle) + β8 Number of Children Five and 

Under in Household (de jure) +e 

Model 3: 

Underweight Children (underweight vs not underweight) = β0 + β1 Source of 

Drinking Water (piped water) + β2 Location of Drinking Water (on-premises) + β3 Type of Toilet 

Facility (flush toilet) + β4 Share Toilet with Other Households (no) + β5 Type of Place of 

Residence (urban) + β6 Wealth Index Combined (poor)+ β7 Wealth Index Combined (middle) + 

β8 Number of Children Five and Under in Household (de jure) +e 

Observations with missing data were excluded from the analysis. All analyses were 

performed in SPSS 25. Differences were considered statistically significant at the alpha level of 

5%. Nonresponse error was not a threat in this study as a preexisting data set was used and no 

attempts to generalize beyond the sample were made (Lindner, 2002). Scaled attitudinal items 

were described using Lindner’s (2024) convention.  

Findings 

After removing missing data, our analysis included 2202 (582 stunted and 1620 not 

stunted), 2208 (401 underweight and 1807 not underweight), and 2198 (154 wasted and 2044 not 

wasted) children aged five and under. Appendix 4 provides details about the number of children 

included in this study. 

Socioeconomic Characteristics 

Table 2 shows the socioeconomic characteristics of the study population. Our result 

indicates that a higher percentage of stunted children (59%) live in rural areas and are poor 

(65%) as compared to those who were not stunted, 46% and 49%, respectively. Similarly, a 

higher percentage of underweight children (55%) live in rural areas and are poor (57%) as 
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compared to those who were not underweight, 48% and 52%, respectively. In contrast, a higher 

percentage of wasted children (55%) live in urban areas compared to not-wasted children (52%). 

A lower percentage of wasted children are poor (44%) compared to those who were not wasted 

(54%).  
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Table 2  
Socioeconomic Characteristics Of Children Aged 0-5 Nepal, 2022 

Characteristics Stunted Not stunted Underweight 
Not 

Underweight 
Wasted Not Wasted 

 N 
Mean 
(SD) 

N 
Mean 
(SD) 

N 
Mean 
(SD) 

N 
Mean 
(SD) 

N 
Mean 
(SD) 

N 
Mean 
(SD) 

Number of children 5 and 
under in household (de jure) 

582 1.72 
(0.83) 

1620 1.52 
(0.75) 

401 1.68 
(0.52) 

1807 1.54 
(0.76) 

154 1.57 
(0.72) 

2044 1.57 
(0.78) 

Type of place of residence 
     Rural 
     Urban 

 
342 
240 

 
58.8 
41.2 

 
747 
873 

 
46.1 
53.9 

 
181 
220 

 
45.1 
54.9 

 
934 
873 

 
51.7 
48.3 

 
84 
70 

 
54.5 
45.5 

 
1027 
1017 

 
50.2 
49.8 

Wealth Index Combined 

    Poorest 
    Poor 
    Middle 
    Richer 

    Richest 

 

262 
116 
106 
65 

33 

 

45 
19.9 
18.2 
11.2 

5.7 

 

462 
325 
330 
290 

213 

 

28.5 
20.1 
20.4 
17.9 

13.1 

 

144 
85 
87 
52 

33 

 

35.9 
21.2 
21.7 
13 

8.2 

 

582 
357 
351 
303 

214 

 

32.2 
19.8 
19.4 
16.8 

11.8 

 

40 
28 
36 
27 

23 

 

26 
18.2 
23.4 
17.5 

14.9 

 

683 
413 
400 
328 

220 

 

33.4 
20.2 
19.6 
16 

10.8 
Source: Nepal Demographic and Health Survey, 2022 
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The Mean Difference in Nutritional Status Based on WASH Variables 

Table 3 presents the mean difference in stunting scores for the included WASH variable. 

The t-test indicates that, except for shared toilet facilities (t=-1.3, p=0.027), there was no 

significant difference in mean stunting scores based on the source of drinking water, time taken 

to access water, and type of toilet facility among stunted children. For children who were not 

stunted, the mean stunting score significantly differed only by the presence of water on the 

premises (t=2.49, p=0.013).  

Table 3  

Mean Stunting Score By WASH Variables Nepal, 2022 

WASH variables Stunted Not stunted 

 N 
Mean 

(SD) 
t N 

Mean 

(SD) 
t 

Source of drinking water 
Piped 

 
Others 

 
337 

 
245 

 
-268.8 
(57.86) 
-265.1 

(60.74) 

 

-0.73 

 
896 

 
724 

 
-84.66 
(80.34) 
-81.16 

(86.16) 

 

-0.83 

Water on premises 

On-premises 
 
Not on premises 

 

435 
 
147 

 
-265.4 
(57.73) 

-272.5 
(62.75) 

 
1.25 

 

1334 
 

286 

 
-80.71 
(82.89) 

-94.2 
(82.68) 

 
2.49* 

Type of toilet facility 
Flush to septic tank 
 
Others 

 
539 
 
43 

 
-267.3 

(59.58) 
-265.4 
(52.69) 

 
-0.21 

 
1477 

 
143 

 
-82.69 

(82.90) 
-87.32 
(83.97) 

 
0.63 

Toilet facilities shared with 
other households 
Yes 

 
No 

 
 
161 

 
421 

 

 
-262.09 
(57.62) 
-269.2 

(59.56) 

 
 

-1.30* 

 
 

425 

 
1195 

 

 
-90.72 

(80.154) 
-80.38 

(83.83) 

 
 

2.20 

Source: Nepal Demographic and Health Survey, 2022 

  

Table 4 presents the mean difference in underweight scores for the included WASH 

variable. The t-test shows no significant difference in the mean underweight scores based on the 
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source of drinking water, time taken to access the water, type of toilet facility, and whether toilet 

facilities are shared with other households among underweight children. In contrast, among 

children who were not underweight, the mean underweight scores differed based on the source of 

drinking water (t=2.488, p=0.013), time taken to fetch the water (t=2.772, p=0.006), and whether 

the household shared toilet facilities with others (t=-2.895, p=0.004).  

Table 4  

Mean Underweight Score By WASH Variables Nepal, 2022 

Characteristics Underweight Not underweight 

 N 
Mean 

(SD) 
t N 

Mean 

(SD) 
t 

Source of drinking water 
Piped 
 
 

Others 

 
198 

 
 

203 

 
-254.2 
(49.21) 
-257.86 

(50) 

 
0.73 

 
1040 

 
 

767 

 
-73.41 
(82.66) 
-83.04 

(79.38) 

 

2.48* 

Water on premises 
On-premises 
 

Not on premises 

 
316 

 

85 

 
-258.02 
(48.97) 

-248.76 
(51.42) 

 
1.53 

 
1459 

 

348 

 
-74.91 
(82.29) 

-88.35 
(76.71) 

 
2.77* 

Type of toilet facility 
Flush to septic tank 

 
Others 

 
378 

 
23 

 
-255.67 

(50.05) 
-262.35 
(41.52) 

 
0.626 

 
1644 

 
163 

 
-77.73 

(81.68) 
-75.17 
(78.78) 

 
-.384 

Toilet facilities shared with 

other households 
Yes 
 
No 

 

 
111 

 
290 

 

 
-258.13 
(52.37) 
-255.26 

(48.54) 

 

 
-.517 

 

 
476 

 
1331 

 

 
-86.03 
(71.14) 
-74.45 

(84.58) 

 
 

-2.89* 

Source: Nepal Demographic and Health Survey, 2022 

Table 5 presents the mean difference in wasting scores for the included WASH variable. 

The t-test reveals no significant difference in the mean wasting score based on the source of 

drinking water, time taken to fetch water, type of toilet facility, or shared toilet facilities among 
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underweight children. In contrast, among children who were not wasted, the mean wasting score 

varied only by the source of drinking water (t=6.14, p=0.00).  

Table 5  
Mean Wasting Score By WASH Variables Nepal, 2022 

Characteristics Wasting Not Wasting 

 N Mean (SD) t N Mean (SD) t 

Source of drinking water 
Piped 
 
Others 

 
67 

 
87 

 
-247.19 
(45.83) 
-245.45 

(48.10) 

 
-0.228 

 
1165 

 
879 

 
-25.01 
(88.02) 
-49.09 

(87.28) 

 
6.14* 

Water on premises 
On-premises 
 

Not on premises 

 
136 

 

18 

 
-244.28 
(45.24) 

-260.78 
(57.90) 

 
1.40 

 
1630 

 

414 

 
-34.86 
(90.20) 

-37.35 
(81.45) 

 
0.54 

Type of toilet facility 
Flush to septic tank 

 
Others 

 
144 

 
10 

 
-246.37 

(47.72) 
-243.90 
(36.6) 

 
-0.16 

 
1868 

 
176 

 
-36.36 

(88.72) 
-24.76 
(85.57) 

 
-1.66 

Toilet facilities shared with 

other households 
Yes 
 
No 

 

 
51 

 
103 

 

 
-248.02 

 
-245.31 

 

 
-0.33 

 

 
535 

 
1509 

 

 
-39.03 
(82.58) 
-34.07 

(90.47) 

 

 
-1.16 

Source: Nepal Demographic and Health Survey, 2022 

 

Logistic Regression 

Stunted 

Table 6 presents the binary logistic regression results (Stunted vs. Not Stunted). Children 

living in households with water on the premises had lower odds of stunting [odds ratio 

(OR)=0.78, confidence interval (CI)=0.61 to 0.98] compared to those living in househ olds 

without water on the premises. Children from households with a Poor wealth index [OR = 2.03, 

CI = 1.56 to 2.65] and those with a Middle wealth index [OR = 1.51, CI = 1.10 to 2.06] had 
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higher odds of stunting compared to those from households with a Rich wealth index. Urban 

children exhibited lower odds [OR = 0.70, CI = 0.58 to 0.86] of stunting than rural children. 

