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  Abstract 

Water, sanitation and hygiene (WASH) are public health concerns associated with 

communicable diseases. Despite some progress toward the increase of WASH over the past 

decade, the population of Nepal still has poor access to WASH facilities, and diarrhoea is 

ranked the second highest disease-related cause of child mortality. This thesis identifies the 

availability of household-level WASH facilities and examines individual-,family/household-, 

and community-level factors associated with WASH, assesses the effects of households’ 

WASH facilities on diarrhoea and malnutrition (stunting, wasting and underweight) among 

children under five years in Nepal. 

Firstly, a systematic review on maternal handwashing with soap was conducted. Next, Nepal 

Demographic and Health Survey 2016 data from 11,040 households were used to map current 

WASH facilities. To do this, bivariate and spatial analyses were conducted. Then, data from 

5,038 mothers with children under five years were analysed to examine individual-, 

family/household-, and community-level factors associated with WASH and to assess the 

effects of WASH on diarrhea and malnutrition among children under five in Nepal. 

This thesis showed approximately 95% of households had access to improved water sources, 

84% had access to sanitary toilets, 81% had access to fixed places for handwashing, and 47% 

had access to soap and water for handwashing.  

Education level, place of residence and Province were significantly associated with sanitary 

toilets and handwashing facilities. The household wealth index, ecology and distance to a water 

source were significantly associated with WASH facilities. 

Lack of combined WASH facilities was associated with a 50% higher chance of contracting 

diarrhoea among children under five years. Lack of sanitary toilets increased the likelihood of 

children suffering from stunting and underweight, while the absence of a fixed place for 
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handwashing increased the risk of wasting. 

This is the first study of WASH in Nepal that has included a comprehensive measure of the 

combined WASH factors. This thesis highlights the need to create enabling environments for 

sustainable WASH facilities. The Government of Nepal should launch a comprehensive 

WASH package for all households. This is possible by mobilising teachers, traditional healers, 

priests, politicians, and other organisations and resources to meet this aim.



 

1 
 

1. Chapter 1: Introduction 

1.1 Background to water, sanitation and hygiene  

Water, Sanitation and Hygiene (WASH) has been recognised as being of great importance to 

public health, particularly for the health of children under five years [1-4]. Adequate and 

improved WASH are key components of health promotion and disease prevention 

interventions which are  practical [5], cost-effective [6], and possible at the household level [7]. 

For the purposes of this thesis, the definition of adequate water, sanitation and hygiene is access 

to “an improved water source, a sanitary toilet, and to facilities for handwashing with soap” [8]. 

The purpose of this thesis is to identify the availability of household-level WASH facilities and 

to examine individual-, family/household,- and community-level factors associated with 

WASH, and to assess the effects of households’ WASH facilities on diarrhoea and malnutrition 

(stunting, wasting and underweight) among children under five years in Nepal. This chapter 

describes the global, regional and Nepal-specific WASH status, child health, communicable 

diseases, and the role of WASH, and includes the context of the health care system of Nepal. 

Over the past three decades, there have been significant improvements in WASH throughout 

the world [9]. The rates of improved water sources worldwide have increased from 78% in 1990 

[10] to 81% in 2000 and to 90% in 2017 [11]. The rates of improved sanitation (i.e. sanitary 

toilets) across the world were 55% in 1990 [12] and 56% in 2000, increasing to 68% in 2015 [13] 

and 74% in 2017 [11]. The regions with the scarcest water sources and highest rates of open 

defaecation include sub-Saharan Africa (SSA), and the South Asian Region (SAR), which 

includes Nepal. In SSA countries in 2017, only 30% of the population had access to improved 

and safely managed sanitation services. However, this had increased from a rate of 23% in 

2000, when 20% of people in SSA practiced open defaecation[11]. 

In SAR in 1990, 71% of the population had access to improved water sources. This rate 
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increased to 88% in 2020, as reported by Water Aid [14]. These figures indicate that 

approximately 10% of the global population and 12% of South Asian people did not have 

access to improved water sources between 2017 and 2020. According to the WHO/UNICEF 

joint monitoring program (JMP) 2019 report, approximately 71% of the world population has 

safely managed water, 90% have basic sanitation practices and 60% have handwashing 

facilities with soap and water. Approximately 35% of populations from the least developed 

countries have safely managed water, 80% have basic sanitation and 60% have access to 

handwashing facilities with soap and water. In Nepal, only 20% of the population has safely 

managed water, 84% has basic sanitation and 81% has handwashing facilities with soap and 

water [11]. 

The Millennium Development Goals (MDG) targets for improved sanitation were 78% for the 

world and 60% for SAR [15]. Rates of improved sanitation worldwide and in SAR did not meet 

the MDG targets by 2015, with shortfalls of 10% and 15%, respectively. Approximately 32% 

of the world’s population do not have access to sanitary toilet facilities. Disturbingly, 12% of 

the total global population still practice open defaecation, and of this group, 34% are in SAR. 

As a result, Nepal, India, Pakistan and Bangladesh achieved to reduce the practice of open 

defaecation by 30% in 2016 [16, 17]. A randomised controlled trial in India, conducted between 

May 2010 and December 2013, claimed that increasing the numbers of sanitary toilets reduces 

exposure to micro-bacteria, thus further helping to prevent diarrhoeal disease [18]. 

Handwashing with soap is one of the key components of WASH. The global prevalence of 

handwashing with soap after handling human excreta in 2014 was 19%, while rates were as 

low as 17% in SAR and 14% in SSA [19]. As of 2017, 40% of the global population was without 

access to basic handwashing facilities with soap and water [11]. 

Handwashing with soap practices differ between developed and developing countries, rural and 

urban, and poor and rich [9]. The country with the highest rates of adherence to 
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recommendations for handwashing with soap was New Zealand at 72% [19]. In general, between 

3% and 34% of the population in developing countries routinely wash their hands with soap at 

the five critical moments: after defaecation or using toilets; after cleaning a child’s bottom or 

handling nappies; before eating food or feeding a child; before preparing or handling food; and 

before breastfeeding [20]. 

1.2 Child health, communicable diseases and the role of WASH 

Child health is one of the key components of public health. Child health is a state of complete 

physical, mental, intellectual, emotional and social wellbeing, and not merely the absence of 

disease or infirmity [21]. Children are unable to achieve good health alone; rather, they are 

largely dependent upon their parents, families and other caregivers. For example, children 

under five need help with personal hygiene and toileting, and the provision of soap and water 

for handwashing. 

Communicable diseases are still a significant public health challenge and can create endemic 

problems in developing countries, where about 34% of deaths occurred as a result of such 

diseases in 2014 [22]. Globally, this rate was 19% in 2016 [23]. Bacteria, viruses, and protozoa 

are the main causes of communicable diseases associated with WASH practices. Contaminated 

drinking water, poor sanitation, and not handwashing with soap are associated with 

communicable diseases among children under five years, and are responsible for almost 10% 

of the global disease burden [24]. Approximately 827,000 people died due to inadequate WASH 

in low- and middle-income countries in 2020, with 60% of these deaths due to diarrhoea alone 

[25]. Approximately 297,000 child deaths can be prevented through increased access to adequate 

and improved WASH in low- and middle-income countries [26]. However, the number of deaths 

attributable to unsafe water and not handwashing with soap fell by more than 12% at the global 

level between 2005 and 2015. The population’s Disability Adjusted Life Years decreased by 
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more than 20% in the same time frame [27]. 

Diarrhoea has persisted as a global burden over the past few decades and is a major public 

health concern [28], particularly for developing countries, including Nepal. It is attributed to 

unimproved sources of drinking water, lack of sanitary toilets, and inadequate practices of 

handwashing with soap [29]. Globally, diarrhoea is one of the major causes of childhood 

morbidity and mortality. Approximately 525,000 children die from diarrhoea each year, and of 

these, 90% are in SAR and SSA [28, 30]. Approximately 50% of children who died due to 

diarrhoea in Nepal also experienced malnutrition [31]. Malnutrition consists of stunting (height 

for age), wasting (weight for height), and underweight (weight for age). Previous evidence 

regarding WASH and nutritional status among children has been inconsistent. A few studies 

reported an association between WASH and stunting, wasting and underweight [32-36]. 

However, other studies have reported no direct linked between WASH and stunting, wasting 

and underweight [18, 37-39]. 

The World Health Organization (WHO) identified communicable diseases, reproductive 

health, and maternal, newborn and child health as areas of focus in 2016 [40]. Approximately 

50% of malnutrition cases among children who also have diarrhoea occur as a result of 

unimproved water sources, inadequate sanitation, and insufficient hygiene [41, 42]. Therefore, 

these issues have been included in the research agenda of the United Nations’ Sustainable 

Development Goals (SDGs) for 2016–2030 [43], with SDG–6  focusing on achieving adequate 

and equitable universal access to sanitation and hygiene by 2030 [44]. 

Adequate WASH in the home can reduce the spread of communicable diseases by 50% [37]. 

Approximately 10% of the total global burden of disease can be prevented with improved 

WASH [42]. Handwashing with soap is fundamental to stopping the spread of communicable 

diseases, preventing illness [19, 45] and promoting health, improved standards of living, and 

positive health outcomes. 
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Constructing a water supply, as well as sanitation and hygiene facilities, may not be sufficient 

to improve child health outcomes, as sustained human behaviour change must also be 

considered [46]. Specifically, handwashing with soap is highly recommended during the five 

critical moments [5]. The six steps of handwashing recommended by the WHO are: wet hands 

with clean water; apply soap to cover all surfaces of  hands and fingers; rub hands for at least 

20 seconds; rinse hands with water;  and dry hands with a clean single use towel; with this 

whole process to take 40-60 seconds [47]. Contaminated hands can act as a vector for 

transmission of faecal pathogens, either via direct person-to-person contact or by 

contaminating food that is later eaten [48]. 

1.3 Statement of the problem 

Children under five years, who comprise 10% of the total population of Nepal, are the focus of 

these studies [49]. Preventable WASH related diseases are a major cause of child illness. 

Children under five years, compared to older children, are more prone to exposure to 

communicable diseases such as diarrhoea and malnutrition, which are ranked in the top 10 

morbidity list[50]. In developing nations, children under five are 11 times more likely to die 

compared to children of the same age in developed nations [51] with diarrhoea being the second 

leading cause of mortality in Nepal [52]. 

Inadequate improved water source, lack access to sanitary toilet and handwashing facilities at 

households’ level are likely to account for a substantial proportion of communicable diseases 

particularly children under five year. Improved WASH helps to protect against faecal 

contamination in order to prevent diarrhoea but  indirect association to malnutrition among 

children [2]. Previous evidence about the association between WASH and malnutrition 

indicators had mixed results. Studies based in Nepal showed that household water purification 

practices were significantly associated with lower rates of wasting but not with stunting and 
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underweight [36, 53]. These studies further indicated that there were association between sanitary 

toilet and handwashing with soap facilities with stunting and underweight among children but 

not with wasting. In contrast, another study showed that there was no association between 

handwashing with soap practice and stunting [54]. The SDG-6 has given priority to improved 

WASH especially for children and mothers. The GoN’s five year plan targeted to reducing 

child mortality to 24 per 1,000 live births, reduce underweight by 15% and stunting by 20% in 

2023-24 [55]. Therefore, it is important to conduct research on WASH and related consequences 

with a focus on children under five to support programs and policies in Nepal.   

1.3.1 Water, Sanitation and Hygiene in Nepal 

The proportion of households in Nepal with access to improved water sources was 46% in 1990 

[56], increasing to 95% in 2016 [57]. The Ministry of Water Supply Nepal reported in 2019 that an 

estimated 11% of the population did not have access to improved water facilities [58]. While Nepal is one 

of the richest countries in the world in regards to availability of water resources [59], its water 

sources are often polluted by the practice of open defaecation, and contamination by household 

and industrial waste which puts Nepal among one of the most water-insecure countries in the 

SAR [60]. 

The household Family Health Survey in 1991 estimated that 21% of the population in Nepal 

had access to sanitary toilets [56], increasing to 68% in 2011 [61]. The rates of adequate sanitation 

in Nepal range from 20% to 99%, with the overall rates of adequate sanitation increasing from 

30% in 2000, to 62% in 2011 and to 87% in 2016, as reported by Water Aid Nepal [62]. The 

success of sanitation status of Nepal was due to a national open-defecation-free campaign.  

A study on hygiene conducted in 2015 found that of children aged 12–15, 43% adhered to 

recommended safe food hygiene practices, 12% practiced handwashing with soap, and 10% 

maintained adequate oral hygiene. This study found that most hygiene practices were not 
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regularly performed [63, 64]. Nepal’s overall rates of adequate handwashing at the household 

level were 17% in 2004. In 2017, the rates of available handwashing facilities with soap were 

48% overall, 43% in rural areas and 67% in urban areas [65]. In Nepal, handwashing with soap 

is particularly challenging before breastfeeding, after discarding children’s stool, and before 

preparing food. An observational study conducted among mothers in Kirtipur, Kathmandu in 

2019 showed that only 10% of participating mothers practiced handwashing with soap at 

critical times [66]. The handwashing facilities with a fixed place, soap and water by provinces 

in Nepal were province 1(47%), Province 2 (33%), Bagmati Province (63%), Gandaki 

Province(53%),Lumbini Province(42%), Karnali Province(25%) and Sudurpashchim Province 

(46%) in 2016 [57, 67]. 

In Nepal, most WASH campaigns are implemented by private organisations or Non-

Governmental Organisations (NGOs) on a pilot project basis, rather than through sustainable 

Government of Nepal (GoN) programs. This lack of sustainability may affect communities’ 

ability and inclination to adopt lasting WASH practices [68]. Sanitation and hygiene issues in 

Nepal are often overlooked during health planning [69]. Approximately 22% of the Nepali 

population did not have access to clean water, 54% lacked adequate sanitation in 2015 [70], and 

28% of households did not have soap and water available in handwashing places [71]. Previous 

studies have analysed WASH components separately, but the composite outcome variable, 

combined WASH, has not been previously examined. Combined WASH has been analysed in 

this thesis; the availability of clean water, sanitary toilet facilities, and adequate handwashing 

with soap are all required, and the absence of any single item results in incomplete WASH. 

1.3.2 Child health in Nepal 

While Nepal has made some progress toward reducing child mortality, the burden is still high. 

Child age can be divided into three categories: less than four weeks (neonates); under one year 

(infants); and under five years. Table 1.1 shows mortality rates in Nepal for these age categories 
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between 1996 and 2016. 

Table 1.1: Status of child mortality of Nepal 

Indicators Mortality rates by years (per 1,000 live births) 

 1996 2001 2006 2011 2016 

Neonatal mortality rate 50 43 33 33 21 

Infant mortality rate 78 64 48 46 32 

Under-five mortality rate 118 91 61 54 39 

Source: Demographic and Health Survey, Further Analysis Reports [72, 73] 

The neonatal mortality rate was 50 in 1,000 live births in 1996, 43 in 1,000 live births in 2001, 

33 in 1,000 live births in 2006 and 2011 and 21 in 1,000 live births in 2016. The constant rates 

between 2006 and 2011 indicate the challenges to improving neonatal health in Nepal. 

However, reductions were seen in the infant mortality rate from 78 in 1,000 live births in 1996, 

64 in 1,000 live births in 2001, 48 in 1,000 live births in 2006, 46 in 1,000 live births in 2011 

and 32 in 1,000 live births by 2016. Similarly, the under-five mortality rate in 1996 was 118 in 

1,000 live births, 91 in 1,000 live births in 2001, 61 in 1,000 live births in 2006, 54 in 1,000 

live births in 2006 and decreased to 39 in 1,000 live births by 2016 [57]. These trends indicate 

there was a satisfactory reduced of under-five deaths compared to neonatal deaths.  

In Nepal, diarrhoea is still a significant public health challenge and has been ranked as the 

second leading cause of child mortality, according to the Nepalese Health Management 

Information System (HMIS) report [52]. It was thereby listed by the GoN as the Nepal Health 

Research Council’s  ‘Priority Area 2’ in 2013 [74]. The prevalence rate of diarrhoea among 

children under five years in Nepal persists at 8.8% [75]. The frequent occurrence of diarrhoea 

causes poor absorption of nutrients and loss of sodium and chloride, dehydrating the body, 

causing malabsorption of food, and leading to acute malnutrition among children under five 

years. In Nepal, approximately 50% of child mortality is associated with malnutrition [31]. The 
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rates of stunting, wasting and underweight among children under five years in Nepal in 1996 

were 57%, 15% and 42%, respectively, whereas in 2016 the rates decreased to 36%, 10% and 

27%, respectively[57].  

1.3.3 Child health and WASH in Nepal 

Nepal’s Constitution of 2015 declared ‘health, hygiene and clean environment’ as a 

fundamental human right for all citizens [76]. At the same time, the Nepal Health Sector Strategy 

– Implementation Plan (NHSS–IP) 2016–21, targeting healthy behaviour and practices as key 

outputs aimed at improving the population’s health status [77]. However, disadvantaged groups, 

those who are economically underprivileged, the indigenous population, ethnic minorities, and 

people living with disability have more limited access to WASH facilities and practices at the 

household level than other population groups [78]. Parents’ and caregivers’ lack of knowledge 

on hygiene and sanitation, particularly the consequences of open defaecation, and financial 

crises of households are further barriers to the uptake of good sanitation and hygiene [79]. 

Geographical difficulties and lack of political willpower and action in Nepal also contribute to 

the population’s challenges in accessing WASH [60]. Other barriers to WASH access for 

households include lack of high-quality WASH interventions; missed opportunities for 

delivering WASH messages to students, and local leaders; a lack of targeted WASH messages 

and services; inadequate WASH messages in mother languages; and poor coordination between 

service providers and family members [80]. The GoN has allocated 35.6 Billion Nepalese 

Rupees (BNR) toward WASH programs. However, the SDG estimated the actual cost of 

effective WASH programs to be 59.7 BNR in 2018–2019, leaving a gap of 24.1 BNR [81]. 

Therefore, research on this issue is crucial to emphasise to the GoN and stakeholders the 

importance of achieving SDG–6 (i.e. universal access to clean water and sanitation). 

The existing global evidence has shown that unimproved WASH components contribute to 
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increased risk of diarrhoea by 50% [82]. The under-five mortality rate of Nepal is 39 in 1,000 

live births in 2016, with 50% of the children who died having malnutrition [31], and 50% having 

diarrhoea, which is associated with poor WASH [41, 42]. 

In 2019, a review of 59 countries, including Nepal, indicated that improved sanitation can 

reduce the risk of under-five mortality by 10% [1]. Mothers who washed their hands prior to 

handling their infants had a 60% lower risk of their neonates dying. Likewise, birth attendants 

who washed their hands prior to assisting with delivery led to a 25% lower risk of neonatal 

mortality in Nepal [83]. Therefore, providing improved WASH access can prevent child 

morbidity and mortality. 

Mothers are typically the primary carers of their children and family members in patriarchal 

societies such as Nepal [84, 85]. They are the initial teachers of children in the home, and children 

generally adopt their mothers’ behaviours through imitation [86, 87]. Mothers’ WASH practices 

have a direct impact on the hygiene and health of their children [88]. However, more than half 

of Nepalese mothers and other carers (54%) clean and discard stool without access to toilets 

for their children under the age of 24 months [57]. This is because family members, including 

parents and carers, as well as community members, believe that children’s stool is harmless 

[89]. A study carried out in rural areas of hill regions in Nepal in 2014 showed that more than 

43% of households disposed of their children’s faeces in open spaces, and 41% threw the faeces 

on gardens [79]. The lack of knowledge of the risks of unhygienic child stool disposal is a 

contributing factor to the low uptake of sanitary toilet use for children. 

The main causes of under-five mortality in 2017 were preterm birth complications, acute 

respiratory infections, diarrhoea, intrapartum complications, and congenital abnormalities [90]. 

The underlying causes of under-five morbidity and mortality are the lack of clean water, 

sanitation and hygiene, as well as infection, poor nutrition and low-quality health care services 

[91]. Geography and terrain are also common barriers which prevent the timely provision of 
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good-quality health services, improvements in WASH access, and subsequent improvements 

in the status of child health in Nepal. Unimproved water sources, unsanitary toilet facilities, 

and poor handwashing practices are intangible causes of morbidity and mortality for children 

under five. However, it is crucial for household members to understand the importance of 

WASH as a factor in the prevention and control of communicable diseases, such as diarrhoea. 

These deadly diseases are easily preventable but policy development requires a robust evidence 

base to enable further effective health promotion and public health action. 

The principal approaches for WASH promotion at the household level are educating people about 

WASH and the associated disease risks, providing access to good-quality WASH facilities, and 

effective development and implementation of WASH policies. The aim of this thesis is to 

identify the availability of household-level WASH facilities and to examine individual-, 

family/household,- and community-level factors associated with WASH, and to assess the 

effects of households’ WASH facilities on diarrhoea and malnutrition (stunting, wasting and 

underweight) among children under five years in Nepal. 

1.4 Background to Nepal 

Nepal is a developing nation and is a Federal Democratic Republic (Sangiya Loktantrik 

Gantantra Nepal). Nepal is ruled according to the Constitution of Nepal, which came into effect 

on 20 September, 2015 [76]. The country became secular in 2006 [92] and it has a diverse range 

of castes, religions, traditions, and beliefs [93]. The main religions practiced in Nepal are 

Hinduism (81% of the population), Buddhism (9%), Islam (4%), Kirat (Bantawa, Chamling, 

Sampang and Kulung) (3%), Christianity (1.4%), other religions (Prakriti (Nature Worship), 

Bon, Jainism, Bahai and Sikhism; 1.6%) [49, 94]. Nepal is located in the central Himalayas in 

South Asia, and is characterised by slow economic growth, socioeconomic underdevelopment, 

and a low ranking on the Human Development Index [76]. Nepal is a landlocked country situated 
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between China to the north and east, and India to the west and south. The total geographical 

area of Nepal is 147,181 square kilometres, and the nation measures 885 kilometres from east 

to west, and 193 kilometres from north to south. Nepal occupies 0.03% and 0.3% of the total 

geographical area of the world and Asia, respectively [95]. 

Nepal has a diverse geography, including fertile plains (17%), subalpine-forested hills (68%) 

and mountains (15%), with fifteen peaks higher than 7,000 metres. These include the world’s 

highest peak, Mount Everest, at 8,848.86 metres, with Nepal having a higher elevation than 

most countries in the world [96]. 

Nepal’s mountains, hills and plains (terai) regions are shown in Figure 1.1. The mountains 

region’s altitude ranges from 4,877 metres to 8,848.86 metres, and 6.7% of Nepal’s population 

live in this region. The hills districts, where 43.1% of the population live, are 610 metres above 

sea level; and 50.3% of the population live in the plains region. Many rivers run through Nepal, 

providing rich sources of fresh water and a potential source of hydropower for energy 

exploration [59]. The country is divided into seven provinces, 77 districts, and 753 local 

government bodies. In 2019, there were 6 metropolises, 11 sub-metropolises, 276 urban 

municipalities, and 460 rural municipalities [97, 98]. A total of 6,743 wards are available under 

these 753 viable units or bodies in Nepal [99]. Wards are local administrative bodies where ward 

chairpersons elected from people who have full authority of local level government services 

such as providing citizenship recommendations, birth, death and marriage registrations, 

monitoring and supervision for local governance, and many other public issues.  

In 2011, Nepal’s overall literacy rate (ability to read and write) was 66% (males 75% and 

females 57%) [49, 94]. Nepal’s overall poverty rate (i.e. earning <1 US dollar per day by a person) 

was 41.8% in 1996 and 30.9% in 2004 [100]. According to a latest Nepal living standard survey 

2010/11 report, approximately 25.2% of Nepalese people live under the poverty line [101, 102]. 

The main sources of income in the country are agriculture, tourism, herbal medicines and 
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foreign remittances.  

 

 

Figure 1.1: Geographical map of Nepal 

Source: Wagle and Acharya, 2020 [103] 

1.5 Health care system of Nepal 

Nepal’s health care system has been restructured in alignment with three-tiered government, 

ranging from the primary to the tertiary level, which is reported in Figure 1.2. Health 

promotion, disease prevention, disease diagnosis, treatment, and rehabilitation are the main 

areas of Nepal’s health care service provision. There are both public and private health care 

settings controlled by the Ministry of Health and Population (MoHP) Nepal. The lowest level 

of health service provision in Nepal is called a Health Post (HP), which provides basic health 
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care services. Female Community Health Volunteers (FCHVs) provide health education, 

counselling for mothers and children, and referral services [104]. The FCHVs can assist in 

addressing local challenges, such as understanding local languages and contexts, social 

mapping, and advocacy for traditional socio-cultural norms [105]. Furthermore, they support 

government stakeholders in the implementation of national public health programs in the 

community. 

The newly restructured organogram of the Department of Health Services (DoHS) under the 

MoHP and its units are explained in the annual report of DoHS, 2017–2018 [52]. There are five 

divisions: the Management Division; the Curative Division; the Epidemiology and Disease 

Control Division; the Family Welfare Division; and the Nursing and Social Security Division. 

There are also five centres: the National Health Education, Information and Communication 

Centre; the National Tuberculosis Centre; the National Centre for AIDS and HIV Control; the 

National Public Health Laboratory Centre; and the National Health Training Centre. DoHS 

coordinates all centres and divisions which deliver preventive, promotional, diagnostic and 

curative health care services. 

There are seven different Provincial Health Directorates (PHD) under the Ministry of Social 

Development at each provincial government level. The PHDs provide technical support for 

planning and implementation, and are also directly involved with public health program 

monitoring and supervision. The three levels of hospitals are categorised as primary (district 

hospitals), secondary (provincial hospitals), and tertiary (central hospitals). According to the 

2017–2018 DoHS annual report [52], there are a total of 125 public hospitals, ranging from 

district to central levels, including four teaching hospitals. Six central-level hospitals, two 

regional-level hospitals, three sub-regional-level hospitals, and ten zonal hospitals provide 

tertiary-level health care services. The secondary level of health care services are provided by 

district hospitals. In 2020, there were 196 Primary Health Care Centres (PHCCs) and 3,806 
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HPs, which provide primary health care services in Nepal. There are 51,420 FCHVs, 11,974 

Primary Health Care Outreach Clinics, and 15,835 Expanded Programme of Immunization 

clinics in Nepal. The Urban Health Centre in the municipality level and Community Health 

Units in the community levels are also functional for primary health care services. Monthly 

progress reports from health facilities are collected by DoHS. These are processed, recorded 

and presented through the Health Management Information System (HMIS).  

  

Figure 1.2: Health care system of Nepal 

Source: www.mohp.gov.np 

http://www.mohp.gov.np/
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1.6 Water, Sanitation and Hygiene Committees 

The WASH steering committees have been developed by the GoN, which supports the health 

care system of Nepal. Three levels of government, the federal, provincial and local levels have 

different roles for improving WASH. The structure of the WASH committees are shown below 

(Figure 1.3). The committees help to support the federal, provincial and local government to 

enable quality WASH programs and outcomes.   

The key roles of the National WASH committee are to formulate sectoral WASH policies and 

plans and coordination between ministries for sanitation and hygiene initiatives. They work on 

coordination between the WASH stakeholders. The Provincial WASH coordination committee 

aims to organise seminars, workshops and WASH conferences. This committee also provides 

support to the District WASH coordination committee. The district WASH coordination 

committee prepares the district profile and the municipality and rural municipality WASH 

coordination committee work on situation analyses of WASH, resource mobilization, planning, 

mapping and implementation of WASH services. Each level of the committee has a task force 

with four to five members with at least one female representative.  
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Figure 1.3: Structural diagram of WASH committee 

Source: Sanitation and Hygiene master Plan 2011[106] 

1.7 Summary 

Poor WASH access is an ongoing public health problem and a major contributor to 

communicable diseases, especially for children under five years worldwide [24]. Diarrhoea is 

the second leading cause of death among children under five years, and 99% of these deaths 

occur in low-income and lower-middle-income countries such as Nepal [107]. Approximately 

90% of diarrhoea cases worldwide are attributable to poor WASH [42]. Previous studies have 

shown that poor household WASH facilities are due to lack of family and community 

knowledge, poverty, lack of political willpower and action, poor management systems, lack of 

coordination, gender discrimination, sociocultural beliefs, and geographical constraints [60, 68, 

85, 108-111]. Approximately 50% of child mortality is due to malnutrition, which is associated 

with poor WASH and diarrhoeal diseases [31]. Effective WASH promotion activities are the 
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most cost-effective ways to prevent and control communicable diseases, and reduce morbidity 

and mortality [112-116]. Although a limited number of studies have been conducted on the 

individual components of WASH, little is known about small-area-based WASH problems. A 

multi-level study on the association between WASH on diarrhoea and malnutrition in Nepal is 

therefore required [60]. 

Thus, the purpose of this thesis is to identify the availability of household-level WASH 

facilities and to examine individual-, family/household-, and community-level factors 

associated with WASH, and to assess the effects of households’ WASH facilities on diarrhoea 

and malnutrition (stunting, wasting and underweight) among children under five years in 

Nepal. 

1.8 Chapter review and thesis organisation 

This thesis has been designed as a hybrid thesis, where some results chapters are presented as 

manuscripts that will be submitted to a peer reviewed journal (Chapters 4 and 5) and others are 

presented as traditional thesis chapters (Chapters 6 and 7). 

Chapter 1 of this thesis provides a problem statement of the global, regional and national 

WASH situation, child health, communicable diseases, and the role of WASH, a description of 

the country, and summaries of the health care system of Nepal. It also provides a summary of 

this research project. A literature review related to all studies of this thesis is provided in 

Chapter 2. For the literature review, a systematic approach was taken to identify previous 

findings from journal articles, reports, and other published and unpublished documents, to 

determine current knowledge about WASH in Nepal. It also includes a description of the 

ecological model, which is the theoretical underpinning of this thesis. The research gaps of the 

study were identified and aim, objectives and research questions of this thesis were determined. 

Chapter 3 outlines the research methods used in this thesis. Chapters 4–7 provide the results 
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of the thesis. Chapter 4 is presented in the form of a manuscript, which has been drafted and 

will be submitted to a peer reviewed journal. Chapter 4 describes the rates of household 

handwashing for mothers of children aged under five, and explores the factors associated with 

the uptake of handwashing in Nepal, using a systematic review. The results of the systematic 

review indicated the need to examine WASH at the household level, and so three separate 

analyses of the 2016 NDHS data were carried out. The first analysis (Chapter 5) is also 

presented as a manuscript, which will be submitted to a peer reviewed journal. This analysis 

estimated the prevalence and correlates of WASH at the household level in Nepal, including 

identification of areas where WASH facilities were unimproved. The results of this first study 

indicated that less than one-third of females undertook adequate WASH. The mothers with 

children under five years were a particularly vulnerable population for inadequate WASH. 

Therefore, the second analysis (Chapter 6, presented as a thesis chapter) identified the 

individual- family- and community-level factors associated with household WASH facilities. 

Finally, the third analysis (Chapter 7, presented as a thesis chapter) assessed the effects of 

household WASH facilities on diarrhoea and malnutrition among children under five years in 

Nepal. Chapter 8 discusses the overall findings of the thesis. The thesis discussion covers the 

main results, compares these results with previous research, assesses the strengths and 

limitations of the thesis, and identifies the contribution of the research to knowledge. This 

chapter also includes the overall conclusions, and policy and practice recommendations of the 

findings of this thesis.  A policy brief on the “importance of handwashing and opportunities 

for improvement” was included in Chapter 9, and is a recommendation for local, provincial 

and central government authorities. 
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2. Chapter 2. Literature Review 

2.1 Introduction and literature search strategy 

In Nepal, mortality of children under five years is high. The major cause of mortality is 

diarrhoea, which causes malnutrition, and is preventable through adequate improved water 

sources, sanitary toilets and handwashing with soap (WASH) facilities. This chapter provides 

evidence of the existing literature on WASH in Nepal; factors affecting household WASH; 

accessibility to and effects of mass media exposure; importance of social and family roles in 

relation to WASH; diarrhoea and malnutrition among children under five; and a review of 

WASH-related policies of Nepal. This chapter also includes application of the ecological model 

to WASH. 

A literature search was conducted in 2017 using PubMed/Medline, PsycINFO, Embase, 

Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Google Scholar. 

The search criteria included keywords such as water, toilet, handwashing, soap, household, 

mother, children, diarrhoea, malnutrition, and Nepal. Further references were added as the list 

evolved during the review period (2017-2020). Cross-references were also sought to explore 

relevant information related to this research. Retrieved references were stored in Endnote [117].  

2.2 Water, Sanitation and Hygiene in Nepal  

Adequate WASH facilities are a basic need for maintaining an individual’s health and reducing 

communicable diseases. Previous evidence has shown that adequate improved WASH facilities 

can reduce the risks of communicable diseases by 10% of the total burden of all diseases [42].  

2.2.1 Water 

The SAR countries (Afghanistan, Bangladesh, Bhutan, India, Maldives, Pakistan, Sri Lanka 

and Nepal) have bacteriologically and chemically contaminated water sources. Approximately 
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15% of households in Nepal, India and Bangladesh have access to appropriate water-treatment 

techniques [16]. In SAR countries, including Nepal, approximately 68% to 84% of water sources 

are contaminated [118]. The proportion of improved drinking water sources in Nepal is 92% [61]. 

According to the JMP 2019 report, 89% of the population had basic water access and 7% had 

unimproved water, 3% has limited water and 2% has surface water access in 2017 [11].  

Nepal faces a problem of obtaining and consuming safe water at the household level. Most 

water sources are polluted due to sewage, agriculture and industry, mostly in urban and city 

areas [119]. The ground water sources are contaminated in urban and highly populated cities like 

Kathmandu, Nepalgung, Biratnagar and Bhutwal due to sewerage lines, open pit latrines, septic 

tanks, and leakage of septic tanks [120]. Hazardous chemicals such as ammonia, nitrate and 

arsenic [121-123] also cause water pollution. The surface water pollution is caused by direct 

disposal of sewage and the practice of open defaecation in Nepal [124]. Disposal of waste into 

the rivers and ponds are a result of human behaviour and cause water pollution in Nepal. 

Seasonal dryness is one of the highest risk factors for unavailability of adequate water in the 

hills and mountains regions of Nepal. Nepal is a medium water-stress country, with a water 

poverty index rank of 54.4 [125]. Inadequate improved water sources are associated with rainfall 

variability, drought, landslides, and floods [126, 127]. Poor institutional capacities are policy-level 

factors which also influence decreased access to improved water sources [128]. 

2.2.2 Sanitation 

Approximately 610 million people of the SAR, including Bangladesh, India, Pakistan and 

Nepal, practiced open defecation in 2020 [17]. The proportion of households in Nepal with 

sanitary toilets in 2001 was 46%; this increased to 68% in 2011 [61]. In 2016, approximately 

62% of households in Nepal had access to toilets that were not shared with another household 

[57]. Nevertheless, households in many regions of Nepal have poor WASH access. The JMP 
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2019 report has shown approximately 49% of households used septic tanks for human excreta 

disposal, 22%  used latrines and only 5%  of households had a sewer connection [11]. There are 

large variations in the proportion of households with sanitary toilets between rich and poor 

areas of Nepal (80% and 12%, respectively) [106]. Regular use of toilets by household members 

remains a major health promotion challenge in Nepal. Another study conducted in 2016 

indicated that about 32% of constructed toilets needed maintenance [129]. This evidence shows 

that toilet use and the safe disposal of human excreta in Nepal are still problematic. The 

cleanliness and maintenance of toilets in a sustainable way remains a challenge in Nepal. If the 

situation continues, communicable diseases will remain a major public health problem.  

2.2.3 Hygiene 

The prevalence of adequate handwashing practices at the household level in Nepal in 2004 was 

17%, and in 2017 the availability of adequate handwashing facilities was 48% (rural 43% and 

urban 67%) [65].According to the JMP report 2019, basic hygiene facilities were available in 

48% of households, limited facilities without either soap or water were available in 51% of 

households, and 1% of households had no WASH facilities[11].  

Habitual handwashing practices might have changed significantly across the world during 

2020, due to the global COVID–19 pandemic [130]. The global hospital health staff compliance 

with  hand washing recommendations was 45% in 2015 which increased to 62% in 2019 and 

66% in 2020 [131]. In India the handwashing rate increased up to 86% after COVID-19 [132]. In 

Lahan Municipality in Nepal handwashing with soap increased compared to before the onset 

of COVID-19[133]. Nevertheless, sustainable handwashing behaviour still is challenging. 

A study conducted by Australian Aid in 2015 in the Rolpa district of Nepal showed that the 

prevalence of handwashing after defaecation was 44%, after cleaning child faeces it was 25%, 

and before eating a meal it was 39% [134]. In 2002, a New ERA (a research company) [135] study 
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revealed that only 14% of Nepal’s population used soap and water for handwashing before 

eating meals, and only 26% were aware of the importance of handwashing after defaecation. 

In developing countries, only 3% to 34% of the population routinely wash their hands with 

soap at critical moments throughout the day [20]. A telephone survey conducted January 2021 

showed that 70% of households have access to handwashing facilities with soap and water in 

Nepal [136]. The Multiple Indicator Cluster Survey (MICS 2019) report showed that 81% of 

households had a fixed place for handwashing with soap and water [137]..A study was conducted 

among women aged 18–59 years (n=12,000) in the Nawalparasi, Bajhang and 

Sindhuplanchowk districts of Nepal from October 2012 to January 2013, and showed that the 

prevalence of handwashing with soap before eating was 20.7% at baseline, increasing to 29.5% 

by the end of the intervention. Handwashing after cleaning a child’s defaecation was 46.3% at 

baseline and 66.7% after the intervention [116]. 

A 10-year institutional based study conducted in the Dhanusha and Nawalparasi districts of 

Nepal between 2001 and 2011 indicated that the practice of handwashing with soap before 

handling the delivery of babies varied by the circumstances of the births. In the Dhanusha and 

Nawalparasi districts, rates of handwashing with soap prior to births in the home assisted by a 

person who was not a Skilled Birth Attendant (SBA) were 69% and 51% respectively, while 

rates for births in the home attended by an SBA were 95% and 74% respectively, and the rate 

for births in health institutions was 95% [138]. A retrospective cross-sectional study done in 

Makwanpur, Nepal, in 2002 showed that half of the participating birth attendants washed their 

hands prior to attending deliveries [139]. The incidence of traditional birth attendants washing 

their hands prior to deliveries was 74% [140]. Studies conducted in Nepal in Kathmandu, 

Lalitpur, Illam and Chitwan have shown that using soap for handwashing was significantly 

associated with the prevention and control of worm infestation [141]. 

A cross-sectional study conducted in 2012 showed that the rate of ‘knowledge about influenza 
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transmission’ due to not washing hands was 8.3%, the rate of ‘knowledge that handwashing 

prevents the transmission of influenza’ was 19.6%, and the incidence of handwashing after 

handling poultry and raw meat as a precaution was 7.9% [142]. A recent cross-sectional study 

conducted in 2018 in Makwanpur district after it become ODF showed that the availability of 

sanitary toilets at the household level was 92%, access to improved water sources was 90%, 

and handwashing with soap at critical moments (after defaecation or using toilets, after cleaning 

a child’s bottom or handling nappies, before eating food or feeding a child, before preparing 

food or handling food, and before breastfeeding) was 43% [143]. A caste-specific study 

conducted in the plains region of Nepal in 2009 showed that the incidence of using soap during 

general handwashing practices of two indigenous groups in Nepal, Tharu and Musahar were 

46% and 25%, respectively [144]. 

In summary, although households may have access to WASH facilities, adequate practice 

continues to be a problem. Additionally, only 23% of households apply domestic water 

purification techniques, and 54% do not wash their hands with soap [145]. Cleanliness and 

maintenance of household toilets remain a challenge in Nepal. The management of water, soap 

and toilets are predominant factors for maintaining hand washing [146]. 

2.2.4 Water, Sanitaion and Hygiene in Health Facilities in Nepal 

WASH in health care settings are essential for the quality of health care services. Improved 

WASH facilities improves the experience of care, strengthens staff skills and their morale and 

provides opportunities for health staff to act as a role model for the community [147]. Low and 

middle-income countries like Nepal have a low rate of WASH facilities within health facilities. 

In 2015, the WHO and UNICEF reported that 38% of health facilities did not have improved 

water, 19% of health facilities did not have sanitary toilet facilities and 35% of health facilities 

did not have handwashing facilities with soap and water[148]. A report published by Water Aid 
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Nepal showed the overall water coverage in all health facilities of Nepal as 84%, sanitation 

coverage was 71% and hygiene coverage was 19% in 2011. [149]. Approximately 47% of health 

facilities have access to handwashing facilities with soap and water and only 24% of health 

staff have handwashing compliance in rural Nepal [150]. Poor WASH conditions at health 

facilities increases the risk of infection, which causes a resource burden for management, 

increased use of services and poor health outcomes for staff and patients. 

In general, the household WASH coverage of Nepal has been less than 100%. Table 2.1 shows 

the WASH coverage in Nepal, as reported in the Nepal Demographic and Health Surveys. This 

table indicates the improved water sources were gradually increased but household level water 

treatment practice rate was lower. The sanitary toilet was increased by almost 50% between 

2011 and 2016. The availability of handwashing with soap was in decreasing way but a fixed 

place for handwashing rate was increased from 2011 to 2016 which proved that there was a 

poor management of household level handwashing facilities.  

Table 2.1: Household WASH coverage in Nepal 

SN WASH indicator 1996 2001 2006 2011 2016 

1 Improved water sources - 67% 82% 89% 95% 

2 Pipe water supply in to yard 9% 35% 15% 22% 33% 

3 Water source on their premises  - - 46% 58% 69% 

4 Water treatment practices - - 15% 18% 23% 

5 Sanitatary toilet 23% 30% 28% 38% 62% 

6 Handwashing with soap - - 64% 48% 47% 

7 Fixed place for handwashing  - - - 53% 81% 

Source: Nepal Demographic and Health Survey (1996-2016) 
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2.3 Factors affecting household WASH in Nepal 

A number of factors, including the economic cost of gaining access to adequate facilities, 

influence WASH at the household level [151]. The factors affecting the consumption of 

improved WASH are briefly reviewed in this section.  

2.3.1 Socio-demographic factors 

A systematic review conducted by Robert Dreibelbis in 2013 identified that WASH practices 

are determined by individual socio-demographic factors, such as age, sex, ethnicity, economic 

status, and parents’ education [152]. Similarly, ethnicity, religion, marital status, and total 

number of members living at home, were identified as determining WASH by Ashish Joshi 

and Chioma Amadi in 2013 [3]. Household assets, such as ownership of a radio, television, 

computer or mobile phone, are determined by a household’s wealth index; both media access 

and wealth indices can affect the WASH facilities of household members [153]. 

2.3.2 Cultural factors 

Culture is a complex concept, which includes community norms, values and traditions, as well 

as beliefs. These norms and values can determine a community’s sanitation and hygiene 

practices. Culture can influence handwashing and sanitation. A Nepalese study conducted in 

2017 reported on the common cultural practice whereby fathers-in-law and senior citizens often 

do not use a toilet which has previously been used by a daughter-in-law [154]. Cultural values 

also dictate that although mothers are the primary carriers of water from the source to the home, 

they are not allowed to use or carry water when they are menstruating. Such rules may 

exacerbate water scarcity, which can also be a cause of psychological stress among Nepalese 

mothers [110]. Additionally, the caste system in Nepali society prohibits some people from 

touching a water source [110]. Scheduled castes, including Kami, Damai, Badi, Sarki, and Sunar, 

as well as marginalised groups, such as Muslims, Madhesis, third gender, people with a 
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disability, and women, are more vulnerable to poor access to WASH due to cultural beliefs and 

value [85, 155-157]. 

2.3.3 Environmental factors 

Physical environmental factors related to WASH include water quality, substance and hazard 

waste (specifically, excreta), home and communities, and infrastructure (handwashing places, 

soap and water storage). These factors can determine distance to a water source and availability 

of water, availability of soap, location of toilets, fixed places for handwashing, health care 

services, and disposal methods for human excreta [7]. 

Access to an adequate water supply is important because it enables household family members, 

including mothers and children, to keep healthy. When mothers in Nepal have to travel further 

than 30 minutes from home to collect water, this can add to household pressure because of 

over-work and insecurity for mothers and children, and may further increase the risk of family 

conflict [158]. Households in the rural and remote mountains and hills areas of Nepal tend to be 

further from a water source than those in urban and plains areas, as the installation of water 

systems in these difficult terrains is costly [62]. A study conducted in Surkhet district in Karnali 

province of Nepal showed that a shortage of water at the household level was due to the amount 

of time required to collect water from the source, which in this study was approximately 2 to 3 

hours from the home [159]. The poorest households in Nepal have less access to soap and water 

than the richest households [160]. Natural disasters, such as earthquakes, landslides and storms, 

damage water systems and pollute water sources. For example, after an earthquake with a 

magnitude of 7.8 in 2015, approximately 8,000 water structures and 388,000 sanitation 

facilities in Nepal were damaged [161]. Rapid population growth, urbanisation, industrialisation, 

and agricultural growth can cause water sources to become polluted [162]. These environmental 

factors can affect the population’s access to improved WASH facilities. 
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A systematic review conducted in 2020 on studies on 44 countries, including Nepal, found that 

physical infrastructure, such as distance from home to water sources, handwashing places and 

soap, and social factors such as unemployment and lack of community support for 

infrastructure management, may affect handwashing practices [163]. Also, during winter, the 

practice of adequate handwashing reduces due to the extremely cold weather in Nepal [164]. 

The impact of environmental factors can be mitigated, even in challenging areas such as rural 

Nepal. A study conducted in a hilly region in the Rolpa district of Nepal in 2018 provided 

evidence that addressing these factors, including by setting sanitation targets and budgets, 

providing hardware subsidies, establishing WASH committees, and promoting sanitation and 

regulations, increased the sanitary use of toilets [115].  

2.3.4 Personal factors 

Personal factors such as knowledge, attitudes and behaviour are also important in utilizing 

available WASH resources and services at household levels. Knowledge consists of theoretical 

and practical understanding of subjects [165]. Knowledge- and attitude-related factors play 

significant roles in improving access to clean water. Water literacy is the concept of advocating 

for water resources and its management [166]. Community knowledge about improved WASH 

and its management is vital and can lead to a positive impact on family health through active 

participation in WASH interventions [167]. People living in rural Nepal are unaware of the risks 

of communicable diseases due to lack of knowledge about WASH services [79]. Attitudinal 

factors, such as beliefs about the cost of WASH in terms of money, time, effort and benefits 

associated with a desired WASH behaviour, as well as feelings towards WASH habits, are 

instrumental in improving WASH access [168]. A cross-sectional study conducted in Nepal’s 

Saptari district in 2017 concluded that knowledge is the main factor that influences access to, and 

use of good-quality water [169]. Another study conducted in Nepal also claimed that poor 
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knowledge about water sources and its management and purification increases the risk of 

diarrhoea [170]. 

Family members’ positive attitudes towards WASH services and their ownership are 

significantly associated with utilising sanitary toilets [171]. The knowledge of household 

members, including that of the head of the household and the mother, influence the utilisation 

of sanitary toilets, providing privacy, safety and convenience for mothers, children and people 

living with disability [172]. Knowledge about other family members’ sanitary use of the 

household toilet can influence children to do the same [173]. A sound knowledge of safe hygiene 

practice motivates household members to utilise adequate latrines, that is, latrines that function 

appropriately and provide safe disposal of child faeces. While attitudes toward human excreta 

have played a significant role in lack of sanitation practices in daily life, individual perceptions 

and circumstances also contribute to adopting or rejecting the installation and use of flush and 

ventilated improved pit latrines [174]. A study conducted in East Nepal showed that a health 

education program implemented by a local community hospital played a significant role in 

increasing the use of sanitary toilets, as 75% of households had sanitary toilets available to the 

occupants, and 95% used them properly after the program [175]. This indicates that better 

education can increase toilet use.  

However, knowledge is not the only factor that influences the use of toilets in Nepal; 

geography, culture, norms and the economy are further determinants [176]. A study conducted 

in Mahottari district, a sanitary ‘dark zone’ in the plains region, suggested a reward and penalty 

system as a way to improve sanitation of households and their surroundings. This could involve 

a reward, such as 50% of the money charged to information providers for those whose 

households use sanitary toilets and wash their hands with soap and water after defaecation, and 

a penalty for those who ignore sanitation and hygiene recommendations. Penalties may include 

fines of 100 Nepalese Rupees for those who defaecate in an open space in the first instance, 
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with increased fines for subsequent offences [177]. 

Household members’ lack of knowledge and their existing feelings and beliefs about 

handwashing, as well as their level of awareness of the implications of poor hand washing, are 

all contributing factors to communicable diseases [178]. Lack of knowledge about the 

importance of soap and the critical moments for handwashing at the household level is the 

primary barrier to effective handwashing practices [109]. There is evidence from Australia that 

compliance of health care professionals, with assumed sound knowledge of WASH, with 

washing their hands before coming into contact with patients is as low as 30% [179] and 24% 

hand washing compliance was seen among health care workers in rural Nepal [150]. Household 

members do not give importance to the use of soap due to low levels of knowledge about 

disease transmission and the need for handwashing at critical moments [180]. 

A 2015 Nepalese study of Mahottari, Sarlahi, Siraha and Saptari districts showed that 

participants were more likely to wash their hands with soap when their hands looked dirty, and 

were motivated by wanting to see their hands soft and smelling good, so that they could 

maintain their dignity in the community [181]. High self-efficacy, commitment, and hygiene 

planning skills are factors that can support the use of improved WASH facilities to reduce the 

risk of communicable diseases [182]. WASH services should be established in the home in 

sustainable ways. These services can be affected by broader factors, such as the absence of a 

community WASH committee, poor quality of WASH infrastructure, and poor follow-up 

systems [183]. To prevent a breakdown in household WASH access due to these factors, 

household members, especially the heads of households, must be aware of these barriers when 

they arise, and local government authorities must coordinate with community representatives 

to implement emergency measures to maintain WASH in the affected households. 

Inadequate WASH are also determined by behavioural factors [178]. Behavioural factors with 
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potential to affect access to WASH include habits, psychological issues, technology, and 

context [178]. An individual’s behaviour towards drinking water and handwashing, having soap 

and water in the correct place for handwashing, proper use of sanitary toilets, and the regular 

habit of handwashing after contact with contaminated sources during critical moments are 

behaviour-related factors [184]. 

Habits are formed on the basis of knowledge; repeated behaviour in a specific context forms a 

habit [185], with the behaviour repeated until it is performed automatically [186]. This concept 

can be applied to WASH practices. For example, the washing of hands with or without soap 

commonly occurs before meals and after defaecation, habits often formed during childhood 

[180], when children are encouraged to wash their hands [151]. In Nepal, children are accustomed 

to defaecating in open spaces, as their parents may not understand that children’s stool can be 

harmful [89]. Household members may be less motivated to wash their hands when they do not 

have a fixed place for handwashing, as a lack of a fixed place for handwashing can cause 

confusion, and it can be difficult to locate soap and water if they are kept elsewhere instead of 

in the fixed place. 

In Nepal, the FCHVs conduct home visits to educate mothers and other family members about 

the appropriate use of WASH [161]. Therefore, interventions that aim to modify WASH 

behaviours can be effective, but are dependent on the FCHVs’ education level, interest and 

activity level. 

Habits, motivated behaviours and cognitive factors, can affect WASH behaviours [151]. 

Perceived disease severity, perceived vulnerability, attitudes, and use of and control over good 

WASH practices are also related to psychological factors [171]. Poor access to WASH facilities 

can contribute to feelings of perceived vulnerability to risk of communicable diseases, disease 

severity, and further long-term effects of the diseases [187]. 
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Technological factors can improve uptake of WASH by encouraging WASH behaviours. 

Technological facilitators include accessible water sources; transport and roads; water storage 

facilities; water purification devices and chemicals; and affordable cost [188-190]. These factors 

are interconnected and have significant roles in preventing diarrhoea and many other 

communicable diseases [178]. A spring and/or tap water source is safe for human consumption 

and use if the reservoir is clean and protected [191, 192] but the road between the home and the 

water source must be sufficiently wide and not slippery to encourage use of the facilities. For 

improved water to be available in the household, filtration and boiling practices have to be 

established. The rope pump, India Mark II, play pump, bio-sand filters, constructed rain water 

harvesting jars, life straw and Jerry Lans are popular technological tools used in the African 

region to make water clean and safe for human use and convenient [174]. However, their 

management and handling may make these resources unsuitable and too costly for rural areas 

of Nepal. 

2.3.5 Communication factors  

WASH-related messages, such as appropriate use of toilets, handwashing with soap, and water 

purification, are provided to individuals and family members in Nepal through FCHVs, local 

health workers and media [52]. During Health Mothers’ Group (HMG) meetings, the FCHVs 

communicate WASH messages to all the participating mothers. Additionally, WASH-related 

messages are shared by community health workers through primary health care out-reach 

clinics and immunisation sessions, and are also broadcast via radio and television. Effective 

communication of WASH messages leads to an increase in rates of sanitary toilet use and 

presence of handwashing facilities with soap at the household level in Nepal [193]. 

Communication is a valuable method for sharing knowledge, but risk communication can have 

negative effects. Sub-optimal communication between the health and non-health sectors can 
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create confusion about the roles and responsibilities of WASH maintenance in Nepal [161]. For 

example, WASH-related messages that communicate information about risk of disease may 

not be effective in remote Nepalese communities, if the people believe that hands only need to 

be washed if they are visibly dirty, that water can be safe to drink if it looks clean, and that 

mothers are taught their children’s stool is not harmful. 

These instances of poor communication of adequate WASH practice were evident in a study 

conducted in 2017 in Nepal, where FCHVs and health workers lacked appropriate knowledge 

and communication skills to provide adequate health services and advice [194]. Ineffective 

communication can prevent family members from adopting the healthy behaviour of utilising 

improved WASH [7, 71, 195].  

2.3.5.1 Accessibility and effects of mass media exposure at the household level  

Different methods and media, ranging from individual to mass media, are recommended for 

providing knowledge and encouraging a change in WASH behaviour, including handwashing 

with soap in the households [196]. Media for health promotion can be by audio, visual and audio-

visual aids. To date, individual, group and mass methods of health education and promotion 

have been used for promoting the drinking of safe water, use of sanitary toilets, and access to 

handwashing with soap. These methods include strategies targeted at individuals, such as 

counselling and individual contact, groups such as, demonstrations, group discussion and group 

counselling, peer education, symposia, workshops, seminars, and mass methods, such as 

lectures, drama, exhibitions, campaigns, television shows, radio broadcasting, and newspapers 

reading [197]. However, the main sources of health information in Nepal are health workers and 

FCHVs [198]. 

Mass media are public, private and community in the nature, scope and roles that can inform, 

motivate and guide people towards effective WASH behaviour [199]. Mass media can play a 
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significant role in informing an individual about issues such as safe water and good sanitation, 

as well as handwashing with soap to prevent communicable diseases, especially for mothers 

and their children [100]. Modern media such as radio, television, internet, telephones, and mobile 

phones are used to share health messages. Likewise, printed visual aids such as booklets, 

pamphlets, posters, diaries, signage, stickers, flip charts, brochures, flash cards, and bulletin 

boards are used for the effective dissemination of health messages and information. 

In Nepal, the preferred sources of mass media in 2011 were as follows: radio (14% for men, 

15% for women); FM station (36% for men, 33% for women), television (45% for men, 43% 

for women), newspapers (2% for men, 7% for women), posters (1% for both), and hoarding 

boards (0.1% for both) [145]. The rates at which women and men in Nepal were exposed to 

different types of mass media in 2011 and 2016 are shown in Table 2.2 

Women have less access to mass media than men, and both men and women watch television 

more frequently than they read newspapers or listen to radio. As media exposure is related to 

household wealth index, both need to be considered when examining WASH affecting factors. 

Table 2.2: Percentage of mass media exposure by sex in Nepal 

Media exposure  Women  Men 

 2011 2016 2011 2016 

Newspapers 13 9 34 22 

Television 47 50 55 51 

Radio 44 28 59 36 

Source: Nepal Demographic and Health Survey 2011and 2016 [57, 145] 

2.4 Importance of social and family roles in relation to WASH in Nepal 

Nepal is a multi-ethnic and socio-culturally diverse country. Men and women have different 

roles and responsibilities for WASH in Nepali families [200]. Most families have a patriarchal 
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structure where family members’ roles determine property ownership and level of authority for 

decision-making within the home [84]. In Nepal, the main decision-maker of the household is 

the head, and this is often a man (approximately 70%). In relation to WASH facilities in the 

household, the father, husband, father-in-law or mother-in-law makes decisions regarding 

construction of toilets, installation of water sources, and purchase of soap for family use. While 

mothers, children, people with disability, those of Dalit caste, and ethnically marginalised and 

disadvantaged people have increased their participation in WASH practices in recent times, 

their roles in decision-making are still limited [110]. The GoN proposed to reserve 33% of  

decision making positions for women, to enable participation of women at all levels of decision 

making  but effective implementation remains a challenge [201]. These groups have low levels 

of access to WASH facilities at home. Despite lacking such facilities, mothers take care more 

than other household members for the overall management of WASH in the home [85]. 

Therefore, mothers’ roles are important for improving access to WASH at the household level. 

In Nepali communities, men assume that the supply of water in the home is a technical matter, 

and as such, they believe women have no understanding about or influence on these decisions 

[202]. Thus, fathers lead water supply projects in the home, and mothers are influenced by 

decisions made by the head of the household [203]. However, within the household, mothers 

take the lead in WASH activities and advocate for improvements through HMG meetings and 

community networks, which strengthens community WASH management committees [204]. In 

Nepal, in their traditional roles within the household, mothers spend more time and work hard 

in managing WASH, but this work is seen to be of little value by other household members 

[200]. This practice still exists in Nepal, particularly in rural areas. 

WASH services in the households are influenced by the roles of different family members. 

Although mothers may have primary responsibility for maintaining sound WASH facilities in 

the home, other family members, such as the husband, father-in-law, and/or mother-in-law, 
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often overrule the mothers’ decisions regarding WASH. In Nepalese households, the household 

heads, mostly men, are given first priority in accessing WASH facilities, while mothers are 

often required to wait until after other household members have used the facilities, and thereby, 

their use of these services is less frequent than for men and other family members [85]. However, 

in urban and developed areas of Nepal, attitudes towards mothers’ autonomy in this domain 

are evolving, and they are increasingly able to lead in decision-making for WASH-related 

matters in the home. Family support, community services and policy advice recommend equal 

access to WASH facilities for all family members. There is a need to better understand the role 

of mothers and their capacity for driving uptake of WASH in the Nepalese context. With this 

in mind, Chapter 4 is comprised of a systematic review that focuses on mothers’ handwashing 

in Nepal. 

The number of households in Nepal with adequate WASH facilities is continuing to increase, 

but their sustainability and management remain a challenge, and are subject to influences from 

socio-demographic, environmental and cultural factors, family knowledge, attitudes and 

practices, and communication and the media. The current literature concerned with WASH in 

Nepal has not examined all components of WASH [121], involved small sample sizes [205, 206] 

has not fully considered potential influences of individual, family/relationship and community 

level factors [60, 125] that might influence WASH, and analysis techniques have also been less 

than optimal (discussed further in Section 2.8). 

2.5 Diarrhoea and malnutrition among children and WASH in Nepal  

Diseases directly related to WASH include diarrhoea and cholera, [42, 207] typhoid fever ,[208] 

acute respiratory infection and impetigo, [113] corona virus (covid-19), [209-211] worm infestation, 

[141] trachoma, [212] and other infections [48]. Children under five especially are affected by many 

of the above mentioned communicable diseases which diseases are related to WASH. 



 

37 
 

Communicable diseases have adverse effects on growth and nutrition, and children with poor 

nutrition have excess mortality from such diseases.  

Diarrhoea is the second highest leading cause of child mortality, with 38.5% of children being 

infected in 2018 in Nepal [52]; among these deaths approximately half were due to malnutrition 

[31]. A number of factors are associated with diarrhoea and malnutrition. The most significant 

contributing factors to diarrhoea rates in Nepal are unsafe water sources and sanitation, and 

lack of access to handwashing facilities. Subsequently, the frequent occurrence of diarrhoea in 

children under five years can lead to malnutrition. These two diseases are bidirectional and 

interrelated [213]. 

2.5.1 Diarrhoea  

While Nepal ranked 41st in the world with regard to prevalence of diarrhoea, it is still an issue 

of concern for child health, with 14% of children in Nepal reported as having diarrhoeal 

infections in 2011 [145]. The prevalence of diarrhoea for children under five years in Nepal 

varies by ecology (rates in 2016 were 8.7% in the plains region, 6.4% in the hills region and 

5.2% in the mountains region); rural/urban settings (rates in the same year were 7.4% in rural 

areas and 7.8% in urban areas); and socioeconomic status (with rates of 5.9% in the lowest 

wealth index bracket, 8.4% in the middle wealth index bracket, and 7.3% in the highest wealth 

index bracket) [57]. Outbreaks of diarrhoea persist longer in the remote and hard-to-reach areas 

of Nepal, and when these outbreaks are not investigated or managed, the risks of severity and 

death increase. 

Vibrio cholera is the most common causative agent for cholera during the monsoon season in 

Nepal, from April to September, and it is also more prevalent when WASH conditions are poor. 

In 2009, Nepal faced a massive outbreak of diarrhoea which affected Province 7 (previously 

called far-western region), where a total of 3,080 diarrhoea and 51 cholera cases were 
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confirmed from July to August 2009; of these cases, 17.6% were in children under five years 

[214]. The Nepal Health Research Council (NHRC) conducted a research project in 2016 using 

secondary data from all districts and the three ecological zones (mountains, hills and plains) of 

Nepal. This study found that the incidence of diarrhoea varied by year. For instance, in 2003, 

the rate was 187 cases per 1,000 people, in 2005 it was 73 cases in 1,000, and in 2012 it was 

540 cases in 1,000 [215]. 

Knowledge about hygiene and sanitation is the main determinant of diarrhoea [216]. A 

systematic review conducted in 2014 found poor household conditions, such as unimproved 

water sources, poor sanitation and absence of handwashing facilities in developing countries, 

including Nepal [41]. A Nepal-specific study conducted in 2015 found that age, sex, children’s 

nutritional status, provision of water, sanitation, handwashing with soap, mother’s education, 

provision of health care services, community culture and values, and economic status of 

households were risk factors for diarrhoea in Nepal [175]. 

2.5.2 Malnutrition 

In 2016, a study on the nutritional status of Nepal’s population found that 18% of females were 

underweight compared with 15% of males. Provinces 2, 6 and 7 had higher prevalence of 

underweight (28.2%, 22.5% and 19%, respectively) than the other four provinces [217]. People 

from the plains region of Nepal were more vulnerable to being underweight (21.3%) than those 

from the hills and mountains regions. A previous study involving interviews of mothers from 

the eastern part of Nepal with children under five years found higher prevalence of the children 

being underweight if they were over 24 months of age, had a low birthweight, had poor growth 

monitoring, and lived in a household where drinking water was not treated [53]. Another study 

conducted in a plains region of Nepal indicated that the factors affecting undernutrition and 

stunting were children’s ages, mothers’ level of education, the discarding of rice scum, not 
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feeding infants colostrum, and frequent diarrhoea [218]. Lack of sanitation education, poor-

quality health care services, and poor wealth index of households in Nepal can contribute to 

malnutrition in children. According to the Asian Development Bank, child malnutrition occurs 

because of inadequate food consumption, worm infestation due to poor hygiene and sanitation, 

maternal underweight, and lack of social protection such as cash, food and health insurance  

[219]. 

Early marriage, short birth spacing, intrauterine growth retardation due to maternal 

undernutrition, and poor WASH knowledge of family members also contribute to malnutrition. 

A study conducted in the Bara district of Nepal showed that mothers who had a child before 

20 years of age or after 35, a short birth interval (<2 years), and an illiterate father, and were 

of low socioeconomic status, and more likely to bottle-feed than breast-feed, have a higher 

chance of children with severe acute malnutrition (WHZ < −3) in Nepal [31]. The NDHS dataset 

from 2006, 2011 and 2016 identified factors which can cause stunting in children: being from 

an extended family or a large family, food insecurity, low birthweight, and poverty [220]. 

Improved sanitation plays a role in lowering the rate of malnutrition among children in Nepal, 

as water-treatment techniques are significantly associated with a lower rate of wasting, and 

lack of household-level handwashing with soap and water is significantly associated with 

underweight [36]. 

Although the literature on communicable diseases and WASH in the Nepalese context have 

demonstrated associations, [114, 170, 175, 221] the connections between gastrointestinal disease and 

malnutrition have not been fully explored in relation to all components of WASH.   

2.6 Review of WASH-related policies of Nepal 

There are limited policy-related governmental documents regarding water, sanitation and 

handwashing in Nepal. The available WASH-related official documents are briefly explained 



 

40 
 

in this section.  

Nepal’s 2015 constitution has proposed that all citizens shall have the right to access clean 

drinking water and sanitation [76]. This commitment realized that the WASH is a fundamental 

human right [62]. The coverage of water source and construction of sanitary toilets are quite 

good but handwashing facilities coverage less than half of the households. The GoN formulated 

a rural water supply policy in 2004 that aimed to provide a safe, accessible and adequate water 

supply, with sanitation facilities, to reduce water-borne diseases, and to alleviate the burden of 

carrying water over long distances [222]. This policy focused on health and hygiene, and was 

promoted by a variety of mass communication and locally suitable methods in simple and 

socially acceptable ways to increase awareness. It also focused on improvements in hygiene 

and sanitation for schools. This policy did not have any strategies for handwashing, either in 

households or institutions. 

The urban water supply and sanitation policy of 2008 focused on the quality of water and 

human excreta disposal. This policy endorsed core principles, such as public health, economic 

growth, social inclusion, protecting and optimising investment, environmental protection, and 

urban water supply and sanitation [223], all of which were achieved effectively, efficiently, and 

with accountability. However, this policy also lacked strategies for handwashing. The GoN’s 

sanitation and hygiene master plan of 2011 emphasised five key hygiene and sanitation issues: 

toilet use; handwashing with soap at critical moments; safe handling and treatment of water in 

households; maintaining personal hygiene by regular fingernail and toenail cutting, washing of 

clothes, daily hair combing, and teeth brushing; and proper solid and liquid waste management 

within and outside the home [224]. This plan was responsible for organising resources (human 

and financial) behind coordinated approaches to progress the country's sanitation goals. The 

Public Health Service Act 2018 also has given importance to water and sanitation but not 

addressed handwashing in Nepal [225]. Nepal’s multi-sectoral nutritional plan 2018-22 targeted 
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to reduce malnutrition among children under five. WASH is one of the key components of 

improving nutritional status and therefore this plan has given priority to WASH promotion [226]. 

Nepal Water supply, Sanitation and Hygiene Sector Development plan 2016-30 addressed the 

importance of handwashing with soap, safe disposal of faeces, safe handling and treatment of 

drinking water, enhanced nutrition and promoted other personal hygiene activities [227]. The 

Ministry of Health formulated the national WASH standard for health facilities in 2018, which 

aims to provide basic standards and guidelines for both health workers and patients, as well as 

their visitors, to adopt sustainable hygiene behaviour within the health care settings [147]. 

However, effective implementation of the ‘national WASH standard for health facilities’ 

remains challenging. The district, municipal and village strategies are focused on promoting 

WASH facilities [228]. 

The 15th five year plan (2019-24) was formulated by the national planning commission and 

addressed the water and sanitation issue, with the target of achieving access to quality water 

and sanitation for 99% of the population by 2024 [55]. This plan also includes food hygiene and 

a sanitation program but has not addressed the issue of handwashing with soap. National health 

policy 2019 declared to ensure to regulate water pollution [229]. However this policy has not 

addressed sanitation and hygiene matter. In line with the Constitution of Nepal, the NHSS–IP 

(2016-21) aimed to increase the rate of  fixed places for handwashing with soap and water at 

the household level for 90% of the population by 2021 [77].  This plan achieved target (95%) of 

supply improved water source and a fixed places for handwashing (75%) in 2017. The main 

message of this plan related to WASH was to conduct health behavior change activities, ensure 

hygiene and sanitation at all health facilities and prepare Behavioral Change Communication 

plans for handwashing and community hygiene promotion, as well as health facility based 

sanitation. However, there are absence of sub-national or provincial level WASH policies in 

Nepal. 
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Regular reporting of the status of child health and children’s disease risks is important for the 

prevention, control and timely treatment of diarrhoea and malnutrition [230]. Nepal’s MoHP has 

its own monthly reporting system, from FCHVs to the DoHS level [52]. FCHVs prepare a 

monthly progress report of first aid and basic care services, and report to local health facilities 

(HP or PHCC). Local health facilities prepare their own monthly progress reports, including 

FCHVs reports, and send these to the DHO. Each DHO collates all reports from all health 

facilities, including district hospitals, and sends them to the HMIS section of the DoHS in 

Kathmandu, Nepal. 

The SDG– 6 aimed to ensure availability and sustainable management of water and sanitation 

for all [231]. However, available policies and strategies, as discussed above, need to be 

implemented effectively all over the country and handwashing with soap remains an under-

developed initiative. The Constitution of Nepal 2015 has given priority to WASH facilities as 

a fundamental human right. Nepal became the first country of ODF in SAR in September 2019, 

which achieved an international commitment [232]. Currently the Australian Government has 

been supporting Nepal in system strengthening for inclusive WASH leaving “No one behind” 

under Water for Women Fund since 2018 [233]. The above mentioned policies and strategies are 

implemented through BCC approaches in Nepal.  

2.7 The Ecological Model and Underpinned Theories 

This section describes the ecological model of public health. The ecological model was used 

throughout this thesis to contextualise the different factors related to WASH in Nepal.  

2.7.1 Introduction 

The ecological model can be referred to as a “social-ecological model” from the perspective of 

public health [234]. An early ecological model was first introduced by Russian psychologist, 

Uric Bronfenbrenner (1917–2005) [235]. Later, this model was applied by Dahlgren Göran and 
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Margaret Whitehead in 1991 to address issues of social health equity, including individual 

lifestyle factors, social and community factors, and general socioeconomic, cultural and 

environmental conditions [236]. This model has been applied in many developing countries over 

recent years in health promotion research [237-239]. The main value of this model is that it 

emphasises how human health and behaviour are determined by multiple factors through their 

interaction [240]. Applying an ecological model in this thesis is relevant because it can be used 

to describe each level of factors associated with WASH. Social, biomedical and behavioural 

factors are determinants of health, and this supports the use of the ecological model as it takes 

a holistic approach [241]. 

2.7.2 Application of the ecological model to WASH 

The ecological model as a public health approach focuses on individual, family/relationship, 

community and public policy level determinants of health [234, 242]. These levels of determinants 

are also called micro-, meso- and macro-level determinants, respectively [243]. In the context of 

this research, the micro-level ecological determinants of WASH are defined as the individual 

and their family, the meso-level ecological determinants are defined as the community or 

neighbourhood, and the macro-level ecological determinants are defined as public policy and 

government. A study using the ecological model to determine facilitators of and barriers to 

uptake of water, sanitation and hygiene practices was conducted in 2020 in Uganda [244]. 

Knowledge and attitude of community members, cost of the WASH facilities, lack of 

cooperation between neighbours, poor community participation, and inadequate space for 

sanitary facilities were barriers to uptake WASH. The ecological model has been applied in 

this thesis to the determinants of WASH and disease outcomes, as shown in Figure 2.1. 
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Figure 2.1: The ecological model of uptake of WASH 

Source: Uric Bronfenbrenner [235], Golden and Earp 2012 [245] 

2.7.2.1 Individual-level factors 

Household WASH facilities and their utilisation are influenced by individual-level factors [246]. 

These factors include age, sex, education, marital status, caste, employment, income [247-250], 

and cost of soap and toilets [152, 251]. Individual feelings about the value of handwashing and 

usage of water and toilets, perceived threat, and knowledge are further factors related to the 

individual [152, 252-254]. People who live in extreme poverty may not understand the importance 

of sanitation and hygiene or have capacity to enact WASH [109]. 

Age, economic status, and employment are interrelated factors which influence the access to 
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and practice of WASH [110, 255]. Gender, education level, and caste can also affect the utilisation 

of WASH services. While both men and women are required to be responsible for WASH 

management, the gender roles in Nepal are distinct, as previously discussed [256]. 

Hygiene education is a process of alerting individuals to the relationship between WASH and 

communicable diseases [257]. From a gender and social inclusion perspective, rural, lower caste 

females have lower levels of hygiene education, which determines how they utilise improved 

WASH [227]. Knowledge influences individual attitudes and behaviour about WASH facilities 

[109, 258] which explored by individual determinants in the ecological model [259]. Good 

knowledge and a positive attitude always encourage individuals to adopt improved WASH [260]. 

Mothers’ and child caregivers’ behaviours regarding using the toilet, using safe and clean 

water, and handwashing practices encourage their children to adopt WASH practices at home 

[151]. These factors contribute to promoting child health and can help to reduce communicable 

diseases. In order to improve and maintain WASH practices, there must be improved social 

connections, education, sound economic status, maturity, and the adoption of scientific 

methods by the local culture [261]. This evidence will be supported by careful consideration of 

individual factors, such as age, education, occupation, caste or ethnicity, and religion. 

2.7.2.2 Family-and household-level factors 

The family structure, relationship to household head, family education, wealth index, media 

exposure, family discussions about handwashing with soap, availability of water and toilets, 

handwashing places, convenience of such resources, usage of sanitary toilets, maintenance of 

a safe and clean water supply, availability of support for the family, the social network society, 

peers, and religious and cultural networks are all family- or household-level (interpersonal) 

factors [234]. 

The family structure is one of the most important factors that influence the use of WASH 
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services by family members, including children. A family’s low economic status inversely 

affects the purchase of soap, improved toilet construction, and access to safe water. People with 

low economic status have low rates of toilet construction due to financial hardship [262]. 

Therefore, the low economic status or poverty of a family affects their buying of hygiene and 

sanitation commodities and may influence their handwashing practice [263]. 

Access to improved WASH is a significant issue at the household level that can impact on 

health [264]. Children under five years can have poor hygiene and sanitation practices due to 

their families’ and carers’ lack of knowledge, lack of resources and dependency on their 

parents. Children under five years utilise toilets less, are more likely to practice open 

defaecation, and have been reported as being  unsure about handwashing with soap [265, 266]. 

Children need the assistance of parents and caregivers to access water, toilets and handwashing 

[267].  

2.7.2.3 Community- and neighbourhood-level factors 

The ecological model suggests that the uptake of WASH is also influenced by the environment 

where all individuals are exposed to WASH. The community or neighbourhood level of the 

model includes places where people obtain support, networks and/or information from 

neighbours [268]. WASH-related community or neighbourhood factors, such as health 

organisations, community activists, volunteer organisations, community leaders, and 

neighbourhood relationships, have the capacity to influence access to improved water and toilet 

facilities, the distance to the water source, handwashing provisions, availability and usage of 

soap during handwashing, and facilities for processing waste other than excreta [178]. 

Community factors include the following: ODF areas; a lack of community taps and access to 

rivers; having to travel a long distance (>30 minutes) to bring water home; lack of public toilets; 

no household waste-processing facilities; water contamination by human activities; 
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geographical difficulties; and poor access to markets, all of which can have adverse impacts on 

health [257]. 