Furthermore, with each additional child aged five and under in a househo ld (de jure), the 

probability of stunting increased by 37.3%. 

Table 6  
Logistic Regression Results For Stunting (Stunted Vs Not Stunted) Nepal, 2022  

Variables Exp (Beta) 
95% Confidence 

Interval 

Constant 0.189  

Time to get to a water source: on-premises vs not on-
premises (ref) 

0.780 0.615 0.989 

Wealth index: poor vs rich (ref) 2.037 1.564 2.653 

Wealth index: middle vs rich (ref) 1.510 1.103 2.066 

Type of place of residence: urban vs rural (ref) 0.709 0.580 0.867 

Number of children 5 and under in household (de jure) 1.373 1.220 1.546 

Source: Nepal Demographic and Health Survey, 2022; Model fit statistics (Nagelkerke R2) = 
0.064 
 

Underweight 

Table 7 presents the binary logistic regression results for Underweight (Underweight vs 

Not Underweight). Children from households with poor [OR=1.62, CI=1.21 to 2.18] and middle 

[OR=1.45, CI=1.04 to 2.03] wealth indices had higher odds of being underweight compa red to 

those from households with a rich wealth index. Children living in households with flush toilets 

had higher odds [OR=1.68, CI=1.06 to 2.64] of being underweight compared to those using other 

toilet types. Children residing in households with access to piped water [OR=0.64, CI=0.50 to 

0.81] and in urban [OR=0.79, CI=0.63 to 0.99] areas had lower odds of being underweight 

compared to those relying on other sources of drinking water and those living in rural areas, 
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respectively. Additionally, for each unit increase in the number of children aged 5 and under in a 

household (de jure), the probability of being underweight increased by 17%.  

Table 7  
Logistic Regression Results For Underweight (Underweight Vs Not Underweight) Nepal, 2022  

Variables Exp (Beta) 
95% Confidence 

Interval 

Constant 0.11   

Wealth index: poor vs rich (ref) 1.62 1.21 2.18 

Wealth index: middle vs rich (ref) 1.45 1.04 2.03 

Type of toilet facility: flush vs others (ref) 1.68 1.06 2.64 

Source of drinking water: piped water vs others (ref) 0.64 0.50 0.81 

Type of place of residence: urban vs rural (ref) 0.79 0.63 0.99 

Number of children 5 and under in household  (de jure) 1.17 1.03 1.34 

Source: Nepal Demographic and Health Survey, 2022; Model fit statistics (Nagelkerke R2) 

=0.029 

Wasting 

Table 8 presents the binary logistic regression results for Wasting (Wasted vs Not 

wasted). The logistic regression analysis revealed that children in households with access to 

piped drinking water had lower odds of wasting [OR=0.59, CI=0.42 to 0.82] compared to those 

using other sources of drinking water. In contrast, children living in households with water on -

premises had higher odds of wasting [OR=1.88, CI=1.14 to 3.11] than those in households 

without water on-premises. 

Table 8  
Logistic Regression Results For Wasting (Wasted vs Not Waisted) Nepal, 2022  

Variables Exp (Beta) 95% Confidence Interval 

Constant 0.06   

Source of Drinking Water: Piped water vs 
others (ref) 

0.59 0.42 0.82 

Time to get to a water source: On-premises vs 

not on-premises (ref) 
1.88 1.14 3.11 

Source: Nepal Demographic and Health Survey, 2022; Model fit statistics (Nagelkerke R2) =0.02      
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Discussion 

The findings of this study highlight a concerning prevalence of malnutrition among 

children under five, with 36% experiencing stunting, 22% being underweight, and 7.5% 

suffering from wasting. These figures reflect a critical public health issue, underscoring the 

severe burden of malnutrition faced by this population (de Onis et al., 2019). Compared to the 

2016 NDHS, stunting levels have remained unchanged, while the prevalence of underweight has 

decreased by 5%, and wasting has declined by 2.5% (Vijay & Patel, 2024). In a similar study, 

Siddiqui and colleagues found that the stunting level among children under three years of age 

remained unchanged from 2016 to 2022, while the prevalence of underweight decreased by 13%, 

and wasting declined by 3% (Siddiqui et al., 2024).  These trends suggest modest improvements 

in certain aspects of child nutrition; however, the persistent stunting rates indicate ongoing 

challenges in addressing chronic malnutrition. 

A higher percentage of stunted (59%) and underweight (55%) children lived in rural 

areas and were poor (65% and 57%, respectively) compared to their urban counterparts. This 

pattern suggests that poverty and rural residence are significant risk factors for poor nutritional 

outcomes in children, likely due to limited access to nutritious food, healthcare, and improved 

water and sanitation infrastructure (Adhikari et al., 2019; Srinivasan et al., 2013; Tiwari et al., 

2014; Vijay & Patel, 2024) . However, this trend diverged for wasting, where a higher 

percentage of wasted children lived in urban areas, indicating that urban children may still face 

significant challenges related to food insecurity or access to clean water and sanitation (Siddiqui 

et al., 2024). Our findings are consistent with a previous study, which reports a higher percentage 

of wasting among children residing in urban areas (9.9%) compared to rural areas (9.4%) of 

Nepal (Vijay & Patel, 2024). 
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For stunted children, the only notable difference in mean stunting scores was observed in 

households that shared toilet facilities, indicating that sanitation conditions may contribute to an 

environment affecting stunting among children (Adhikari et al., 2019; Headey & Hoddinott, 

2015). Among non-stunted children, the time spent fetching water significantly impacted 

stunting scores, with lower mean stunting scores for those with water on-premises compared to 

those without, implying that water accessibility could decrease the probability of stunting 

(Adhikari et al., 2019). For underweight children, none of the WASH variables showed 

significant differences in underweight scores.  

These findings indicate that children already classified as underweight did not vary based 

on WASH variables. However, among children who were not underweight, significant 

differences based on the source of drinking water, time spent fetching water, and sh ared toilet 

facilities were noted. This suggests a protective effect of improved sanitation and water 

conditions in preventing underweight status (Adhikari et al., 2017; S. K. Shrestha et al., 2020). 

Regarding wasting, no significant differences in mean wasting scores were found among wasted 

children based on WASH variables, but among those who were not wasted, the mean wasting 

score varied significantly by the source of drinking water, suggesting that while WASH 

conditions may not directly influence wasted children, the quality (purification) and accessibility 

of drinking water could be crucial in preventing wasting among children who are not yet affected 

(S. K. Shrestha et al., 2020). 

Binary logistic regression reveals an intriguing pattern regarding WASH variables: 

children living in households with water on the premises are less likely to be stunted but more 

likely to be wasted. The reduced likelihood of stunting in these households may be attributed to 

improved hygiene practices, decreased exposure to waterborne diseases, and better caregiving 
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due to the diminished time burden associated with water collection (United Nations Children’s 

Fund, 2013). Consistent access to clean water likely enhances sanitation, reduces the incidence 

of infectious diseases, and promotes overall child health, which are key factors in lowering the 

risk of stunting, a condition linked to long-term nutritional deficiencies and poor health 

environments (Guerrant et al., 2008; United Nations Children’s Fund, 2013).  

The findings align with previous research showing that children living in households with 

access to piped water have lower odds (OR=0.72 [0.48–1.07]) of stunting in Nepal (Adhikari et 

al., 2019). However, the increased likelihood of wasting among children in households with 

water available on the premises may be due to complex, context-specific factors. Households 

with access to water on the premises may be located in urban areas where dietary pa tterns, food 

quality, and exposure to infectious diseases differ from rural settings, potentially heightening the 

risk of acute malnutrition. Previous studies also indicate a higher level of wasting in urban areas 

of Nepal (Siddiqui et al., 2024) and among households using tap water (Vijay & Patel, 2024). 

Nonetheless, no significant association between water facilities and malnutrition was noted in 

these studies (Tiwari et al., 2014; Vijay & Patel, 2024). 

Similarly, regarding another WASH variable, children living in households where water 

is sourced from piped systems are less likely to be underweight and wasted compared to those 

using other sources of drinking water. This may be due to the more reliable and consistent access 

to clean water in households with piped systems, which can reduce the risk of waterborne 

diseases and infections that contribute to malnutrition (Adhikari et al., 2017; Headey & 

Hoddinott, 2015). Improved water access also promotes better hygiene and sanitation, supporting 

overall health and nutrition, as improved sanitation has been identified as the major driver of 

reduced undernutrition in Nepal (Headey & Hoddinott, 2015). In contrast, households that 
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depend on water sources other than piped systems may face challenges in maintaining water 

quality and availability, which can negatively impact child health. A previous study indicated 

that children in households consuming untreated water had higher odds o f being underweight 

(Adhikari et al., 2017). 