If there is a good water source and public toilet in the community, then the risks of 

contamination are reduced [269]. While a sanitary method of disposal of human excreta (using 

sanitary toilets) increases the sanitation level of household family members, it may not be 

sufficient for the elimination of faecal contamination due to other local people’s behaviour, if 

they have poor sanitation facilities and practices [18]. A community where safe water and 

improved sanitation are present, where mothers have access to education and greater decision-

making power, and where people have generally received an appropriate level of education is 

strongly associated with reduced diarrhoeal diseases among children under five years [264]. A 

high level of health literacy around WASH and communicable diseases (i.e. diarrhoea) will 

also ultimately help to reduce malnutrition [270]. These factors are all influenced by policy-level 

decisions, which are discussed in the next section 

The decentralisation process is ongoing in Nepal and the decision-making power is authorized 

to local government by the federal government. The rural and urban municipality managed a 

faecal sludge at local level and regulate to promote WASH. The WASH coordination 

committee coordinate with local stakeholders and project workers in the local level. 

2.7.2.4 Public policy-, societal- and structural-level factors 

Policy-level factors are also called societal- or structural-level factors. This level has a wider 

area of influence on WASH status and the related burden of diseases. Local, provincial and 

central government bodies and civil society (such as NGOs, international non-government 

organisations, and community groups) are key sectors responsible for operating WASH 

services through the process of policy formulation [261]. Policy-level authorities, mainly federal 

governmental, have the strongest effect on achieving universal access to water for drinking and 



 

48 
 

cleanliness. Key strategies will promote safe and adequate sanitation or disposal of human 

excreta, and the promotion of handwashing [4]. The formulation of context specific hygiene 

polices, acceptance of policies by different stakeholders, and political determination and 

leaders’ willpower are important as factors affecting WASH improvement at the policy level. 

Leaders are the key persons involved in planning and formulating such policies in the 

community [271], which contribute to the degree of WASH that is accessible and used at the 

household level [272]. The federal government worked for planning, implementation, evaluation 

and monitoring of WASH program. The MoHP worked to promote health and hygiene through 

the surveillance of water quality and emergency responses in Nepal [229]. There are not any 

particular WASH related policies developed yet at sub-national or provincial level. However 

they have conducted WASH related activities based on the federal/central level available 

policies in Nepal.  

The federal level WASH policies are important guiding tools for all other levels of government, 

so that they are locally acceptable, accessible and practical [273]. The provincial and local level 

policies are developed based on the federal policy. However, the local and provincial WASH 

policies might differ by culture, geography, and context. It is of concern that poor participation 

and lack of commitment to the principles of WASH by political leaders will negatively 

influence access to WASH. Policy formulation is incomplete if it has not been effectively 

implemented. This is a major challenge for establishing federal WASH policies due to political 

instability, lack of coordination, poor supervision and monitoring systems, non-scientific 

evaluation of rewards and punishment, low-level community participation in policy 

formulation, and discriminative policy formulation and processes [274]. 

This thesis intends to apply the ecological model by considering the individual, 

family/household and community level factors associated with WASH. This model has a few 

limitations. The ecological model permits a broad view that permits research design but 
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frequently requires the addition of advanced operational models  to test hypotheses and to 

develop suitable guidelines for public health interventions [275]. This model is based on 

estimation of model parameters either derived from observations or laboratory investigations, 

which might be expensive [276]. Application of the ecological model is complex for spatial 

modelling and can lead to difficulties in defining the levels where variables best fit. [277] 

Nevertheless, this model was considered the best for the current studies because this thesis 

addressed a multi-level factors related to WASH in Nepal. 

In summary, the ecological model is useful in describing and developing an understanding of 

the above-mentioned risk factors at individual-, family-, community-, and public policy levels 

that influence the status of childhood diarrhoea and malnutrition. The importance of viewing 

each level of the ecological model within the context of WASH is clear at the micro-, meso-, 

and macro-levels. This multi-level approach is required to better understand the determinants 

of WASH, with the ultimate aim of preventing diarrhoea and malnutrition in children aged 

under five years in Nepal. 

Along with this ecological model some behavioural theories were used in WASH related 

previous other studies. For example the Behaviour Change Design (BCD) approach was used 

in an intervention study for food hygiene behaviour change in 2015 in Nepal [205] and Super 

Amma handwashing intervention studies in India in 2011-12 [278]. This model was developed 

by the School of Hygiene and Tropical Medicine UK[279]. The FOAM and SanFOAM model 

was developed by The World Bank to analyse handwashing and sanitation behaviour [280]. This 

is a framework design of opportunity, ability and motivation. The Hygiene Improvement 

Framework, developed by the Environmental Health Project in partnership with USAID, 

UNICEF, and others, proposes a framework for combating diarrhoeal disease that consists of 

three main components: improving access to water and sanitation hardware, promoting 
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hygiene, and strengthening the enabling environment[281].Awareness, action and maintenance 

component are required to manage household WASH facilities[282]. 

2.8 Research gaps 

Previous studies have suggested that poor WASH conditions have a positive relationship with 

communicable diseases such as diarrhoea. It is evident that people in poor resource settings 

and rural areas have poor access to WASH and a high risk of disease prevalence. Therefore, 

further research is required in the areas of WASH, diarrhoea and malnutrition. This section will 

specify current research gaps. 

2.8.1 Nepal-specific WASH situation 

Despite efforts to improve WASH conditions in Nepal, obtaining improvements in WASH 

practice remains a public health challenge in Nepal. WASH conditions in Nepal vary by 

ecological zone and type of place of residence. Previous studies on WASH were limited, with 

low sample sizes, and regional and community settings, and these factors may have affected 

the results [283]. Therefore, a nationally representative study with a large sample, considering 

geography and ecology, is required. The 2016 NDHS data used in this study will fill this gap. 

This study (Chapter 5) has considered the status of WASH in households in Nepal and has 

identified further exposure variables. Three ecological zones in Nepal – mountains, hills and 

plains – were considered when mapping the current status of WASH conditions in Nepal. This 

study also included Nepal’s seven provinces: Provinces 1 and 2 which have not yet been 

named; Province 3, Bagmati Pradesh; Province 4, Gandaki Pradesh; Province 5, Lumbini 

Pradesh; Province 6, Karnali Pradesh; and Province 7, Sudurpashchim Pradesh. This study 

(Chapter 5) reflected on whether the different geographical areas can influence improved 

access to WASH. The gap between the previous administrative structure of five development 

regions and the newly redesigned structure of the current seven provinces, and their 
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relationships to WASH, has not yet been explored.  

2.8.2 Ecological determinants of WASH 

Many public health studies have been conducted into WASH, but there is still a lack of research 

from the health promotion perspective, such as WASH disease prevention strategies and 

socioecological mandates. Most studies are cross-sectional without accounting for clustering, 

and this can result in underestimated results [284]. Previous studies have not examined all aspect 

of WASH. For example, one previous study was conducted in Nepal on geographical 

inequalities in accessing improved water and sanitation facilities, but it did not include 

handwashing with soap, and also did not consider unobserved multi-level factors [60]. A recent 

study using multi-level analysis of individual, family and community factors influencing child 

growth in Nepal showed that individual factors, such as age and sex of child, breastfeeding, 

age at first birth, education, caste, water purification, and access to handwashing, were 

associated with child growth [285]. However, no studies to date have conducted a multi-level 

analysis of WASH in Nepal. Therefore, individual, family and community factors that may 

influence WASH in Nepal have not been adequately explored. To meet this knowledge gap, 

this thesis will address these factors in relation to WASH in Nepal. This thesis will also explore 

the relationships between individual WASH components, such as improved water sources, 

sanitary toilets, fixed places for handwashing, and available soap and water, and combined 

WASH facilities. 

2.8.3 WASH and diarrhoea and malnutrition   

The reported benefits of improved WASH can be underestimated where studies have focused 

solely on diarrhoea. While past research [175] has suggested that WASH practices are related to 

diarrhoea among children under five years, it is still unclear whether improving WASH 

facilities in Nepal is effective in reducing malnutrition among children under five years [286]. 



 

52 
 

Diarrhoeal disease and malnutrition are interrelated, but there is very little evidence and few 

rigorous studies concerning the link between WASH and nutritional status [287]. Therefore, 

further study is required to assess the effects of WASH facilities on malnutrition among 

children under five years (Chapter 7). 

2.8.4 Methodological gap 

Most previous studies only focused on small samples and conducted statistical analyses, using 

descriptive statistics, qualitative analyses, and applied a cut-off point (p value 0.25) to 

determine confounders, and these may not be an accurate assumption of the covariates [288]. 

Instead of these traditional methods for identifying possible confounders, alternative modern 

techniques are required, such as Directed Acyclic Graphs (DAGs) in DAGitty software. This 

thesis applied DAGs to identify possible confounders and avoid confusion, through use of 

visual representations of existing knowledge, experiences, literature and expert opinion [289]. 

The DAG technique has not been used in previous studies related to WASH in Nepal. 

Therefore, this is the first study to apply the DAG approach to the identification of confounders 

to give accurate results on the effects of WASH on diarrhoea and malnutrition among children 

under five years in Nepal.  

2.8.5 Policy and plan gaps 

The major WASH related policies, plans, and strategies were discussed in Section 2.6. The 

majority of these have not prioritised handwashing with soap but have targeted the water and 

sanitation components of WASH in Nepal. Handwashing policies and strategies have yet to be 

sustainably developed at the household and institutional levels in Nepal. 

2.9 Aim, objectives and research questions 

The aim of this thesis is to identify the availability of household-level WASH facilities and to 

examine individual-, family/household-,  and community-level factors associated with WASH, 
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and to assess the effects of households’ WASH facilities on diarrhoea and malnutrition 

(stunting, wasting and underweight) among children under five years in Nepal. 

Objective 1 (Chapter 4): To determine the rates of household handwashing with soap by 

mothers in Nepal and explore the factors associated with the uptake of handwashing. 

Objective 2 (Chapter 5): To estimate the prevalence and correlates of household level of 

WASH in Nepal, including identification of areas where WASH facilities were unimproved. 

Research question 2.1: What is the prevalence of improved water sources, sanitary toilets and 

handwashing with soap at the household level in Nepal? 

Research question 2.2: Which predictors are correlated with improved water sources, sanitary 

toilets and handwashing with soap at the household level in Nepal? 

Research question 2.3: What is the distribution of unimproved water sources, unsanitary toilets 

and unavailability of soap and water at the cluster level in Nepal? 

Objective 3 (Chapter 6): To identify the individual, family/household and community 

factors associated with household WASH facilities in Nepal. 

Research question 3.1: What are the individual, family/household and community level factors 

associated with household WASH facilities in Nepal? 

Objective 4 (Chapter 7): To assess the effects of household WASH facilities on diarrhoea 

and malnutrition (stunting, wasting, and underweight) among children under five years 

in Nepal. 

Research question 4.1: What are the effects of household WASH facilities on diarrhea among 

children under five year in Nepal?  

Research question 4.2: What are the effects of household WASH facilities on malnutrition 

among children under five year in Nepal?  
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3. Chapter 3. Research Methods 

3.1 Introduction 

This chapter details the methods that were used to conduct the research included in this thesis. 

The research methods used in conducting the systematic review (Chapter 4) are addressed first, 

followed by a detailed description of the 2016 NDHS data source for the analyses conducted 

to answer the remaining objectives, covered in Chapters 5, 6 and 7.  

3.2 Systematic review 

A systematic review was conducted to satisfy Objective 1, which was to determine the rates of 

household handwashing with soap by mothers in Nepal and explore the factors associated with 

the uptake of handwashing. Detailed methods for the systematic review are included in Chapter 

4, along with the results and conclusions. The Preferred Reporting Items for Systematic 

Reviews and Meta-Analysis (PRISMA) check list (Figure 4.1) [290] was used to guide the 

review and is included full text articles (Table 4.1). Articles were identified through electronic 

searches using keywords. The following databases were searched: PubMed/Medline, Embase, 

PsycINFO, CINAHL, and Google Scholar. Keywords included handwashing, situation, 

households, mothers, children, determinants, knowledge, soap, health education, and Nepal. 

Grey literature (e.g. government reports, project reports, working papers, technical reports, and 

unpublished theses) was searched by using keywords that were the same as those used to search 

the peer-reviewed literature. Google Scholar was searched, and a hand search of relevant papers 

was conducted. Articles were included if i) the study was conducted in Nepal, ii) information 

was collected from mothers, and iii) the paper was published in English. No limits were placed 

on the dates of data collection or publication, and articles were included if they were published 

up to November 2019 when the search was conducted. 
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All eligible articles and records were extracted and recorded in an Excel spreadsheet. Extracted 

information included author, year of publication, study design, participants, age group, study 

place, study periods and outcome measures. 

Descriptive analysis was performed for this review paper. The articles were selected if they 

met at least one inclusion criterion, based on the article title or abstract. Articles and records 

were excluded if they were animal studies, non-human studies, study protocols, systematic 

reviews, abstracts only, or editorials. Meta-analysis was impossible due to the low number of 

studies identified and the heterogeneity of the outcome measures. A quality assessment was 

done using the Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) guideline for observational studies [291]. All required fields of the guideline were 

completed, and cross-verification was done by supervisors. Once the extraction of eligible 

studies was completed, a narrative synthesis was conducted to provide evidence of 

handwashing with soap by mothers. The characteristics recorded for all eligible articles 

comprised first author’s name, publication year, study design, study population, sample size, 

study period, and key findings. The statement of main findings, strengths, and limitations was 

carefully reviewed and reported in the conclusion section. The main results were presented and 

matched with the study aims.  

3.3 Nepal Demographic and Health Survey (NDHS) 

The statistical analyses conducted in Chapters 5, 6, and 7 satisfied the remaining Objectives: 

to estimate the prevalence and correlates of household-level of WASH, including identification 

of areas where WASH facilities were unimproved, to identify the individual, family and 

community factors associated with households’ WASH facilities and to assess the effects of 

households’ WASH facilities on diarrhoea and malnutrition (stunting, wasting, and 

underweight) among children under five years in Nepal. 
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These studies were conducted using data from the nationally representative NDHS 2016. 

Demographic and Health Surveys (DHS) provide a systematic means of exploring health and 

population issues to provide up-to-date estimates of basic demographic and health indicators, 

such as wealth quintile, fertility, disease prevalence, under-five mortality, and maternal 

mortality. DHS are conducted in 93 countries, and most participating nations carry out these 

surveys every five years. The concept of the DHS evolved from the World Fertility survey and 

the Contraceptive Prevalence Rates survey, implemented between 1974 and 1980 and later 

established as the DHS in 1984 [292]. 

The Nepal Demographic and Health Survey commenced in 1976 (under the name: Family 

Health Survey) and has been conducted every five years since 1996. The most recent NDHS 

was conducted in 2016, and this was the fifth such survey in Nepal. NDHS 2016 is a nationally 

representative and comprehensive survey. The lead role was taken by the Ministry of Health 

and Population (MoHP) Nepal. NDHS receives financial assistance from the United States 

Agency for International Development (USAID) and technical support from Inner City Fund 

(ICF), a global consulting and technology services company. The primary implementation 

partner of this survey was New ERA, a research company in Nepal. 

NDHS 2016 is a publicly accessible data source, obtained via an online database. The full 

dataset was made available after completion of the required registration and application 

processes. Downloaded datasets were saved on a password-protected laptop. The NDHS 2016 

data has some limitations including the self -report nature of the survey, which might involve 

recall and desirability biases. However, while behaviour was measured by self-report, facilities 

were observed by data collectors, which improved the overall validity of the data. 

3.3.1 Research design and setting 

The 2016 NDHS used a cross-sectional survey design, covering 383 clusters from three 
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geographical areas, the plains, hills and mountains regions, in Nepal. These geographical areas 

are further divided into rural municipalities (Gaounpalika) and urban municipalities 

(Nagarpalika), more commonly called rural and urban settings, respectively. The sample 

population by provinces and rural urban distribution is illustrated in Table 3.1. There were 383 

study clusters representing the rural and urban setting of each province. A total of 11,040 

household heads were interviewed, including 36.8% from rural and 63.2% from urban areas. 

Data from mothers with children under five (n=4,861) were also included in this thesis from 

that provided by all eligible interviewed women (n=12,862), with 58.1% of mothers living in 

rural areas, and 48.9% in urban areas. 

Table 3.1: Household sample by provinces and rural urban wards allocation 

Provinces 
 

Wards allocated  Household heads Household mothers 

Rural Urban Total Rural Urban Total Rural Urban Total 

1(Not named yet)                                           30 27 57 595 1080 1675 399 264 663 

2(Not named yet) 30 26 56 674 952 1626 616 412 1028 

3(Bagmati) 28 30 58 514 1125 1639 274 219 493 

4(Gandaki) 27 25 52 539 959 1498 275 217 492 

5(Lumbini) 30 26 56 618 1013 1631 459 322 781 

6(Karnali) 27 25 52 551 937 1488 429 312 741 

7(Sudurpashchim) 27 25 52 571 912 1483 373 290 663 

Total 199 184 383 4062 6978 11040 2825 2036 4861 

Source: Nepal Demographic and Health Survey 2016, Household recode file and children’s recode file
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3.3.2 Sampling frame 

Nepal is divided into seven provinces in accordance with the new Constitution, approved on 

20 September 2015. Within these provinces, the rural and urban sub-division and three 

ecological/geographical zones (plains, hills and mountains) were further examined. There are 

77 districts after splitting Rukum district and Nawalparasi district into two in Nepal. Structural 

changes made as a result of the 2015 Constitution change were not reflected in the sampling 

frame for NDHS 2016. 

The sampling frame includes information about wards, type of residence (rural or urban), and 

estimated number of residential households. Wards were the primary sampling unit (clusters), 

and the households were proportionally selected from the wards. In rural areas, wards are 

generally smaller than those in urban areas, with an average of 104 households per rural ward. 

A two-stage selection sampling design was applied for rural clusters. In contrast, the urban 

wards have an average of 799 households per ward.  

The Central Bureau of Statistics (CBS) has a frame of enumeration areas for each ward of 58 

municipalities. As for the 159 newly declared municipalities, each is comprised of former 

wards, which were small in size and previously functioned as enumeration areas [57]. In urban 

areas, a three-stage selection sampling design was used, and wards were selected as primary 

sampling units. The enumeration areas were selected from each primary sampling unit. Lastly, 

households were selected from the selected sample of enumeration areas. 
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The study flow diagram illustrated in Figure 3.1 

  

Figure 3.1: Study flow diagram 

The following process was adopted in selecting respondents. Firstly, each of the seven 

provinces was stratified in the NDHS survey into rural and urban settings available from 14 

sampling strata. Secondly, a total of 383 clusters (wards) were selected proportionally as a 

primary unit of enumeration, and were drawn from the latest National Population and Housing 

Census (NPHC) 2011, conducted by the CBS Kathmandu, Nepal. Thirdly, household listing 

was conducted in the selected enumeration areas, and households from each primary sampling 

unit (ward) were selected, with an equal probability of systematic sampling. The study 

respondents were household heads and mothers aged 15–49 years with children under five 

years. The respondents were interviewed randomly and toilet facilities, handwashing with soap 

facilities and availability of soap and water were observed by the data collectors. This study 

sample of household heads (n=11,040) was selected to allow investigation of the household 
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WASH situation at the national level in Nepal. The number of mothers (n=5,038) were 

estimated from the actual sample size of 5,060, after adjusting for strata and cluster (using svy 

STATA command), which affected the sample size. These mothers were taken from the total 

number of women interviewed (n=12,862) from the preselected households (n=11,040). The 

NDHS used a two- and three-stage (multistage) cluster design, which deviates from a simple 

random sample. Analyses included in this thesis involved adjustment for stratification and 

clustering in the multivariable logistic regression, using complex samples procedures in 

STATA. A total of 177 unadjusted samples were excluded from the studies in this thesis. These 

excluded samples were mothers whose children died between birth and 36 months of age. For 

the children’s studies, data collected from 4,861 mothers aged 15-49 years were analysed 

(adjusted sample size 4,887) were included. All selected mothers were aged 15–49 years and 

were permanently living in their homes (De Jure or usual residence). However, mothers who 

stayed at least one night prior to being interviewed as a guest (De Facto) were excluded in this 

thesis. Data for diarrhoea were not available for 41 children, so data from these children were 

excluded from analyses where diarrhoea was the outcome being examined. Data from children 

where values for height (n=2,524) and value for weight (n=2,517) were missing due to absence 

of children for height and weight, unknown date of births  and excluded from the analysis the 

data for stunting and underweight outcomes. Data from children with missing height and/or 

weight (n=2,527) due to absence of children for whether height or weight, unknown date of 

births and implausible measurement were excluded from the analysis for wasting outcomes.  

3.3.3 Questionnaires 

Six different questionnaires were administered in 2016 NDHS. These questionnaires were the 

household questionnaire (per household), the woman’s questionnaire (per household), the 

man’s questionnaire (per household), the biomarker questionnaire (per household), the field 

worker questionnaire (to collect background characteristics of interviewers and supervisors), 
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and the verbal autopsy questionnaire was administered in the households where a neonatal 

deaths occurred with in a five years of NDHS [57]. This thesis used the household questionnaire 

for household heads and the woman’s questionnaire for mothers. The WASH-related survey 

questionnaires were completed by household heads who have household level decision making 

power in Nepal [293]. The household and women’s questionnaires were based on the DHS 

Program’s standard Demographic and Health Survey (DHS-7) questionnaires and were adapted 

for the population and health issues of Nepal [294]. The NDHS protocol was reviewed and 

approved by the NHRC and the ICF Institutional Review Board. The 2016 NDHS required 

written consent from the respondents prior to conducting the interviews. Once the 

questionnaires were finalised in English, they were translated into Nepali, Maithili and 

Bhojpuri.  

3.3.4 Pre-testing questionnaires 

Staff from New ERA pre-tested the questionnaire after receiving three weeks training in 

February 2016 [57].The questionnaires were pre-tested in the Sarlahi, Bara and Dhading districts 

of Nepal. Both rural and urban areas of each district were selected for the pre-test. The Maithili, 

Bhojpuri and Nepali languages were used in Sarlahi, Bara and Dhading districts, respectively. 

Debriefing sessions were conducted with field staff who performed pre-testing. Questionnaires 

were modified based on the evaluation of the pre-test prior to the 2016 NDHS [57].  

3.3.5 Data collection period and response rates 

The NDHS 2016 data were collected by trained enumerators between 19 June 2016 and 31 

January 2017 [57]. The response rate of household heads was 98.5% (rural=99.1% and 

urban=98.2%), and for women aged 15–49 years was 95.9% (rural=99% and urban=97.9%). 

There were 3,456 (31.3%) women who identified as household heads in Nepal. 
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3.3.6 Structure of the Nepal Demographic and Health Survey dataset  

The four main 2016 NDHS questionnaires and the datasets were distributed as six files: 

HR file: Known as the Household recode, where the unit of analysis was a number of 

households. The HR dataset was used for water, sanitation and hygiene-related variables 

calculation. It also included basic household characteristics.   

IR file: Known as the Individual women recode, where the unit of analysis was a woman aged 

15–49 years. It contained all data collected in the women’s questionnaire for De Jure women 

and some variables from the household questionnaire. 

KR file: Known as the Kids recode, where the unit of analysis was children under five years 

who were the children of mothers interviewed for the survey. Variables available in KR file 

were derived from the individual women’s questionnaire. It included information related to the 

child’s health, and nutrition data. The data on behalf of the mothers’ socio-demographic of 

each of these children was also comprised in this file. 

MR file: Known as the Male recode, where the unit of analysis was De Jure men interviewed.  

PR file: Known as the Person or household members recode, where the unit of analysis was 

all usual household members. It included characteristics of household members, including age, 

sex, marital status, education, and some biomarker measurements, as well as anthropometry 

and anaemia status of children under five years. 

BR file: Known as the Births recode, where the unit of analysis was all live births. It contained 

the history of all the births of each woman interviewed, including information on pregnancy 

and postnatal care, immunisation, nutrition, and health data for children under five years. 

For the purposes of the analyses included in this thesis, the HR and KR datasets were 

considered. 
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3.3.7 Description of respondents 

The household head was the respondent for the household questionnaire (as reported in Chapter 

5). The household respondent was considered eligible to complete the survey if they were able 

to provide detailed information about their home and had the decision-making power in the 

household, if they were above 15 years of age, and if they were living in the selected house. 

The head of the household may be the grandfather, grandmother, father, mother, husband or 

wife. The household-level surveys had two primary aims: to provide information about 

household characteristics, such as their source of water, distance of their water source from 

their home, types of sanitation facilities, handwashing with soap facilities, and other facilities 

at the household level; and to provide data on age, sex, education, marital status, number of 

family members, place of residence, ecological zone, province, and wealth index at the 

household level. 

All mothers aged 15–49 years with children under five years were selected for interview. 

Mothers were considered eligible as respondents if they were 15–49 years of age and if the 

location was their usual residence. However, mothers whose children died before reaching 36 

months of age were excluded from this present study. The age and sex of the child, the age of 

mothers, their education, occupation, caste or ethnicity, religion, age at first birth, current 

breastfeeding, wealth index, media exposure, husband’s education, place of residence, 

province, ecological zone, and disposal method for young children’s stool were asked in the 

individual women’s questionnaire. Information regarding the availability of an improved water 

source, distance to water source, types of toilet facilities, availability of soap and water, and 

fixed place for handwashing were taken from the household survey. 

3.3.8 Definition of study variables and measurements 

The following variables from the HR and KR datasets, collected from household heads and 
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mothers with children under five years, were used in the analyses. 

3.3.8.1 Variable drawn from the household recode (HR) datasets 

Age of the household head: Age of the household head (hv220) was collected as a continuous 

variable and was then categorised into four groups, and the new variable. The new variable, 

age_group, was recoded and generated. These categories were 15–24=1, 25–34=2, 35–44=3, 

and 45 and above=4. 

Sex of the household head: The sex of the household head (hv219) was originally categorised 

as Male=1 and Female=2, with no change from the NDHS category. 

Education of the household head: The education level of the household head (hv106_01) was 

originally captured as: No education (unable to read or write) =1; Primary (year 5) =2; 

Secondary (year 8)=3; Higher (School Leaving Certificate (year 10; SLC) and above)=4  

Marital status of the household head: The marital status of the household head (hv115_01) 

was originally labelled as Never married=1, Married=2, Widowed=3, Divorced=4 and a new 

variable, marital_status, was generated and grouped into three categories, Never married=1, 

Married=2, and Widowed and Divorced=3. 

Number of family members at home: The original discrete distribution of the number of 

family members in the household (hv009) was recoded and a new variable, family_member 

was generated and categorised into 1–2 family members in the household = 1, 3–4 = 2, 5–6 = 

3, and 7 or more family members in the household = 4. 

Place of residence: The place of residence (hv025) was originally categorised as Urban = 1 

and Rural = 2, with no change from the NDHS category.  

Ecological zone: Ecological zones (shecoreg) were originally categorised as Mountains = 1, 

Hills = 2 and Plains (terai) = 3, with no change from the NDHS category.  
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Province: Provinces (hv024) were originally labelled as Province 1 (Not named yet)=1, 

Province 2 (Not named yet)=2, Province 3 (Bagmati Pradesh)=3, Province 4 (Gandaki 

Pradesh)=4, Province 5 (Lumbini Pradesh )=5, Province 6 (Karnali Pradesh)=6, and Province 

7 (Sudurpashchim Pradesh)=7, moving from the eastern to the western parts of Nepal. 

Wealth index: The household wealth index equates poor to mean an annual household 

consumption NPR 146,392, which is 55% less than the average annual household consumption 

NPR 322,730 in Nepal. Household wealth index was calculated based on household ownership 

of selected assets, such as television and cycles, flooring materials, water sources, sanitation 

facilities, and other household characteristics related to economics status. The household 

wealth index (hv270) was originally labelled as poorest=1, poorer=2, middle=3, richer=4, and 

richest=5. It was further recoded as poor1=1, middle2=2, and rich3=3 after collapsing poorest 

and poor into one, richest and rich into another, and middle as it is in the original category. The 

new variable: wealth_index was created.  

Distance to water source: The proximity of the household from a water source is an important 

indicator of the availability of water to the household. The time required to collect water is 

determined by distance and geography, such as the quality of the road between the household 

and the water source. The time taken for water collection at the household level (hv204) had 

been originally categorized into water source within house premises, within 30 minutes, and 

                                                 
1 Household assets, services, vehicles, flooring and ownership of dwelling are ranked in 
quintiles 1, 2 and 3. Quintile 1 is the poorest, and quintile 5 is the richest (Gini coefficient -
.8477 and -.3385). 
2 The household assets, service, vehicles, and flooring and ownership of dwelling are ranked 
in quintile 2, 3 and 4. Quintile 1 is the poorest, and quintile 5 is the richest (Gini coefficient -
.2859).  
3 The household assets, service, vehicles, and flooring and ownership of dwelling are ranked in 
quintile 3, 4 and 5. Quintile 1 is the poorest, and quintile 5 is the richest (Gini coefficient 
1.0998).  
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more than 30 minutes walking distance from home. Water source within the home premises 

and ≤30 minutes were merged, and were considered as water source ≤30 minutes and the new 

variable, distance_water, was categorised into ≤30 minutes=1, or >30 minutes=2 

Source of water: Improved sources of water (hv201) were originally labelled as piped to a 

dwelling=11; piped to yard/plot=12; piped to neighbor=13; a public tap/stand pipe=14; tube 

wells or bore holes=21; protected wells=31; protected springs=41; rain water=41; and bottled 

water=71. Unimproved sources of water were originally labelled as coming from unprotected 

dug wells=32; unprotected springs=42; rivers, dams, lakes, ponds, streams and canals=43; 

tanker trucks=61; carts with a small tank=62; and ‘other’=96. The source of water was recoded, 

and new a variable, water_source, was generated and categorised as Improved water source = 

1 or Unimproved water source = 0.  

Type of toilets: The type of toilet facility (hv205) was originally labelled as sanitary when they 

were one of the following responses types: flush/pour flush toilets to piped sewer system=11; 

flush to septic tanks=12, flush to pit latrines=13; ventilated improved pit (VIP) latrines=21; pit 

latrines with slabs=22; and composting toilets=41 without sharing (and/or with sharing; 

n=2,404) with other households. As per  JMP 2019 , any kind of sanitary type of toilet category 

including shared toilets were included in this analysis  [11]. After 2018 the DHS also applied 

this definition [294]. The sharing toilets are possible to include under sanitary type of toilet 

category especially in developing countries  such as Nepal due to their  local culture, lack of 

available land for toilet construction and large families that live in multiple house [295]. 

Therefore this thesis includes household sharing toilet considered as a basic sanitation service 

and counted as sanitary toilet which might be socially acceptable, feasible, affordable and 

economically viable [296]. Unsanitary toilet facilities were originally labelled as those responses 

that flushed to somewhere else=14; flushed to an unknown location=15; pit latrines without 

slabs or open pits=23; those with no facilities at all, and use of bush or fields=31; hanging 
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toilets or latrines=43; and “other”=96. The type of toilet was recoded, and a new variable, 

toilet_type, was generated and categorised as Sanitary toilet=1 (flush/pour flush toilets to piped 

sewer system; flush to septic tanks; flush to pit latrines; VIP toilets; pit latrines with slabs; and 

composting toilets) or Unsanitary toilet=0 (flushed to somewhere else; flushed to an unknown 

location; pit latrines without slabs or open pits; those with no facilities at all, and use of bush 

or fields; hanging toilets or latrines; and other services). 

Fixed place for handwashing: The place where household members wash their hands in the 

home (hv230a) was originally labelled as observed, fixed place=1; observed, mobile place=2; 

not observed, not in dwelling=3; not observed, no permission to see=4; and not observed, other 

reason=5. Fixed place for handwashing was recoded, and a new variable handwashing_place, 

was generated and grouped into two categories, Fixed place (where the handwashing location 

is in a fixed location) =1 or Not having a fixed place (the handwashing location is anywhere in 

the home) =0. The original categories of 3, 4 and 5 were recorded as missing (.) and excluded 

from the analysis. 

Availability of soap and water: The variables, availability of soap (hv232) and availability of 

water (hv230b), were merged into one. The new variable, sw1, was coded as soap water 

Available=1 or Not available=0 

3.3.8.2 Variables drawn from the child recode interviewed with mothers (KR) datasets  

Age of the mother: Age of the mother (v012) was collected as a continuous variable and was 

then categorized into three groups, and the new variable, women_age, was recoded, and 

generated.  These categories were 15–24=1, 25–34=2, and 35 and above=3 

Education of the mother: The education of the mother (v106) was originally categorised into 

four groups: No education (unable to read or write) =1, Primary (Year 5) =2, Secondary (Year 

8) =3, and higher (at least School Leaving Certificate (Year 10) and above = 4. 
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Occupation of the mother: The occupation of mother (v717) was originally labelled as Does 

not work=0, Professional/technical/managerial=1, Clerical=3, Agricultural or self-

employed=4, Skilled manual=8, and Unskilled manual=9. A new variable occupation_women 

was created and recoded into three categories, which were: No work=1, Agriculture or self-

employed=2, and Non-agriculture (Professional/technical/managerial, clerical, Sales/Service, 

Skilled and unskilled manual) =3. 

Caste or ethnicity of the mother: Caste or ethnicity (v131) was originally categorised as Hill 

Brahmin=1, Hill Chhetri=2, Plain Brahmin/Chhetri=3, Other Terai caste=4, Hill Dalit=5, Plain 

Dalit=6, Newar=7, Hill Janajati=8, Plain Janajati=9, Muslim=10, and Other=96. Later, the 

caste or ethnicity was recoded as (ethnicity_category) and labelled as Brahmin and Chhetri=1, 

Janajati/Vaishya=2, Scheduled or Shudra=3, and ‘Other’=4. 

Religion of the mother: The original category of religion (v130) was Hindu=1, Buddhist=2, 

Muslim=3, Kirat=4 and Christian=5. This variable was recoded (religion) and categorised into 

two groups, Hindu=1 and Non-Hindu=2. 

Education of the husband:  The education of the husband (v701) was originally captured as: 

No education (unable to read or write) =1, Primary (year 5) =2, Secondary (year 8) =3, Higher 

(School Leaving Certificate (year 10) and above) =4  

Exposure to newspapers: Exposure to newspapers/magazines (v157) were originally 

categorised into three groups: Not at all=0, Less than once a week=1, and At least once a 

week=2. These were collapsed into two categories: Non-exposure=0 and Exposure=1 because 

of the low sample. The new variable was newspaper. 

Exposure to radio: Exposure to radio (v158) was originally categorised into three groups: Not 

at all=0, Less than once a week=1, and At least once a week=2. These were collapsed into two 

categories: Non-exposure=0 and Exposure=1 because of the low sample size. The new variable 
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was radio. 

Exposure to television: Exposure to television (v159) was originally categorised into three 

groups: Not at all=0, Less than once a week=1, and At least once a week=2. These were 

collapsed into two categories: Non-exposure=0 and Exposure=1 because of the low sample 

size. The new variable was TV. 

Health Mothers’ Group: Health Mothers’ Group (HMG) is a non-political women’s 

organisation in the community. Each HMG in the mountains region of Nepal has at least 11 

women, there are at least 15 women in the hills region, and at least 21 women in the plains 

region. The HMG (s1108bb) was originally categorised into three groups: HMG not 

available=0, HMG available=1, and Do not know=8, with no change from the NDHS category. 

The variables of place of residence (v025), ecological zone (shecoreg), provinces (v024) and 

wealth index (v190) were available in KR datasets and coded same as HR dataset. The 

household WASH related variables, such as source of water (v113), type of toilet facilities 

(v116) and time to get to water source in minute (v115) were also available in KR datasets of 

NDHS 2016. These variables were labelled same as HR datasets. 

Combined WASH: Individual components (improved water source, sanitary toilet, fixed place 

for handwashing, and availability of soap and water) were merged and became the new 

variable, WASH. This variable was labelled as Available combined WASH=1 or Not available 

combined WASH=0 

Diarrhoea: The passing of liquid stool more than two times within 24 hours is defined as 

diarrhoea [28]. The NDHS questionnaire recorded the occurrence of diarrhoea in a two-week 

period. The diarrhea variable (h11) was originally labelled as No diarrhea=0, Yes, last two 

weeks=2 and Do not know=8. Later this was recoded, and a new variable (diarrhea) was 

generated and grouped into two categories, Yes=1 or No=0. The diarrhoea prevalence among 
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children under five years was measured by two response options. The original category 8 was 

coded as missing (.) and excluded from the analysis. 

Malnutrition: Malnutrition was measured in the NDHS dataset as stunting (height for age), 

wasting (weight for height), and underweight (weight for age). Z-scores were applied to 

measure these outcomes, with the cut-off point of SD/z-score <-2. The levels by which 

malnutrition was calculated were based on the World Health Organization (WHO) Global 

Database on Child Growth and Malnutrition criteria [297]: stunting (height for age if < -2 SD of 

the WHO Child Growth Standards median), wasting (weight for height if < -2 SD of the WHO 

Child Growth Standards median), and underweight (weight for age if < -2 SD of the WHO 

Child Growth Standards median) [298]. 

Stunting (child’s height for age): Stunting was calculated using codebook hw70. The 

variable, stunted, was created, and the labels were Stunted=1 or Not stunted=0. The missing 

values (n=2,524) were of children whose height was not measured at the time of the survey. 

Wasting (child’s weight for height): Wasting was calculated using codebook hw72. The 

variable, wasted, was created, and the labels were Wasted=1 or Not wasted=0. The missing 

values (n=2,527) were of children whose weight and/or height were not measured at the time 

of the survey.                                                                                                        

Underweight (child’s weight for age): Child weight for age is the measured weight of the 

child (hw71) with the labels, Underweight=1 or Not underweight=0. The variable, 

underweight, was created. The missing values (n=2,517) were of children whose weight was 

not measured at the time of the survey. 

Age of the child: The child’s age was determined from the birth history provided during the 

survey as the current age in months (b19). This age group was recoded, and a new variable, 

child_agegroup, was generated with five categories from the original continuous variable. 
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These categories were <12 Months=1, 13–24 Months=2, 25–36 Months=3, 37–48 Months=4, 

and 49–59 Months=5. 

Sex of the child: The sex of child under-five years (b4) was originally categorised into two 

groups: Male=1 and Female=2, with no change from the NDHS category. 

Mothers’ age at first birth: The original category of age at first birth (v212) was recoded, and 

a new variable age_birth, was generated with two groups from the original discrete distribution 

of age at first birth. These categories were <20 years=1 and >21 years=2.  

Current breastfeeding practice: Current breast feeding by mothers with a child under five 

(v404) was categorised as No=0 and Yes=1, with no change from the NDHS category. 

Disposal of youngest child’s stool: The disposal children’s stool (v465) was originally 

labelled as: used toilet/latrine=1, put/rinsed in toilet/latrine=2, put/rinsed into drain or ditch=3, 

throw into garbage=4, buried in the open/not disposed of=9, and other =96. This variable was 

recoded, a new variable stool_disposal was generated and grouped into two categories, Unsafe 

disposal=1 and safe disposal=2, which was formed after collapsing the NDHS categories. In 

accordance with WHO recommendations, categories 1, 2 and 5 were merged into Safe disposal, 

and categories 3, 4, 9 and 96 were merged into Unsafe disposal. 

3.3.9 Merging datasets 

The DHS dataset was disseminated separately (household, household member, women, men, 

and children under five years) in hierarchical formats. The current study investigated variables 

from the HR and KR files of the datasets. After exploring the study objectives, important 

variables were identified as not available from some dataset files. For example, there were no 

available outcome variables for diarrhoea and malnutrition in the HR file. Similarly, variables 

related to handwashing with soap were not found in the KR files. Data files were merged using 

common unique variables, such as hv001 with v001, hv002 with v002, and hv003 with v003, 
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which are the cluster, household and line numbers, respectively; where hv001, v001, hv002, 

v002, hv003 and v003 (and so on) represent unique households. The steps adopted for merging 

data files were: (1) Determined unique variables within each dataset that were common across 

the datasets; (2) Sorted data files by using these unique, common variables; (3) Determined the 

primary dataset to be used as a base file; and (4) merged the datasets (files). 

3.3.10 Management of missing values 

Missing data occurred if respondents refused or were unable to provide a response for a 

particular survey item or questionnaire [299]. Both the independent and dependent variables had 

missing data. For options such as ‘do not know’ and ‘missing due to not reporting’ (.) with 

regard to household heads’ and husband’s education and Health Mother Group were excluded 

from the analysis. The fixed place for handwashing and availability of soap and water had 

missing data, were excluded from the analysis when these facilities were not observed by the 

data collector during the data collection. Don’t know responses (unknown diarrhoeal status) 

was also excluded from the analysis. Stunting, wasting and underweight variables had missing 

values due to children’s absence and/or refusal to participate in anthropometric measurements 

at the time of the survey. If the height was outside of plausible limits, data were excluded from 

the analysis of wasting. Children whose month or year of births were missing or unknown were 

flagged, which excluded from the analysis. Only respondents with complete data were included 

in the analysis. The frequency distribution, pattern, and reasons for missing data were checked 

before handling missing data. 

3.3.11 Statistical analysis 

The following section details the statistical analyses undertaken in Chapters 5, 6 and 7. All 

analyses were conducted in STATA 15 [300]. Table 3.2 reports the summary of methods which 
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included study objectives, sources of data, sample size, study population, and data analysis 

techniques. 

3.3.11.1 Descriptive and univariate analysis 

A descriptive analysis was carried out to explore the current status of WASH in households 

(reported in Chapter 5) [301], and diarrhoea and malnutrition rates (reported in Chapter 7). 

Descriptive analyses were calculated as frequencies and percentages. The socio-demographic 

and WASH-related variables were analysed using univariate methods. Samples were weighted 

to match the population distribution by using STATA svy command during this analysis. 

3.3.11.2 Logistic regression analysis 

Logistic regression analyses were reported in Chapters 5, 6 and 7. The Pearson Chi-squared 

test for categorical variables and Paired t-test for continuous variables were applied to 

determine the bivariate association between exposure variables and outcome variables [302, 303]. 

These tests are used to evaluate tests of independence when using cross-tabulation, known as 

a 2x2 table [303]. Bivariate analysis was then conducted between dependent variables (diarrhoea 

and malnutrition) and individual covariates, followed by a Chi-squared (X2) test to see the 

proportional difference between them [304]. The Chi-squared test was applied to fulfil the 

assumptions below [301, 303]. 

Data were distributed in frequencies, and each column and row cell count were greater than 5 

numbers. Observations/data were independent. The study sample sizes were sufficient. Study 

variables were mutually exclusive. 

The formula used for calculating the Chi-squared test was-- 

 

where X2= Chi-squared test of independence, Oi=Observed value of two nominal variables, 
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and Ei=Expected value of two nominal variables [302], 

A multi-level mixed effects logistic regression analysis [305] was performed (reported in Chapter 

6) to assess the relationship of explanatory variables (at individual, family and community 

levels) [234] with each binary outcomes (improved water source, sanitary toilet, fixed place for 

handwashing, availability of soap and water, and combined WASH).  

Clustering by primary sampling units was accounted for by using random intercepts. Huber 

White (robust) standard errors were used, as these are robust to misspecification of the 

correlation structure. The NDHS employed a multistage cluster sampling technique, where 

mothers were hierarchical (nested) within households, which were nested within 

regions/provinces. Because of the hierarchical nature of the NDHS, a two-level hierarchical 

generalised linear model (HGLM) was used for the purposes of this study (reported in Chapter 

6). The traditional logistic regression model assumes independency among observations. Data 

of a hierarchical nature, however, often have a dependency within a higher level of hierarchy. 

Multi-level modelling was applied to take this effect into account [305, 306]. 

This analysis was performed using STATA 15 [306] to estimate an hierarchical linearised model. 

The equation applied for this model is shown below: 

Yij = γ00 + γ01+Wj+μ0j+γ10Xij+μ1jXij 

In this model, Yij characterises the log odds of the  mother available each WASH component 

facility i in region j; γ00 provides the log odds of available WASH facilities in a typical region; 

Wj is a region-level predictor for region j; γ01 is the slope related with this predictor; μ0j is the 

level 2 error term, representing a unique effect associated with region j; γ10 is the average 

effect of the individual-level predictor; Xij is an individual-level predictor for mothers i in 

region j; and μ1j is a random slope for a level 1 predictor variable, Xij, which allows the 

relationship between the individual-level predictor (Xij) and the outcome variable (Yij) to differ 
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across level 2 units. 

Multivariate logistic regression analyses were applied (reported in Chapter 7) to calculate the 

odds ratio of the association between exposure variables, such as source of water, access to 

toilets, and handwashing facilities, and dependent variables, such as diarrhoea and malnutrition 

among children under five years. By conducting multivariate logistic regression analysis, 

researchers can adjust for multiple covariates as explanatory variables in regression models 

[307]. Crude odds ratios (CORs) and adjusted odds ratios (AORs) were calculated for each 

covariate at a 95% level of confidence at a 5% significant level [308].  

3.3.11.3 Hot Spot Analysis 

A spatial analysis was conducted using Aeronautical Reconnaissance Coverage Geographic 

Information System (ArcGIS) version 10.6.1, developed by the Environmental Systems 

Research Institute (Esri), and reported in Chapter 5. The Nepal shapefile and a map of Nepal 

were obtained from the mapping and visualisation software, Data-Interpolating Variational 

Analysis-Geographical Information System (DIVA-GIS), which is freely available at www. 

diva.gis.org. 

The Nepal Universal Transverse Mercator (UTM) projected coordinate system used was based 

on the World Geodetic System 84 (WGS84), which is a projected coordinate system. The 

latitudes (26º22'N to 30º27'N) and longitudes (80º04'E to 88º12'E) of Nepal lie on the UTM 

zone between 44 degrees and 45 degrees North, and 0.9996 is the scale factor for the central 

meridian [309]. The projected coordinate system is based on a 2-dimensional plane and uses 

linear units, for example, feet or metres. 

Autocorrelation is classified into positive and negative correlations through the local Getis-Ord 

Gi* statistic [310]. Positive autocorrelation occurs when similar values clustering together are 

organised on maps. This process has two different conditions, such as high values surrounded 
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by neighbouring high values, and low values surrounded by neighbouring low values. Negative 

autocorrelation occurs when dissimilar values clustered together are organised on maps. This 

process also has the conditions of high value surrounded by neighbouring low values, and low 

values surrounded by neighbouring high values. The GIS pattern analysis was done in the 

following ways. 

1. Global Moran’s I spatial autocorrelation analysing pattern: Moran’s I spatial 

autocorrelation analysis is performed to identify spatial patterns of observation. This statistic 

is used to assess correlation between neighbouring observations and spatial patterns, and spatial 

clustering levels among neighbouring features. The spatial autocorrelation statistic is 

calculated using the following equation [311].  

 

Where n is the number of features (clusters in this study), wij is the weight between 

observations i, x1 and xj are the referred attribute values of features I and j, and S0 is equivalent 

to the sum of all wij. 

Global Moron’s I spatial autocorrelation statistic does not answer the question of where the hot 

spots and cold spots cluster, but measures the overall spatial autocorrelation. Therefore, it is 

required to perform cluster analysis.  

2. Mapping cluster (Getis-Ord Gi* hot spot analysis): Mapping cluster (Getis-Ord Gi* hot 

spot analysis) is carried out to identify the clusters of statistically significant hot spots and cold 

spots for the clusters in ecological zones of Nepal. This analysis separate clusters of high values 

from low-value clusters [312]. 
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Here xj is a value for feature (clusters) j, xi value refers to feature (clusters) i, and wij (d) is 

the spatial weight. 

Hot spot analysis, a local statistic, computed the Getis-Ord Gi* statistic which identified hot 

spot and cold spot spatial clusters for sources of water, toilet facilities and handwashing with 

soap facilities (WASH) prevalence. Local Getis-Ord Gi* statistical analyses [310] were carried 

out to identify hot spot and cold spot areas of households’ WASH of 383 clusters in ArcGIS 

software, which used Geographic Positioning System (GPS) latitude and longitude coordinate 

interpretations [309] obtained from the nearest community centres for the 2016 NDHS clusters 

(Wards or Enumerations areas) [57]. They are used to assess the features of each neighbourhood 

and to compare the local context to the global context. Hot spots equate to the absence of 

improved WASH and cold spots equate to the presence of improved WASH.  

The z-scores and p-values with 95% confidence interval determined the significance of 

autocorrelation (hot spot and cold spot areas). If the z-score is close to zero, it shows there is 

no clustering in the area. A positive z-score with a p-value less than 0.05 shows clustering of a 

high prevalence of unimproved WASH, while a negative z-score with a p-value less than 0.05 

shows a clustering prevalence of low prevalence of unimproved WASH. A z-score measures 

accurately how many standard deviations above or below the mean the data points are. The 

formula used for calculating z-scores from spatial analysis [313] was— 

 

Here, z=standard score, x=observed value, μ=mean of sample, and σ=standard deviation.  The 

statistics options was chosen to calculate z-scores in the ArcGIS and attribute table shows 
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output parameters and create new field for z-scores and obtain results for mean, observation 

and standard deviation. 

The minimum or maximum distance between spots was estimated in metres, indicated by aero 

crosser in ArcGIS software. It helped to measure the distance from one hot spot to a cold spot, 

or from a hot spot to the nearest hot spot or cold spot. 

The WASH proportions in 383 study clusters (survey cluster values) were linked with the 

corresponding GPS observations, which use latitude and longitude values in Geoda software. 

These values were imported into the ArcGIS software, and results were visualised at the 

clusters level. Boundaries were defined based on topographic references (ecology, regions and 

provinces) applied during the 2016 NDHS [314]. The locations of existing WASH facilities were 

used to visualise the current public health problem of unimproved water sources, unsanitary 

toilet facilities, and lack of available soap and water [315]. 

Table 3.2: Summary of methods 

Study Objectives Sources Sample Population Data analysis  

Determine the rates of 

household handwashing with 

soap by mothers in Nepal 

and explore the factors 

associated with the uptake of 

handwashing. 

Systematic 

literature search  

32,010 Mothers Narrative 

writing 

Estimate the prevalence and 

correlates of households’ 

level of WASH, including 

identification of areas where 

WASH facilities were 

unimproved. 

NDHS  11,040 Household 

heads 

Bivariate 

Logistic 

Regression 

Analysis   
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Study Objectives Sources Sample Population Data analysis  

Identify the individual, 

family/household and 

community factors 

associated with households’ 

WASH facilities in Nepal  

NDHS  4,887 Mothers with 

children 

under five 

Multi-level 

Logistic 

Regression 

Analysis  

Assess the effects of 

households’ WASH 

facilities on diarrhoea and 

malnutrition among children 

under five years. 

NDHS  4,887 Children 

under five 

Multivariate 

Logistic 

Regression 

Analysis  

 

3.3.12 Ethical considerations 

Ethical approval for all the studies included in this thesis was obtained from the Human 

Research Ethics Committee (HREC) of the University of Newcastle (Ref. No. H-2018-0511). 

The Inner City Fund (ICF) Institutional Review Board (IRB), the Demographic and Health 

Survey (DHS) Program in Maryland, USA, provided approval for the use of the NDHS data 

for this thesis (Appendix B.2). The Ethical Review Board of the Nepal Health Research 

Council (NHRC), Kathmandu, provided ethical approval prior to the NDHS in 2016. All study 

respondents were appropriately informed about what was involved in participating in the survey 

and gave written consent prior to interview and observation. Respondents were assured their 

personal details would remain confidential. 
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4. Chapter 4. The State of Household Handwashing by 

Mothers of Children Aged Under Five and Associated Risk 

Factors in Nepal: A Systematic Review 

4.1 Foreword  

In Nepal, the rates of access to an improved water source and to sanitary toilet facilities are 

better than the rates of access to handwashing with soap facilities, and has been this way for a 

decade [57, 110, 160]. Nepal still faces problems with handwashing with soap facilities, as 53% of 

households do not use soap and water for handwashing. As discussed previously, (reported in 

Sections 1.3.3 and 2.4) the patriarchal nature of Nepalese society means that mothers are the 

key persons who take care of children and oversee their hygiene. Mothers are therefore ideally 

placed to teach their children about handwashing with soap and to model this behaviour, even 

though their ability to do this can be challenged by cultural and economic disempowerment. 

This chapter is a systematic review undertaken to meet the first research objective, which was 

to determine the rates of household handwashing with soap by mothers in Nepal and explore 

the factors associated with the uptake of handwashing. 

4.2 Introduction 

As the recent COVID-19 pandemic has highlighted, handwashing with soap is an effective, 

cheap, feasible, and straightforward way to prevent and control communicable diseases, 

especially in low-resource settings such as Nepal [7, 316, 317]. Handwashing with soap is a major 

component of prevention and control of skin infections, acute respiratory infections, and 

diarrhoea among children under five years [113, 316, 318]. This has been apparent at the global 

level with the campaigns related to COVID-19 transmission about prevention through 

handwashing with soap [209-211]. Reducing exposure to pathogens is a global health priority [319] 
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demonstrated by the Sustainable Development Goals (SDGs 2016–30) that have given priority 

to achieving universal access to all aspects of WASH by 2030 [13, 320]. 

Handwashing at the household level is determined by a number of factors, such as knowledge 

of the importance of handwashing, risk communication, availability of water and soap, family 

ownership of soap, water and a fixed place for handwashing, installation of tippy taps (a hands-

free way to wash hands – especially appropriate for water scarce rural areas – which is operated 

by a foot lever and may increase the rate of handwashing with soap), perceived cost, and an 

individual’s ‘busy schedule and tiredness’ [151, 195, 221, 263, 321, 322]. Household handwashing in 

Nepal is also influenced by context-specific handwashing policies, strategies and guidelines, 

as well as geographical and environmental factors [160, 163, 323]. Handwashing within households 

as a common practice is still not widespread throughout the country. Despite these facilitators 

and challenges, handwashing remains a key method of reducing rates of communicable 

diseases [37, 318]. 

In Nepal, mothers are primarily the caregivers for their children. They teach children at home 

about handwashing with soap, and managing handwashing facilities with the support of family 

members [86, 87]. Handwashing with soap promotion campaigns have a positive impact on 

children’s health [83]. Handwashing with soap practice provides children with safe and clean 

home environments [324]. Family members, such as the husband, father-in-law, and mother-in-

law, can contribute to handwashing with soap by buying soap, and managing water and fixed 

places for handwashing. In this discourse, mothers are important persons, as they can be role 

models in the household. 

The five key critical moments recommended to wash hands are: before eating or preparing 

food; before breastfeeding and feeding children; after defaecating or using the toilet; after 

cleaning a child faeces or handling nappies; and after touching a source of contamination [316]. 

In Nepal, overall handwashing knowledge of mothers was 60% in 2014 [71]. The rate of 
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handwashing with soap by mothers before handling food was 67% after a three-month 

awareness program in Kavre district, while the baseline survey rate of handwashing with soap 

was only 5% in 2015 [205]. A study conducted in Rolpa district showed the self-reported 

prevalence of handwashing was 8% at baseline, 96% after a handwashing intervention, and 

77% at follow-up, 30 months after the intervention [325]. However, the rates of handwashing 

with soap before preparing food, before feeding children or breastfeeding, and after cleaning 

children’s bottoms was between 6-22% in Nepal [71].  The application of existing knowledge 

regarding handwashing, especially before child feeding and breastfeeding and after the disposal 

of child faeces, is a challenge and barrier to good hygiene practices. 

With such varying rates of handwashing with soap during critical moments, it is important to 

systematically examine the evidence regarding this issue in Nepal. The aim of this paper is to 

determine the rates of household handwashing with soap by mothers in Nepal and explore the 

factors associated with the uptake of handwashing.  

4.3 Methods 

4.3.1 Search strategy and criteria selection  

This systematic review adopted the Preferred Reporting Items for Systematic reviews and 

Meta-Analysis (PRISMA) checklist [326]. Published literature was searched in the following 

databases: PubMed/Medline, Embase, PsycINFO, and Cumulative Index to Nursing & Allied 

Health Literature (CINAHL) (Appendix C). Google Scholar was also searched. Keywords 

included handwashing, situation, households, mothers, children, determinants, knowledge, 

soap, health education, and Nepal. The grey literature (e.g. government reports, project reports, 

working papers, technical reports, and unpublished theses) was searched by using keywords 

that were the same as those used to search the peer-reviewed literature. Relevant papers were 

also hand-searched. Articles were included if i) the study was conducted in Nepal, ii) 
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information was collected from mothers, and iii) the study was published in English. No limits 

were placed on the dates of data collection or publication. Articles were excluded if they were 

animal studies, non-mother samples, protocol papers, systematic reviews, abstracts only, or 

editorials. The search was completed in November 2019. The details of the screening of articles 

are in the PRISMA flow chart (Figure 4.1). 

4.3.2 Data extraction, analysis and quality assessment 

All eligible articles and records were extracted and recorded in an Excel spreadsheet. Extracted 

information included author, year of publication, study design, participants, age group, study 

place, study periods, and outcome measures. 

Descriptive analysis was performed for this review paper. Two reviewers (SRD and TB) 

finalised the list of articles and records that would be included. Meta-analysis was impossible 

due to the low number of studies identified and the heterogeneity of the outcome measures. A 

quality assessment was done using the Strengthening the Reporting of Observational Studies 

in Epidemiology (STROBE) guidelines [291]. All required fields of the guidelines were 

completed by the first reviewer (SRD), and cross-verification was done by the second reviewer 

(TB). Once the extraction of eligible studies was completed, a narrative synthesis was made to 

provide evidence about handwashing with soap by mothers. The characteristics recorded for 

all eligible articles comprised first author’s name, publication year, study design, study 

population, sample size, study periods, and key findings. The statement of the main findings, 

and strengths and limitations were carefully reviewed and reported in the conclusion section. 

Main results were presented to answer the study aim. 

4.4 Results 

4.4.1 Study flow and characteristics 

Initially, 188 articles were identified from the database search, and 15 records through the grey 
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literature search. Of the total 203 records, 83 were excluded because of duplication. The 

remaining 120 were screened, and further records (n=102) were excluded due to exclusion 

criteria of irrelevant titles or abstracts. A total of 18 records were assessed for eligibility. Then, 

11 full text articles and records were excluded by protocol, planning tools, review articles, 

animal study and non-mothers studies. Finally, seven full- text articles met all inclusion criteria 

(Table 4.1). Of the seven studies found, three papers described randomised control trials, 

conducted in Kavre, Kathmandu, and Chitwan, Makwanpur, and Nuwakot districts. Three 

papers were cross sectional studies, conducted in a rural and urban settings. One paper 

described a cohort study, conducted in Sarlahi district. A summary of the results of the 

keywords searches can be found in Appendix C. 

  

Figure 4.1: PRISMA flow diagram 
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4.4.2 Rates of household handwashing with soap by mothers in Nepal 

Maternal rates of handwashing with soap varied during different critical moments in the 

eligible studies. A cross-sectional study conducted by Kafle and Pradhan in Makwanpur district 

among 178 households’ mothers in 2018 reported that approximately 43% of mothers washed 

their hands with soap at critical moment while 79% of mothers had good knowledge about 

WASH [283]. Gautam et al conducted a randomised controlled trial (RCT) between October 

2012 and December 2013 using structured observations of handwashing with soap among 239 

mothers with children aged 6–59 months in Kavre showed that handwashing with soap before 

eating and feeding a child was 67% after a food hygiene campaign, which was significantly 

higher than the with 5% who undertook handwashing with soap before eating or feeding a child 

at baseline [205]. Langford and Panter-Brick  conducted a RCT  in the slum area of Kathmandu 

in 2013 and reported  that  the handwashing with soap rates were 100% after using the toilet 

and after cleaning children’s bottoms, 71% before cooking food, 62% before child feeding, and 

60% before eating in the handwashing intervention arms of the study; while the results for the 

control arms were 91% after using the toilet, 84% after cleaning children’s bottoms, 19% 

before child feeding, 2.3% before cooking and zero percent before eating [206]. An observational 

prospective cohort study carried out in 2008 in one of the plains regions (Sarlahi district) 

showed that mothers’ handwashing with soap prior to handling infants was only 15% [83]. 

Likewise, another retrospective cross-sectional study conducted in the Makwanpur district 

among 5,411 mothers aged 15–49 years who had live births in the previous year in 2002 

showed that approximately 50% of the birth attendants washed their hands prior to attending 

the deliveries [139]. 

These results indicated that handwashing with soap rates had a wide variation depending on 

the areas, circumstances, education, and critical time point being assessed, with the majority of 

results showing far less than optimal rates of handwashing with soap across the country.  
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4.4.3 Factors associated with maternal handwashing in Nepal 

A cross-sectional study carried out among randomly selected mothers from 178 households in 

Makwanpur district in 2018 found maternal knowledge and the household wealth index affect 

handwashing with soap practices [283]. In 2017, Kandel et al conducted a cross sectional study 

using the 2014 Multiple Indicator Cluster Survey (MICS) dataset among 1,421 households’ 

mothers and reported that the faecal contamination of water was associated with the availability 

of adequate handwashing facilities with soap and water [327]. As mentioned above, an RCT 

carried out in a rural village in Kavre district in 2015 found mothers’ participation in Health 

Mothers’ Group meetings, and motivation through family support and rewards are enabling 

factors for handwashing with soap, while poor participation, demotivation, and punishment 

decrease handwashing with soap [205]. This study further found that an integrated health 

promotion campaign increased the rate of handwashing with soap. Miller et al conducted a 

RCT in Chitwan, Nawalparasi, and Nuwakot districts reported that women who attained 

higher-level of education had more frequent use of soap during handwashing compared with 

women with no education in 2017 and the participatory community development program was 

an effective way of increasing hygiene practices [328]. 

A study carried out in Kathmandu in 2013 showed that family and community beliefs, such as 

believing handwashing with soap is unnecessary, being unsure about good health after using 

soap, and the financial burden of buying soap, are barriers to effective handwashing with soap 

[206]. This study found beliefs that keeping children clean all the time causes illness, and cultural 

beliefs that some infectious diseases are caused by cold, fever, and evil spirits. These beliefs 

can have a negative health effect, as it may be believed that handwashing with soap may not 

be necessary for prevention of diseases. A further barrier to handwashing with soap is that 

household members need to spend money on food, and this takes priority over soap. 

A cohort study carried out in 2008 in the plains region in Sarlahi district of Nepal indicated 
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that the possible factors associated with maternal handwashing were lack of education, absence 

of a toilet at home, and having low-birthweight babies [83]. A study conducted  by Osrin and 

colleagues in Makwanpur district among 4,511 mothers in 2002 found lack of knowledge about 

the importance of handwashing and hygiene, especially during breastfeeding and birth 

attendance, is a possible factor affecting effective handwashing in Nepal [139]. The key summary 

results of this review are shown in Table 4.1, including the first author’s name, publication 

year, study design, sample size, study periods and main findings. 

Table 4.1: Summary of methods 

First author, Year Study design 
Sample 

size 

Study 

periods 
Main findings 

Kafle S,2018 [283] 

 

Cross-sectional 178 Not 

specified 

About 79% of the mothers had 

good knowledge about WASH, 

considering access to improved 

water source, sanitary toilet and 

handwashing with soap 

indicators. 

Kandel P,2017 [327] 

 

Cross sectional  1,421 Not 

specified 

Availability of soap, water and a 

fixed place for handwashing was 

significantly associated with 

lower rates of faecal 

contamination in water sources. 

Gautam OP,2017 [205] 

 

RCT 239 3 months Handwashing at home prior to 

feeding the child/children and 
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First author, Year Study design 
Sample 

size 

Study 

periods 
Main findings 

before eating increased from 5% 

to 67%. 

Miller LC, 2017 [328] 

 

RCT  1,011 48 months The frequency of usage of soap 

and availability of water at home 

was higher among mothers 

compared with fathers. The 

participatory Community 

Development program was an 

effective way of increasing 

hygiene in households. 

Langford R,2013 [206] 

 

RCT  88 6 months Approximately 21% of mothers 

washed their hands with soap 

after defaecation and 14% after 

cleaning baby’s bottom. No data 

were obtained about 

handwashing during/before 

cooking or feeding the child in 

non-intervention group. 

Intervention groups (baseline and 

post-intervention) showed that 

mothers washed their hands after 
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First author, Year Study design 
Sample 

size 

Study 

periods 
Main findings 

defaecation (96% and 100%), 

after cleaning baby’s bottom 

(82% and 100%), before cooking 

(12% and 71%), before feeding 

children (26% and 62%) and 

before eating (14% and 60%), 

respectively. 

Rhee V, 2008 [83] 

 

Cohort study 23,662 40 months Prevalence of maternal 

handwashing with soap prior to 

handling their infants was 15%. 

Maternal hand washing with soap 

was associated with significantly 

lower rates of neonatal mortality. 

Osrin D, 2002 [139] 

 

Cross-sectional 5,411 Not 

specified 

Approximately 50% of mothers 

who attended a birth had washed 

their hands with soap. 

 

4.5 Discussion 

This systematic review aimed to determine the rates of household handwashing with soap by 

mothers in Nepal and explore the factors associated with the uptake of handwashing. 

Nepalese mothers typically take the primary caring role for children and family members as 
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well as cleaning the home. These roles are traditionally established in Nepal. Handwashing 

should be performed by all family members; however, mothers feel more pressure to provide 

safe hygiene for their children [329]. The mother’s role of caring for children is socially 

constructed in Nepal, and is not counted as work in the home [330]. 

The first and foremost issue for overall family education on handwashing is improving 

maternal handwashing knowledge. The Nepal Demographic and Health Survey (NDHS) 2016 

results showed that handwashing facilities with soap and water at the household level was 47%, 

whereas the Multiple Indicator Cluster Survey (MICS) 2014 found that mothers’ handwashing 

with soap knowledge varied depending on the specific critical moment being observed. For 

example, after cleaning children’s bottoms or changing nappies, handwashing rates of 6% were 

found compared to before meal, when 92% washed their hands with soap [57, 71]. 

This review determined that maternal knowledge about the importance of handwashing with 

soap before eating or child feeding was higher after food hygiene intervention [205] compared 

to after cleaning a child who has defaecated [206], and this is one of Nepal’s major public health 

challenges [71]. Similarly less than half of the mothers washed their hands with soap who 

attended a child birth [139]. The reason behind such low rates of handwashing by mothers may 

be related to the level of health knowledge about the threat and severity of not washing hands, 

unavailability of soap and water, financial crisis, and lastly, the cultural belief that 

communicable diseases (e.g. diarrhoea) exist because of colds, fever, or evil spirits, rather than 

lack of handwashing [206]. In Nepal, mothers who are poor and those in rural and hard-to-reach 

areas remain most vulnerable to communicable diseases, due to poor access to health education 

and handwashing services [71]. The gap between handwashing knowledge and access to 

handwashing facilities with soap and water is a further challenge in Nepal [283]. 

This review highlighted that the major factors and barriers to handwashing with soap are lack 

of knowledge, contrary beliefs, unavailability of soap and water, lack of money, demotivation 
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of mothers, and low mother participation in planning and household decision-making. Maternal 

knowledge about handwashing is associated with handwashing practices [331]. Availability of 

soap, clean water, fixed places, adequate time, and family as well as community support 

encourage mothers to wash their hands while the absence of such factors are barriers to uptake 

of handwashing [150, 321]. These may be overcome by family support such as construction of 

fixed places for handwashing near or inside the home, buying soap, and provision of convenient 

improved water sources. Timely and accurate health education for household members by 

health workers contributes to counteracting barriers. For example, if mothers know about the 

need for handwashing at critical moments, they are likely to put this knowledge into practice. 

This statement is supported by a previous study carried out in Korea in 2013, which argued 

that providing education improved handwashing [332]. Mothers are the key role models who can 

change household handwashing conditions. The results of this review indicate that factors 

affecting handwashing were similar to a 2015 Nepal-specific study of four different plains 

districts (Mahottari, Siraha, Saptari and Sarlahi), which showed that participating mothers were 

more likely to wash their hands with soap when their hands looked dirty, to have their hands 

soft and smelling good, and to keep their dignity [333]. This review is further supported by a 

previous case study report in Nepal which found that the major challenges to proper 

handwashing with soap at the household level by mothers were providing high-quality 

education to mothers to increase health literacy about risks and threats, and to establish habits 

of utilising available resources, such as soap, water, and handwashing stations. Further 

potential factors which determine handwashing with soap by mothers at the household level 

are family roles and responsibilities, household structure, geography and climate [325]. 

A key factor in improving the rate of handwashing with soap is changing the mindset of 

individuals in the community. The changing of attitudes and behaviours, however, is complex, 

and can be hampered by a number of factors. For example, slow economic growth and societal 
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inequalities are challenges for the development of a health system, health promotion, and the 

practice of handwashing. It became clear during this review that high-quality and results-

oriented public health and health promotion campaigns are required to overcome such factors 

at the household level regarding handwashing by mothers and in turn the whole community. 

Context-specific handwashing promotional materials or facilities for mothers as well as 

families and households, timely high-quality health education on handwashing, and guidelines 

and policy documents are needed. Simple, affordable, feasible and practical interventions are 

required at the local level. During planning and designing handwashing messages and 

interventions, the local cultural, social, economic, geographical, and other contextual factors 

should be considered [334]. Community-based health promotion actions are recommended to 

deliver the handwashing message through processes of advocacy, services, and policy 

formulation and application approaches [335]. This review further recommends conducting 

multivariate and multi-level analyses on handwashing with soap and water, and sanitation 

facilities in Nepal. This review indicates that there is an association between community based 

WASH interventions and handwashing compliance. Policies and directives related to WASH, 

such as the Sector Development Plan [227],WASH Standards for health facilities [147]; the  

NHSS-IP (2016-21) have given priority to handwashing facilities [77]. The 15th five year plan 

[55] did not address handwashing with soap. Available WASH policies and guidelines also lack 

clear direction about handwashing during critical moments (i.e. after cleaning children’s 

faeces, before feeding children, before preparing meals, and before breast feeding) and this 

health behaviour remains challenging to promote. The quality and scope of the studies in this 

review suggest that participant observation studies on handwashing with soap should be 

undertaken. Priorities for future research should take account of the effects of health education 

interventions, human resources and high-quality handwashing facilities. 

The limitations of this review must be acknowledged. Firstly, not all household-level 
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handwashing knowledge areas and facilities were covered. Secondly, none of the included 

studies reported the availability of soap and water at the household level for mothers in Nepal. 

Thirdly, information about corrective measures for effective improvement of handwashing 

knowledge and behavioural change through community efforts was lacking. 

In conclusion, the previous studies suggested that handwashing is a cost-effective and 

affordable health promotion initiative to reduce communicable diseases like diarrhoea, skin 

infections, acute respiratory infections, and COVID-19 [37, 209, 318, 336], thus supporting the claim 

of the importance of handwashing with soap. Water and soap are the pre-requisites for good 

hygiene, and their availability is necessary. However, much more needs to be done if household 

handwashing is to become a habit among mothers, family members, and children. A few 

policies related to WASH in Nepal have focused on health and hygiene. However ensuring 

handwashing with soap is a regular habit remains a challenge in Nepal. 

Studies related to handwashing with soap included in this review showed that adequate supply 

of soap, water and construction of fixed place for handwashing including proper health 

education can help mothers to practice handwashing. The family income, husband and mother-

in-law’s support for water fetching, construction of water sources near homes, construction of 

handwashing stations, and buying soap helps mothers to introduce and continue regular 

appropriate handwashing. Varies rates of handwashing with soap by mothers during critical 

moment remains a challenge and the participatory community development and health 

promotion programs require to improve knowledge about the risks and the provision of soap 

and water at home. Therefore, it is important to conduct further studies on the availability of 

improved water sources, sanitary toilets, and handwashing with soap facilities at the household 

level. The roles of non-health stakeholders for improving handwashing with soap practices, as 

well as factors associated with the barriers and challenges to handwashing with soap in Nepal, 

also require study. 
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5. Chapter 5. Prevalence and Correlates of Water, Sanitation 

and Hygiene in Nepal 

5.1 Foreword 

Water, sanitation and hygiene (WASH) remains a challenging, important public health problem 

at the household level in Nepal. Despite some progress on WASH, 5% of households have 

unimproved water sources, 16% lack sanitation, and about 54% have no access to soap and 

water. Sustainable Development Goal 6 (SDG–6), 2016–30 and the NHSS–IP, (2016–21 have 

given priority to promoting WASH in Nepal.  In the previous chapter it has been shown that 

the rates of handwashing with soap varied in different areas. Low rates of handwashing with 

soap were associated with lack of knowledge about diseases, an absence of WASH services 

(eg soap, water and places), economic constraints, and family and community cultural beliefs. 

The availability of services may not be sufficient for effective use of WASH. Therefore, further 

analysis has been undertaken to better understand the prevalence and correlates of WASH in 

Nepal. Furthermore, a spatial analysis, indicating the existing WASH facilities, is needed to 

visualise the current public health problem of unimproved WASH in Nepal to facilitate policy 

development. 

5.2 Introduction 

The promotion of WASH is important for human health, wellbeing, and overall development 

[78, 337], but has often been forgotten during health planning in developing countries, including 

Nepal [69]. Nepal is one of the most WASH-insecure countries in the South Asia Region (SAR), 

despite having one of the richest sources of river water in the world [59]. However, water sources 

are often polluted by the practice of open defaecation, and household and industrial waste being 

discarded in open spaces [60].  
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Unimproved WASH is a risk factor for communicable diseases [27], which increased the risk of 

diarrhoea by 50% globally in 2015 [82]. Communicable diseases can be reduced or eliminated 

through better WASH practices by all family members and visitors within the home [4, 68, 82]. 

Providing facilities for adequate WASH in a sustainable way is a cost-effective measure for 

the prevention and control of communicable diseases [4, 68]. About 10% of the total global 

burden of diseases can be prevented with improved WASH [42]. 

Previous studies have shown that the failure to provide improved WASH practices is due to 

lack of knowledge [108], poverty [109], lack of political commitment, lack of co-ordination and 

poor management of available WASH-related resources [68], gender bias [338], geographic 

constraints related to accessing or receiving WASH services, and socio-cultural factors [68, 111]. 

Family members’ lack of knowledge about utilising improved WASH causes serious problems 

at the household level [321]. Household members find it difficult to have access to an improved 

water source, a sanitary toilet, and soap and other commodities for handwashing at home if the 

household is economically poor or under the poverty line [339]. 

The SDG–6 is the goal to achieve adequate and equitable sanitation and hygiene for all by 2030 

[44]. Many countries have committed to meet the SDGs by 2030, including Nepal. Nepal set the 

goals of achieving universal and equitable access to safe and affordable drinking water, 

achieving access to adequate and equitable sanitation and hygiene, including ending open 

defaecation, achieving improved water quality, and implementing water resource management 

and protection. However, Nepal has not yet included measures to address handwashing with 

soap in their country-specific SDG plan [320]. 

In developing countries, including Nepal, most WASH activities are implemented by non-

government organisations (NGOs) and/or private companies, which support GoN’s programs 

[68]. Political instability increases the risk of temporary leadership, which influences the 

development and implementation of WASH policies and programs. The recent challenges of 
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coordination and collaboration among local, provincial, and central governments in allocating 

WASH resources have impacted the effectiveness of program implementation in Nepal. In 

addition, the institutional responsibilities regarding WASH programs are unclear, causing 

confusion among the levels of government and ministries [340]. For example, in Nepal, The 

Ministry of Water Supply is responsible for water and sanitation, thus excluding the Ministry 

of Health and Population (MoHP), where health and hygiene experts are working. There is a 

lack of organisational coordination, resulting in WASH inefficiency. 