Counterintuitively, we observe that children living in households with flush toilet 

facilities are more likely to be underweight than those with other types of toilet facilities. Several 

factors may influence these findings. First, households with flush to ilets are often located in 

urban areas, where access to better sanitation may coexist with other challenges, such as higher 

living costs, food insecurity, or reliance on processed foods with lower nutritional value (Dave et 

al., 2024; Fagbamigbe et al., 2020). Furthermore, flush toilet facilities might not necessarily 

indicate access to improved overall sanitation practices, such as water quality, waste 

management, and other public health factors in these areas, which can still be suboptimal. This 

highlights the dual influence of urbanization and the need for a more nuanced understanding of 

the complex relationship between sanitation infrastructure and child nutritional outcomes, 

considering the broader social and environmental contexts (Fagbamigbe et al., 2020). The type of 

toilet remains the highest contributor to the rural-urban gap or disparities in severe acute 

malnutrition (Fagbamigbe et al., 2020). 

We observe socioeconomic factors as significant determinants of malnutrition status. Our 

findings reveal that the risk of being stunted and underweight is notably higher among children 

from the poorest households, with the risk decreasing as the wealth index increases. Consistent 

with previous studies, these patterns may be attributed to limited access to adequate food, 

healthcare services, and other essential resources among lower-income households, contributing 

to the elevated risk of stunting and underweight (Adhikari et al., 2019; Li et al., 2020; United 
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Nations Children’s Fund, 2013; Vijay & Patel, 2024).  We also found that children in households 

located in urban areas were less likely to be stunted or underweight compared to those in rural 

areas. This may be attributed to better access to healthcare, improved sanitation, and more 

diverse food options in urban settings (Fagbamigbe et al., 2020). Additionally, urban areas often 

have better infrastructure, which can lead to improved nutrition and overall child health.  

A higher number of children in one household is associated with increased odds of 

stunting and being underweight. This is consistent with a previous study that reports odds 

(OR=1.52 [1.22–1.90]) of stunting increasing with family size (Adhikari et al., 2019). Another 

study found that stunting is disproportionately concentrated in poorer households (Angdembe et 

al., 2019). A greater number of children may negatively impact children’s nutritional status due 

to increased economic strain on food consumption and fewer resources available for each child’s 

needs (Khan & Azid, 2011). Larger household sizes often lead to limited resources being 

stretched more thinly, which can impact the availability of adequate food, healthcare, and 

attention for each child. This can elevate the risk of malnutrition as the demand for household 

resources grows, potentially resulting in insufficient nutrition for all children.  

Conclusion 

Our study highlights significant associations between child malnutrition indicators 

(stunting, underweight, and wasting) and household socioeconomic and WASH characteristics in 

Nepal. Stunting and underweight were more prevalent among children from rural and 

economically disadvantaged households, emphasizing persistent disparities in nutritional 

outcomes. Logistic regression results indicate that access to water on-premises acted as a 

protective factor against stunting. In contrast, children from poor and middle-income households 

had higher odds of both stunting and underweight compared to their wealthier counterparts. 
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Additionally, children in households with piped drinking water exhibited lower odds of being 

underweight and wasted, underscoring the importance of improved water access in mitigating 

malnutrition risks. Interestingly, while urban residence was generally associated with lower odds 

of stunting and underweight.  

The findings suggest that different forms of malnutrition may have distinct underlying 

determinants, requiring tailored interventions. Notably, an increasing number of young children 

in a household was linked to a higher probability of both stunting and underweight, highlighting 

the potential role of household structure in child nutrition. These results emphasize the need for 

targeted public health interventions to improve water access, sanitation, and economic conditions 

in vulnerable communities. Enhancing access to proper WASH facilities is crucial for reducing 

child malnutrition and promoting equitable health outcomes across Nepal. Future research should 

explore how WASH factors interact with socioeconomic conditions to influence child nutrition 

and identify effective intervention strategies. 

 

 
  



62 
 

Paper 3: Water, Sanitation, and Hygiene Conditions as Determinants of Body Mass Index 

(BMI) Among Nonpregnant Women Aged 15-49 Years in Nepal 

Abstract 

The objective of this study is to examine the relationship between Water, Sanitation, and 

Hygiene (WASH) variables and women’s nutritional status, measured by Body Mass Index 

(BMI), in Nepal. Using data from the 2022 Nepal Demographic and Health Survey (DHS), we 

investigate how access to clean water, sanitation, and hygiene practices influences the BMI of 

non-pregnant women aged 15 to 49. BMI is categorized into underweight, normal, and 

overweight/obese groups. We utilize multinomial logistic regression to assess the association 

between WASH factors- such as piped water, water on premises, toilet facilities, and hygiene 

practices- and BMI while controlling for demographic variables including age, wealth index, 

place of residence, religion, and ethnicity. A total of 6,291 non-pregnant women are included in 

the study. Multinomial logistic regression indicates that women with access to water on premises 

and piped water have higher odds of being overweight or obese. Additionally, women from 

religions and ethnicities other than Hindu and Brahmin or Chhetri, those with access to flush 

toilets, and those living in urban areas are also more likely to be overweight or obese. Our results 

highlight the complex interplay of sociodemographic and environmental factors in de termining 

women’s BMI in Nepal. These findings emphasize the need for public health interventions that 

integrate WASH improvements with strategies promoting healthy lifestyles and equitable 

resource distribution to enhance women’s nutritional outcomes in Nepal. 

Keywords: Body Mass Index (BMI), Water, Sanitation, Hygiene (WASH) 
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Introduction 

According to the 2024 Global Nutrition Report, approximately 390 million (20 %) of 

adults aged 18 and older were underweight, 2.5 billion (43%) were overweight, and 890 million 

(16%) were classified as living with obesity (World Health Organization, 2024b). The 

prevalence varied by region; for instance, the proportion of overweight adults ranged from 31% 

in the South-East Asia and African regions to 67% in the Americas (World Health Organization, 

2024b). The overall pooled prevalence of underweight, overweight, and obesity in the South and 

Southeast Asian regions was estimated to be 22.9%, 21.3%, and 8.6%, respectively (Biswas et 

al., 2019). 

Women, in particular, experience a higher prevalence of undernutrition compared to men 

(Phelps et al., 2024). The combined probability of underweight and obesity across 162 countries 

is 81% for women and 70% for men (Phelps et al., 2024). The World Health Organization 

(WHO) 2022 report indicates that 43% of men and 44% of women aged 18 years and older are 

overweight (World Health Organization, 2024b). The prevalence of obesity also surpasses that of 

underweight in 177 countries, affecting 89% of women and 73% of men in 2022 (Phelps et al., 

2024) . In low- and middle-income countries, overweight is more common among women than 

men (Ford et al., 2017). Women in South Asian countries such as Nepal, Bangladesh, Pakistan, 

and India historically exhibit high levels of underweight (11%) and overweight/obesity (36%) 

(Ferdausi et al., 2022; Ford et al., 2017). A potential reason for the greater prevalence of 

undernutrition among women may be linked to social and economic disparities, where men are 

prioritized for nutritious food over women (Nubé & Van Den Boom, 2003).  

In Nepal, the nutritional status of women has undergone significant changes over the 

years. A study analyzing 20 years of data from the Nepal DHS 2016 found a notable increase in 
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overweight (from 6% in 1996 to 15% in 2016) and obesity (from 2% in 1996 to 1% in 2016) 

among women aged 15-49, with key determinants including age, marital status, wealth index, 

and urban residence (Rana et al., 2022). Meanwhile, the percentage of underweight women 

decreased from 25% to 16%, but it remained high (Rana et al., 2022).  

A recent estimate suggests that the prevalence of overweight or obesity among women 

aged 20-49 is 35%, while it stands at 6% among adolescent girls aged 15-19 in Nepal (Ministry 

of Health et al., 2022). These findings highlight the dual burden of malnutrition, wherein both 

undernutrition and overnutrition coexist, underscoring the need for further investigation into their 

underlying determinants. Sociodemographic factors, such as age, educational status , marital 

status, religion, and wealth index, have been linked to the risk of undernutrition in Nepal (Rana 

et al., 2022). Having a large family, residing in rural areas, and being engaged in work are 

significantly associated with lower rates of overweight and obesity (Ferdausi et al., 2022).  

WASH and Women’s Nutrition 

Research has also suggested a potential link between WASH practices and women's 

nutritional status (Anyanwu et al., 2022; Chattopadhyay et al., 2019; Dodos et al., 2017; Merkina 

et al., 2024; S. K. Shrestha et al., 2020). Unprotected drinking water sources and a lack of 

handwashing after toilet use were significant predictors of underweight (body mass index (BMI) 

<18.5 kg/m²) among women of reproductive age in Ethiopia (Ferede et al., 2017).  

The high prevalence of underweight among women in reproductive age groups is 

associated with various health problems, including low birth weight, preterm birth, stunting, and 

reduced resistance to infections among their offspring (Central Statistical Agency (CSA) 

[Ethiopia] & ICF, 2016). A community-based cross-sectional study in Southern Ethiopia 

examined the link between WASH practices and underweight status among women of 
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reproductive age (Merkina et al., 2024). The findings revealed that 7.82% of the women were 

underweight, and those with access to clean latrines had 57% lower odds of being underweight 

compared to those using unclean or no latrine facilities (Merkina et al., 2024).  

These results suggest that proper sanitation practices may play a crucial role in improving 

women's nutritional status, potentially by reducing infection risks and enhancing overall health. 

Similarly, studies conducted in Cambodia and India suggest poor sanitation is associated with 

lower BMI (Janmohamed et al., 2016; Nagpal et al., 2021). Specifically, improved access to 

sanitation was linked to better nutritional outcomes, suggesting that adequate WASH 

infrastructure plays a crucial role in shaping women's health (Caruso et al., 2022). In Nigeria, the 

type of toilet facility, source of drinking water, along with housing characteristics have shown to 

predict undernutrition with higher odds of undernutrition among women with unimproved toilet 

and drinking water facilities of reproductive age (Morakinyo et al., 2020; Rana et al., 2021; Rana 

et al., 2020).  