Due to the lack of good transportation in remote areas, it is difficult for household members to 

collect improved water. This is particularly the case in the rural mountains and hills regions of 

Nepal [341]. Culture influences WASH behaviours and perceptions, which can create resistance 

to new hygiene and sanitation practices, facts, and ideas. Perceptions and understanding of 

hygiene and sanitation can vary according to gender, ethnicity and religion [68]. For example, 

in the Hindu Brahmin caste, a grandfather will typically not drink water from the same glass 

or jug used by ‘inferior’ members (e.g. a sister-in-law or grandchildren). In addition, during 

their menstrual periods, women are not allowed to use the toilet inside the home or share the 

water source and soap with other family members. 

There are insufficient WASH studies addressing socio-demographic and contextual factors in 

Nepal. The unequal distribution of and access to WASH services between rich and poor, rural 

and urban, male and female, remains unstudied in Nepal. The few studies that have examined 

WASH at the household level had small sample sizes and focused on the regional community 

level, and thus may lack generalisability [283]. Consequently, nationally representative WASH 

studies using the latest Nepal Demographic and Health Survey (NDHS) data (2016) are 

required. Research on WASH is important in order to provide a clear direction for effective 

planning and development of interventions.  The previous chapter showed handwashing with 

soap was a component of WASH with poor uptake. The availability of services did not 
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determine improved WASH practices therefore further analysis has been undertaken to better 

understand the prevalence and correlates of household level of WASH in Nepal.  Although the 

presence of WASH facilities is not sufficient to guarantee use of such facilities, they are 

necessary for WASH practices to occur. To date, there are no studies conducted on WASH 

facilities using spatial analysis to identify the area with high prevalence rates (high hot spots 

clusters) of unimproved WASH facilities in Nepal. Therefore, it is important to assess the 

geographic distribution of WASH facilities in order to plan for future WASH facility 

development. This study can play a significant role in the formulation of context-specific 

WASH policy at the local, provincial and country levels. The objective of this study were to 

estimate the prevalence and correlates of household-level of WASH in Nepal, including 

identification of areas where WASH facilities were unimproved.  

5.3 Methods 

5.3.1 Research design and sampling 

A secondary analysis was conducted on data obtained from the 2016 NDHS [57], a nationally-

representative household survey. The lead role of the NDHS was taken by the MoHP, with the 

financial assistance of the United States Agency for International Development (USAID) and 

technical support from the Inner City Fund (ICF) International (a global consulting and 

technology service company). The main implementation partner of this survey was New ERA, 

a non-government and non-profit research organisation. The survey was carried out from 19 

June 2016 to 31 January 2017. A total of 11,040 households were selected using a two-stage 

cluster sampling technique in rural areas and a three-stage cluster sampling technique in urban 

areas. The unit of analysis used in this study was households, with scientific information 

collected from the head of each household. There were a total of 383 clusters (small 

geographically defined areas) representing the three ecological zones of Nepal. The seven 
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provinces were further stratified into 14 strata (urban and rural). In rural areas, wards were 

considered as clusters known as primary sampling units of enumeration. The sampling frame 

was included as the primary unit (wards: smallest administrative block), type of residence (rural 

and urban), and estimated number of residential households and population. In urban areas, 

wards were also selected as primary sampling units, and one enumeration area (EA) was 

selected from each primary sampling unit. The households were selected from the sample of 

EAs. At first, 383 wards were selected, with probability proportional to the ward size. 

Consequently, a fixed number of 30 households in each cluster were selected, with equal 

selection from the household listing. The sampling weight frequency tabulation and percentage 

of study variables were executed for the selected independent variables. Household samples 

were non-proportionally allocated by provinces (regions) and towards their rural urban areas 

and where the interview response rates of respondents’ were varied. Therefore, sampling 

weights were used to adjust the multi-stage sampling procedure to ensure the survey was 

representative at the national and cluster levels. Since the 2016 NDHS was a multi-stage 

stratified cluster sample, sampling weights were calculated based on sampling probabilities 

separately for each sampling stage and for each cluster. We created variables with the 

calculated weights and included weighted variables. The household weight was divided by 

1,000,000 (e.g. gen sampwt=hv005/1,000,000). All analyses used the sampling weights 

calculated for each interviewed household. 

5.3.2 Data sources and respondents 

This study used data from the fifth series of the NDHS, collected in 2016. Permission to access 

the data was granted by the ICF/Demographic and Health Survey Program on 22 February 

2019. The study variables of this study were obtained from the head of the household 

questionnaire. Therefore, the respondents of this study were the household heads. 
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5.3.3 Outcome variables 

The outcome variables for this study included access to: an improved water source, a sanitary 

toilet, a fixed place for handwashing, and soap and water for washing (at the household level). 

In the NDHS, the WASH related information was taken from both household interviews and 

by observation by the data collector. Dichotomous variables for each WASH outcome were 

derived from the collected data. Access to an improved water source included: if the household 

had piped water (piped into dwelling, piped to yard or plot, piped to neighbour), a public tap 

(stand pipe), a tube well (bore hole), a protected dug well, a protected spring (natural source), 

rain water, and bottled water. Sanitary toilets were defined as those that flush or pour to a piped 

sewer system or septic tank, composting toilets, and those that flush or pour to a pit latrine, 

ventilated improved pit (VIP) latrine, and pit latrines with slabs. The type of toilet facilities 

was collected through observation. A fixed place for handwashing was defined as a dedicated, 

convenient location and a hand washing station where water and soap could be provided [342]. 

Availability of soap and water was categorised as being available when both were provided in 

a handwashing place. The information about handwashing facilities were collected through 

observation during data collection [57].  

5.3.4 Predictor variables 

Socio-demographic characteristics of respondents included age in years (15–24, 25–34, 35–44 

or 45 and over), sex (male or female), education level (no education: unable to read or write; 

primary: completed Year 5; secondary: completed Year 8; or School Leaving Certificate (SLC) 

or higher: completed Year 10 or above), marital status (married or widowed/divorced/never 

married), number of household family members (1–2, 3–4, 5–6 and ≥7), place of residence 

(rural or urban), ecology (plains, hills, or mountains), province (1, 2, Bagmati Pradesh, Gandaki 

Pradesh, Lumbini Pradesh, Karnali Pradesh and Sudurpashchim Pradesh), household wealth 
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index (poor4, middle5, or rich6) and distance to water source (≤30 minutes and >30 minutes’ 

walk). 

5.3.5 Data analysis 

5.3.5.1 Statistical analysis 

STATA 15 was used to analyse data for this study [300]. A univariate analysis was conducted of 

the socio-demographic and WASH characteristics of respondents. The respondents’ 

characteristics were presented in the form of weighted frequencies (n) and percentages 

weighted for sampling distribution (%). A Chi-squared test was performed to determine 

whether there was a significant difference between the predicted frequencies and the observed 

frequencies in each of the categories. Since some regions and provinces with large populations 

were under- or over-sampled, the weighted frequencies and percentages were computed as 

correlations. A bivariate analysis was performed to estimate crude odds ratios with 95% 

confidence intervals, using a 0.05 significance level. 

                                                 
4 Household assets, services, vehicles, flooring and ownership of dwelling are ranked in 

quintiles 1, 2 and 3. Quintile 1 is the poorest, and quintile 5 is the richest (Gini coefficient -

.8477 and -.3385). 

5 The household assets, service, vehicles, and flooring and ownership of dwelling are ranked in 

quintile 2, 3 and 4. Quintile 1 is the poorest, and quintile 5 is the richest (Gini coefficient -

.2859).  

6 The household assets, service, vehicles, and flooring and ownership of dwelling are ranked in 

quintile 3, 4 and 5. Quintile 1 is the poorest, and quintile 5 is the richest (Gini coefficient 

1.0998).  
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5.3.5.2 Hot Spot Analysis 

A spatial analysis was conducted using ArcGIS 10.6.1 version. Nepal map was obtained using 

shapefile for the analysis. Nepal lies between latitudes (26º22'N to 30º27'N) and longitudes 

(80º04'E to 88º12'E) on the UTM zone between 44 degrees and 45 degrees North, and 0.9996 

is the scale factor for the central meridian [309]. 

Proportionally distributed WASH-related data obtained from NDHS 2016 dataset were joined 

with each cluster to the corresponding geospatial location or survey cluster values. The values 

of NDHS data were merged with the Geographic Positioning System (GPS) dataset using 

Geoda software. The mapping clusters were estimated using hot spots analysis (Getit-Ord Gi*). 

The positive and negative autocorrelation was applied to determine the high value and low 

value based on the z-score results [310]. The statistically significant autocorrelation was 

estimated based on z-scores with p-value with 95% CI. The positive autocorrelation indicates 

similar values clustered together on a map corresponding high rates surrounded by nearby high 

rates or low rates surrounded nearby low rates. The negative autocorrelation indicates 

dissimilar values clustered together on map corresponding high rates surrounded by nearby low 

rates or low rates surrounded by nearby high rates. The positive z-score (>2.58 at 0.01 

significant level, 1.96-2.58 at 0.05 significant level, and 1.65-1.96 at 0.10 significant level) 

value indicates the high value for the unimproved WASH, while if the z-score is negative ((<-

2.58 at 0.01significant level, -1.96- -2.58 at 0.05 significant level, and -1.65- -1.96 at 0.10 

significant level), the clustering is smaller than expected clustering, that indicates the low 

values are clustered in the study. If the z-score is calculated between -1.65-1.65 indicates there 

is no significant relationship. 
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5.4 Results 

5.4.1 Descriptive statistics 

Table 5.1 summarises the socio-demographic and WASH characteristics of the respondents. 

Of the 11,040 household heads, the majority were aged 45 years or older (n=5,631, 50.8%). 

Nearly one-third (n=3,459, 31.3%) of households were headed by women. Approximately 39% 

of the respondents had no formal education, and the literacy rate was 61%. About 22.5% of the 

respondents had a primary level of education, 26.7% had a secondary level of education, and a 

minority (11.5%) had an SLC from high school, or a higher level of education. Approximately 

86% of household heads were married, 10.9% were widowed and divorced and only 3.1% were 

never married. 

Regarding the rural/urban setting, the majority of the interviewed households lived in a rural 

area (n=6,019, 54.5%). Respondents were from the plains (46.4%), hills (46.5%) and 

mountains (7.1%) regions. Provincial representation of respondents was unequal. The highest 

proportion of respondents lived in Province 3 (n=2,521; 22.9%). The percentages of people in 

the poor and rich categories on the wealth index were similar across the households (40.4% 

and 40.9% respectively), while the percentage in the middle category on the wealth index was 

much lower at 18.7%. 

The prevalence rates of having an improved water source and a sanitary toilet were 95.5% and 

83.8%, respectively. Of the households with a handwashing place was 80.9%, approximately 

46.9% had both soap and water available. The majority (n=10,476, 94.9%) of households had 

a drinking water source less than 30 minutes’ walk from their house, and only 5.1% of 

households spent more than 30 minutes walking to collect water. 
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Table 5.1: Socio-demographic and WASH characteristics of respondents 

Variables Weighted frequencies 
 (n=11040) 

Weighted percentages 
 (100%) 

Socio-demographic characteristics 

Age of household heads (in years) 

 15–24 625 5.7 

 25–34 2240 20.3 

 35–44 2562 23.2 

 45 and above 5613 50.8 

Sex of household heads 

          Male 7581 68.7 

          Female 3459 31.3 

Education of household heads 

 No education 4310 39.1 

 Primary 2492 22.5 

 Secondary 2947 26.7 

 Higher 1272 11.5 

 Do not know 19 0.2 

Marital status of household head 

 Married          9499 86.0 

 Never Married 337 3.1 

 Widowed and divorced 1204 10.9 

Number of family members at home 

 1–2 2160 19.6 

 3–4 4146 37.6 

 5–6 3048 27.6 

 7+ 1685 15.2 
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Variables Weighted frequencies 
 (n=11040) 

Weighted percentages 
 (100%) 

Place of residence 

 Rural 6019 54.5 

 Urban 5021 45.5 

 Ecological zone 

 Plains 5125 46.4 

 Hills 5134 46.5 

 Mountains 781 7.1 

Province 

 1 2004 18.2 

 2 2014 18.2 

 3 2521 22.9 

 4 1173 10.6 

 5 1793 16.2 

 6 619 5.6 

 7 916 8.3 

Wealth index of household 

 Poor 4459 40.4 

 Middle 2065 18.7 

 Rich 4516 40.9 

WASH characteristics 

Source of water 

 Improved 10543 95.5 

 Unimproved 497 4.5 

Distance to water source 

 ≤30 minutes’ walk 10476 94.9 
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Variables Weighted frequencies 
 (n=11040) 

Weighted percentages 
 (100%) 

 >30 minutes’ walk 562 5.1 

 Do not know 2 0.1 

Type of toilet 

 Sanitary 9246 83.8 

 Unsanitary 1794 16.2 

Handwashing place 

 Fixed 8936 80.9 

 Non-fixed 2075 18.8 

 Missing (not observed) 29 0.3 

Availability of soap and water 

 Available 5185 46.9 

 Not available 5827 52.8 

 Missing (not observed) 28 0.3 

Note: Study samples (households) were weighted by each predictor variable to ensure 

consistency of sample distribution.  

5.4.2 Correlates of having an improved water source  

As shown in Table 5.2, household heads who had finished their SLC (high school) or had 

obtained a higher level of education had higher odds of having an improved water source 

relative to those with no education (COR= 3.51; 95% CI 1.86-6.62). Households who had to 

travel more than 30 minutes to their water source had reduced odds (COR=0.07; 95% CI: 0.04-

0.12) of having an improved water source relative to those whose water source was within 30 

minutes away from home. People from the hills communities had 68% lower odds (COR=0.32; 

95% CI: 0.16-0.64) of having access to an improved water source relative to those living in the 

plains region. Households in Province 6 had lower odds of having access to an improved water 
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source (COR=0.19; 95% CI: 0.09-0.43) relative to households in Province 1; there were no 

other significant associations by province. The poor category of household wealth had 78% 

lower odds of having access to an improved water source (COR=0.22; 95% CI: 0.10-0.50) 

relative to rich households. Age, sex, and marital status of the household head (respondent) and 

place of residence (rural/urban) were not significantly related to water source status. 

Table 5.2: Correlates of having access to an improved water source 

Variables Yes (n, %) No (n, %)        Bivariate analysis Chi squared test 

 10,543,95.5 497,4.5 COR (95% CI) P-value  

Age group (in years) 0.840 

 15-24 600(96.1) 25(3.9) 1.14(0.73-1.78) 0.557  

 25-34 2134(95.3) 106(4.7) 0.95(0.70-1.27) 0.742  

 35-44 2451(95.7) 111(4.3) 1.04(0.84-1.29) 0.693  

 45 and above 5359(95.5) 254(4.5) 1   

Sex of household head 0.172 

 Male 7254(95.7) 327(4.3) 1   

 Female 3289(95.1) 170(4.9) 0.87 (0.72-1.06) 0.172  

Education <0.001 

 No education 4078(94.2) 251(5.8) 1   

 Primary  2363(94.8) 129(5.2) 1.11(0.90-1.38) 0.322  

 Secondary 2852(96.8) 95(3.2) 1.81(1.28-2.57) 0.001  

 SLC and higher 1251(98.3) 22(1.7) 3.51(1.86-6.62) <0.001  

Marital status 0.160 

 Married  9067(94.5) 431(4.5) 1   

 Never married 331(98.2) 6(1.8) 2.59(0.94-7.16) 0.65  

 Widowed and    
 divorced 

1476(95.7) 65(4.3) 0.92(0.68-1.23) 0.56  
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Variables Yes (n, %) No (n, %)        Bivariate analysis Chi squared test 

 10,543,95.5 497,4.5 COR (95% CI) P-value  

Number of family members 0.012 

 1–2 2061(95.4) 99(4.6) 0.96(0.74-1.24)           0.760  

 3–4 3964(96.6) 182(4.4) 1   

 5–6 2887(94.7) 161(5.3) 0.83(0.65-1.05) 0.125  

 7+ 1631(96.8) 54(3.2) 1.37(0.98-1.92) 0.060  

Distance to water source <0.001 

 ≤30 minutes 10156(96.9) 320(3.1) 1   

 >30 minutes 387(68.9) 175(31.1) 0.07(0.04-0.12) <0.001  

Place of residence 0.733 

 Rural  5759(95.7) 259(4.3) 1   

 Urban 4784(95.3) 237(4.7) 1.10(0.63-1.93) 0.733  

Ecological zone 0.003 

 Plains 5006(97.7)          118(2.3 1   

 Hills 4784(93.1) 350(6.9)          0.32(0.16-0.64)            0.001  

 Mountains 752(96.3)            29(3.7)            0.62(0.26-1.51) 0.292  

Provinces <0.001 

 1 1945(97.1) 60(2.9) 1                                

 2 1955(97.1) 59(2.9) 1.01(0.30-3.42) 0.984  

 3 2385(94.6) 136(5.4) 0.54(0.21-1.36) 0.190  

 4 1110(94.6) 63(5.4) 0.54(0.24-1.20) 0.130  

 5 1739(97.0) 54(3.0) 0.99(0.41-2.41) 0.991  

 6 534(86.4) 84(13.6) 0.19(0.09-0.43) <0.001  

 7 874(95.5) 41(4.5) 0.65(0.28-1.48) 0.308  
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Variables Yes (n, %) No (n, %)        Bivariate analysis Chi squared test 

 10,543,95.5 497,4.5 COR (95% CI) P-value  

Household wealth index                                                                                                                                                                                                                                                         <0.001 

 Poor 4100(92.5) 359(8.5) 0.22 (0.10-0.50) <0.001  

 Middle 2011(97.4) 54(2.6) 0.72(0.31-1.66) 0.437  

 Rich 4432(98.1)  85(1.9) 1   

 

5.4.3 Correlates of having a sanitary toilet 

Table 5.3 shows the association between possible predictor variables and having a sanitary 

toilet in the household. Having an SLC (high school) or higher education level was associated 

with higher odds of having a sanitary toilet (COR=13.43; 95% CI: 7.91-22.86) relative to those 

with no education. Never married household head had higher odds of having sanitary toilet 

(COR=2.25; 95% CI: 2.23-8.56) relative to those who were married. In this study, the higher 

the number of family members living in the home (≥7), the lower the odds of having a sanitary 

toilet (COR=0.56; 95% CI: 0.45-0.70). Those living in urban areas had higher odds 

(COR=2.30; 95% CI: 1.52-3.49) of having a sanitary toilet relative to households in rural areas. 

Those living in Provinces 4, 6 and 7 had higher odds of having sanitary toilet facilities 

compared with those living in Province 1 (COR=2.92; 95% CI: 1.52-5.61), (COR=2.69; 95% 

CI: 1.52-4.76 and (COR=1.93; 95% CI: 1.03-3.58), respectively. However, Province 2 had 

lower odds (COR=0.15; 95% CI: 0.08-0.28) of having a sanitary toilet at the household level 

compared with Province 1. Household wealth index groups from poor and middle had lower 

odds (COR= 0.17; 95% CI: 0.13-0.24 and COR= 0.13; 95% CI: 0.10-0.18 respectively) of 

having a sanitary toilet relative to households in the rich category. The age, sex and distance to 

water source of the household head were not significantly related to having a sanitary toilet. 
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Table 5.3: Correlates of having access to a sanitary toilet 

 

Variables Yes (n,%) No (n,%) Bivariate analysis Chi-squared test 

 9246,83.7 1794,16.3 COR(95% CI) P-value  

Age group (in years) 0.288                                                    

 15–24 526(84.1) 99(15.9) 1.02(0.76-1.39) 0.876  

 25–34 1850(82.6) 391(17.4) 0.92(0.78-1.07) 0.292  

 35–44 2169(84.7) 393(15.3) 1.07(0.91-1.26) 0.395  

 45 and above 4701(83.7) 911(16.24) 1   

Sex of household head                                                                                                       0.172 

 Male 6343(83.7) 1238(16.3) 1   

 Female 2903(83.9) 556(16.1) 1.02 (0.85-1.22) 0.827  

Education      <0.001 

 No education 3200(74.2) 1109(25.7) 1   

 Primary  2117(84.9) 375(15.1) 1.95(1.63-2.33) <0.001  

 Secondary 2673(90.7) 274(9.3) 3.37(2.71-4.19) <0.001  

 SLC and higher 1240(97.5) 32(2.5) 13.43(7.91-22.86) <0.001  

Marital Status <0.001 

 Married 7928(83.4) 1571(16.6) 1   

 Never married 223(95.8) 14(4.2) 2.50(2.36-8.56) 0.001  

 Widowed and 
 divorced 

 
995(82.6) 

 
209(17.4) 

 
0.95(0.73-1.15) 

 
0.554 

 

Number of family members at home                                                                                        <0.001 

 1–2 1850(85.6) 310(14.4) 0.96(0.81-1.14)           0.680              

 3–4 3569(86.1) 577(13.9) 1   

 5–6 2520(82.7) 528(17.3) 0.77(0.65-0.91) 0.003     

 7+ 1307(77.6) 378(22.4) 0.56(0.0.45-0.70) <0.001    
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Variables Yes (n,%) No (n,%) Bivariate analysis Chi-squared test 

 9246,83.7 1794,16.3 COR(95% CI) P-value  

Distance to water source                                                                                                   0.895 

 ≤30 minutes 8771(83.7) 1705(16.3) 1   

 >30 minutes  473(84.1) 89(15.9) 1.03(0.69-1.54) 0.895  

Place of residence <0.001 

 Rural  4747(78.9) 1272(21.1) 1   

 Urban 4498(89.6) 523(10.4)  2.30(1.52-3.49) 0.<001  

Ecological zone <0.001 

 Plains 3689(71.9)                      1436(28.1)       1   

 Hills 4840(94.3) 294(5.7) 6.41(4.39-9.37)    <0.001        

 Mountains 716(91.7) 65(8.3) 4.30(2.52-7.35) <0.001        

Provinces <0.001 

 1 1752(87.4) 252(12.6) 1   

 2 1022(50.7) 992(49.3) 0.15(0.08-0.28) <0.001  

 3 2336(92.6) 185(7.4) 1.82(0.93-3.54)  0.078  

 4 1118(95.3) 55(4.7) 2.92(1.52-5.61) 0.001  

 5 1578(88.1) 215(11.9) 1.06(0.51-2.20) 0.876  

 6 587(94.9) 31(5.1) 2.69(1.52-4.76) 0.001  

 7 852(93.1) 63(6.9) 1.93(1.03-3.58) 0.038  

Household wealth index <0.001 

 Poor 3459(77.6) 1000(22.4) 0.17(0.13-0.24) <0.001  

 Middle 1488(72.1) 577(27.9) 0.13(0.10-0.18) <0.001  

 Rich 4299(95.2) 217(4.8) 1   
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5.4.4 Correlates of having a fixed place for handwashing 

Table 5.4 shows the correlates of having access to a fixed place for handwashing at the 

household level, respondents with a SLC (high school) or higher level of education had higher 

odds of having a fixed place for handwashing (COR=6.01; 95% CI: 4.47-8.07) relative to those 

with no education. Also, the respondents with a secondary level of education had higher odds 

(COR=2.41; 95% CI: 1.99-2.92) of having a fixed place for handwashing relative to those who 

had no formal education. The household heads who were never married had higher odds 

(COR=1.96; 95% CI: 1.32-2.90) and who were widowed and divorced had lower odds 

(COR=0.76; 95% CI: 0.62-0.94) of having a fixed place for handwashing relative to those who 

were married. Families with 1–2, 5–6 and ≥7 members had lower odds of having a fixed place 

for handwashing relative to households with 3–4 members (COR=0.83; 95% CI: 0.70-0.99), 

(COR=0.78; 95% CI: 0.68-0.88), and (COR=0.78; 95% CI: 0.68-0.93), respectively. Where a 

water source was a distance of more than 30 minutes away, households had lower odds 

(COR=0.37; 95% CI: 0.27-0.57) of having a fixed place for handwashing relative to households 

where the water source was available within 30 minutes walking distance from home. Urban 

dwellers had higher odds (COR=2.36; 95% CI: 1.82-3.06) of having a fixed place for 

handwashing compared with rural dwellers. Respondents from the hills region had higher odds 

(COR=1.33; 95% CI: 1.01-1.77) of having a fixed place for handwashing compared with plains 

regions. Respondents from the mountains region had lower odds (COR=0.61; 95% CI: 0.41-

0.91) of having a fixed place for handwashing compared with those living in the plains region. 

Households in Province 4 had higher odds (COR=2.28; 95% CI: 1.50-3.46) of having a fixed 

place for handwashing relative to households in Province 1. Province 2 (COR= 0.44; 95% CI: 

0.29-0.67) and Province 6 (COR=0.49; 95% CI: 0.31-0.77) had lower odds of having a fixed 

place for handwashing relative to Province 1. Households with a poor wealth index (COR= 
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0.25; 95% CI: 0.20-0.31) and middle wealth index had lower odds (COR=0.33; 95% CI: 0.26-

0.42) of having a fixed place for handwashing relative to households categorised as rich. 

Table 5.4: Correlates of having access to a fixed place for handwashing 

Variables Yes (n, %) No (n, %) Bivariate analysis  Chi-squared test 

 8936, 81.1 2075, 18.9 COR (95% CI) P-value  

Age group (in years)   0.564 

 15–24 504(80.8) 120(19.2) 1.02(0.81-1.27) 0.890  

 25–34 1841(82.3) 395(17.7) 1.13(0.96-1.32) 0.163  

 35–44 2081(81.5) 473(18.5) 1.05(0.92-1.22) 0.423  

 45 and above 4510(80.5) 1087(19.6) 1   

Sex of household head                                                                                                       0.530 

 Male 6153(81.4) 1407(18.6) 1   

 Female 2784(80.6) 668(19.4) 0.95(0.83-1.09) 0.530  

Education  <0.001 

 No education 3146(73.2) 1155(26.8) 1   

 Primary  2025(81.6) 457(18.4) 1.62(1.39-1.89) <0.001  

 Secondary 2556(86.8) 388(13.2) 2.41(1.99-2.92) <0.001  

 SLC and higher 1192(94.3) 73(5.7) 6.01(4.47-8.07) <0.001  

Marital status 0.001 

 Married 7711(81.4) 1764(18.6) 1   

 Never married 300(89.6) 35(10.4) 1.96(1.32-2.90) 0.001  

 Widowed/ 
 divorced 

925(76.9) 277(23.1) 0.76(0.62-0.94) 0.010  

Number of family members at home                                                                                        <0.001 

 1–2 1736(80.6) 419(19.4) 0.83(0.70-0.99)       0.030         

 3–4 3447(83.4) 686(16.6) 1   
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Variables Yes (n, %) No (n, %) Bivariate analysis  Chi-squared test 

 8936, 81.1 2075, 18.9 COR (95% CI) P-value  

 5–6 2417(79.5) 624(20.5) 0.78(0.68-0.88) <0.001  

 7+ 1337(79.5) 345(20.5) 0.78(0.65-0.93)  0.004  

Distance to water source                                                                                                   <0.001 

 ≤30 minutes 8574(82.1) 1875(17.9) 1   

 >30 minutes 360(64.2) 200(35.8) 0.39(0.27-0.57) <0.001  

Place of residence <0.001 

 Rural  4535(75.5) 1470(24.5) 1   

 Urban 4401(87.9) 604(12.1) 2.36(1.82-3.06) <0.001  

Ecological zone <0.001 

 Plains 4080(79.8) 1034(20.2) 1   

 Hills 4307(84.1) 815(15.9) 1.33(1.01-1.77) 0.042  

 Mountains 549(70.8) 226(29.2) 0.61(0.41-0.91) 0.012  

Provinces <0.001 

 1 1649(82.6) 347(17.4) 1   

 2 1361(67.6) 653(32.4) 0.44(0.29-0.67) <0.001  

 3 2181(86.7) 336(13.3) 1.36(0.87-2.11) 0.167  

 4 1073(91.6) 98(8.4) 2.28(1.50-3.46) <0.001  

 5 1489(83.4) 295(16.6) 1.06(0.68-1.66) 0.791  

 6 431(70.1) 184(29.9) 0.49(0.31-0.77) 0.002  

 7 751(82.6) 159(17.4) 0.99(0.61-1.63) 0.982  

Household wealth index <0.001 

 Poor 3216(72.4) 1228(27.6) 0.25(0.20-0.31)           <0.001  

 Middle 1605(77.7) 459(22.3) 0.33(0.26-0.42) <0.001  

 Rich 4115(91.4) 388(8.6) 1   
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5.4.5 Correlates of availability of soap and water at handwashing places 

Not all households had both soap and water available at handwashing places. The current study 

results show that the overall soap and water availability at handwashing places was only 47%. 

Age, education, marital status, number of family members, distance to water source, place of 

residence, ecology, province, and wealth index were significantly related to having soap and 

water at handwashing places. Household heads aged 35–44 years had higher odds (COR=1.16; 

95% CI: 1.04-1.29) of having soap and water at handwashing places relative to household 

heads aged 45 years and above. The coverage of soap and water at handwashing places in the 

plains region was 45.7%, in the hills region was 51.2%, and in the mountains region was 29.9% 

(Table 5.5). Heads of households with an SLC (high school) or higher education level had the 

highest odds (COR=7.02; 95% CI: 5.73-8.70) of having both soap and water available at 

handwashing places relative to those with no education. Respondents with a secondary level 

education had higher odds (COR=2.85; 95% CI: 2.49-3.26) of having soap and water at 

handwashing places compared with those who did not have any education. Respondents with 

a primary level of education also had higher odds (COR=1.78; 95% CI: 1.58-2.02) of having 

soap and water at handwashing places relative to those with no education. 

The household heads who were never married had higher odds (COR=2.25; 95% CI: 1.66-

3.31) and who were widowed and divorced had lower odds (COR=0.79; 95%CI: 0.69-0.92) of 

having soap and water at handwashing places relative to those with married. Households with 

1–2, 5–6 and ≥ 7 family members had lower odds (COR=0.80; 95% CI: 0.69-0.92), 

(COR=0.77; 95% CI: 0.69-0.86), and (COR=0.71; 95% CI: 0.60-0.84), respectively, of having 

both soap and water available at handwashing places, compared with households with 3–4 

family members. Households with a water source more than 30 minutes’ travel time had lower 

odds (COR= 0.36; 95% CI: 0.25-0.52) of having soap and water at handwashing places relative 

to households where the water source was within 30 minutes’ walk. Urban dwellers had higher 
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odds (COR=3.58; 95% CI: 2.78-4.64) of having soap and water at handwashing places 

compared with those who were rural dwellers. There was about a 52% lower chance of having 

soap and water at handwashing places in the mountains region, compared with the plains region 

(COR=0.48; 95% CI: 0.31-0.75). Respondents from Province 3 had higher odds (COR=1.90; 

95% CI: 1.26-2.86) of having soap and water at handwashing places relative to Province 1. 

Provinces 2 and 6 had lower odds (COR= 0.54; 95% CI: 0.37-0.79) and (COR=0.38; 95% CI: 

0.25-58), respectively, of having soap and water at handwashing places relative to Province 1. 

Household wealth index was significantly associated with the availability of both soap and 

water at handwashing places (Table 5.5). Compared with the poorest group, all other wealth 

categories had strong statistically significantly increased odds of having soap and water 

available at handwashing places. Household head sex was not significantly related to having 

soap and water available at handwashing places. 

Table 5.5: Correlates of having access to a fixed place for handwashing 

Variables Yes (n, %) No (n, %) Bivariate analysis Chi-squared test 

 5185,47.08 5827,52.92 COR (95% CI) P-value  

Age group (in years) 0.055 

 15–24 300(48.2) 323(51.8) 1.11(0.87-1.44)        0.395  

 25–34 1085(48.6) 1151(51.4) 1.13(0.99-1.28) 0.059  

 35–44 1254(49.1) 1300(50.1) 1.16(1.04-1.29) 0.010  

 45 and above 2545(45.4) 3052(54.6) 1   

Sex of household head                                                                                                       0.429 

 Male 3586(47.4) 3974(52.6) 1   

 Female 1599(45.6) 1853(53.7) 0.96(0.86-1.07) 0.429  

Education  <0.001 

 No education 1377(32.1) 2924(67.9) 1   
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Variables Yes (n, %) No (n, %) Bivariate analysis Chi-squared test 

 5185,47.08 5827,52.92 COR (95% CI) P-value  

 Primary  1133(45.6) 1349 (54.4) 1.78(1.58-2.02) <0.001  

 Secondary 1687(57.3) 1257(42.7) 2.85(2.49-3.26) <0.001  

 SLC and higher 973(76.9) 291(23.1) 7.09 (5.73-8.70) <0.001  

Marital status <0.001 

 Married 4460 (47.1) 5015(52.9) 1   

 Never Married 227(67.6) 109(32.4) 2.25(1.66-3.31) <0.001  

 Widowed/ 
 divorced 

497(41.4) 
 

704(58.6) 0.79(0.69-0.92)  0.001  

Number of family members at home                                                                                        <0.001 

 1–2 984(45.6) 1171(54.4) 0.80(0.69-0.92)               0.003  

 3–4 2120(51.2) 2013(48.7) 1   

 5–6 1361(44.7) 1680(55.3) 0.77(0.69-0.86) <0.001  

 7+ 720(42.8) 692(57.2) 0.71(0.60-84) <0.001  

Distance to water source                                                                                                   <0.001 

 ≤30 minutes 5041(48.2) 5408(51.8) 1   

 >30 minutes 142(25.3) 419(74.7)  0.36(0.25-0.52) <0.001  

Place of residence <0.001 

 Rural  1984(33.1) 4021(66.9) 1   

 Urban 3200(63.9) 1806(36.1) 3.58(2.78-4.64) <0.001  

Ecological zone <0.001 

 Plains 2337(45.7) 2776(54.3) 1   

 Hills 2623(51.2) 2499(48.8) 1.25(0.95-1.64) 0.116  

 Mountains 224(29.9) 552(71.1) 0.48(0.31-0.75) 0.001  

Provinces <0.001 

 1 954(47.8) 1042(52.2) 1   
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Variables Yes (n, %) No (n, %) Bivariate analysis Chi-squared test 

 5185,47.08 5827,52.92 COR (95% CI) P-value  

 2 667(33.1) 1347(66.9) 0.54(0.37-0.79) 0.002  

 3 1600(63.5) 918(36.5) 1.90 (1.26-2.86) 0.002  

 4 621(52.9) 551(47.1) 1.23 (0.84-1.80) 0.282  

 5 756(42.3) 1029(57.7) 0.80(0.54-1.18) 0.262  

 6 160(25.9) 456(74.1) 0.38 (0.25-0.58) <0.001  

 7 427(46.9) 484(53.1) 0.96(0.64-1.45) 0.858  

Household wealth index <0.001 

 Poor 1128(25.4) 3116(74.6) 0.13(0.10-0.15)            <0.001  

 Middle 768(37.2) 1296(62.8) 0.22(0.18-0.26) <0.001  

 Rich 3288(73.0) 1215(27.0) 1   
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5.4.6 Hot Spot Analysis 

The main two processes mapping cluster pattern and visualisation of hot spots and cold spots 

of absence of WASH are illustrated below: 

This process identifies statistically significant spatial clusters of hot spots high values of 

unimproved water source, unsanitary toilets, and unavailability of handwashing facilities soap 

and water and fixed places (hot spot), and low values of unimproved water source, unsanitary 

toilets, and unavailability of handwashing facilities soap and water and fixed places (cold spot). 

The high value (high risk) and low value (low risk) for unimproved WASH was determined 

based on the results of z-score value. The hot spot high value was estimated based on z-scored 

value of 1.65 to >2.58 and the cold spot low value based on the z-scored of -1.65 to <-2.58 

(Figures 5.1 to 5.4). 

5.4.6.1 Mapping Cluster (Getis-Ord Gi*) Hot Spot Analysis 

The mapping cluster analysis (Getis- Ord Gi*) identified the locations of statistically 

significant hot spots. The high/low clustering pattern for unimproved WASH facilities are 

explained below: 

The figure 5.1 indicates that the z-score value is 1.41, which is below the positive critical value 

range (1.65->2.59), indicates that the pattern does not appear to be a significant different from 

the random.  
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Figure 5.1: Clustering patterns for unimproved water sources 

The below figure 5.2 indicates that the z-score 4.04 which is greater than positive critical value 

range, indicates that the pattern appear high clustered pattern could be the results of random 

chance.  

 

Figure 5.2: Clustering patterns for unsanitary toilet 
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Figure 5.3 showed that the z-score value -4.96 which indicates below the negative critical value 

(-1.96- -<2.56) that the pattern appear low- clustered patterns could be the results of random 

chance. 

 

Figure 5.3: Clustering patterns for unavailability of soap and water 

The figure 5.4 indicates that the z-score value is -0.95, which is not in between the negative 

critical value range (-1.65- -<2.59), indicates that the pattern does not appear to be a significant 

different from the random.  
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Figure 5.4: Clustering patterns for unavailability of a fixed place for handwashing 

5.4.6.2 Visualisation of hot spots and cold spots of unimproved WASH  

The distribution of unimproved water sources, unsanitary toilets, and unavailability of soap 

and water, and absence of a fixed place for handwashing were visualised in Figures 5.5 to 5.8. 

Figure 5.5 indicates the spatial variation of unimproved water sources at the cluster level, as 

described in Chapter 3. The spatial analysis at the cluster level indicates that statistically 

significant high values (hot spots) of unimproved water sources were found in the far and mid-

western hills parts (Provinces 6 and 7) of the country, whereas statistically significant low 

values (cold spots) of unimproved water sources were found in the central hills and plains 

regions (Provinces 4 and 5) and south-east plains (Province 1 and 2) parts of the country.  
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Figure 5.5: Mapping cluster of unimproved water sources 

Figure 5.6 indicates the spatial variation of unsanitary toilet facilities at the cluster level. The 

spatial analysis at the cluster level indicates that statistically significant high values (hot spots) 

of unsanitary toilet facilities were found in the southern plains parts of the country (Province 

2), whereas statistically significant low values (cold spots) of unsanitary toilet facilities were 

found in the central and western hills parts (Provinces 3, 5 and 6) of the country. The hot values 

(hot spots) are therefore states whose households are in high risk of communicable diseases. 
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Figure 5.6: Mapping cluster of unsanitary toilet facilities 

Figure 5.7 indicates the spatial variation of unavailability of soap and water at the cluster level. 