WASH and Preschool Nutrition 

In Nepal, previous studies have examined the association and interaction between the 

WASH variable and preschool children’s undernutrition to suggest that improved sanitation was 

associated with an increase in weight-for-age (WAZ) score, and height-for-age (HAZ)  score, 

water purification was associated with an increase in weight-for-height (WHZ) score, and 

handwashing practice with water and soap was associated with an increase in weight-for-age 

(WAZ) score (S. K. Shrestha et al., 2020). Finding from our own analysis from 2022 DHS data 

revealed that water on-premises was protective against stunting, while children from poor and 

middle-income households had higher odds of being stunted or underweight. Additionally, 

access to piped water reduced the likelihood of underweight and wasting.  However, the 
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relationship between women's BMI and the impact of WASH remains underexplored. Access to 

clean water, improved sanitation, and proper hygiene practices are critical for overall health and 

nutrition, yet their influence on women's nutritional status has not been extensively studied.  

This study aims to fill this gap by investigating the relationship between WASH variables 

and women’s nutritional status, measured by BMI, in Nepal, utilizing the latest available data 

from the 2022 Nepal DHS. The findings of this research can contribute to evidence-based 

policies designed to address malnutrition and promote overall well-being among Nepalese 

women. Therefore, this quantitative cross-sectional study seeks to examine the factors associated 

with WASH variables in relation to the BMI of  women   in Nepal, using the most recent data 

from the 2022 DHS. The focal sample segment is of non-pregnant (aged 15-49). 

Hypotheses 

Null Hypothesis (H₀): There is no significant association between WASH variables and the 

body mass index of women aged 15 to 49 in Nepal.  

Alternative Hypothesis (H1): A significant association exists between WASH variables and the 

Body Mass Index of women aged 15 to 49 in Nepal.  

Methods 

Sample and Data Collection 

This study will use the nationally representative secondary cross-sectional data from the 

2022 DHS (United States Agency for International Development, 2024). The DHS survey is 

conducted every five years, and a detailed description of the sampling methods and methodology 

is available in the DHS documentation (Ministry of Health et al., 2022). 
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Measures 

Dependent Variables 

Women’s BMI (aged 15-49).  BMI is a measure of weight relative to height and serves as 

a quick, cost-effective, and reliable screening tool for identifying underweight and overweight/ 

obese individuals (Centers for Disease Control and Prevention, 2024). It is widely used as a 

population health indicator around the world. BMI is categorized into three groups: underweight 

(< 18.5 kg/m²), normal (18.5 to 24.9 kg/m²), and overweight/obese (>25 kg/m²).  

Independent Variables 

Water Access. The access to water for women was evaluated using two questionnaires: 

“What is the main source of drinking water for your household members? (Piped water vs. 

others) and how long does it take to go there, collect water, and return?” (On -premises vs. not 

on-premises). 

Sanitation and Hygiene Access. Women’s sanitation was assessed using two 

questionnaires: What type of toilet facility does your household typically use? (Flush to safety 

tank toilet vs. others) and Do you share this toilet facility with other households? (Yes vs. No)  

Covariates 

Covariates are control variables that address competing explanations. Demographic 

variables, including a combined wealth index (classified as poor, middle, or rich), place of 

residence (urban or rural), religion (Hindu or other), ethnicity (Brahmin, Chhetri, or others), and 

age groups (15-19, 20-34, and 35-49), were used as covariates. 

Analysis 

Descriptive statistics and frequencies for categorical variables were used to outline the 

characteristics of non-pregnant women aged 15 to 49. An independent samples t-test assessed the 
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mean differences in underweight, normal, and overweight/obese BMI scores across the 

categorical independent variables. Multinomial logistic regression evaluated the association 

between WASH and women's BMI. The statistical model is: 

Statistical Model 

The BMI category serves as the dependent variable. BMI of women (underweight, 

normal, and overweight/obese) = β0 + β1 Source of drinking water (piped) + β2 Location of 

drinking water (on-premises) + β3 Type of toilet facility (flush toilet) + β4 Share of toilet with 

other households (no) + β5 Type of place of residence (urban) + β6 Wealth index combined 

(poor)+ β7 Wealth index combined (middle)+ β8 Age(15-19)+ β9 Age (20-34) + β10 Religion 

(Hindu)+ β11 Ethnicity (Brahmin and Chettri) +  

Findings 

After excluding the missing data, our analysis included 6,291 non-pregnant women aged 

15 to 49 years.  Appendix 5 provides details about the number of women who participated in this 

study. 

Sociodemographic Bivariate Analysis 

Table 9 illustrates the distribution of BMI categories (underweight, normal, and 

overweight/obese) across various sociodemographic characteristics. Most individuals classified 

as underweight or normal were in the 20–34 age group, while overweight and obesity were most 

common among those aged 35–49. These findings suggest that younger adults are more likely to 

have a standard or underweight BMI, whereas older individuals tend to be overweight or obese. 

A higher proportion of women lived in urban areas, with overweight and obesity being 

significantly more prevalent among urban residents compared to their rural counterparts.  

Table 9  
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Body Mass Index (BMI) Of Non-Pregnant Women Aged 15-49 Years Across Sociodemographic 
Characteristics, Nepal 2022 

  
Characteristics 

Underweight  

(N=831) 

Normal  

(N=3790) 

Overweight/Obese 

(N=1670)  
Number Percent Number Percent Number Percent 

Age       

     15-19 312 37.5 796 21.0 44.0 2.6 

     20-34 337 40.6 1794 47.3 727.0 43.5 

     35-49 182 21.9 1200 31.7 899.0 53.8 

Place of residence       

     Urban 438 52.7 1951 51.5 1049.0 62.8 

     Rural 393 47.3 1839 48.5 621.0 37.2 

Religion       

     Hindu 759 91.3 3291 86.8 1329.0 79.6 

     Others 72 8.7 499 13.2 341.0 20.4 

Ethnicity       

     Brahmin and Chhetri 308 37.1 1368 36.1 513.0 30.7 

     Others 523 62.9 2422 63.9 1157.0 69.3 

Wealth index       

     Poor 423 50.9 1978 52.2 505.0 30.2 

     Middle 319 38.4 1357 35.8 718.0 43.0 

     Rich 89 10.7 455 12.0 447.0 26.8 

 

Hindu women constituted the majority across all BMI categories; however, the 

proportion of overweight and obese women from other religious groups was relatively higher 

compared to those in the underweight and normal BMI categories. Ethnicity-wise, most women 

belonged to groups other than Brahmin and Chhetri, and they were also more likely to fall into 

the overweight or obese category. Regarding the wealth index, women in the underweight and 

normal BMI categories predominantly came from poorer households. However, a notable shift 

was observed in the overweight or obese category, where middle-income women represented the 

largest proportion, highlighting the influence of socioeconomic status on BMI distribution.  
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WASH Bivariate Analysis 

Table 10 shows the mean differences in BMI scores among the underweight, normal, and 

overweight categories based on WASH variables. A notable pattern emerges in the relationship 

between BMI and drinking water sources. While no significant difference is observed in  the 

mean BMI of individuals in the underweight category regarding their drinking water source, 

those in the normal and overweight/obese categories exhibit significantly higher BMI when 

using piped water compared to other sources. This trend suggests a potential association between 

access to piped water and increased BMI.  

Table 10  
Mean BMI Score For Underweight, Normal, And Overweight/Obese By WASH Variables For 

Non-Pregnant Women Aged 15-49 Years, Nepal, 2022 

WASH variables  

Underweight Normal Overweight/Obese 

N M 
(SD) 

t N M 
(Sd) 

t N M 
(SD) 

t 

Source of drinking 
water 

 

     Piped 

 

     Others 

 
 

39
8 

 
43

3 

 
 

1735 
(93) 

1726 
(102) 

 
 

1.38 

 
 

2271 
 

1519 

 
 

2159 
(173) 

2143 
(181) 

 
 

2.75 

 
 

1087 
 

583 

 
 

2859 
(309) 

2814 
(282) 

 
 

2.96 

Water on premises 
     On-premises 

 

     Not on premises 

 

69
3 

 
13

8 

 

1727 
(99) 
1747 
(88) 

 

2.17 

 

3071 
 

719 

 

2159 
(178) 
2125 
(168) 

 

4.71 

 

1474 
 

196 

 

2846 
(303) 
2824 
(281) 

 

0.94 

Type of toilet facility 
     Flush to septic tank 

     Others 

 
 

74

1 
 

90 

 
 

1730 

(99) 
1730 
(86) 

 
 

0.04 

 
 

3394 

 
396 

 
 

2154 

(177) 
2139 
(177) 

 
 

1.55 

 
 

1569 

 
101 

 
 

2842 

(299) 
2854 
(327) 

 
 

0.38 

Toilet facilities 

shared with other 
households 
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     Yes 

 

     No 

63
3 

 
19

8 

1732 
(94) 
1724 
(109) 

0.88 2962 
 

828 

2151 
(176) 
2156 
(180) 

0.72 1340 
 

330 

2847 
(307) 
2829 
(275) 

0.94 

 

Individuals with on-premises water access have significantly higher BMIs in the 

underweight and normal categories compared to those without on-premises water access. 

However, no significant difference is observed in the overweight category, indicating that while 

improved water access may influence BMI in lower-weight groups, its impact on overweight 

individuals appears minimal.  

In contrast, no significant associations are found between BMI and sanitation variables. 

BMI scores do not significantly differ among the underweight, normal, and overweight 

categories based on access to a flush toilet or whether the toilet facility is shared, as all p-values 

exceed the 0.05 threshold. This finding suggests that, unlike water access, the type of toilet 

facility and sharing status may have a limited role in influencing BMI outcomes.  

Multinomial Logistic Regression 

 Table 11 shows the multinomial logistic regression results for factors associated with 

BMI (underweight, normal, overweight/obese) among non-pregnant women aged 15 to 49 years 

in Nepal in 2022. An odds ratio is generally considered statistically significant at the 

corresponding confidence level (e.g., p < 0.05 for a 95% CI) if its confidence interval does not 

include 1 (the null value). 

Table 11  
Multinomial Regression Of Sociodemographic Variables On Weight Status, Nepal, 2022.  

Variables 

Weight Status (Reference category: Normal) 

Underweight Overweight/Obese 

OR CI (95%) OR CI (95%) 

Age of participants (15-19 years) 2.706 2.203 3.324 0.069 0.050 0.095 

Age of participants (20-34 years)  1.241 1.020 1.510 0.498 0.438 0.567 
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Age of participants (35-49 years) Ref Ref Ref Ref Ref Ref 

Type of place of residence (Urban) 0.970 0.826 1.140 1.210 1.057 1.386 

Type of place of residence (Rural) Ref Ref Ref Ref Ref Ref 

Religion (Hindu) 1.598 1.218 2.096 0.602 0.506 0.716 

Religion (Others) Ref Ref Ref Ref Ref Ref 

Ethnicity (Brahmin and Chhetri) 1.187 0.996 1.414 0.750 0.648 0.867 

Ethnicity (Others) Ref Ref Ref Ref Ref Ref 

Wealth index (Poor) 1.347 1.025 1.771 0.252 0.208 0.305 

Wealth index (Middle) 1.209 0.922 1.584 0.580 0.486 0.692 

Wealth index (Rich) Ref Ref Ref Ref Ref Ref 

Source of drinking water (Piped)  0.524 0.440 0.625 1.816 1.580 2.088 

Source of Drinking Water (Others) Ref Ref Ref Ref Ref Ref 

Time to get drinking water         
(On premise)  1.291 1.046 1.593 

 

1.207 

 

1.004 

 

1.452 

Time to get drinking water        
(Not on premise) Ref Ref Ref Ref Ref Ref 

Types of toilet facility (Flush) 1.010 0.788 1.295 1.608 1.266 2.043 

Types of toilet facility (Others)  Ref Ref Ref Ref Ref Ref 

CI: Confidence Interval, OR: Odds Ratio.3 ; Model fit statistics (Nagelkerke R2) =0.217 

The multinomial logistic regression results presented in Table 11 indicate that key 

demographic and WASH-related factors are associated with being underweight or 

overweight/obese among non-pregnant women aged 15 to 49 years. Comparing the underweight 

results to those of the normal BMI categories reveals that younger age, religious affiliation, 

 
3 In multinomial logistic regression, odds ratios represent the multiplicative change in the odds of being in a specific 

category of the dependent variable compared to a chosen reference category, for a one -unit increase in the 
independent variable, holding other variables constant.  Interpretation:  

OR > 1: An odds ratio greater than 1 suggests that an increase in the predictor variable is associated with increased 
odds of being in the specific category versus the reference category. 
OR < 1: An odds ratio less than 1 indicates that an increase in the predictor variable is associated with decreased 

odds of being in the specific category versus the reference category. 
OR = 1: An odds ratio of 1 implies no effect of the predictor variable on the odds of being in that specific category 
compared to the reference category.  

A confidence interval (CI) provides a range within which the true population odds ratio is likely to lie.  
Interpretation: 95% CI: A 95% confidence interval indicates a 95% probability that the true population odds ratio is 

within the calculated interval.  
Statistical Significance: If the confidence interval for an odds ratio does not include 1 (the null value), the odds ratio 
is typically considered statistically significant at the corresponding confidence level (e.g., p < 0.05 for a 95% CI) 

(Google AI, 2025). 
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economic status, and water access play a critical role in determining BMI status. Younger 

women are at a higher risk of being underweight, with those aged 15 to 19 years (OR = 2.71, 

95% CI: 2.20–3.32) and 20 to 34 years (OR = 1.24, 95% CI: 1.02–1.51) showing significantly 

greater odds of being underweight compared to women with normal weight.  

Socioeconomic factors also play a role in this trend, with Hindu women (OR = 1.60, 95% 

CI: 1.22–2.10) and individuals from poorer households (OR = 1.35, 95% CI: 1.03–1.77) being 

more likely to be underweight. Access to water also affects BMI status. Women with water 

available on the premises face a heightened risk of being underweight (OR = 1.29, 95% CI: 

1.05–1.59), while those using piped water have significantly lower odds of being underweight 

(OR = 0.52, 95% CI: 0.44–0.63), suggesting a potential protective effect. Meanwhile, urban 

residence, Brahmin/Chhetri ethnicity, and access to flush toilets demonstrate minimal or non -

significant associations with underweight status. 

The multinomial logistic regression analysis reveals a distinct pattern in the factors 

associated with overweight and obesity among non-pregnant women aged 15 to 49 years 

compared to those with a normal BMI. Age plays a crucial role, as younger women are 

significantly less likely to be overweight or obese. Women aged 15 to 19 years (OR = 0.069, 

95% CI: 0.050–0.095) and those aged 20 to 34 years (OR = 0.498, 95% CI: 0.438–0.567) have 

markedly lower odds of being overweight or obese compared to their normal-weight 

counterparts, indicating an increased risk of excess weight with age. Socioeconomic status also 

influences BMI outcomes.  

Urban women are more likely to be overweight or obese (OR = 1.21, 95% CI: 1.057 –

1.387), while those from poorer (OR = 0.252, 95% CI: 0.208–0.305) and middle (OR = 0.58, 

95% CI: 0.486–0.692) wealth index categories have significantly lower odds, highlighting the 
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influence of wealth on obesity risk. Additionally, Hindu women (OR = 0.602, 95% CI: 0.506 –

0.716) and those from Brahmin/Chhetri ethnic groups (OR = 0.75, 95% CI: 0.648–0.867) are less 

likely to be overweight or obese. Access to water and sanitation appears to affect weight status. 

Women with water on the premises (OR = 1.207, 95% CI: 1.004–1.452), those using piped water 

(OR = 1.816, 95% CI: 1.58–2.088), and those with flush toilets (OR = 1.608, 95% CI: 1.266–

2.43) are at a higher risk of being overweight or obese. These findings suggest that improved 

WASH access may be associated with higher BMI, potentially reflecting lifestyle changes linked 

to urbanization and enhanced infrastructure. 

Discussion 

This study offers valuable insights into the relationships between WASH variables and 

BMI status among non-pregnant women aged 15 to 49 in Nepal, based on the 2022 DHS. The 

findings reveal significant sociological disparities in BMI distribution and highlight the potential 

role of water access in influencing weight status, while sanitation factors seem to have a minimal 

impact. 

We observe that 13% of women aged 15-49 were underweight (BMI <18.5 kg/m ²), 60% 

were at a normal weight (BMI 18.5 to 24.9 kg/m ²), and 27% were overweight or obese (BMI >25 

kg/m²). Our estimate for the underweight category was lower than in 2016, when it was 17.5%, 

and higher for the overweight/obesity category, which was estimated at 22.2% in 2016 (Hasan et 

al., 2022). The reduction in underweight and the increase in the overweight/obese category align 

with the predicted changes from previous studies (Biswas et al., 2019; Hasan et al., 2022; 

Headey & Hoddinott, 2015). Factors such as asset accumulation, health and nutrition 

interventions, maternal educational gains, and improvements in sanitation may have driven these 

changes (Headey & Hoddinott, 2015).  
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The higher prevalence of overweight and obesity in urban areas (52%-62%) compared to 

rural regions aligns with existing literature (Bhattarai et al., 2025). Women from religious groups 

other than Hindus, as well as those who were not Brahmin or Chhetri, exhibited a relatively 

higher prevalence of overweight and obesity. This observation corresponds with previous studies 

of reproductive-aged (15-49) women in India, which indicated that Hindu women were 

approximately 1.5 times more likely to be underweight than women of other religions (Al Kibria 

et al., 2019).  

Hindu women who are Brahmin and Chhetri are seen as belonging to a higher caste. 

Consequently, the lack of balanced dietary patterns (dietary diversity) and higher calorie intake 

among women from other groups may help explain these ethnic and religious dif ferences 

(Acharya et al., 2017; Henjum et al., 2015). Furthermore, the wealth index significantly 

influences BMI distribution, with underweight and normal BMI categories being more common 

among women from poor households. In contrast, middle-income women comprise the largest 

proportion of the overweight and obese categories, reinforcing the link between higher economic 

status and overweight or obesity (Al Kibria, 2019; Bishwajit, 2017; Shariful Islam et al., 2022).  