The spatial analysis at the cluster level indicates that statistically significant high values (hot 

spots) of unavailability of soap and water were found in the south plains (Province 2) and mid- 

and far-western hills and mountains (Provinces 6 and 7) parts of the country, whereas 

statistically significant low values (cold spots) of unavailability of soap and water were found 

in the eastern plains (Province 1), as well as in the central and western hills parts (Provinces 

3, 5 and 6) of the country. 
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Figure 5.7: Mapping cluster of availability of soap and water 

Figure 5.8 indicates the spatial variation of unavailability of fixed place for handwashing at the 

cluster level. The spatial analysis at the cluster level indicates that statistically significant high 

values (hot spots) of unavailability of fixed place for handwashing were found in the south 

plains (Province 2) and mid- and far-western hills and mountains (Provinces 6 and 7) parts of 

the country, whereas statistically significant low values (cold spots) of unavailability of soap 

and water were found in the eastern plains (Province 1), as well as in the central and western 

hills parts (Provinces 3,4, and 5) of the country. 

 



 

125 
 

 

Figure 5.8: Mapping cluster of unavailability of fixed place for handwashing 

The mapping cluster analyses found geographical locations of statistically significant hot 

spots. Figures 5.5–5.8 show the calculated probability of unimproved water sources, 

unsanitary toilets, unavailability of soap and water and absence of a fixed places for 

handwashing; the red marks indicate high value, while the blue marks indicate low value. The 

yellow spots are statistically insignificant areas at 95% CI. There were three categories (low, 

non, and high) in the maps of the results for water source, toilet type, availability of soap, and 

fixed place for handwashing. The visualised hot and cold spots can also be seen by provinces, 

and these provinces are clearly indicated by Figure 5.9. 

The overall finding of this spatial analysis is the presence of unsanitary toilet and unavailable 

soap and water were statistically significant with high values and low value marks, respectively 

(figure 5.2 and 5.3). In summary,  the high rate of unimproved WASH indicates that WASH is 

a public health problem in Nepal [310]. 
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Figure 5.9: Provincial division within ecological zones 

5.5 Discussion 

The current study examined NDHS 2016 data to estimate the prevalence and correlates of 

household-level WASH in Nepal, including identification of areas where WASH facilities were 

unimproved. At the household level, the prevalence of having an improved water source was 

95.5%, a sanitary toilet was 83.8%, a fixed place for handwashing was 80.9% and availability 

of both soap and water was 46.9%. Education, number of family members in the home, 

ecological zones, provinces, and family wealth index were statistically significantly associated 

with household WASH in Nepal. Marital status and rural/urban setting were also significant 

predictors of a household having a sanitary toilet, fixed place for handwashing, and availability 

of soap and water. The results show there was variation in the coverage of WASH which might 

be due to several contributing factors, including geographical discrepancies, number of family 

members in the home, level of education, and economic status. 

The individual level factors (age, sex, education and the marital status), family/household-level 

factors (the number of family members at home and the household wealth index) and 
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community-level factors (distance to water source, place of residence, ecology and province) 

were critically examined below. 

The rate of having an improved water source in Nepal was higher than the global figure of 69% 

of households with improved water sources [343]. The high level of improved water sources in 

Nepal is most likely due to Nepal being a rich country in terms of water, as many rivers 

originate in the Himalayan Mountains [59]. Provinces 2, 4 and 5 had significantly higher rates 

of improved water source compared to Provinces 3 and 6. This may be due to Province 2 and 

5 being in the plains region and most households using ground water which is easily available 

through a tube well. Province 4 has is an area with readily available pipe water and high rain 

fall. In another way the Province 6 (in the western hills region) and Province 3 (mostly the 

national capital) have less improved water sources because in the capital city of Nepal is 

polluted by sullage and sewage and it is mixed with water the connection pipe or reservoirs of 

water and the water has become contaminated. Province 6 is a dry region because there is less 

rainfall and water sources are limited, and ultimately people directly drink water from the river 

without any treatment. 

Globally in 2010, 29% of rural residents and 80% of urban residents had access to an improved 

water source. In contrast, in the present study, the proportional distribution of improved water 

source in rural households was 54.6% and in urban households had 45.4%. The lower rates of 

urban improved water source compared with the global figure was due to the fact that Nepal’s 

sullage and sewage disposal system is unsanitary, and when sullage and sewage enter a water 

source, this leads to water contamination [344]. 

The gap between rural and urban access to an improved water source in Nepal is due to a 

number of reasons. For instance, Nepal’s rural areas have many springs which are sources of 

improved water [345, 346]. In rural areas there is a low population density compared with urban 
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areas, meaning that rural areas are less exposed to water contamination. In a study conducted 

in Uttar Pradesh, rural India, in 2013, of the 1,088 households, fewer than half had access to 

an improved water source [347], whereas in the current study, more than double the households 

had access to an improved water source. This disparity is seen because the India-based study 

covered a small sample, and Uttar Pradesh is one of the poorer rural regions of India. In 2012, 

about four in five people in Bangladesh had access to an improved water source [348]. The 

present study findings were comparable with the Bangladesh-based report. 

Improved water can also become contaminated during transportation and handling [349]. The 

improved water sources in Nepal could become polluted due to sewage where mostly 

Escherichia coli (E. coli) present, agricultural residues, industrial effluents and chemical 

substances [350]. Similar studies were carried out in 15 countries in sub-Saharan Africa (SSA), 

where improved water sources were estimated using a DHS dataset. The average improved 

water source was 74% (92% in urban areas, 62% in rural areas) in those 15 countries in SSA 

[351], indicating that the present results in Nepal were higher. This differential rate also indicates 

that in some African countries (e.g. Namibia), almost 90% of people have access to an 

improved water source, whereas in other African countries (e.g. Madagascar), only 50% or less 

have access to an improved water source. This present study’s results differed from the pooled 

average result of the African base study [351]. Similarly, these multi-country-based differences 

might result from the varying time periods of measurement in the different countries. Another 

study found that 92% of households had access to an improved water source; the highest 

coverage was in the Bara district (100%), and the lowest access was in the Doti district (42%) 

[352]. Together with the current results, these findings highlight the large variation in access 

across the country and the need to assess drivers of access at the local level. 

The benefits of using sanitary toilets for human excreta disposal as a cost-effective health 

promotion strategy are well-known. Evidence suggests that sanitary toilets reduce the incidence 
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of diarrhoea by 50% [37]. The current research revealed that there were, overall, improved 

sanitation conditions, with a slight difference between mountains (92%), hills (94%), and plains 

(72%) regions, with an aggregate prevalence rate of 84% across Nepal. This means that 16% 

of households do not have sanitary toilet facilities. The households from the plains region 

(Province 2) had the lowest rate of available sanitary toilets. This may be due to overcrowding, 

urbanization, lack of knowledge about the importance of sanitary toilets, poverty, and socio-

cultural influences. It is evident that less priority has been given to sanitation and hygiene from 

the GoN perspective [262, 353]. The present study results demonstrated there was a higher 

availability of sanitary toilets in Nepal than the Millennium Development Goals (MDG) global 

achievement of 68% in 2015 [13]. The overall figure was similar to the pooled result from 13 

African countries of 75% of people with sanitary toilets [351]. The result of this present study 

pertaining to sanitation coverage in Nepal is similar to the status in India. 

A few distinctions between this present study and previous studies were found due to time 

period differences, different approaches to public health, and context-specific issues. A study 

completed in 2018 showed that approximately 96% of people have access to sanitary disposal 

of human excreta in rural Bangladesh [353], a better result than in the present study. This is likely 

due to Bangladesh’s Total Sanitation Led Program (TSLP) that was implemented in 1999, 

which approach was further applied by different stakeholders in line with support to the 

governmental sanitation program (open-defaecation- free campaign) in Nepal [354]. A study 

completed in Nepal using the 2011 NDHS dataset found that 57% of people had access to 

sanitary toilets; the highest rate was in Kathmandu (100%), and the lowest was in Mahottari 

(18%) district [352]. The present study found a 27% higher rate of available sanitary toilets 

compared with the previous similar study in Nepal [145]. This progress has occurred due to open-

defaecation-free campaigns through community ownership and collaborative approaches. 

Every single household in Tehrathum, Lalitpur, Palpa, and Kaski districts had sanitary toilets, 
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while in Sarlahi and Mahotari districts, only 64% of households had sanitary toilets [352]. This 

means the sanitation status of plain regions remains challenges to use sanitary toilets. The TSLP 

model could be further expanded in such areas and implement an effective and sustainable way. 

Designating a fixed place for handwashing is considered pivotal in the prevention of 

communicable diseases and enabling health promotion. The 2016 NDHS data demonstrated 

ecological disparities in the maintenance of a fixed place for handwashing for households. The 

present study found that respondents with higher education, respondents living in the hills 

region, and respondents living in urban areas had a higher prevalence of fixed places for 

handwashing. Household heads aged 35–44 years were significantly more likely to report 

having soap and water available in handwashing places, compared with other age groups. This 

might be because men and women aged 35–44 years were more likely to have a higher 

employment rate (49%) in Nepal [355]. Improved WASH facilities are most likely available in 

households that have a rich wealth index. Additionally, employed parents might be able to 

afford soap [356]. 

The Nepal-specific 2014 Multiple Indicator Cluster Survey (MICS) reported that 97% of 

households had a fixed place for handwashing, whereas the present study’s result was lower 

[71]. This difference may be due to the MICS study being a sub-population study, sample size, 

due to differences in geography and study period. The proportional distribution of a fixed place 

for handwashing in mid-far western hills and mountain regions were comparably lower than 

MICS. It can be assumed that establishment of a fixed place for handwashing motivates family 

members to wash their hands because people see the place where they actually can wash hands 

if there are presence of soap and water. The availability of soap and water at handwashing 

places was almost the same in Bhutan and Indonesia as in the present study [317]. Ethiopia has 

very few fixed places for handwashing, but household members wash their hands elsewhere, 

including outside in the yard. The availability of soap and water separately at the handwashing 
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places was higher than for the 2014 MICS [71]. Handwashing may be less effective if only one 

of these commodities is present, and therefore both soap and water should be available at 

handwashing places to increase effectiveness. 

The lower rates of availability of handwashing facilities may be due to lack of knowledge about 

the importance of soap, risk perception, high workload, scarcity of water and/or poor economic 

status [163]. Improved WASH facilities are therefore important and crucial practices for positive 

health outcomes, and the prevention and control of communicable diseases. Construction of 

toilets, buying soap and collecting water do not make any sense if the facilities are not used. 

These measures can only be achieved through service access and education. 

The challenges of WASH in Nepal relate to proper management and sustainability of WASH 

resources. Based on this study’s findings, in Nepal there is a geographical discrepancy in 

WASH, and Province 2 (which represents the plains region) and Province 6 (which represents 

both hills and mountains regions) have poor coverage of sanitation and hygiene. Understanding 

these geographical inequalities helps to identify the gaps and challenges for both financial and 

logistics management. 

These findings have important policy implications for WASH implementers, researchers and 

policy-makers. The different rates of WASH coverage by predictor variables are an 

instrumental tool for future WASH program planning to ensure the equitable and affordable 

distribution of WASH in a sustainable way. This is the right time to explore WASH findings 

to communicate research-based concerns to authorities and to campaign for effective cost-

effective WASH interventions. Based on the findings of this study, the GoN should give 

WASH priority to Province 2 and Province 6 of Nepal. People who have poor access to WASH 

services are those with low levels of education, people of low socioeconomic status, and those 

living in remote geographical areas. These study findings suggest that targeted education and 
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services provision are important for improving WASH in Nepal. 

5.6 Strengths and limitations 

This study has a number of strengths. Firstly, this study shows a country-specific 

representation, where enough samples were available, thus allowing for the reflection of 

current trends of household-level WASH in Nepal. Secondly, the study respondents were 

household heads who are likely to provide accurate data about the household level of WASH 

since they are well-known persons in the family (Chapter 3, sub-section 3.3.3). A further 

strength is that data collectors observed a fixed place for handwashing and the presence of 

water and soap in the handwashing places, as well as the types of toilet that were available. 

This is a higher level of evidence than relying on self-report. Thirdly, the prevalence of low 

rates of improved WASH at the cluster level shows a public health problem in Nepal, and this 

result may help policy-makers to develop WASH plans and programs based on the severity of 

problem. 

However, this study is not without limitations. Firstly, as the study was cross-sectional, the 

study results refer to a point in time, meaning it is not possible to determine any causation 

between explanatory variables and outcomes. Secondly, it is difficult to show results by type 

of family since “nuclear, joint and extended or mixed” families may have different prevalence 

rates and correlations with WASH in Nepal. Thirdly, there was no information on caste or 

ethnicity in the household survey data. Fourthly, there may be a sampling bias as there was a 

lower representation of urban households (45%) compared with rural households (55%). 

Fifthly, Use of self-reported household improved water sources facilities may have led to an 

overestimation of WASH practices, and this issue thus requires further study. Then, the 

proportion of women participants was low (31%) in this study, and women are key persons in 

Nepal who are at home and teach, care for, and support children and other family members in 
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WASH practices. It is important to note that this study was conducted before the onset of 

COVID-19. It is possible that the health promotion activities prompted by the pandemic have 

led to changes in WASH behaviour. 

5.7 Conclusions 

WASH are significantly associated with some individual-level factors (education and marital 

status); one family–level factor (household wealth index); and community-level factors 

(ecological zone, provinces, and distance to water source). The availability of improved water 

sources and sanitary toilets was higher than the availability of soap and water at handwashing 

places; however, there was good coverage of fixed places for handwashing. There are gaps in 

WASH services in rural compared with urban, poor compared with rich, and uneducated 

compared with educated respondents. To overcome these challenges and barriers, health 

promotion campaigns should be conducted on a needs basis and in an equitable way. The 

recommendation is made to extend WASH to hard-to-reach and remote areas, and 

disadvantaged communities. An individual’s level of knowledge, adequate and affordable 

facilities and policies and plans related to WASH required to achieve universal access to 

WASH for all household members. Further study is recommended to explore multi-level 

factors considering sub-class populations (e.g. mothers and children) and organisational factors 

(e.g. health facilities and schools). Based on the findings of this study, the GoN should give 

WASH priority especially in Provinces 2 and 6 of Nepal.  
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6. Chapter 6. Factors Associated with Households’ Water, 

Sanitation and Hygiene among Mothers with children under 

5 years in Nepal: A Multi-level Analysis 

6.1 Foreword 

The previous chapters have shown that handwashing rates were varied between 5-100% and 

the availability of soap, water and fixed places for handwashing encourage household members 

to form handwashing habits (Chapter 4), and the low level of education of household heads, 

and their marital status, wealth index, place of residence and distance to water source were 

associated with WASH facilities. Province 2 had high hot spot clusters of unsanitary toilet and 

handwashing facilities. Likewise, Province 6 had high spot clusters of unimproved water 

sources and unsanitary handwashing facilities (Chapter 5). This chapter will apply the 

ecological model to examine the factors associated with WASH in Nepal. Providing improved 

WASH at the household level remains a major public health challenge in Nepal. Access to 

WASH services can be influenced by individual-, family- and community- level factors. This 

study aimed to identify the individual-, family- and community-level factors associated with 

household WASH facilities in Nepal. 

6.2 Introduction 

Globally, approximately 29% (1.5 billion) of people do not have access to improved water 

sources, and about 892 million people practiced open defaecation in 2017 [9]. In developing 

countries, approximately 27% (1.9 billion) of people have basic handwashing facilities, 26% 

(1.8 billion) lack soap or water in handwashing places, and 47% (3.3 billion) do not have 

handwashing facilities [9]. 

Over the last decade, Nepal has made significant progress on WASH facilities, but in 2016 
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there was a lack of access to improved water for 5% of households, 85% of people consumed 

water that was not treated, 16% of households lacked access to sanitary toilets, and 54% did 

not have handwashing with soap facilities [57]. WASH issues were not explicitly addressed in 

the Millennium Development Goals (MDGs) of 2000–2015. However, in the Sustainable 

Development Goals (SDGs) of 2016–30, there is a focus on WASH. In particular, by the end 

of 2030, SDG–6 aims to achieve access to adequate and equitable sanitation and hygiene for 

all, particularly mothers of children under five years and those in vulnerable situations [357]. 

The 15th 5-year plan (2019-24) encouraged policy makers to: identify and map basic water and 

sanitation facilities; ensure that each home had a drinking water tap; ensure coordination, 

collaboration, facilitation and active community participation in WASH; identify alternative 

sources for WASH funds; and to promote use of sanitary toilets.   The plan also recommended 

the formulation and amendment of WASH policies, regulations, standards and directives [55]. 

The main indicators related to WASH were defined as part of this plan: (1) the population 

should have access to drinking at the rate of 99% by the end of this plan; (2) households with 

access to basic sanitation should reach 100%; and (3) schools with drinking water and sanitary 

toilet facilities should reach 92%. Household WASH facilities are dependent on the 

demographic, geographical, economic, and socio-cultural factors [358]. A review in 2020 found 

that mothers from rural areas in Nepal are vulnerable to lack of access to WASH facilities and 

low participation in the policy process because of the patriarchal cultural system, traditional 

attitudes, and social expectations regarding the role of mothers (e.g. mothers are expected to 

provide water and manage hygiene at home) [85]. Mothers from developing countries, including 

Nepal, primarily undertake work as housewives and caretakers of their children and family 

members [359], are the primary carriers of water [360], ensure an adequate water supply, keep 

toilets clean, establish handwashing places [110], and repeatedly clean and dispose of children’s 

faecal matter with limited resources [361]. However, mothers are prevented from touching water 
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during menstruation or if they are from a scheduled caste in Nepal [110]. 

The previous study (Chapter 5) indicated deficiencies in WASH availability and use which 

might be impacted by individual level factors such as caste or ethnicity, and religion; and family 

level factors such as exposure to media in Nepal. This knowledge gap was fulfilled by analysing 

individual, family and community level factors in the current chapter. 

Mothers are the first teachers of their children [86, 87], and family factors are closely associated 

with children’s hygiene practice [332]; therefore mothers require family support to meet their 

child caring goals [20]. Mothers in Nepal can be informed of current WASH services through 

community Health Mothers’ Group (HMG) discussions, female community health volunteers 

(FCHVs), local teachers, health workers, and mass media. 

The influence of individual, family and community factors on households WASH access in 

Nepal are yet to be investigated. The socio-ecological model [234, 362] posits that the level of 

WASH uptake is subject to multiple risk factors, rather than a single risk factor, such as 

education. Consistent with Bronfenbrenner’s model, this study proposes that multiple factors 

at each individual, family, and community levels can influence WASH uptake. Although 

previous research has indicated that mother’s age, education, occupation, caste, religion, 

breastfeeding practices, and age at the birth of her first child [247-250] might influence WASH, 

the relative importance of these factors when considered with family and community level 

factors is unknown. Family- level-factors such as husband’s education, household income, and 

access to mass media can influence the availability of WASH facilities [110]. The geographical 

inequalities [60] and the long distance between the home and the water source can lead to 

psychological and emotional stress among mothers in Nepal [329], which can subsequently 

impact not only mothers, but family and community health and wellbeing. In Nepal, the 

improvement of WASH facilities are expected through behaviour change communication 
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programs but the utilisation of and access to improved hygiene has not been changed 

significantly [160]. 

To the best of my knowledge there is no multi-level analysis of households WASH availability 

for mothers having children under five in Nepal. Therefore, the objective of this study was to 

identify the individual-, family/househld- and community factors associated with households’ 

WASH facilities in Nepal. 

6.3 Methods 

6.3.1 Data sources and respondents 

For the purposes of this study, variables obtained from the children’s recode (KR) dataset were 

considered. Variables available in KR file were generated from the individual women’s 

questionnaire (Chapter 3, sub-section 3.3.3 and 3.3.6). The individual-level-factors such as age, 

education, occupation, caste or ethnicity, religion of mothers; the family-level-factors such as 

education of husband, household wealth index, exposure to newspaper, exposure to radio and 

exposure to television; and community-level-factors such as place of residence, ecological 

zones, provinces and distance to water sources were considered. The WASH variables such as 

source of water, type of toilets, handwashing facilities, and combined WASH facilities were 

taken from the household dataset (HR) file. Study variables were taken from interview 

respondents’ (mothers’) basic information. The datasets were merged into one, where the 

primary or base file KR file, which matched with the HR file from many entities to one entity 

(m:1) aimed to merge necessary household characteristics (Chapter 3, sub-section 3.3.9). The 

respondents were the household heads, mostly males, as well as usual resident mothers, aged 

15–49 years, with a child under five years. 

6.3.2 Inclusion and exclusion criteria  

The study population included usual residents (De Jure residents) of the households who were 
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mothers aged 15–49 years with children under five years, who were present on the day of the 

survey. Data from mothers whose children had died between birth and 36 months of age 

(n=177, unweighted sample; 173 after weighting the sample) were excluded from this analysis. 

There were no deaths recorded for children aged two to five years. Guest (De Facto residence) 

mothers were excluded from this study to avoid duplication of participants. The final study 

population was 4,887 (weighted sample). 

6.3.3 Outcome variables  

The outcome variables included in this study were an improved water source, a sanitary toilet, 

a fixed place for handwashing, and the availability of soap and water in the handwashing 

places. These variables were taken from household dataset, interviewed with household heads. 

Each outcome was analysed separately, and a composite outcome variable, ‘combined WASH’, 

was also created. A combined WASH outcome was considered for this study because the 

availability of clean water, a sanitary toilet facility, and adequate handwashing with soap are 

all required to prevent disease, and the absence of any single item resulted in incomplete 

WASH. If these four criteria were met, it was considered to be ‘complete WASH’. Each 

dependent variable was categorised dichotomously as Yes=1, No=0. 

6.3.4 Individual-, family- and community-level factors  

Individual-level factors included age, education, occupation, caste or ethnicity and religion. 

Bivariate analysis was conducted and the relationship between individual-level factors and 

each outcome variable was identified. 

Family-level factors included education level of husbands, wealth index, and exposure to 

newspapers, radio, and television. A bivariate analysis was conducted to identify the 

relationship between family- level factors and each outcome variable. 

Community-level factors included place of residence, ecological zone, province, distance to 
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water source, and HMGs. A bivariate analysis was conducted to identify the relationship 

between each community-level factor and the outcome variables. 

The final full model assessed the effect of individual-, family- and community-level factors on 

the availability of an improved water source, a sanitary toilet, a fixed place for handwashing, 

and the availability of soap and water in the handwashing places. 

All explanatory variables used in the multi-level analysis are explained in detail in Chapter 3, 

sub-section 3.3.8. 

6.3.5 Data analysis 

STATA 15 software was used to analyse the data [300]. The descriptive analysis was calculated 

using survey weights, and frequencies and percentages were reported (Table 6.1). All socio-

demographic and contextual WASH-related characteristics were analysed through a univariate 

method. A weighted sample was considered for the analysis to match population distribution. 

A multi-level mixed effects logistic regression analysis [305] was performed to assess the 

relationship between explanatory variables at individual-, family-, and community levels [234] 

with each binary outcome. 

6.3.6 Regression model fit test 

Suitability for logistic models was assessed using the Hosmer-Lemeshow Goodness of Fit 

(GOF) test of model fitness [363], which assesses calibration, and the linktest, which assesses 

functional form. 

Four models were fitted for the dependent variables using the 2016 NDHS dataset. 

Bivariate analysis: Variables were evaluated individually with outcome variables by applying 

bivariate analysis. This model was unadjusted to determine the crude effect size of variables. 

Each variable was checked with a Chi-squared test, and the rows were merged if any values 
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were missing in the cross-tabulation process to avoid zero cell counts. 

Model 1: All individual-level variables were run together, and the difference between 

unadjusted models was observed. This model was run to examine the contribution of each 

individual-level factor on the outcomes. If effect sizes changed by more than 10% between the 

crude and adjusted models, this indicates there may be confounders. The Variance Inflation 

Factor (VIF) was checked to assess collinearity. 

Model 2: All family-level variables were run together, and the difference between unadjusted 

models and individual-level- factors was observed. If effect sizes changed by more than 10% 

between the crude and adjusted models, this indicates there may be confounders. The VIF was 

checked to assess collinearity. 

Model 3: All community-level variables were run together, and the difference between the 

unadjusted models and individual- and family-level factors was observed. If effect sizes 

changed by more than 10% between the crude and adjusted models, this indicates there may 

be confounders. The VIF was checked to assess collinearity. 

Model 4: Individual-, family- and community-level variables were combined, and the model 

for final evaluation was run. Each outcome in this study was carefully analysed, adopting 

similar processes in Models 1, 2 and 3 above. The VIF was calculated to assess collinearity. 

The Hosmer-Lemeshow GOF test was applied [364]. 

In this model, an Adjusted Odds Ratio (AOR) with 95% Confidence Interval (CI) was reported, 

by controlling the effects of other predictors. A p-value of less than 0.05 in line with an odds 

ratio <1 or >1 was applied to identify factors significantly associated with improved water 

source, sanitary toilet, fixed places for handwashing, availability of soap and water, and 

combined WASH. 
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6.4 Results 

6.4.1 Descriptive statistics 

Descriptive results included the socio-demographic characteristics of the respondents. A total 

of 4,887 mothers with children under five years were included in this study (Table 6.1). The 

age group of 25–34 years had the highest representation (n=2,510, 51.3%). Approximately 32% 

of respondents had a secondary level of education, and 24% had no education. Most mothers 

participated in agricultural work at home (n=2,206, 45.2%), only 14.0% were in non-

agricultural work, and 40.8% of mothers were not employed. In this study, 38.2% of 

respondents identified as Janajati or Vaishya caste (n=1,867), and approximately 85.2% of 

respondents (n=4,165) identified as Hindu. 

Of the respondents’ husbands, 14.7% had no education, 22.5% had a primary level of 

education, 44.5% were literate with a secondary level of education, and 17.4% were literate 

with SLC or higher level of education. Approximately 42.3% of respondents were classified as 

being in the poor wealth index category, with 35.4% classified as rich. The proportion of 

respondents in the middle wealth index was 22.3%. The proportions of respondents exposed to 

media at any time were 21.7% for newspapers, 50.3% for radio, and 61.5% for television. The 

proportions of respondents exposed to media at least once a week were 16.6%, 27.5%, and 

20.5% for newspapers, radio and television, respectively. Regarding place of residence, 61.9% 

lived in rural areas, and 38.1% lived in urban areas. In terms of the respondents’ ecological 

zone location, 55.0% were in the plains region, 38.0% in the hills region, and 7.0% in the 

mountains region. The provincial distribution of the study population was unequal, with the 

highest proportion (26.8%) being from Province 2 and the lowest (6.6%) from Province 6. 

Eighty-seven percent of respondents’ homes were less than 30 minutes’ walking distance from 

a water source and 32.8% of respondents had an HMG available in their community. 
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Table 6.1: Socio-demographic characteristics of respondents 

Variables Weighted frequencies 
 (n=4887) 

Weighted percentages  
                  (100%) 

Age of mother   

 15–24 1973 40.4 

 25–34 2510 51.3 

 35+ 404 8.3 

Education of mother   

 No education 1663 34.1 

 Primary 981 20.0 

 Secondary 1564 32.0 

 SLC or higher 679 13.9 

Occupation of mother   

 No work 1995 40.8 

 Agriculture 2206 45.2 

 Non agriculture 686 14.0 

Caste or ethnicity of mother   

 Brahmin and Chhetri 1357 27.8 

 Janajati /Vaishya 1867 38.2 

 Scheduled 662 13.5 

 Other 1001 20.5 

Religion   

 Hindu 4165 85.2 

 Non-Hindu 722 14.8 

Education of husband   

 No education 718 14.7 
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Variables Weighted frequencies 
 (n=4887) 

Weighted percentages  
                  (100%) 

 Primary 1100 22.5 

 Secondary 2175 44.5 

 SLC or higher 850 17.4 

 Do not know 44 0.9 

Wealth Index   

 Poor 2069 42.3 

 Middle 1087 22.3 

 Rich 1731 35.4 

Exposure to newspapers   

 No exposure 3825 78.3 

 Exposure 1002 21.7 

Exposure to radio   

 No exposure 2427 49.7 

 Exposure 2460 50.3 

Exposure to television   

 No exposure 1860 38.1 

 Exposure 3027 61.9 

Place of residence   

 Rural  3028 61.9 

 Urban 1059 38.1 

Ecological zone   

 Plains 2688 55.0 

 Hills 1857 38.0 

 Mountains 342 7.0 

Provinces    
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Variables Weighted frequencies 
 (n=4887) 

Weighted percentages  
                  (100%) 

 1 794 16.2 

 2 1310 26.8 

 3 793 16.2 

 4 380 7.8 

 5 869 17.8 

 6 322 6.6 

 7 421 8.6 

Distance to water source   

 ≤30 minutes 4250 87.0 

 >30 minutes 265 5.4 

 Missing* 372 7.6 

Health Mothers’ Group   

 Not available  2638 54.0 

 Available  1604 32.8 

 Do not know 645 13.2 

 

6.4.2 Model fitness test for multi-level logistic regression analysis 

The following process was applied to test model fit in order to study individual-, family-, and 

community- factors associated with WASH. 

6.4.2.1 Variance Inflation Factor  

The cluster/community variance was measured through the VIF estimation after running the 

regression model to find the VIF value. This process quantifies the severity of multi-

collinearity for the regression analysis. All levels of analysis of each outcome of interest have 

VIF values less than 5 in each explanatory variable with outcomes. This means there is 
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moderate correlation between each variable. Therefore, there are no collinearity problems. 

6.4.2.2 Goodness of model fitness 

The Hosmer-Lemeshow GOF test p-value was <0.001 in each outcome, indicating problems 

with model fit. However, this test is sensitive to large sample sizes; upon assessing the observed 

and expected probabilities underlying the test, it was decided there was good agreement 

between the two, and model fit was deemed acceptable. A new variable grouped the 

observation into deciles of predicted outcome probability (after a melogit model was run), and 

then the researcher compared the number of predicted and observed positive outcomes in each 

group. All individual-, family-, and community-level factors were considered in the final 

model. If the predicted and observed frequencies are similar, then the model is a good fit. Figure 

6.1 illustrates the predicted and observed proportions which have similar values. Therefore, 

this model is well-fitted for the multi-level logistic regression analysis.  

     

         A=Improved Water source                 B=Sanitary toilet 

 

C=Fixed place for handwashing                    D=Availability of soap and water 



 

146 
 

 

 

          E=Combined WASH                                               

Figure 6.1: Hosmer and Lemeshow's test of logistic model fitness: Observed proportion 

(X) and Predicted proportion (Y) 

The scale, 0 to 1, corresponds to the probability of each outcome. The variable, PropO, is the 

observed probability of the outcome, and the variable, PropE, is the expected probability. The 

above figures indicate that there is good correspondence between the observed and the 

modelled probabilities, and so the model explains all outcomes very well, and the model is 

calibrated as well-fitted for this multi-level logistic analysis. The Health Mothers’ Group 

(HMG) variable was not included in Model A because it has no association with improved 

water source in the community. 

6.4.3 Multi-level logistic regression analysis 

6.4.3.1 Results of individual, family and community factors relating to an improved water 

source 

As shown in Table 6.2, economic status of the mother’s household was positively associated 

with availability of an improved water source. Mothers that had a rich household wealth index 

had statistically significantly higher odds (AOR=3.23; 95% CI: 1.52-6.84) than those in the 

poor wealth index category of having access to an improved water source. Mothers with 
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exposure to television at home were 1.5 times more likely to have access to an improved water 

source, with this result being close to statistical significance (AOR=1.51; 95% CI: 0.96-2.36). 

The final model adjusting all individual, family and community factors showed that mothers 

from the hills region of Nepal had lower odds (AOR=0.20; 95% CI: 0.07-0.58) of having an 

improved water source, compared with those from the plains regions. Mothers whose homes 

were more than 30 minutes from a water source had 82% lower odds (AOR=0.18; 95% CI: 

0.12-0.28) of having an improved water source, compared with mothers with a water source 

less than 30 minutes from their homes (Table 6.2). However, individual factors (age, education, 

occupation, caste or ethnicity, religion of mother and family- level factors (education of 

husband, exposure to newspaper and radio) and community factors (place of residence and 

province) were not significantly related to having an improved water source. 
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Table 6.2: Multi-level analysis of individual, family and community factors associated with an improved water source 

Variables Bivariate 
analysis 

Individual- level 
( Model 1) 

Family-level  
(Model 2) 

Community-level  
(Model 3) 

Individual-, 
family-and 
community-level  
(Model 4) 

P-value  
(Model 4) 

INDIVIDUAL-LEVEL FACTORS  

Age of mother (in years)       

 15–24 1 1   1  

 25–34 0.91(0.62-1.34) 0.89(0.62-1.27)   0.85(0.58-1.24) 0.387 

 35 and above 0.95(0.54-1.66) 1.26(0.68-2.32)   1.48(0.76-2.88) 0.245 

Education of mother       

 No education 1 1   1  

 Primary 0.64(0.37-1.17) 0.78(0.50-1.23)   0.68(0.42-1.10) 0.117 

 Secondary 1.14(0.66-1.99) 1.52(0.95-2.45)   1.05(0.61-1.84) 0.853 

 SLC or higher 1.55(0.75-3.20) 1.82(0.93-3.52)   1.03(0.45-2.32) 0.952 

Occupation of mother       

 No work 1 1   1  

 Agriculture 0.32(0.20-0.52) 0.67(0.43-1.04)   0.82(0.52-1.30) 0.404 
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Variables Bivariate 
analysis 

Individual- level 
( Model 1) 

Family-level  
(Model 2) 

Community-level  
(Model 3) 

Individual-, 
family-and 
community-level  
(Model 4) 

P-value  
(Model 4) 

 Non agriculture 0.65(0.34-1.26) 0.96(0.52-1.77)   0.86(0.45-1.65) 0.643 

Caste/Ethnicity       

 Brahmin/Chhetri 1 1   1  

 Janajati/Vaishya 1.39(0.82-2.35) 1.36(0.82-2.25)   1.39(0.81-2.38) 0.227 

 Scheduled 0.87(0.49-1.53) 0.99(0.60-1.62)   1.42(0.82-2.43) 0.208 

 Other 2.88(0.94-8.83) 2.45(0.96-6.25)   1.93(0.68-5.50) 0.217 

Religion       

 Hindu 1    1  

 Non-Hindu 1.78(0.98-3.26) 1.12(0.72-1.75)   0.77(0.39-1.52) 0.448   

FAMILY LEVEL FACTORS  

Education of husband       

 No education 1  1  1  

 Primary 0.75(0.41-1.36)  0.89(0.52-1.51)  1.04(0.59-1.84) 0.886 

 Secondary 1.40(0.80-2.47)  1.28(0.75-2.20)  1.55(0.85-2.81) 0.152 
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Variables Bivariate 
analysis 

Individual- level 
( Model 1) 

Family-level  
(Model 2) 

Community-level  
(Model 3) 

Individual-, 
family-and 
community-level  
(Model 4) 

P-value  
(Model 4) 

 SLC or higher 1.35(0.64-2.85)  1.33(0.67-2.64)  1.64(0.75-3.60) 0.217 

Wealth index       

 Poor 1  1  1  

 Middle 3.18(1.67-6.04)  2.19(1.21-3.94)  1.75(0.94-3.25) 0.076 

 Rich 5.31(2.60-10.83)  4.56(2.26-9.18)  3.23(1.52-6.84) 0.002 

Exposure to newspapers       

 No exposure 1  1  1  

 Exposure 1.59(0.88-2.86)  0.95(0.57-1.57)  0.88(0.51-1.51) 0.633 

Exposure to radio       

 No exposure 1  1  1  

 Exposure 0.74(0.48-1.13)  1.17(0.80-1.72)  1.32(0.88-1.98) 0.174 

Exposure to television       

 No exposure 1  1  1  

 Exposure 1.97(1.25-3.10)  1.46(0.95-2.23)  1.51(0.96-2.36) 0.073 
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Variables Bivariate 
analysis 

Individual- level 
( Model 1) 

Family-level  
(Model 2) 

Community-level  
(Model 3) 

Individual-, 
family-and 
community-level  
(Model 4) 

P-value  
(Model 4) 

COMMUNITY-LEVEL FACTORS  

Place of residence       

 Rural 1   1 1  

 Urban 0.98(0.53-1.80)   1.00(0.48-2.08) 0.62(0.29-1.31) 0.210 

Ecological zone       

 Plains 1   1 1  

 Hills 0.31(0.15-0.64)   0.14(0.05-0.42) 0.20(0.07-0.58) 0.003 

 Mountains 0.76(0.17-3.47)   1.16(0.21-6.40) 2.44(0.43-13.91) 0.314 

Provinces       

 1 1   1 1  

 2 1.63(0.43-6.19)   0.95(0.18-5.07) 1.00(0.19-5.14) 0.997 

 3 0.76(0.28-2.06)   1.39(0.33-5.78) 1.06(0.27-4.24) 0.932 

 4 0.83(0.30-2.30)   1.33(0.32-5.42) 1.16(0.30-4.51) 0.827 

 5 1.09(0.42-2.81)   0.75(0.19-2.95) 0.72(0.19-2.73) 0.628 
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Variables Bivariate 
analysis 

Individual- level 
( Model 1) 

Family-level  
(Model 2) 

Community-level  
(Model 3) 

Individual-, 
family-and 
community-level  
(Model 4) 

P-value  
(Model 4) 

 6 0.26(0.11-0.66)   0.35(0.09-1.27) 0.45(0.12-1.60) 0.217 

 7 0.70(0.26-1.88)   0.64(0.16-2.59) 0.91(0.23-3.61) 0.897 

Distance to water source       

 ≤30 minutes 1   1 1  

 >30 minutes 0.08(0.04-0.15)   0.18(0.12-0.27) 0.18(0.12-0.28) <0.001 
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6.4.3.2 Results of individual, family and community factors relating to sanitary toilets 

As shown in Table 6.3, the individual factors (age, education, caste or ethnicity of mother), 

were statistically significantly associated with the availability of a sanitary toilet. Mothers aged 

35 years or above were more likely to have a sanitary toilet (AOR=1.69; 95% CI: 1.06-2.69) 

than mothers aged 15–24 years. Mothers with a secondary level of education were more likely 

to have a sanitary toilet (AOR=1.78; 95% CI: 1.22-2.60) relative to mothers with no education. 