The mean difference between water access and sanitation in BMI is particularly 

noteworthy. Women with access to piped water are more likely to be overweight or obese. This 

finding was consistent with a previous study, which observed that among non-pregnant mothers, 

water source: piped led was positively associated with BMI (Cunningham et al., 2017) and was 

negatively related to low maternal BMI (Headey & Hoddinott, 2015). Households connected to a 

piped water supply also have a higher likelihood of treating their household water, thereby 

enhancing water quality (Daniel et al., 2019).  
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The percentage of households in Nepal using piped water in their dwelling, yards, or 

plots doubled from 22% to 44% between 2011 and 2022 (Ministry of Health et al., 2022), which 

may contribute to the increase in the overweight or obese category (Biswas et al., 2019; Hasan et 

al., 2022; Headey & Hoddinott, 2015). Our finding correlates with research conducted among 

Ethiopian women of reproductive age, which indicated that an improved source of drinking 

water was linked to being overweight (Ferede et al., 2017).  

Women in the normal BMI category and those with on-premises water access had a 

higher mean BMI, whereas those in the underweight category exhibited a lower mean BMI. For 

the normal BMI category, the convenience of having water access on the premises may reduce 

the physical effort (the need to walk 30 minutes or less round trip) required for water collection 

(Ministry of Health et al., 2022), potentially leading to decreased energy expenditure. In contrast, 

for the underweight category, factors beyond water convenience, such as lower wealth and a lack 

of dietary diversity, might have contributed to the lower mean BMI, warranting further 

investigation (Al Kibria, 2019; Bishwajit, 2017; Shariful Islam et al., 2022).   

In contrast, sanitation variables, including access to flush toilets and shared toilet 

facilities, did not show a significant difference in BMI status in our study. This finding suggests 

that while improved sanitation is crucial for overall health, its direct impact on BMI may be 

limited. This result aligns with previous meta-analyses, which indicate no effect of sanitation on 

weight-for-age z-scores/underweight and weight-for-height z-scores/wasting (Freeman et al., 

2017). The lack of significant differences may imply that sanitation infrastructure primarily 

influences health outcomes related to infectious diseases rather than nutritional status and weight 

management.  
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For example, access to WASH, including access to the hygienic toilet system, reduces 

communicable diseases (Mehata et al., 2022; Pandey et al., 2020). However, other studies 

suggest a positive relationship between unimproved sanitation with low BMI (Headey & 

Hoddinott, 2015). In terms of maternal weight gain, better sanitation is the most important factor, 

indicating that increased toilet access may have significantly reduced maternal infections 

(Cunningham et al., 2016). Women in Ethiopia without access to toilet facilities (e.g., flush 

toilets) are more likely to be underweight compared to those with access to improved toilet 

facilities (OR = 1.32; 95% CI: 0.93, 1.88) (Ferede et al., 2017). Similarly, in Ethiopia, the odds 

of being underweight among those using clean latrines are 0.43 (95% CI: 0.20, 0.92) compared 

to those using unclean latrines or lacking toilet facilities (Merkina et al., 2024).  

In Nigeria, inadequate WASH facilities have been linked to undernutrition among women 

of childbearing age (Morakinyo et al., 2020). A previous study indicates that poor sanitation is 

associated with lower BMI among pregnant Cambodian women (Janmohamed et al., 2016). One 

reason for this discrepancy might stem from our study design, which categorizes toilet facilities 

as flush versus other types, in contrast to improved versus not improved. However, the cause of 

this difference requires further investigation.  

The multinomial logistic regression analysis further clarifies the influence of 

demographic and WASH factors on BMI categories. Our results indicate that younger women 

(aged 15-19) were more likely to be underweight, and older women (aged 35-49 years) were 

more likely to be overweight/obese than normal. This finding was consistent with previous 

studies (Bhattarai et al., 2025; Schwinger et al., 2020; Shariful Islam et al., 2022). Women in the 

age group of 25 to 35 years and 35 to 49 years were two to three times more likely to be 
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overweight than the younger age (15 to < 25 years) group (Bhattarai et al., 2025; Shariful Islam 

et al., 2022).  

Age-related hormonal changes (e.g., menopause) (Opoku et al., 2023), a slower 

metabolism (e.g., fewer calories consumed as one ages), and lifestyle changes (e.g., decreased 

physical activity with age) may have contributed to the weight gain observed in women over 

time. The strong inverse association between younger age and overweight or obesity emphasizes 

the need for early interventions to prevent excessive weight gain in adulthood.  

The connection between urban residence and the increased prevalence of overweight and 

obesity underscores the impact of urbanization on dietary patterns and physical activity levels. 

This finding aligns with previous studies indicating that women living in  urban areas are more 

likely to be obese (Bhattarai et al., 2025; Shariful Islam et al., 2022; Smith, 1998; Vaidya & 

Krettek, 2014). Urban women, experiencing reduced energy expenditure due to a shift toward 

sedentary jobs, better access to food and transportation, and increased affluence, may face a 

higher risk of overweight and obesity compared to their rural counterparts (Bhattarai et al., 2025; 

Smith, 1998). 

Religious differences among non-pregnant women in Nepal also influence BMI 

distribution. While Hindu women comprise the majority across all BMI categories, women from 

other religious backgrounds show a higher likelihood of being overweight or obese. Dietary 

patterns, including a rice intake that can account for up to 60% of energy, alongside consumption 

of meat, dairy, and calorie-rich fermented foods, as well as limited access to balanced nutrition 

and poorer economic status among other groups, may contribute to the higher prevalence of 

overweight and obesity in these populations (Henjum et al., 2015). A previous study found that 

grain, meat, and alcohol intake, which is common among women from other religious 
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backgrounds, was positively associated (OR 1.19, 95% CI: 1.03 – 1.39) with overweight and 

obesity (Shrestha, 2015). This finding aligns with another study conducted among reproductive-

aged women (15-49 years) in India, which indicates that women of non-Hindu religions were 

more likely (OR 1.33, 95% CI 1.28-1.38) to be overweight or obese compared to their Hindu 

counterparts (Al Kibria et al., 2019). 

Similarly, women from ethnic groups other than Brahmin and Chhetri are more likely to 

be overweight or obese. This aligns with previous studies that found Newar and Hill Jana Jati 

women had a 30% to 80% higher chance of being overweight or obese compared to those from 

Brahmin and Chhetri backgrounds (Bhattarai et al., 2025; Sutradhar et al., 2021). One reason for 

this disparity may be that women in the more advantaged ethnic group (Brahmin and Chhetri) 

have experienced greater dietary diversity than their less advantaged counterparts (Bhattarai et 

al., 2025). These differences reflect variations in dietary habits, cultural practices, and 

socioeconomic conditions among various religious and ethnic groups.  

Economic status also plays a critical role in BMI outcomes. Consistent with previous 

studies in Nepal, women from poorer households are more likely to be underweight, whereas 

middle-income women exhibit the highest proportion of overweight and obesity (Bishwajit, 

2017; Shariful Islam et al., 2022). Nepalese women were 8.54 (OR = 8.452; 95% CI = 5.228–

13.663) times higher compared with those in the poorest households (Bishwajit, 2017). 

Similarly, Women aged 35–49 from the richest households were more likely to be overweight 

(OR 5.68; 95%CI 4.62–6.99) (Shariful Islam et al., 2022). This finding suggests that as 

household wealth improves, dietary diversity and energy intake may increase, leading to higher 

BMI (Bhattarai et al., 2025). However, contrary to previous studies, a lower prevalence of 

overweight and obesity was observed among the wealthiest group in our study (Shariful Islam et 
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al., 2022). One reason for this may be the heightened health awareness and lifestyle 

modifications, such as better nutrition and exercise habits, among these groups.  

Additionally, the protective effect of piped water and its availability on premises against 

being underweight, along with its association with an increased risk of obesity, suggests a 

complex relationship between water access, nutrition, and physical activ ity. This finding aligns 

with a previous study that observed among non-pregnant mothers a positive association between 

the source of piped water and BMI (Cunningham et al., 2017), as well as a negative relationship 

with low maternal BMI (Headey & Hoddinott, 2015).  

Reducing exposure to contaminated water sources through piped water leads to a lower 

incidence of diarrheal diseases (Cunningham et al., 2016; Mehata et al., 2022; Pandey et al., 

2020), improved sanitation, and enhanced hygiene. These factors have been shown to contribute 

to a 35% increase in maternal weight gain in Nepal from 1996 to 2011. Urban areas are more 

likely to utilize piped water as the drinking source, which is associated with greater wealth and 

either a sedentary lifestyle or physical activity to access the water  (Bhattarai et al., 2025; 

Shariful Islam et al., 2022; Smith, 1998; Vaidya & Krettek, 2014). This may explain the 

protective effect observed with piped water and having water on the premises. However, we also 

found that women with access to water on the premises were 1.3 times more likely to be 

underweight compared to those without access.   

This result was unexpected, as piped or easily accessible water is typically associated 

with better hygiene and improved nutritional intake. One explanation for our findings may be the 

socioeconomic disparities; for instance, women in urban areas might have access to water on the 

premises but still encounter economic hardship, leading to insufficient dietary intake and, as a 

result, a higher prevalence of underweight.  
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In our study, we also observed that women who use flush toilets were 1.6 times more 

likely to be overweight or obese compared to those with normal weight. A positive relationship 

between improved sanitation and the likelihood of being in the overweight or obese category 

aligns with prior research (Cunningham et al., 2016; Headey & Hoddinott, 2015). Future studies 

should explore the underlying mechanisms driving this association to inform targeted strategies 

aimed at mitigating obesity risks in populations experiencing enhanced living conditions. 

Limitations and Future Research 

While this study provides valuable insights, several limitations must be acknowledged. 