Mothers of the scheduled or Shudra caste had lower odds of having a sanitary toilet 

(AOR=0.45; 95%CI: 0.27-0.75) compared with the Brahmin and Chhetri caste mothers. 

Mothers of the other unknown castes also had lower rates of having a sanitary toilet 

(AOR=0.31; 95% CI: 0.18-0.55) compared with mothers of the Brahmin and Chhetri castes. 

Husbands with a secondary level of education had slightly higher odds (AOR=1.43; 95% CI: 

661.00-2.03) of having a sanitary toilet relative to husbands who were not educated. Husbands 

with a School Leaving Certificate (SLC) or above level of education had higher odds 

(AOR=2.61; 95% CI: 1.43-4.76) of having a sanitary toilet in the home compared with 

husbands with no education. Household mothers in the middle and high wealth index levels 

had higher odds (AOR=2.96; 95% CI: 2.07-4.22 and AOR=15.35; 95% CI: 9.77-24.14, 

respectively) of having sanitary toilets relative to those in the poor wealth index. Mothers who 

listen radio at least once a week had higher odds (AOR=1.32; 95% CI: 0.99-1.76) of having 

sanitary toilet facilities at their households. However, reading newspaper and watching a 

television were not significantly related to having a sanitary toilet. 

Community-level factors (place of residence, ecology, province, distance to a water source, 

and HMG) were statistically significantly associated with having a sanitary toilet. Combined 

WASH was more likely (AOR=2.09; 95% CI: 1.23-3.55) for mothers from urban areas than 

for mothers from rural areas. Mothers living in the hills and mountains regions had higher odds 

(AOR=7.69; 95% CI: 3.63-16.16 and AOR=6.32; 95% CI: 2.20-18.16, respectively) of having 
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sanitary toilet facilities compared with mothers living in the plains regions. Mothers from 

Province 2 had lower odds (AOR=0.30; 95% CI: 0.13-0.69) while mothers from Provinces 5 

and 6 had higher odds (AOR=2.63; 95% CI: 1.08-6.42 and AOR=2.95; 95% CI: 1.05-8.32, 

respectively) of having a sanitary toilet compared with those from Province 1 (Table 6.3). 

Where the distance to a water source was >30 minutes from home, mothers had lower odds 

(AOR=0.54; 95% CI: 0.32-0.91) of having a sanitary toilet compared with mothers who did 

not have to travel more than 30 minutes to a water source. Mothers with access to a HMG in 

their community had higher odds (AOR=1.52; 95% CI: 1.11-2.09) of having a sanitary toilet 

than mothers who did not have access to an HMG in their community. 
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Table 6.3: Multi-level analysis of individual, family and community factors associated with sanitary toilets 

Variables Bivariate 
analysis 

Individual-level 
(Model 1) 

Family-level   
(Model 2) 

Community-level 
(Model 3) 

Individual, family 
and community-level 
(Model 4) 

P-value 
(Model 4) 

INDIVIDUAL-LEVEL FACTORS  

Age of the mother (in years)  

 15–24 1 1   1  

 25–34 1.09(0.86-1.40) 1.22(0.96-1.57)   1.13(0.86-1.47) 0.378 

 35 and above 1.02(0.71-1.47) 1.50(0.99-2.27)   1.69(1.06-2.69) 0.027 

Education of the mother       

 No education 1 1   1  

 Primary 1.78(1.35-2.33) 1.56(1.16-2.08)   1.24(0.90-1.71) 0.197 

 Secondary 5.93 (4.30-8.18) 3.74(2.70-8.18)   1.78(1.22-2.60) 0.003 

 SLC or higher 17.34(8.26-36.44) 7.42(3.91-14.09)   2.00(0.97-4.14) 0.060 

Occupation of the mother       

 No work 1 1   1  

 Agriculture 1.36(1.00-1.86) 0.75(0.57-0.99)   0.99(0.73-1.34) 0.942 

 Non agriculture 1.96(1.30-2.96) 1.06(0.71-1.58)   0.80(0.51-1.24) 0.317 
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Variables Bivariate 
analysis 

Individual-level 
(Model 1) 

Family-level   
(Model 2) 

Community-level 
(Model 3) 

Individual, family 
and community-level 
(Model 4) 

P-value 
(Model 4) 

Caste/Ethnicity       

 Brahmin and Chhetri 1 1   1  

 Janajati/Vaishya 0.21(0.13-0.33) 0.44(0.28-0.70)   0.69(0.42-1.13) 0.148 

 Scheduled  0.11(0.07-0.17) 0.23(0.15-0.36)   0.45(0.27-0.75) 0.002 

 Other 0.05(0.03-0.08) 0.21(0.12-0.34)   0.31(0.18-0.55) <0.001 

Religion       

 Hindu 1 1   1  

 Non-Hindu 0.93(0.55-1.58) 1.12(0.72-1.75)   1.13(0.70-1.82) 0.619 

FAMILY- LEVEL FACTORS  

Education of the husband       

 No education 1  1  1  

 Primary 2.13(1.58-2.90)  1.14(0.81-1.60)  1.10(0.78-1.55) 0.596 

 Secondary 4.73(3.45-6.49)  1.78(1.27-2.49)  1.43(1.00-2.03) 0.048   

 SLC or higher 16.68(9.66-28.81)  3.59(2.05-6.28)  2.61(1.43-4.76) 0.002 

Wealth index       
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Variables Bivariate 
analysis 

Individual-level 
(Model 1) 

Family-level   
(Model 2) 

Community-level 
(Model 3) 

Individual, family 
and community-level 
(Model 4) 

P-value 
(Model 4) 

 Poor 1  1  1  

 Middle 0.59(0.42-0.84)  2.14(1.52-3.04)  2.96(2.07-4.22) <0.001 

 Rich 3.31(2.25-4.88)  11.87(7.67-18.36)  15.35(9.77-24.14)  <0.001 

Exposure to newspapers       

 No exposure 1  1  1  

 Exposure 10.90(6.56-18.11)  1.92(1.18-3.13)  1.29(0.78-2.13) 0.324 

Exposure to radio       

 No exposure 1  1  1  

 Exposure 3.51(2.64-4.66)  1.21(0.92-1.60)  1.32(0.99-1.76) 0.055 

Exposure to television       

 No exposure 1  1  1  

 Exposure 2.35(1.75-3.16)  1.15(0.87-1.52)  1.19(0.90-1.57) 0.229 

COMMUNITY-LEVEL FACTORS  

Place of residence       

 Rural 1  1  1  
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Variables Bivariate 
analysis 

Individual-level 
(Model 1) 

Family-level   
(Model 2) 

Community-level 
(Model 3) 

Individual, family 
and community-level 
(Model 4) 

P-value 
(Model 4) 

 Urban 2.04(1.29-3.25)   4.02(2.35-6.88) 2.09(1.23-3.55) 0.007 

Ecological zone       

 Plains 1   1 1  

 Hills 6.75(4.00-11.39)   5.67(2.68-11.97) 7.69(3.63-16.16) <0.001 

 Mountains 5.86(3.09-11.11)   3.98(1.37-11.50) 6.32(2.20-18.16)  0.001 

Provinces       

 1 1   1 1  

 2 0.15(0.08-0.28)   0.18(0.8-0.41) 0.30(0.13-0.69) 0.005 

 3 1.07(0.50-2.26)   0.78(0.29-2.10) 0.60(0.23-1.58) 0.299 

 4 2.92(1.25-6.84)   1.85(0.64-5.35) 1.86(0.66-5.28) 0.242 

 5 1.00(0.46-2.21)   2.39(0.96-5.94) 2.63(1.08-6.42) 0.034 

 6 3.41(1.70-6.87)   1.78(0.62-5.11) 2.95(1.05-8.32) 0.040   

 7 2.12(1.08-4.20)   1.51(0.61-3.73) 2.14(0.87-5.25) 0.096 

Distance to water source       

 ≤30 minutes 1   1 1  
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Variables Bivariate 
analysis 

Individual-level 
(Model 1) 

Family-level   
(Model 2) 

Community-level 
(Model 3) 

Individual, family 
and community-level 
(Model 4) 

P-value 
(Model 4) 

 >30 minutes 0.87(0.38-2.00)   0.37(0.22-0.61) 0.54(0.32-0.91) 0.023 

Health Mothers’ Group       

 No 1   1 1  

 Yes 2.31(1.65-3.25)   1.83(1.37-2.44) 1.52(1.11-2.09) 0.009 

 Do not know 1.86(1.21-2.85)   0.95(0.66-1.36) 0.84(0.56-1.26) 0.411 
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6.4.3.3 Results of individual, family and community factors related to having a fixed place 

for handwashing 

The education of mothers, and their caste or ethnicity were statistically significantly associated 

with having a fixed place for handwashing (Table 6.4). Mothers who had secondary education 

and mothers who had an SLC or higher level of education had higher odds (AOR=1.52; 95% 

CI: 1.14-2.01 and AOR=1.98; 95% CI: 1.27-3.11, respectively) of having a fixed place for 

handwashing in the home compared with mothers with no education. Mothers from the Janajati 

and Vaishya castes had higher odds (AOR=1.45; 95% CI: 1.05-2.00) of having a fixed place 

for handwashing compared with those who belong to the Brahmin and Chhetri caste. However, 

age, occupation, and religion of mothers were not significantly associated with a fixed place 

for handwashing. 

Family factors including education of husband, wealth index, and exposure to newspapers, 

were statistically significantly associated with a fixed place for handwashing. Women whose 

husbands had an education level of the SLC or higher had higher odds (AOR=2.15; 95% CI: 

1.44-3.20) of having a fixed place for handwashing compared with women whose husbands 

had no education. Respondents in the middle and rich wealth index categories had higher odds 

(AOR=1.38; 95% CI: 1.05-1.82 and AOR=2.54; 95% CI: 1.83-3.53, respectively) of having a 

fixed place for handwashing compared with those in the poor category. Mothers who read a 

newspaper at least once a week were slightly more likely to have a fixed place for handwashing 

(AOR=1.39; 95% CI: 1.01-1.91) with a p-value of <0.05, compared with those who were not 

exposed to newspapers. However, exposure to radio, and exposure to television, were not 

associated with a fixed place for handwashing. 

Mothers from urban areas had higher odds (AOR=1.58; 95% CI: 1.11-2.24) of having a fixed 

place for handwashing compared with rural mothers. Mothers from the mountains regions had 
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lower odds (AOR=0.44; 95% CI: 0.22-0.88) of having a fixed place for handwashing compared 

with those from the plains regions. Mothers from Province 2 had lower odds (AOR=0.47; 95% 

CI: 0.26-0.86), while Provinces 3, 4 and 7 had higher odds (AOR=1.83; 95% CI: 0.95-3.53, 

AOR=3.18; 95% CI: 1.59-6.35, and AOR=2.29; 95%CI: 1.22-4.31, respectively) of having a 

fixed place for handwashing compared with mothers from Province 1. Mothers who resided 

further than a 30-minute walk from a water source were less likely (AOR=0.55; 95% CI: 0.39-

0.78) to have a fixed place for handwashing compared with mothers residing within a 30-

minute walk from a water source (). However, access to a community HMG was not found to 

be associated with mothers having a fixed place for handwashing. 
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Table 6.4: Multi-level analysis of individual, family and community factors associated with a fixed place for handwashing 

Variables Bivariate analysis  
 

Individual-level 
(Model 1) 

Family-level 
(Model 2) 

Community-level 
(Model 3) 

Individual, family  
and community level 
(Model 4) 

P-value 
(Model 4) 

INDIVIDUAL-LEVEL FACTORS  

Age of the mother (in years)       

 15–24 1 1   1  

 25–34 1.02(0.84-1.23) 1.09(0.90-1.32)   1.07(0.88-1.31) 0.484 

 35 and above 0.75(0.56-1.01) 0.99(0.71-1.36)   1.07(0.76-1.50) 0.693 

Education of the mother       

 No education 1 1   1  

 Primary 1.48(1.16-1.89) 1.48(1.18-1.87)   1.27(0.99-1.63) 0.062 

 Secondary 2.71(2.10-3.50) 2.32(1.82-2.96)   1.52(1.14-2.01) 0.004 

 SLC or higher 6.44(4.18-9.92) 4.45(3.07-6.45)   1.98(1.27-3.11) 0.003 

Occupation of the mother       

 No work 1 1   1  

 Agriculture 0.84(0.64-1.11) 0.88(0.71-1.09)   1.08(0.85-1.36) 0.530 

 Non agriculture 1.65(1.09-2.49) 1.08(0.80-1.48)   1.03(0.74-1.44) 0.855 
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Variables Bivariate analysis  
 

Individual-level 
(Model 1) 

Family-level 
(Model 2) 

Community-level 
(Model 3) 

Individual, family  
and community level 
(Model 4) 

P-value 
(Model 4) 

Caste/Ethnicity       

 Brahmin/Chhetri 1 1   1  

 Janajati/Vaishya 1.16(0.85-1.58) 1.42(1.05-1.91)   1.45(1.05-2.00) 0.025 

 Scheduled 0.53(0.38-0.75) 0.74(0.54-0.99)   0.92(0.66-1.27) 0.606 

 Other 0.60(0.40-0.91) 1.04(0.73-1.49)   1.24(0.82-1.87) 0.301 

Religion       

 Hindu 1 1   1 0.824 

 Non-Hindu  1.20(0.82-1.74) 0.91(0.64-1.29)   0.96(0.66-1.39)  

FAMILY- LEVEL FACTORS  

Education of the husband       

 No education 1  1  1  

 Primary 1.52(1.12-2.06)  1.28(0.99-1.67)  1.22(0.92-1.61) 0.162 

 Secondary 2.14(1.57-2.90)  1.48(1.12-1.87)  1.25(0.94-1.65) 0.120 

 SLC or higher 4.60(3.10-6.85)  2.59 (1.82-3.68)  2.15(1.44-3.20) <0.001 

Wealth index       
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Variables Bivariate analysis  
 

Individual-level 
(Model 1) 

Family-level 
(Model 2) 

Community-level 
(Model 3) 

Individual, family  
and community level 
(Model 4) 

P-value 
(Model 4) 

 Poor 1  1  1  

 Middle 1.19(0.89-1.60)  1.43(1.11-1.85)  1.38(1.05-1.82) 0.022 

 Rich 3.32(2.41-4.59)  3.20(2.38-4.31)  2.54(1.83-3.53) <0.001 

Exposure to newspapers       

 No exposure 1  1  1  

 Exposure 3.93(2.83-5.45)  1.67(1.25-2.23)  1.39(1.01-1.91) 0.044 

Exposure to radio       

 No exposure 1  1  1  

 Exposure 1.36(1.10-1.69)  0.98(0.80-1.20)  0.89(0.72-1.11) 0.304 

Exposure to television       

 No exposure 1  1  1  

 Exposure 2.14(1.71-2.69)  1.25(1.02-1.54)  1.10(0.89-1.37) 0.383 

COMMUNITY-LEVEL FACTORS  

Place of residence       

 Rural 1   1 1  
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Variables Bivariate analysis  
 

Individual-level 
(Model 1) 

Family-level 
(Model 2) 

Community-level 
(Model 3) 

Individual, family  
and community level 
(Model 4) 

P-value 
(Model 4) 

 Urban 2.14(1.55-2.95)   2.26(1.61-3.18) 1.58(1.11-2.24) 0.011 

Ecological zone       

 Plains 1   1 1  

 Hills 1.41(1.03-1.93)   0.58(0.36-0.94) 0.76(0.47-1.26) 0.296 

 Mountains 0.63(0.40-0.99)   0.31(0.16-0.61) 0.44(0.22-0.88) 0.021 

Provinces       

 1 1   1 1  

 2 0.52(0.33-0.83)   0.33(0.19-0.60) 0.47(0.26-0.86) 0.015 

 3 1.81(1.17-2.82)   2.19(1.14-4.20) 1.83(0.95-3.53) 0.073 

 4 2.81(1.69-4.68)   3.58(1.79-7.17) 3.17(1.59-6.35) 0.001 

 5 1.35(0.82-2.23)   1.35(0.75-2.44) 1.49(0.82-2.71) 0.187 

 6 0.53(0.33-0.87)   0.83(0.44-1.54) 1.08(0.57-2.02) 0.818 

 7 1.03(0.61-1.76)   1.69(0.91-3.14) 2.29(1.22-4.31) 0.010 

Distance to water source  

 ≤30 minutes 1   1 1  



 

166 
 

Variables Bivariate analysis  
 

Individual-level 
(Model 1) 

Family-level 
(Model 2) 

Community-level 
(Model 3) 

Individual, family  
and community level 
(Model 4) 

P-value 
(Model 4) 

 >30 minutes 0.40(0.30-0.53)   0.45(0.32-0.63) 0.55(0.39-0.78) 0.010 

Health Mothers’ Group       

 No 1   1 1  

 Yes 1.00(0.75-1.33)   1.00(0.81-1.25) 0.96(0.76-1.20) 0.696 

 Do not know 1.80(1.24-2.63)   1.19(0.87-1.63) 1.21(0.87-1.67) 0.257 
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6.4.3.4 Results of individual, family, and community factors related to the availability of 

soap and water  

The education, and occupation of mothers, were significantly related to the availability of soap 

and water in the handwashing place. The secondary and SLC or above level of education of 

mothers were associated with greater availability of soap and water in handwashing places 

(Table 6.5). Mothers involved in non-agricultural activities had higher odds (AOR=1.31; 95% 

CI: 1.00-1.71) of availability of soap and water in the handwashing place compared with 

mothers who did not work. 

The education of husbands, household wealth index, exposure to newspaper and television at 

household level were significantly related to the availability of soap and water in the 

handwashing place. Mothers in the middle and high household wealth index levels had higher 

odds (AOR=1.55; 95% CI: 1.21-2.00 and AOR=4.12; 95% CI: 3.10-5.47, respectively) of 

having both soap and water available at the handwashing place relative to mothers in the poor 

household wealth index category. Mothers who read newspapers and mothers who watched 

television at least once a week had higher odds (AOR=1.27; 95% CI: 1.00-1.61 and AOR=1.68; 

95% CI: 1.37-2.06, respectively) of having both soap and water at the place of handwashing 

compared with mothers who were not exposed to mass media (Table 6.5).  

Except for access to an HMG, community-level factors were found to be associated with the 

availability of soap and water at the place of handwashing. Mothers residing in urban areas had 

higher odds (AOR=1.78; 95% CI: 1.29-2.44) of having soap and water available at the place 

of handwashing compared with rural mothers, while mothers from the mountains regions had 

lower odds (AOR=0.50; 95% CI: 0.26-0.99) of having soap and water available at the place of 

handwashing compared with mothers from the plains regions. Mothers from Province 7 had 

higher odds (AOR=2.06; 95% CI: 1.17-3.62) of available soap and water at the place of 
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handwashing compared with those from Province 1. Mothers who resided in households further 

than 30 minutes walking distance from a water source were less likely (AOR=0.53; 95% CI: 

0.35-0.78) to have soap and water available at the place of handwashing compared with 

mothers within 30 minutes walking distance from their home.
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Table 6.5: Multi-level analysis of individual, family and community factors associated with the availability of soap and water 

Variables Bivariate analysis  
 

Individual-level 
     (Model 1) 
 
 

Family-level 
(Model 2) 

Community-level  
(Model 3) 

Individual- 
family-and 
community-
level  
(Model 4) 

P-value 
(Model 4) 

INDIVIDUAL-LEVEL FACTORS  

Age of the mother (in years)       

 15–24 1 1   1  

 25–34 1.23(1.00-1.51) 1.22(1.03-1.44)   1.13(0.95-1.35) 0.177 

 35 and above 0.71(0.53-0.95) 0.88(0.64-1.21)   0.85(0.61-1.20) 0.368 

Education of the mother       

 No education 1 1   1  

 Primary 1.39(1.09-1.79) 1.38(1.09-1.74)   1.15(0.89-1.48) 0.288   

 Secondary 3.65(2.87-4.64) 2.69(2.15-3.36)   1.57(1.20-2.04) 0.001 

 SLC or higher 8.65(6.27-11.94) 5.21(3.91-6.93)   2.40(1.67-3.45) <0.001 

Occupation of the mother       

 No work 1 1   1  

 Agriculture 0.62(0.49-0.79) 0.63(0.52-0.76)   0.88(0.71-1.09) 0.249 

 Non agriculture 2.18(1.68-2.82) 1.36(1.06-1.73)   1.31(1.00-1.71) 0.051 
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Variables Bivariate analysis  
 

Individual-level 
     (Model 1) 
 
 

Family-level 
(Model 2) 

Community-level  
(Model 3) 

Individual- 
family-and 
community-
level  
(Model 4) 

P-value 
(Model 4) 

Caste/Ethnicity       

 Brahmin/Chhetri 1 1   1  

 Janajati/Vaishya 0.91(0.69-1.20) 1.09(0.86-1.39)   1.27(0.98-1.65) 0.075 

 Scheduled 0.43(0.32-0.58) 0.70(0.52-0.92)   0.99(0.73-1.34) 0.941 

 Other 0.50(0.32-0.78) 1.08(0.78-1.51)   1.08(0.74-1.59) 0.694 

Religion       

 Hindu 1 1   1  

 Non-Hindu  1.09(0.76-1.57) 1.13(0.85-1.52)   1.12(0.82-1.52) 0.491 

FAMILY-LEVEL FACTORS  

Education of the husband       

 No education 1  1  1  

 Primary 1.51(1.10-2.06)  1.21(0.91-1.62)  1.20(0.88-1.63) 0.255   

 Secondary 3.00(2.16-4.14)  1.62(1.25-2.12)  1.45(1.08-1.95) 0.014 

 SLC or higher 6.20(4.44-8.65)  2.72(1.97-3.76)  2.17(1.50-3.15) <0.001 

Wealth index       



 

171 
 

Variables Bivariate analysis  
 

Individual-level 
     (Model 1) 
 
 

Family-level 
(Model 2) 

Community-level  
(Model 3) 

Individual- 
family-and 
community-
level  
(Model 4) 

P-value 
(Model 4) 

 Poor 1  1  1  

 Middle 1.16(0.87-1.55)  1.74(1.37-2.21)  1.55(1.21-2.00)  0.001 

 Rich 4.91(3.77-6.40)  5.33(4.13-6.88)  4.12(3.10-5.47) <0.001 

Exposure to newspapers       

 No exposure 1  1  1  

 Exposure 4.17(3.34-5.22)  1.63(1.31-2.02)  1.27(1.00-1.61) 0.051 

Exposure to radio       

 No exposure 1  1  1  

 Exposure 1.36(1.07-1.71)  0.93(0.78-1.12)  0.83(0.68-1.01) 0.0.067 

Exposure to television       

 No exposure 1  1  1  

 Exposure 3.93(3.20-4.83)  1.88(1.55-2.29)  1.68(1.37-2.06) <0.001 

COMMUNITY-LEVEL FACTORS  

Place of residence       

 Rural 1   1 1  
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Variables Bivariate analysis  
 

Individual-level 
     (Model 1) 
 
 

Family-level 
(Model 2) 

Community-level  
(Model 3) 

Individual- 
family-and 
community-
level  
(Model 4) 

P-value 
(Model 4) 

 Urban 3.18(2.30-4.39)   3.67(2.68-5.06) 1.78(1.29-2.44) <0.001 

Ecological zone       

 Plains 1   1 1  

 Hills 1.50(1.08-2.07)   0.84(0.54-1.31) 1.31(0.84-2.06) 0.234 

 Mountains 0.59(0.34-1.03)   0.29(0.15-0.57) 0.50(0.26-0.99) 0.047 

Provinces       

 1 1   1 1  

 2 0.55(0.34-0.90)   0.43(0.24-0.76) 0.65(0.36-1.16) 0.143 

 3 1.92(1.15-3.22)   2.12(1.16-3.90) 1.36(0.74-2.48) 0.319 

 4 1.36(0.91-2.02)   1.19(0.65-2.18) 0.91(0.50-1.65) 0.752 

 5 0.76(0.46-1.23)   0.83(0.47-1.44) 0.83(0.48-1.42) 0.489 

 6 0.37(0.23-0.59)   0.45(0.24-0.84) 0.64(0.35-1.18) 0.154 

 7 1.00(0.62-1.62)   1.23(0.70-2.18) 2.06(1.17-3.62) 0.012 

Distance to water source       

 ≤30 minutes 1   1 1  
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Variables Bivariate analysis  
 

Individual-level 
     (Model 1) 
 
 

Family-level 
(Model 2) 

Community-level  
(Model 3) 

Individual- 
family-and 
community-
level  
(Model 4) 

P-value 
(Model 4) 

 >30 minutes 0.40(0.26-0.61)   0.39(0.26-0.56) 0.53(0.35-0.78) 0.002 

Health Mothers’ Group       

 No 1   1 1  

 Yes 0.97(0.76-1.22)   1.10(0.90-1.34) 0.97(0.79-1.21) 0.810   

 Do not know 1.81(1.35-2.42)   1.23(0.96-1.59) 1.11(0.85-1.47) 0.440 
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6.4.3.5 Results of individual, family, and community-level factors related to combined 

WASH 

The age, education, caste or ethnicity of mothers were each significantly associated with 

combined WASH facilities at household level. Compared with mothers aged 15–24 years, 

mothers aged 25–34 years were more likely to have combined WASH services (AOR=1.21; 

95% CI: 1.00-1.46). Mothers who obtained secondary education and mothers who obtained 

an SLC or higher level of education had higher odds (AOR=1.48; 95% CI: 1.12-1.96 and 

AOR=2.12; 95% CI: 1.48-3.08, respectively) of having combined WASH compared with 

mothers who had no education. Mothers identifying as Janajati and Vaishya castes had higher 

odds (AOR=1.47; 95% CI: 1.12-1.92) of having combined WASH compared with those 

identifying as Brahmin and Chhetri castes. 

Family factors such as education of husband, wealth index and exposure to television were 

significantly associated with combined WASH for mothers at home (Table 6.6). Mothers 

whose husbands had no education were less likely to have access to combined WASH than 

mothers whose husbands had at least a low level of education. Mothers in the household rich 

wealth index had six-fold higher odds of combined WASH (AOR=6.29; 95% CI: 4.63-8.54) 

compared with those in the poor wealth index. Also, mothers in the household middle wealth 

index had two-fold higher odds of combined WASH (AOR=2.12; 95% CI: 1.61-2.79) 

compared with those in the poor wealth index. Mothers who had exposure to television at home 

had higher odds (AOR=1.75; 95% CI: 1.41-2.19) of having combined WASH than mothers 

without exposure to television. 

Community factors such as place of residence, ecological zone, province, and distance to a 

water source were significantly associated with combined WASH. Mothers who lived in urban 

areas were 1.95 times more likely (AOR=1.95; 95% CI: 1.39-2.73) to have combined WASH 



 

175 
 

compared with mothers residing in rural areas. Mothers residing in the hills regions had higher 

odds (AOR=1.67; 95% CI: 1.04-2.67) of having combined WASH compared with mothers in 

the plains regions. Mothers from Province 2 had lower odds (AOR=0.51; 95% CI: 0.27-0.94) 

and mothers from Province 7 had higher odds (AOR=1.99; 95% CI: 1.11-3.59) of having 

combined WASH compared with mothers from Province 1. Mothers who had to walk further 

than 30 minutes to reach a water source from home had lower odds (AOR=0.36; 95%  CI: 0.22-

0.58) of having combined WASH compared with mothers who lived 30 minutes or less from a 

water source. 

However, individual factors (occupation and religion), family factors (exposure to newspaper 

and radio) and community factors (health mother group) were not significantly associated with 

combined WASH. 
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Table 6.6: Multi-level analysis of individual, family and community factors associated with combined WASH 

Variables Bivariate 
analysis 
 

Individual-level  
(Model 1) 

Family-level  
(Model 2) 

Community-level 
(Model 3) 

Individual, family and 
community-level 
(Model 4) 

P-value 
(Model 4) 

INDIVIDUAL-LEVEL FACTORS  
Age of the mother (in years) 

 
     

 15-24 1 1   1  

 25–34 1.49(1.15-1.73) 1.46(1.23-1.73)   1.21(1.00-1.46) 0.050 

 35 and above 0.88(0.65-1.20) 1.08(0.78-1.50)   0.89(0.62-1.29) 0.551 

Education of the mother       

 No education 1 1   1  

 Primary 1.51(1.14-1.99) 1.41(1.10-1.81)   1.06(0.81-1.40) 0.663 

 Secondary 3.89(3.03-5.01) 2.80(2.22-3.54)   1.48(1.12-1.96) 0.006 

 SLC or higher 8.19(5.94-11.32) 4.51(3.39-6.01)   2.12(1.46-3.08) <0.001 

  

Occupation of the mother       

 No work 1 1   1  

 Agriculture 0.69(0.54-0.88) 0.71(0.58-0.87)   0.91(0.72-1.14) 0.407 
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Variables Bivariate 
analysis 
 

Individual-level  
(Model 1) 

Family-level  
(Model 2) 

Community-level 
(Model 3) 

Individual, family and 
community-level 
(Model 4) 

P-value 
(Model 4) 

 Non agriculture 2.14(1.66-2.75) 1.36(1.07-1.73)   1.15(0.87-1.52) 0.327 

Caste/Ethnicity       

 Brahmin/Chhetri 1 1   1  

 Janajati/Vaishya 0.87(0.66-1.15) 1.13(0.89-1.43)   1.47(1.12-1.92) 0.006 

 Scheduled 0.46(0.34-0.64) 0.83(0.62-1.11)   1.23(0.89-1.70) 0.203 

 Other 0.37(0.23-0.60) 0.85(0.60-1.19)   0.99(0.66-1.49) 0.954 

Religion  
 

     

 Hindu 1 1     

 Non-Hindu 1.06(0.73-1.54) 0.99(0.75-1.34)   0.98(0.71-1.36) 0.909 

FAMILY-LEVEL FACTORS  

Education of husband       

 No education 1  1 1 1  

 Primary 2.28(1.54-3.36)  1.64(1.18-2.28)  1.49(1.05-2.11) 0.025 

 Secondary 4.66(3.18-6.83)  2.09(1.54-2.85)  1.86(1.33-2.59) <0.001 

 SLC or higher 8.94(6.03-13.26)  3.02(2.12-4.30)  3.01(2.00-4.50) <0.001 
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Variables Bivariate 
analysis 
 

Individual-level  
(Model 1) 

Family-level  
(Model 2) 

Community-level 
(Model 3) 

Individual, family and 
community-level 
(Model 4) 

P-value 
(Model 4) 

Wealth index       

 Poor 1  1  1  

 Middle 1.23(0.91-1.67)  2.17(1.68-2.80)  2.12(1.61-2.79) <0.001 

 Rich 5.50(4.24-7.13)  6.38(4.90-8.32)  6.29(4.63-8.54) <0.001 

Exposure to newspapers       

 No exposure 1  1  1  

 Exposure 4.11(3.29-5.14)  1.43(1.15-1.77)  1.14(0.90-1.46) 0.279 

Exposure to radio       

 No exposure 1 1 1  1  

 Exposure 1.51(1.20-1.92)  1.03(0.85-1.24)  1.02(0.83-1.26)  0.838 

Exposure to television       

 No exposure 1  1  1  

 Exposure 3.93(3.15-4.89)  1.71(1.39-2.11)  1.75(1.41-2.19) <0.001 

COMMUNITY-LEVEL FACTORS  

Place of residence       
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Variables Bivariate 
analysis 
 

Individual-level  
(Model 1) 

Family-level  
(Model 2) 

Community-level 
(Model 3) 

Individual, family and 
community-level 
(Model 4) 

P-value 
(Model 4) 

 Rural 1   1 1  

 Urban 3.35(2.48-4.52)   4.37(3.11-6.13) 1.95(1.39-2.73) <0.001 

Ecological zone       

 Plains 1   1 1  

 Hills 1.66(1.23-2.23)   0.97(0.60-1.56) 1.67(1.04-2.67) 0.033 

 Mountains 0.71(0.42-1.21)   0.40(0.19-0.83) 0.86(0.42-1.74) 0.672 

Provinces       

 1 1   1 1  

 2 0.43(0.25-0.72)   0.32(0.17-0.59) 0.51(0.27-0.94) 0.032 

 3 1.86(1.19-2.90)   2.04(1.07-3.87) 1.25(0.67-2.33) 0.490 

 4 1.40(0.95-2.06)   1.23(0.65-2.35) 0.90(0.48-1.68) 0.733 

 5 0.90(0.55-1.45)   1.00(0.56-1.81) 1.01(0.57-1.78) 0.973 

 6 0.35(0.22-0.58)   0.36(0.18-0.70) 0.53(0.27-1.01) 0.055 

 7 1.06(0.66-1.69)   1.14(0.62-2.07) 1.99(1.11-3.59) 0.022 
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Variables Bivariate 
analysis 
 

Individual-level  
(Model 1) 

Family-level  
(Model 2) 

Community-level 
(Model 3) 

Individual, family and 
community-level 
(Model 4) 

P-value 
(Model 4) 

Distance to water source 

 ≤30 minutes 1   1 1  

 >30 minutes 0.21(0.11-0.40)   0.26(0.17-0.41) 0.36(0.22-0.58) <0.001 

Health Mothers’ Group       

 No 1   1 1  

 Yes 1.03(0.81-1.31)   1.17(0.95-1.43) 1.01(0.81-1.27) 0.903 

 Do not know  1.65(1.25-2.17)   1.24(0.95-1.61) 1.11(0.83-1.48) 0.488 
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6.5 Discussion 

This is the first known study involving a multi-level analysis of household WASH facilities in 

Nepal. This study identified a number of factors which have significant effects on access to an 

improved water source, a sanitary toilet, a fixed place for handwashing, and availability of soap 

and water in the handwashing place, as well as access to the combination of these components, 

termed ‘combined WASH’, at the household level. The aim of this study was to identify the 

individual, family and community factors associated with households’ WASH facilities in 

Nepal. A multi-level hierarchical regression model was appropriate in this study, as the data 

were organised at more than one level (i.e. individual-, family-, and community- levels) [365].  

6.5.1 Individual-level factors and WASH components 

In this study, mothers’ age was found to be associated with having access to a sanitary toilet 

and combined WASH facilities, a finding which is supported by a previous study conducted in 

the hills district of Tanahun, Nepal, in 2016, where being aged 30–40 years had a positive 

association with having access to improved sanitation [366]. 

This study showed that mothers with at least a basic level of education had a greater 

understanding of the benefits of having a sanitary toilet, establishing a fixed place for 

handwashing, having soap and water available for handwashing, and having access to 

combined WASH facilities at households compared with mothers with no education. These 

findings are supported by evidence-based literature on developing countries, such as studies 

conducted in the South Asian Region, including Nepal [367]. The relationship between higher 

education and good access to sanitary toilets was observed in a previous similar study carried 

out in Katahari, in the Morang district of Nepal [368]. The results of the current study are also 

comparable with those of a previous study conducted in Ghana [369]. 

In the present study, the occupation of the mother in the household was significantly associated 
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with only the outcome of availability of soap and water. In contrast, a previous study conducted 

in India showed mothers’ occupation was significantly associated with all WASH components 

[370]. The difference in these results may be due to sample size, socio-demographic status, 

and/or contextual factors. A qualitative study conducted in Indonesia among women in 2019 

supports the theory that economically secure women have decision-making power and 

networking, which can facilitate better access to improved WASH [371]. 

Mothers of the Janajati and Vaishya castes had a higher prevalence of having a fixed place for 

handwashing, and therefore greater access to combined WASH than mothers from other castes. 

This present study found mothers of the scheduled caste or Shudra had poor access to a sanitary 

toilet. This may be due to caste discrimination, which still exists in Nepalese communities. 

This cultural belief determines that those of the lower caste (Scheduled or Shudra) should 

always be dominated and treated as servants by those of the higher caste (Brahmin and Chhetri) 

[372]. The current study is similar to those conducted by WaterAid Nepal, which determined that 

Nepalese populations experience caste discrimination in relation to access to WASH services 

[341]. Contrary to these findings, the GoN  has declared the country does not have a caste system, 

and that the country has become secular [373]. WaterAid’s research raises issues regarding the 

GoN’s commitment to achieving universal access to sanitation and hygiene, particularly for 

mothers, ethnic groups, those of lower caste, and disabled people in the country [341], all issues 

which support this present study’s recommendation. 

6.5.2 Family-level factors and WASH components 

Family-level-factors such as husband’s education, household wealth index and exposure to 

mass media were significantly related with both discrete and combined WASH outcomes. 

Mothers whose husband had attained at least a basic level of education had a positive impact 

on sanitary toilet and handwashing facilities including combined WASH facilities at household 
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level. It is evident that education is crucial in improving WASH uptake at the household level, 

as educated family members may be more aware of the risks associated with poor WASH 

practices. Wealth index significantly associated with discrete and combined WASH outcomes. 

Mothers also experience a lack of autonomy in household WASH practices, because they have 

low priority for the use of these services in patriarchal rural communities of Nepal [341]. The 

present study is similar to a previous study conducted in Ghana in 2018 that showed households 

with the mother as its head demonstrated good sanitation and hygiene facilities and when 

mothers are the heads of households, they are more likely to be in the high wealth index and 

thereby improved WASH facilities [369]. Those of a lower wealth index have limited household 

WASH facilities, and poor living standards, and reside a long distance from water [374]. 