First, the cross-sectional design restricts causal inferences, as the relationships between WASH 

factors and BMI may be affected by unmeasured confounders. Longitudinal studies are essential 

to establish causal pathways and assess how changes in WASH access over time influence BMI 

trajectories.  

Second, the analysis did not encompass dietary intake and physical activity data, which 

restricts the ability to explore the mechanisms underlying the observed associations. Future 

research should include these variables to provide a more comprehensive und erstanding of the 

relationship between WASH access and BMI.  

Third, because of a substantial amount of missing data, only a limited number of 

sociodemographic and WASH variables (such as the source of drinking water and the time taken 

to collect it) were included to examine their relationship with BMI. Future studies should explore 

a broader range of WASH-related variables to investigate their association with BMI categories.  

Conclusion 

This study highlights the intricate relationship between WASH access, socioeconomic 

factors, and BMI among non-pregnant women aged 15-49 in Nepal. Our findings suggest that 
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older age, urban residency, non-Hindu or Brahmin/Chhetri ethnic backgrounds, and higher 

wealth are linked to a greater BMI or an increased likelihood of being overweight or obese. 

Furthermore, WASH factors, such as access to piped water and water on premises, are associated 

with higher BMI. These results underscore the vital role of both sociodemographic and 

environmental determinants in shaping women's health and nutritional outcomes. To effectively 

improve women's nutritional status in Nepal, public health interventions should adopt a 

comprehensive approach that integrates WASH enhancements with strategies to promote healthy 

lifestyles and ensure equitable resource distribution. 
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Implications of Findings 

Theoretical Implications 

This dissertation contributes to the theoretical understanding of health and development 

by reinforcing the Social Determinants of Health (SDOH) framework (United States Department 

of Health and Human Services, Office of Disease Prevention and Health Promotion, 2025). First, 

this study empirically validates the SDOH framework by showing that WASH-related factors 

such as access to clean water, improved sanitation, and hygienic practices have significant, 

independent associations with household food insecurity and the nutritional status of both 

children and women. These results underscore how health outcomes are shaped by social and 

environmental conditions beyond individual behavior (Marmot et al., 2008). Specifically, 

households with inadequate WASH conditions had higher odds of food insecurity, stunting, 

underweight, and, in some cases, under- or over-nutrition among women, pointing to the 

multidimensional nature of nutritional status. 

Second, this work aligns with the UNICEF framework for child undernutrition, which 

identifies enabling determinants (governance, resources, and norms), underlying determinants 

(food, practice and services), immediate determinants (diets and care) contributing to improved 

maternal and child nutrition (United Nations Children’s Fund, 2020). By quantitatively linking 

WASH indicators to child malnutrition outcomes, this research supports the UNICEF 

framework’s emphasis on the importance of basic environmental health conditions in improving 

maternal and child nutrition. Importantly, the results also highlight that while improved WASH 

access is generally associated with positive nutritional outcomes (especially reductions in 

undernutrition), it may also be linked to increases in overweight and obesity, particularly among 

wealthier, urban women. This duality challenges the conventional assumption that WASH 
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improvements uniformly benefit all health outcomes. It calls for a multimodal approach to 

account for the double burden of malnutrition, where undernutrition and overnutrition coexist 

within populations, and even households (Popkin et al., 2020).  

Additionally, nutritional status differed by ethnicity, religion, and wealth, suggesting 

future theoretical models of nutrition and food security must integrate sociocultural determinants 

more explicitly. For example, the influence of caste and religious dietary norms in Nepal appears 

to intersect with WASH access in complex ways that shape nutrition outcomes. This intersection 

invites a broader theoretical conversation about how ethnicity and religion interact with the 

social determinants of health. 

Empirical Implications 

This study makes important empirical contributions by offering comprehensive, 

nationally representative evidence on the relationships between water, sanitation, and hygiene 

(WASH) conditions and key nutrition-related outcomes in Nepal, including household food 

insecurity, childhood undernutrition, and women's BMI. This research empirically substantiates 

the role of WASH as a critical determinant of household food insecurity. Our study advances the 

literature by using detailed regression analysis and nationally representative DHS data to isolate 

and quantify the independent effects of WASH factors such as water source, sanitation type, and 

hygiene behaviors on food insecurity outcomes, controlling for key socioeconomic variables. 

The significant association between the location of drinking water and food insecurity highlights 

the time and labor burden associated with off -premises water access.  

Furthermore, the findings from the child nutrition analysis provide strong empirical 

evidence for the protective role of improved WASH conditions against stunting, underweight, 

and wasting among children under five. Children living in households with piped  water and 
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toilets on the premises were less likely to be undernourished, even after adjusting for household 

wealth, number of children, and residence type. These results align with previous findings from 

multi-country analyses (Dangour et al., 2013), but our analysis deepens the empirical insights by 

focusing on Nepal’s unique geographic and socioeconomic contexts and using the most recent 

nationally representative data. 

Moreover, the study uncovers empirical evidence on the relationship between WASH and 

women’s nutritional status, measured by BMI. The findings show that women in households 

with access to piped water and flush toilets were more likely to have higher BMI, suggesting that 

while WASH improvements reduce infectious disease risk and energy expenditure from water 

collection, they may also contribute to increased caloric retention or reduced physical activity, 

especially in urban or wealthier populations (Subramanian et al., 2009). These results highlight 

the emerging double burden of malnutrition in Nepal, where overweight and underweight coexist 

and may be differentially influenced by infrastructure improvements.  

Additionally, this research reinforces the empirical importance of integrating 

sociodemographic and cultural variables such as wealth, age, religion, ethnicity, and place of 

residence. Across all three papers, these factors consistently modified the relationship between 

WASH and nutrition-related outcomes. For example, poor households and those in rural areas 

faced significantly higher food insecurity and undernutrition risks, while wealthier, urban 

households were more prone to being overweight, even with similar WASH access. This 

suggests that WASH interventions must be specific to cultural context.  

Practical and Policy Implications 

The findings from this study provide actionable insights for educators and educational 

institutions, policymakers, public health practitioners, and development stakeholders working to 
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address food insecurity and malnutrition in Nepal. The strong associations observed between 

WASH conditions and household food insecurity, child undernutrition, and women’s nutritional 

status highlight the need to incorporate WASH interventions into broader national strategies 

aimed at improving public health and nutritional outcomes.  

Educators and educational institutions  

The demonstrated impact of WASH conditions on food insecurity and nutritional 

outcomes underscores the need for integrating WASH education into school curricula, 

particularly in health, environmental science, and social studies programs. As emphasized by 

UNESCO (2020), integrating context-specific health education fosters inclusive and responsive 

learning environments. Furthermore, academic institutions, particularly those in or partnering 

with low- and middle-income countries like Nepal, have a vital role in preparing future public 

health professionals through interdisciplinary coursework, applied fieldwork, and community -

based research. UNICEF (2012) also underscores the importance of school settings not only as 

learning environments but also as platforms for modeling healthy WASH practices. Institutions 

can lead by example by ensuring access to clean water, sanitation, and hygiene within their 

facilities, thereby fostering lifelong health behaviors among students and staff. Finally, 

universities and research centers should actively engage in collaborative research with 

governmental and non-governmental organizations to explore the long-term impacts of WASH 

interventions.  

Integrating WASH into Nutrition and Food Security Programs 

Evidence from this study underscores that inadequate access to clean water, basic 

sanitation, and hygiene contributes not only to communicable diseases but also to food insecurity 

and undernutrition. Therefore, integrating WASH improvements into national f ood security and 
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nutrition initiatives is crucial. Programs such as the Multi-Sector Nutrition Plan (MSNP) in 

Nepal should continue to prioritize WASH infrastructure, particularly piped water access and 

improved toilet facilities, as foundational to reducing household vulnerability (National Planning 

Commission, 2017; World Health Organization & United Nations Children’s Fund, 2023).  

Targeted Interventions for Vulnerable Populations 

The results indicate that rural households, poor families, and those with more children are 

disproportionately affected by food insecurity and malnutrition. WASH interventions should be 

targeted specifically toward these vulnerable groups to maximize impact. For example, 

expanding rural water supply schemes and community sanitation programs in underserved 

provinces can improve household resilience. 

Addressing the Double Burden of Malnutrition 

The positive association between improved WASH access and increased BMI among 

women in wealthier, urban areas reveals a nuanced implication: while improving WASH helps 

combat undernutrition, it may also inadvertently contribute to overweight and obesity th rough 

decreased physical activities and improved calorie absorption. National nutrition policies should 

therefore address the emerging double burden of malnutrition, ensuring that WASH programs 

are complemented with dietary education and promotion of physical activity in urban settings 

(Popkin et al., 2020; Pries et al., 2019). 

Culturally and Religiously Sensitive Program Design 

Given the observed variations in outcomes based on religion and ethnicity, interventions 

must be culturally tailored. For example, hygiene promotion efforts should consider religious 

norms related to cleanliness, gender roles in water collection, and dietary restrictions. Engaging 
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local leaders and community-based organizations can enhance the cultural acceptability and 

effectiveness of interventions. 

  



89 
 

Overview and Conclusion 

This study examines the relationship between Water, Sanitation, and Hygiene (WASH) 

conditions and three critical public health outcomes in Nepal: household food insecurity, child 

malnutrition, and women’s nutritional status. Using nationally representative  data from the 2022 

Nepal Demographic and Health Survey (DHS) and adjusting for sociodemographic covariates, 

our analysis explores how WASH variables influence food insecurity, child malnutrition 

(stunting, wasting, undernutrition), and women’s nutrition (Body Mass Index (BMI)). Among 

the 13,786 households surveyed, 6,007 were identified as food insecure, illustrating the 

widespread prevalence of food insecurity across Nepal. Households’ dependent on spring water 

sources and shared sanitation facilities faced higher risks of food insecurity, while those with 

access to on-premises drinking water and private sanitation facilities experienced improved food 

security outcomes.  

Regression analyses confirmed our findings that improved sanitation, the availability of 

handwashing resources, and household water treatment practices were associated with lower 

levels of food insecurity. In contrast, poverty and inadequate WASH conditions emerged as 

major contributors to food insecurity. These findings emphasize that WASH-related deprivation 

undermines household food resilience. Findings from our study also highlight geographic and 

infrastructural inequalities that disproportionately affect rural and low-income households. 

National food security and health strategies should therefore include targeted investments in 

WASH infrastructure alongside income-based interventions. Additionally, promoting water 

treatment and hygiene practices offers a practical and effective way to reduce food insecurity, 

particularly where full infrastructure development is not yet feasible.  
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Similarly, malnutrition outcomes among children aged 0–59 months, including stunting, 

wasting, and underweight, were closely linked to WASH conditions, reinforcing the critical role 

of basic infrastructure in early childhood health. Children in households with access to piped 

water and improved sanitation had significantly better nutritional outcomes, particularly lower 

rates of stunting. In contrast, children from lower-income households or those with multiple 

young siblings faced increased risks of stunting and underweight, pointing to the compounded 

burden of poverty and caregiving demands. Interestingly, urban residence was associated with 

lower stunting but higher rates of wasting, suggesting a need for context-specific interventions 

that address both undernutrition and acute malnutrition in different settings.  

Among non-pregnant women aged 15–49 years, WASH access was also a key 

determinant of nutritional status. Women with access to piped water and private sanitation were 

more likely to be overweight or obese, particularly those in urban areas and from non -Hindu or 

non-Brahmin/Chhetri ethnic groups. These patterns highlight a growing double burden of 

malnutrition, where both undernutrition and overnutrition coexist within the same population, 

often shaped by social and environmental disparities. The findings underscore the need for 

integrated health and development strategies in Nepal that combine WASH improvements with 

targeted nutrition education and social equity efforts. Addressing these disparities requires not 

only expanding infrastructure but also tailoring interventions to the sociodemographic contexts 

of households, recognizing that WASH access alone does not guarantee uniform health benefits 

across diverse population groups. 

In conclusion, this study provides compelling and comprehensive evidence that WASH 

conditions are associated with household food insecurity, child malnutrition, and women’s 

nutritional status in Nepal. Inadequate access to clean water, sanitation, and hygiene resources 



91 
 

significantly exacerbates nutritional vulnerabilities, particularly among low-income households, 

families with young children, and women in both rural and urban settings. The findings across all 

three studies underscore the intricate and reinforcing relationship between WASH infrastructure, 

socioeconomic disparities, and health outcomes, demonstrating that improvements in water and 

sanitation alone are insufficient without concurrent efforts to address poverty, education, and 

social inequality. These insights call for integrated, multisectoral policy solutions that position 

WASH as a central pillar of national strategies to reduce malnutrition and food insecurity. 

Targeted investments in equitable WASH access, especially for marginalized populations, have 

the potential to alleviate the dual burden of undernutrition and overnutrition. Future research 

should prioritize longitudinal and intervention-based designs to establish causal pathways and 

evaluate the long-term effectiveness of WASH-centered approaches in improving maternal and 

child health and household food resilience. 

 

  



92 
 

Limitations 

While this dissertation provides valuable insights into the relationship between water, 

sanitation, and hygiene (WASH) conditions and key health and nutrition outcomes in Nepal, 

several limitations inherent to the use of secondary data from the 2022 Nepal Demographic and 

Health Survey (DHS) must be acknowledged. First, the cross-sectional design of the DHS 

restricts causal inference, as the data reflects a snapshot in time and cannot establish temporal 

relationships between WASH conditions and outcomes such as food insecurity, child 

malnutrition, or women’s BMI. Second, the reliance on self -reported measures for key variables, 

such as food insecurity and hygiene practices, may introduce recall bias or social desirability 

bias, potentially affecting the accuracy of responses. Literacy is also a critical variable in 

interpreting responses to survey questions, particularly in studies involving self -reported 

measures of food insecurity, sanitation practices, and health behaviors. This has important 

implications for how respondents understood and responded to survey items, especially those 

related to WASH practices and food insecurity. Low literacy levels among certain respondent 

groups may have influenced their ability to accurately interpret survey questions, introducing 

potential response bias or measurement error. Finally, the available data limits the inclusion of 

potentially important confounding variables, such as dietary intake, environmental 

contamination, seasonal variability in water access, and other WASH variables which could 

influence the observed relationships. Despite these limitations, the DHS remains one of the most 

comprehensive sources of population-level health data in for Nepal and provides a strong 

foundation for informing policy and guiding future research. 
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Appendix 1 Selected Characteristics of Food-Insecure Households, Nepal, 2022 

Household Characteristics M SD Range Number 

Number of household members 4.21 2.09 1-26 6007 

Number of women (aged 15-49) 1.09 0.83 0-6 6007 

Number of men household 0.34 0.64 0-5 6007 
Number of children 5 and under (de 

jure) 0.51 0.76 0-6 6007 
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Appendix 2 Socioeconomic Characteristics of Food-Insecure Households, Nepal, 2022 

Household Characteristics N (%) 

Type of place of residence  
     Rural  3193 (53.2) 

     Urban  2814 (46.8) 

Has a bank account  
     Yes 4072 (67.8) 

     No 1935 (32.3) 

Wealth Index combined  
     Poorest 2701 (45) 

     Poorer 1391 (23.2) 

     Middle 985 (16.4) 

     Richer 660 (11) 

     Richest 270 (4.5)  
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Appendix 3 Mean Food Insecurity Score by Type of Drinking Water Source, Type of 

Drinking Water, Type of Toilet Facility, Nepal, 2022 

 

Variables M SD N F-

ratio 

p 

Source of drinking water      

Piped to yard/plot 2.71 1.78 2403 10.58 <0 .001 

Tube well or borehole 2.69 1.74 1791 
  

Public tap/standpipe 3.05 1.86 937 
  

Piped to the neighbor 3.30 1.95 184 
  

Piped into the dwelling 1.97 1.45 178 
  

Protected spring 3.29 2.05 154 
  

Bottled water 2.25 1.61 130 
  

Unprotected spring 3.23 1.87 113 
  

Unprotected well 2.60 1.76 43 
  

Protected well 2.50 1.67 38 
  

River/dam/lake/ponds/stream/canal/irrigation 
channel 

3.16 1.92 32 
  

Tanker truck 2.50 2.38 4 
  

      

Location of Drinking Water Source 
     

On premises 2.65 1.76 4516 10.69 <0.001 

Not on premises 3.13 1.88 1490 
  

      

Type of toilet facility 
     

Flush to pit latrine 2.81 1.80 3127 30.38 < 0.001 

Flush to septic tank 2.41 1.63 1584 
  

No facility/bush/field 3.52 2.01 630 
  

Pit latrine with slab 3.13 1.81 232 
  

Flush to piped sewer system 2.24 1.60 156 
  

Biogas attached toilet 1.90 1.10 122 
  

Ventilated Improved Pit latrine (VIP) 3.07 1.85 83 
  

Pit latrine without slab/open pit 3.08 1.65 40 
  

Others 3.27 2.05 33 
  

      

Presence of water at hand washing place      

Water is available 2.61 1.72 4924 12.71 <0.001 

Water not available 3.45 1.97 1053   

      

Soap or detergent present at wash site      

Yes 2.44 1.63 3403 15.58 <0.001 
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No 3.18 1.91 2574   

      

Ash, mud, sand present at wash site      

No 2.79 1.82 4524 2.61 <0.001 

Yes 2.66 1.71 1453   

      

Anything done to water to make safe to drink      

No 2.85 1.83 4807 8.42 <0.001 

Yes 2.4 1.61 1197   

      

Share a toilet with other households      

No 2.61 1.7 3992 -4.396 <0.001 

Yes 2.86 1.86 1385   

      

Location of toilet facility      

In own yard/plot 2.72 1.75 4293 34.21 <0.001 

In own dwelling 2.11 1.52 555   

Elsewhere 2.89 1.85 529   
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Appendix 4 Total Number of Children Aged 0-5 Years Included in Study After Excluding 

Missing or Flagged Data Nepal, 2022 

 

Total cases 
Stunting Underweight Wasting 

5,372 5,372 5,372 

System missing 2,780 2,601 2,592 
9998 (Flagged cases) 1 1 2 

9996 (Height out of plausible limits)   3 
After the system missing/ flagged cases 2,591 2,600 2,587 
Remove missing data/ Not a de jure 

resident/don’t know     

Final cases for analysis 2,202 2,208 2,198 

Source: Nepal Demographic and Health Survey, 2022 
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Appendix 5 Total Number of Non-Pregnant Women Aged 15-49 Years, Nepal 2022 

 Women (BMI) 

Total cases 14845 

System missing 7442 

9998 (Flagged cases) 2 

9999 (Missing) 49 

After the system missing or flagged cases for 7352 

Missing data/ Not a dejure resident/don’t know for source of drinking 

water/ location of drinking water/ types of toilet facility/ share the toilet 
with others/ BMI 

803 

Pregnant women 258 

Final data for analysis 6291 

 

 