The present study found that exposure to newspapers is associated with the availability of soap 

and water, and a fixed place for handwashing. This may be due to those from urban areas 

having good access to newspapers, compared with rural dwellers. Similarly, exposure to 

television had a significant association with the availability of soap and water at the place of 

handwashing, and with combined WASH. It is possible that households with access to mass 

media experience further exposure to relevant information on hygiene and sanitation, 

potentially enabling them to seek adequate WASH services at home. 

6.5.3 Community-level factors and WASH components 

Mothers residing in urban areas had better access to all WASH services, except to an improved 

water source, than mothers from rural areas. The urban mothers were more likely be employed 

and were therefore in a higher wealth index than mothers in rural areas, and thus were more 

likely to have improved WASH services in the household. Urban households would be more 

likely to have the necessary resources to build sanitary toilets, install plumbing for water access 

inside the residence, and purchase soap and other cleaning and sanitary items compared to rural 
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households. Mothers from the hills and mountains regions have significantly higher rates of 

access to sanitary toilet facilities than plains region. However, those in mountains regions have 

less access to soap and water and were less likely to have an established handwashing place in 

the home compared with plains region. Mothers from the hills had good availability of 

combined WASH. This study did not, however, find a significant association between 

geographical location of residence and access to an improved water source. 

The distribution of WASH components by province was found to be varied, with the lowest 

levels of access to WASH experienced in Province 2 in the plains region. This may be due to 

the low level of mother’s and husband’s education, high poverty levels, gender discrimination, 

and low level of WASH provision in this province [375]. Households in Province 7 reported the 

highest access to a handwashing facilities with soap and water, which may be due to targeted 

WASH programs facilitated by government and non-government organisations, such as the 

Rural Village Water Resources Management Project, with technical support from the Finnish 

Government in this Province [110]. This results is supported by the Vietnam WASH services, 

where handwashing rate greatly improved [376] after the success of a pilot project which was 

due to the commitment of the Government of Vietnam, with the support of the Danish 

Government. 

The community WASH management approach, through collective initiatives, strong local, 

provincial and federal governmental leadership, and institutional transparencies are required to 

make effective  and sustainable WASH  facilities in Nepal [377]. The current evidence can 

support policy makers to develop annual WASH programs and to advocate for budgeting by 

the Ministry of Health and Population Nepal.  

Regarding the prevalence of an improved water source, sanitary toilets, and handwashing with 

soap facilities, the findings of this study are consistent with those of several previous studies [1, 
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71, 143]. People from rural areas, those who live a longer distance from a water source, and those 

who live in the plains region had poorer WASH access than those who lived in the hills region 

and urban areas. 

The main findings of this study were that wealth index, ecology and distance to water source 

were significantly related to discrete and combined WASH facilities and education of mothers 

and their husbands, place of residence, and provinces were significantly associated with 

discrete and combined WASH except improved water sources in Nepal. The HMG is effective 

only for encouraging households to have sanitary toilets based on the result of it has 1.52 times 

higher chance of having sanitary toilet. 

This study demonstrated the need for a multi-level approach to understanding WASH in Nepal, 

which takes account of individual-, family-, community-, and policy- level factors. While 

policy-level factors were not analysed in this study, as they were unavailable in the NDHS 

2016 dataset, these findings have identified the need for context-specific policy to enable 

effective strategies for the promotion of WASH services in Nepal. Further research is required 

to determine the relationships between individual WASH components and combined WASH, 

and communicable diseases in Nepal (undertaken in Chapter 7). Additionally, geopolitically 

based surveys should be conducted in relation to the political structure of Nepal, for example, 

by conducting surveys in schools, colleges, health facilities, and public and private 

organisations, in line with SDG–6 targets related to WASH and beyond. This would provide a 

more comprehensive understanding of WASH.  

6.6 Strengths and limitations 

This study used the 2016 NDHS data which had a large sample size, as data were collected 

from 383 clusters from 14 rural and urban strata, which representative of all regions of Nepal. 

Respondents were selected from households using a systematic random selection procedure, 
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which helps to reduce selection bias [378]. This study applied multi-level modelling which was 

more appropriate than classical logistic regression, as it helps with data reduction [378]. This 

study applied multi-level logistic analysis which allowed an understanding of the roles of 

individual-, family-, and community- level factors associated with WASH. The policy makers 

can consider an individual- family-, and community-level factors during the policy formulation 

process. Furthermore, this study considered discrete and combined WASH outcomes to 

provide further insight into each study outcome. 

Despite the strengths of this study, some limitations have been identified. The NDHS data used 

in this study did not include responses from every mother in Nepal. The survey data are cross-

sectional; therefore, causal inferences cannot be made about potential relationships between 

explanatory variables and WASH. This study excluded some potential participants such as De 

Facto residences, who were excluded from participating in the NDHS, and mothers with 

children over the age of five, and this may have affected the study results.  

6.7 Conclusions 

This study found that individual-, family-, and community-level factors had mixed effects on 

households’ access to individual WASH components and to combined WASH services. Higher 

education levels of mothers, as well as their husbands, and a high household wealth index had 

significant positive associations with each component of WASH access. The age of the mother 

was significantly associated with access to a sanitary toilet and combined WASH. The 

occupation of the mother had a significant association with the availability of soap and water. 

Caste or ethnicity was significantly related to the level of access to a sanitary toilet, a fixed 

place for handwashing, and combined WASH. Exposure to newspapers and exposure to 

television were significantly associated with a fixed place for handwashing, available soap and 

water, and combined WASH. This study showed that wealth index, ecology, and distance to a 
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water source were significantly associated with discrete WASH facilities and combined WASH 

facilities. Access to an HMG was significantly associated only with sanitary toilets in Nepal. 

Further research is needed to assess the health effects of each individual WASH component on 

children, mothers, and other family members in Nepal. Tangible indicators for scientific 

measurement of each component of WASH are also needed. This could be through the 

observation of household activity, to accurately measure the prevalence of WASH access and 

practice by household mothers with children under five years. Critical evaluation of individual, 

family-, and community factors would provide understanding of their influence on actual use 

of WASH facilities. 

Factors affecting WASH services were identified in this study. Geography, economic status, 

and level of education were important factors in access to a sanitary toilet, a fixed place for 

handwashing, the availability of soap and water, and combined WASH services. This supports 

the need to address the existing disparities in socioeconomic status, autonomy in the home, and 

level of education. The actions taken by both the health and other sectors may be instrumental 

in improving the quality of WASH services. Promotion of WASH practices, is required at all 

levels of the community. The outcome of this study advocates for the prioritisation of WASH 

programs for households considering individual-, family/household-, and community factors.  
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7. Chapter 7. Effects of Household Water, Sanitation and 

Hygiene Facilities on Diarrhoea and Malnutrition among 

Children Under Five Years in Nepal 

7.1 Foreword  

The previous chapters have shown that handwashing rates varied in Nepal and factors such as 

availability of soap, water and a fixed place for handwashing enabled people to form hygienic 

handwashing habits (Chapter 4). The low level of education of household heads, and their 

marital status, wealth index, place of residence and distance to water sources were associated 

with an improved water source, sanitary toilets and handwashing facilities. Province 2 and 6 

had clusters of unsanitary toilets facilities and unimproved water sources, respectively (Chapter 

5) and an individual-, the family-, and the community-level factors had mixed effects on 

households’ access to discrete water, sanitation and hygiene (WASH) and to combined WASH 

facilities in Nepal (Chapter 6). This chapter brings that information to bear on the outcomes of 

having limited or no access to improved water sources, sanitary toileting, and facilities for 

handwashing with soap. Diarrhoea is a major public health problem and ranks in the top ten 

diseases, according to the Health Management Information System (HMIS) of Nepal [52]. 

Approximately 50% of diarrhoeal diseases occur among children who are malnourished [41, 42], 

and frequent episodes of diarrhoea among children under five years can cause malnutrition [379]. 

The main risks factors for diarrhoeal diseases are poor access to and use of WASH by family 

members and carers at the household level [175, 380-382]. Improved WASH may reduce the burden 

of disease by as much as 10% [42]. The objective addressed in this chapter is to assess the effects 

of households’ WASH facilities on diarrhoea and malnutrition among children under five years 

in Nepal. 
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7.2 Introduction 

Diarrhoea is one of the leading causes of morbidity and mortality among children under five 

years worldwide [23]. The World Health Organization (WHO) estimates that approximately 1.7 

billion children experience diarrhoea each year worldwide [383], and of these, 533,768 cases (a 

rate of 78 per 100,000 children) resulted in death in 2017 [384]. Severe episodes of diarrhoea 

among children under five years are at an unexpectedly high rate in the South East Asia Region 

(SEAR) (with a rate of 26%), and approximately 50% of child deaths due to diarrhoeal diseases 

occur in sub-Saharan Africa (SSA) [385]. The global mortality rate related to diarrhoea is 27% 

among children under five years, with approximately 90% of diarrhoeal deaths occurring in the 

SEAR and SSA in 2016 [23]. 

Nepal is one of the most diarrhoea risk-prone countries in the world [57]. Diarrhoea is ranked as 

the second highest in disease burden, and 38.5% of children under five years were infected in 

2018 in Nepal [52]. Identified determinants of diarrhoea in Nepal are demographic, socio-

cultural, economic, and environmental factors, as well as the inadequacy of health care services 

[175]. Children aged between 6 and 23 months in Kathmandu’s Children’s Hospital have a higher 

risk of diarrhoea (78%) compared with older children in the same hospital [386]. Female children 

from poor households experience episodes of diarrhoea at a higher frequency than male 

children [387, 388]. Inadequate breastfeeding practices lead to a higher risk of infants’ contracting 

diarrhoea, while malnourished children are also more susceptible [389]. Mothers with a higher 

level of education are more aware of effective measures to prevent diarrhoea [390]. Cultural 

beliefs, such as giving a banana to a child during an episode of diarrhoea, can increase the 

health risk to the child during an episode of diarrhoea and cause death due to delay in accessing 

professional medical treatment [390-392]. In the rural communities of Nepal, some people believe 

diarrhoea is caused by cold, fever, and evil spirits [175, 393]. These beliefs can have a negative 
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health effect, as handwashing with soap may not be seen as necessary in the prevention of 

diarrhoea [175]. Some also believe diarrhoea may be caused by the eruption of teeth, and that 

diarrhoea can be cured by eating curd [394]. 

Households with higher or sufficient incomes are more able to utilise better WASH [395]. 

Diarrhoea affects children unequally, and higher rates of diarrhoea among some populations 

can be attributed to location of residence, poor access to WASH, being from a low-income 

household and/or a marginalised population, and poor access to good-quality health care 

services [30]. Therefore, diarrhoea remains a major public health challenge for developing 

countries, including Nepal, and is caused by inadequate WASH, such as not handwashing with 

soap [29]. Diarrhoea prevalence is linked to WASH practices of children under five years [396]. 

Diarrhoea can be reduced by 17% with the use of an improved water supply, 36% with the use 

of sanitary toilets, and 47% with the practice of handwashing with soap [207]. 

Malnutrition is unacceptably high and continues to be a major global public health problem 

affecting children under five years, particularly in developing countries, including Nepal. In 

2018, the global prevalence of stunting among children under five years was 22%, wasting was 

7%, and obesity was 6% [397]. Approximately 45% of child deaths for those under five years 

occurred due to undernutrition [398]. 

Factors related to child malnutrition are the child’s age, sex, dietary habits, access to health 

care services, maternal weight, maternal education, economic status, access to WASH 

facilities, geographical location, and access to resources and infrastructure [399-403]. A study 

conducted in Nepal, Bangladesh, Pakistan and Myanmar found a significant association of 

malnutrition with socio-demographic factors [403]. For example, children aged 24 to 59 months 

had higher rates of malnutrition compared with children aged less than 24 months, and children 

who were not breastfed had a higher proportion of malnutrition compared with children who 
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were breastfed. Children with mothers undertaking informal work, including as manual 

labourers and street vendors, had a higher risk of malnutrition compared with children of full-

time workers in Nepal [404]. Inadequate WASH conditions are closely linked to childhood 

growth and development, but improved WASH alone does not reduce malnutrition [405]. 

There is strong evidence of the impact of WASH on diarrhoea prevalence; however, the impact 

of WASH on child malnutrition is unclear, and its relationship to mortality remains to be 

studied [1]. Malnutrition and diarrhoea are bidirectional and interrelated [213]. Diarrhoea can lead 

to malnutrition, and malnourished children have a higher risk of contracting diarrhoea and 

infections compared with children who have adequate WASH and adequate nutrition, and were 

breastfed. [406]. Approximately 50% of all deaths occur due to malnutrition [407], with the same 

rates of malnutrition cases as the rates of diarrhoea, as a result of unimproved WASH globally 

[41, 42]. Approximately 50% of under-five mortality is associated with malnutrition in Nepal [31]. 

An earlier study has shown households’ WASH facilities are influenced by socio-demographic 

and other contextual factors [408], as are access to WASH, as shown in Chapter 6. Previous 

studies have suggested that only discrete WASH practices were associated with diarrhoea [39, 

207], and nutritional status among children under five years [36, 39]. However the impact of both 

discrete and combined WASH facilities on diarrhoea and malnutrition remains unknown, 

especially after adjusting potential confounders identified using Directed Acyclic Graphs 

(DAG) technique [248]. These WASH components were independently associated with 

diarrhoea and malnutrition which lacks adjusting combined WASH components could lacking 

study findings. Therefore, it is required to study updated scientific study about household 

WASH facilities and diarrhoea and malnutrition in Nepal. The objective of this study was to 

assess the effects of household WASH facilities on diarrhoea and malnutrition among children 

under five years in Nepal.  
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7.3 Methods 

7.3.1 Data source and respondents 

This study used the 2016 Nepal Demographic and Health Survey (NDHS), which provided a 

detailed overview of mothers’ and children’s health as well as their household characteristics. 

The identified study variables were taken from the children’s recode (KR) file, and 

additionally, WASH variables from the household recode (HR) file were merged into the KR 

file. The respondents were the household heads, mostly males, as well as usual resident 

mothers, aged 15–49 years, with a child under five years. 

7.3.2 Inclusion and exclusion criteria 

Interviews were conducted with mothers aged 15–49 years who had at least one child under 

five years of age. Children who were physically present during the survey and who had their 

height and weight measured at the time were included in this study. The exposure variables 

related to WASH were obtained from household heads during NDHS. The youngest child of 

each mother was included in this analysis. Once data concerned with deceased children were 

excluded, the weighted sample for this study was 4,887 children. Data about children were 

excluded if their mothers were visiting another household on the day of the survey, if their 

mother did not know if there had been a diarrhoea episode in the previous two weeks or if they 

were not weighed or measured. Data from children where values for height (n=2,524) and value 

for weight (n=2,517) were missing and excluded from the analysis the data for stunting and 

underweight outcomes. Data from children with missing height and/or weight (n=2,527) were 



 

193 
 

excluded from the analysis for wasting outcomes. Data that were flagged due to unknown dates 

of birth and/or implausible measurements7 were also excluded. 

7.3.3 Outcome variables 

The outcome variables of this study were diarrhoea and malnutrition among children under five 

years. The diarrhoea outcome was measured if mothers reported children passing watery stool 

more than twice in 24 hours in the two weeks prior to the day of survey.  

Malnutrition was measured as stunting (height for age), wasting (weight for age), and 

underweight (weight for height). Z-scores were applied to measure these outcomes, with the 

cut-off point of SD/z-score <-2. The levels by which malnutrition was calculated were based 

on the World Health Organization (WHO) Global Database on Child Growth and Malnutrition 

criteria [297]: stunting (height for age if < -2 SD of the WHO Child Growth Standards median), 

wasting (weight for height if < -2 SD of the WHO Child Growth Standards median), and 

underweight (weight for age if < -2 SD of the WHO Child Growth Standards median) [298]. 

Both diarrhoea and malnutrition outcomes were scored dichotomously.  

7.3.4 Exposure variables 

Potential exposure variables for this study included source of water (improved or unimproved), 

type of toilet facilities (sanitary or unsanitary), status of handwashing place (fixed place or not 

fixed/mobile place), availability of soap and water (available or not available), and combined 

WASH (available or not available) facilities at households level. All discrete and combined 

WASH variables were coded dichotomously. 

                                                 
7 Children with height-for-age z-scores below -6 SD or above +6 SD, with weight-for-age z-

scores below -6 SD or above +5 SD, or with weight for height z-scores below -5 SD or above 

+5 SD were considered as flagged. 
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7.3.5 Identification of confounders 

The potential confounders for the diarrhoea outcome included age of the child, education of 

the mother and her husband, mother’s occupation, wealth index, caste or ethnicity, 

breastfeeding, exposure to newspapers, exposure to radio, exposure to television, place of 

residence, ecology, province, distance to water source, and access to Health Mothers’ Groups 

(HMG) in the community. These confounders were also included in the malnutrition model 

with the addition of mother’s age. The potential variables were adjusted in the multivariate 

analysis, based on a significant p-value at 0.05 in the bivariate analysis, and existing statistical 

and research knowledge and practice. Possible confounders were identified using DAG [289]. 

Identified confounding variables were adjusted in the multiple logistic regression model. 

Minimal sufficient adjustment sets for estimating the total effect of WASH on diarrhoea and 

malnutrition are illustrated as the red circles in  Figure 7.1 and 7.2 below.  

 

Figure 7.1: Directed acyclic graph showing possible confounders on the diarrhoea 
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Figure 7.2: Directed acyclic graph showing possible confounders on malnutrition 

7.3.6 Data analysis 

Data were analysed using STATA 15 software [300]. The prevalence of diarrhoea and 

malnutrition were calculated by percentage through univariate analysis. A weighted sample 

was used to analyse the data, which provided consistencies in the sample distribution by region 

and cluster. A bivariate analysis was performed, and after careful identification of confounding 

variables using DAG, adjusted odds ratios at a 95% confidence interval with a 0.05 significance 

level were calculated. The socio-demographic characteristics were analysed descriptively and 

are shown in numbers and percentages. A multivariate logistic regression analysis was 

performed to examine the effects of household WASH facilities on diarrhoea and malnutrition 

among children under five years in Nepal. 

 



 

196 
 

7.4 Results 

7.4.1 Respondents’ characteristics and the prevalence of diarrhoea among children under 

five years 

The sample consisted of the youngest child aged under 5 years old for the mother of each 

sampled household. Data were analysed for 4,846 children after exclusion criteria were applied. 

The overall prevalence of diarrhoea in the two weeks prior to data collection among children 

under five years was 7.6% (Table 7.1). The percentage of the male and female children were 

52.6% and 47.4% respectively. Approximately 51.3% of mothers were aged 25 to 34 years. 

Approximately 34.1% of mothers and 14.8% of their husbands had no education. The highest 

percentage of mothers in the workforce were in the agricultural profession (45.3%). The 

majority (42.3%) of respondents representing from household poor wealth index score. The 

highest prevalence of diarrhoea (8.4%) was in the children in the middle wealth index category. 

Approximately 85.1% of mothers identified as being Hindu, and the remainder were non-Hindu 

(Buddhist, Muslim, Kirat or Christian). The prevalence of diarrhoea was higher (8.2%) among 

children who were breastfed compared with non-breastfed children. Children of mothers who 

were exposed to any one form of mass media (newspapers, radio, or television) at least once a 

week had lower rates of diarrhoea compared with children of mothers who were not exposed. 

Community factors, such as place of residence, ecology and province, showed discrepancies in 

the rates of diarrhoea distribution. Approximately 59.2% of all children from rural residences 

reported diarrhoeal infections compared with 40.8% of all children from urban residences, but 

the prevalence of diarrhoea among children under five years was higher in urban residences 

(8.2%) compared with rural residences (7.3%). The highest distribution of diarrhoea among 

children under five years by province was seen in Province 2 (30.2%). Approximately 32.9% 

of mothers reported that an HMG was accessible in the community. For children who resided 
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>30 minutes from a water source, there was a prevalence of diarrhoea of 16.4%, whereas for 

those who resided ≤30 minutes from a water source, there was a prevalence of 7.1%. Household 

mothers who disposed of their children’s stool by unsafe methods, including putting it in a 

ditch, the garbage, or an open space, had children with a higher rate of diarrhoea (10.1%) 

compared with children of mothers who used safe disposal methods, such as putting it in the 

toilet or burying it (6.6%). 

Table 7.1: Respondents’ characteristics by the prevalence of diarrhoea among children 

under five years 

Variables Diarrhoea (n=4846)8  

No (n, %) Yes (n, %) Total (n, %) PR (%) 

Overall 4474 (92.3) 372(7.6) 4846(100) 7.6 

Age of child (in months)                             

 <12 919(20.6) 116(31.0) 1035(21.4) 11.1 

 13–24 911(20.3) 94(25.2) 1005(20.7) 9.3 

 25–36 857(19.2) 66(17.7) 923(19.1) 7.1 

 37–48 892(19.9) 55(14.9) 947(19.5) 5.9 

 49–59 895(20.0) 41(11.1) 936(19.3) 4.4 

Sex of child  

 Male  2350(52.5) 196(52.9) 2546(52.6) 7.7 

 Female 2125(47.5) 175(47.1) 2299(47.4) 7.6 

Age of mother  

 15–24 1809(40.4) 149(40.1) 1958(40.4) 7.6 

 25–34 2293(51.3) 191(51.5) 2485(51.3) 7.7 

 35+ 372(8.3) 31(8.4) 403(8.3) 7.8 

                                                 
8 Samples were included after excluding the data for the unknown diarrhoea status (n=41). 
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Variables Diarrhoea (n=4846)8  

No (n, %) Yes (n, %) Total (n, %) PR (%) 

Education of mother  

 No education 1509(33.7) 142(38.1) 1651(34.1) 8.6 

 Primary 893(19.9) 83(22.1) 976(20.1) 8.4 

 Secondary 1452(32.5) 96(25.9) 1548(31.9) 6.2 

 SLC or higher 620(13.9) 51(13.9) 671(13.9) 7.7 

Occupation of mother  

 No work 1804(40.3) 169(45.5) 1973(40.7) 8.6 

 Agriculture 2066(46.1) 129(34.7) 2195(45.3) 5.9 

 Non-agriculture 604(13.5) 74(19.8) 678(14.0) 10.9 

Education of husband  

 No education 641(14.4) 70(19.2) 711(14.8) 9.8 

 Primary 1012(22.8) 83(23.0) 1095(22.8) 7.6 

 Secondary 2014(45.3) 142(39.0) 2156(44.8) 6.6 

 SLC or higher 776(17.5) 69(18.8) 845(17.6) 8.1 

Wealth index  

 Poor  1906(42.6) 144(38.7) 2050(42.3) 7.0 

 Middle 988(22.1) 91(24.5) 1079(22.3) 8.4 

 Rich 1580(35.3) 137(36.8) 1717(35.4) 7.9 

Caste or ethnicity  

 Brahmin  1274(28.5) 76(20.3) 1350(27.9) 5.6 

 Janajati 1692(37.8) 150(40.3) 1842(38.0) 8.1 

 Scheduled 609(13.6) 50(13.6) 659(13.6) 7.6 

 Other 899(20.1) 96(25.8) 995(20.5) 9.6 

Religion  
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Variables Diarrhoea (n=4846)8  

No (n, %) Yes (n, %) Total (n, %) PR (%) 

 Hindu 3813(85.2) 315(84.9) 4128(85.1) 7.6 

 Non-Hindu  661(14.8) 57(15.1) 718(14.9) 7.8 

Age at first birth   

 ≤20 years 2892(64.4) 234(62.9) 3126(64.5) 7.4 

 >21 years 1582(35.6) 138(37.1) 1720(35.5) 8.0 

Currently breastfeeding   

 Yes 3408(76.1) 306(82.5) 3714(76.7) 8.2 

 No 1066(23.8) 65(17.5) 1131(23.3) 5.7 

Exposure to newspapers  

 No exposure 3489(78.0) 301(80.9) 3790(78.2) 9.8 

 Exposure 985(22.0) 71(19.1) 1056(21.8) 6.7 

Exposure to radio  

 No exposure 2200(49.2) 203(54.6) 2403(49.6) 8.4 

 Exposure 2274(50.8) 169(45.4) 2443(50.4) 6.9 

Exposure to television  

 No exposure 1685(37.7) 167(44.9) 1852(38.2) 9.0 

 Exposure 2789(62.3) 205(55.1) 2993(61.8) 6.8 

Place of residence  

 Rural  2787(62.3) 220(59.2) 3007(62.1) 7.3 

 Urban 1687(37.7) 152(40.8) 1839(37.9) 8.2 

Ecological zone  

 Plains 2435(54.4) 234(63) 2669(55.0) 8.8 

 Hills 1719(38.4) 120(32.2) 1838(38.0) 6.5 

 Mountains 321(7.2) 18(4.8) 339(7.0) 5.2 
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Variables Diarrhoea (n=4846)8  

No (n, %) Yes (n, %) Total (n, %) PR (%) 

Province  

 1 727(16.2) 57(15.5) 784(16.1) 7.3 

 2 1190(26.6) 112(30.2) 1302(26.8) 8.6 

 3 710(15.9) 71(19.1) 781(16.1) 9.1 

 4 362(8.1) 14(3.8) 376(7.8) 3.8 

 5 791(17.7) 71(19.2) 862(17.8) 8.2 

 6 301(6.7) 19(5.2) 320(6.6) 6.0 

 7 393(8.8) 26(7.0) 419(8.7) 6.2 

 
Health Mothers’ Group (HMG) 

 

 HMG not available 2397(53.6) 212(57.1) 2609(53.8) 8.1 

 HMG available 1486(33.2) 109(29.4) 1595(32.9) 8.9 

 Do not know 592(13.2) 50(13.5) 642(13.3) 7.8 

Source of water (n=4479)9  

 Improved  3959(95.4) 315(95.4) 4274(95.4) 7.3 

 Unimproved 190(4.6) 15(4.6) 205(4.6) 7.4 

Distance to water source (n=4479)10  

 ≤30 minutes 4074(98.2) 316(95.6) 4390(98.0) 7.1 

 >30 minutes 75(1.8) 15(4.5) 89(2.0) 16.4 

Toilet type  

 Sanitary  3209(77.3) 231(69.8) 3440(76.8) 6.7 

 Unsanitary  939(22.6) 100(30.2) 1039(23.2) 9.6 

                                                 
9 Mothers excluded (n=373) from study due to De Facto (guest) status.  

10 Mothers excluded (n=373) from study due to De Facto (guest) status.  
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Variables Diarrhoea (n=4846)8  

No (n, %) Yes (n, %) Total (n, %) PR (%) 

Child’s stool disposal method (n=3081)11  

 Safe  1291(45.8) 91(34.9) 1382(44.9) 6.6 

 Unsafe 1528(54.2) 171(65.1) 1699(55.1) 10.1 

Handwashing place (n=4835)12  

 Fixed  3523(78.9) 261(70.5) 3785(78.3) 6.9 

 Not fixed  941(21.1) 110(29.5) 1051(21.7) 10.4 

Soap and water status (n=4835)13  

 Available 1790(40.1) 123(33.2) 1913(39.6) 6.4 

 Not available  2675(59.9) 247(66.8) 2922(60.4) 8.4 

Combined WASH  

 Available  1484(33.2) 85(22.9) 1569(32.4) 5.4 

 Not available  2991(66.8) 286(77.1) 3277(67.6) 8.7 
 

 

7.4.2 Effects of household WASH facilities on diarrhoea among children under five years 

Table 7.2 shows the effects of WASH components with other explanatory variables on 

diarrhoea rates among children under five years. Both the crude odds ratios and adjusted odds 

ratios are presented. Children of households without access to a fixed place for handwashing 

                                                 
11 Survey data for latest stool disposal methods was recorded for children under 2 years. 

12 Mothers excluded (n=11) from this study due to no observed handwashing place. 

13 Mothers excluded (n=11) from this study due to not observing whether there is soap and 

water available. 
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were more likely (AOR=1.62; 95% CI: 1.19-2.18) to experience diarrhoea relative to children 

of mothers with a fixed place for handwashing in the home. The absence of combined WASH 

facilities in the household meant children under five years had more than a two times higher 

chance of contracting diarrhoea (AOR=2.19; 95% CI: 1.04-4.61) compared with those with 

combined WASH facilities. Children of mothers who disposed of their children’s stool in an 

unsanitary manner were more likely to experience diarrhoea (COR=1.57; 95% CI: 1.16-2.14) 

compared with those whose children’s stool was disposed of in a sanitary manner. Other 

covariates such as age of the child, occupation of mother, caste/ethnicity and exposure to 

television were significantly associated with diarrhoea (Appendix E).  However, the source of 

water, type of toilet, and availability of soap and water, and distance to water source were not 

significantly related to the prevalence of diarrhoea.  

Table 7.2: Bivariate and multivariate logistic regression analysis on the effects of WASH 

variables on diarrhoea among children under five years 

Variables Bivariate                Multivariate 

 COR AOR P value 

Source of water 

 Improved 1 1  

 Unimproved 1.01(0.57-1.80) 0.70(0.30-1.65) 0.412 

Type of toilet 

 Sanitary  1 1  

 Unsanitary 1.47(1.00-2.18) 0.99(0.62-1.59) 0.981   

Fixed place for handwashing 

 Available  1 1  

 Unavailable 1.57(1.21-2.04) 1.62(1.19-2.18) 0.002 

Soap and water 
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Variables Bivariate                Multivariate 

 COR AOR P value 

 Available  1   

 Unavailable 1.34(0.96-1.88) 0.62(0.32-1.18) 0.146 

Combined WASH services 

 Available   1  

 Unavailable 1.67(1.26-2.21) 2.19(1.04-4.61) 0.038 

Distance to water source 

 ≤30 minutes 1 1  

 >30 minutes 2.54(0.97-6.67) 1.50 (0.67-3.33) 0.322 

Child’s stool disposal method  

 Safe 1   

 Unsafe 1.57(1.16-2.14) - - 

 

Note: Regression models were adjusted for all significant factors in the bivariate analysis (age 

of child, occupation of mother, caste or ethnicity, breastfeeding, ecology and province) and 

other potential confounders (education of mother and husband, wealth index, exposure to 

newspapers, exposure to radio, exposure to television, residence location, distance to water 

source, and presence of HMG), which were identified using a DAG. All odds are from 

combined models, which were adjusted for confounders of each predictor variable with the 

outcomes. 

7.4.3 Respondents’ characteristics by the prevalence of malnutrition among children 

under five years  

Of the survey respondents the weighted number of children under five years included the 

outcome measure for stunting (n=2,363) and for underweight (n=2,370) after excluding 
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children due to flagged data and absence of children for height and weight measurement, 

respectively; for wasting (n=2,360) after excluding children due to flagged data, implausible 

measurement and absence of children for weight and/or height measurement. Malnutrition 

(stunting, wasting and underweight) was measured using an anthropometric approach (a 

systematic measurement of the children’s weight and height). The weighted number of the 

children’s distribution of stunting, wasting and underweight is illustrated in the Venn diagram 

in Error! Reference source not found.. The prevalence of stunting among children under five 

years was 36%, for wasting it was 10%, and for underweight it was 27%. Of the children 

categorised as stunted, 17% were also underweight and 3% had wasting. Of the wasting 

children, 4% also suffering from being underweight and 3% were stunted. Of the children who 

were underweight, 17% were also stunted, 4% had wasting, and 3% were stunted and had 

wasting. 

 

Figure 7.3: Venn diagram of the distribution of stunting, wasting and underweight 
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Table 7.3 shows the socio-demographic and WASH characteristics of household mothers 

associated with the prevalence of malnutrition among children under five years. Children aged 

25–36 months had the highest prevalence of stunting (44.4%) and underweight (30.0%); 

however, the age group with the highest prevalence of wasting was the younger than 12 months 

group at 17.5%. The highest representation of children in the study were males (52.2%), and 

the prevalence of stunting of all children in this study was 36%, with almost equal distribution 

among male and female children. The wasting and underweight rates for female children were 

10% and 27.2%, respectively, slightly higher than for male children (9.6% and 26.9%, 

respectively). The stunting and underweight categories were higher among the children whose 

mothers and their husbands had no education (Table 7.3). The distributions of study 

participants by wealth index and rates of malnutrition were 42% in the poor category, 22% in 

the middle category, and 35% in the rich category. In relation to caste or ethnicity, study 

participants identified as Brahmin (26.9%), Janajati (38.1%), scheduled or Shudra caste 

(14.3%), and other unidentified castes (20.7%). The highest prevalence of stunting was among 

children of mothers who were of other unidentified castes (40.7%), followed by the scheduled 

or Shudra caste (39.1%). 

The highest rate of wasting was among children of mothers who were of the scheduled or 

Shudra caste (12.1%), and the highest rate of underweight was among children of mothers of 

the other unidentified castes (36%). Eighty-six percent of mothers identified as being Hindu, 

and children of mothers of this religion were found to have a higher prevalence of stunting and 

underweight than mothers of other religions. However, the highest wasting rate was among 

respondents of non-Hindu religions. Sixty-six percent of mothers had their first child when 

they were in their twenties or younger. The highest prevalences of stunting, wasting, and 

underweight were among children of mothers who were under 20 years when they had their 
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first child. More than 76% of mothers were breastfeeding during the survey period, and these 

mothers’ children had the highest prevalence rates of stunting (36.5%), wasting (10.8%), and 

underweight (29%) compared with mothers who did not breastfeed their children. Of children 

whose mothers were exposed to newspapers, radio, and television at least once a week, 22% 

were categorised as having stunting, 50% as having wasting, and 62% as underweight. Children 

whose mothers were not exposed to such mass media forms had a higher prevalence rate of 

malnutrition. In this group, the prevalence rates of stunting were 39.7% (rural 39.7% and urban 

29.2%), for wasting were 9.8% (rural 10.4% and urban 8.7%), and for underweight were 27.1% 

(rural 30.4% and 21.5%) in Nepal. The highest stunting rate was found among children from 

the mountains region, while those in the plains region had the highest rates of wasting and 

underweight (Table 7.3). Children from Province 2 had the highest prevalence of wasting 

(14.8%) and underweight (36.8%) of all provinces, and children from Province 6 had the 

highest rate of stunting (54%). Children from Province 6 also had similar prevalence rates of 

underweight (35.5%) as those from Province 2. Children of mothers who had no HMG 

available to them had higher rates of stunting (37.4%), wasting (11%), and underweight 

(28.8%) compared with children of mothers who did have access to an HMG (Table 7.3). 

This study found children whose mothers had an unimproved water source had a higher 

prevalence of stunting (43.1%), wasting (9.7%), and underweight (31.4%) compared with 

children of mothers with access to an improved water source. The children of mothers who had 

no access to a sanitary toilet had a higher prevalence of stunting (49.7%), wasting (13.1%), and 

underweight (40.95%) compared with those who had access to a sanitary toilet. Children whose 

mothers had a mobile place for handwashing had a higher prevalence of stunting (40.8%), 

wasting (14.1%), and underweight (33.4%) compared with those whose mothers had a fixed 

place for handwashing. The prevalences of stunting, wasting, and underweight among children 

under five years were higher (42.2%, 11.1%, and 33.1%, respectively) for those whose mothers 
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did not have soap and water available in the handwashing place, compared with those who did 

have soap and water available in the handwashing place. Of children whose mothers did not 

have combined WASH services, 40% were categorised as having stunting, 11% as having 

wasting, and 32.3% as underweight. These prevalence rates are higher than for children whose 

mothers had combined WASH services available at home (Table 7.3).
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Table 7.3: Characteristics of respondents by malnutrition type, and prevalence of stunting, wasting and underweight among children 

under five years 

Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

Age of child (in months) 

<12 418(27.5) 92(10.8) 509(21.6) 18.0 417(19.6) 89(38.5) 506(21.4) 17.5 409(23.6) 102(15.9) 511(21.5) 20.0 

13–24 307(20.3) 191(22.6) 498(21.1) 38.4 442(20.8) 55(24.0) 498(21.1) 11.1 358(20.7) 142(22.1) 500(21.1) 28.4 

25–36 253(16.6) 202(23.8) 455(19.2) 44.4 426(20.0) 29(12.6) 455(19.3) 6.4 320(18.5) 137(21.3) 457(19.3) 30.0 

37–48 289(19.0) 190(22.5) 479(20.2) 39.4 449(21.1) 30(13.0) 479(20.1) 6.3 346(20.0) 135(21.1) 481(20.3) 28.1 

49–59 251(16.6) 171(20.2) 422(17.9) 40.4 394(18.5) 28(11.9) 422(17.9) 6.5 296(17.1) 126(19.6) 422(17.8) 29.8 

Sex of child 

Male  792(52.2) 442(52.3) 1234(52.2) 35.8 1113(52.3) 118(51.1) 1231(52.2) 9.6 905(52.4) 334(52.0) 1239(52.3) 26.9 

                                                 
14 Children included after excluding data for the flagged data and absence of children for height measurement(n=2524) 

15 Children included after excluding data for the flagged data, implausible measurement and absence of children for weight measurement(n=2527) 

16 Children included after excluding data for the flagged data and absence of children for the measurement of whether weight or height (n=2517) 
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Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

Female 725(47.8) 403(47.7) 1129(47.8) 35.7 1015(47.7) 112(48.9) 1128(47.8) 10.0 824(47.6) 308(48.0) 1131(47.7) 27.2 

Age of mothers 

15–24 674(44.4) 327(38.8) 1001(42.4) 32.7 894(42.0) 107(46.3) 1000(42.3) 10.7 769(44.5) 235(36.6) 1004(42.4) 23.4 

25–34 717(47.3) 424(50.1) 1141(48.3) 37.2 1037(48.7) 102(44.3) 1139(48.3) 9.9 805(46.6) 340(53.0) 1145(48.3) 29.7 

35+ 127(8.3) 94(11.1) 221(9.3) 42.6 199(9.3) 22(9.4) 221(9.4) 9.9 155(9.0) 67(10.4) 222(9.3) 30.1 

Education of mothers 

No education 441(29.1) 374(44.2) 815(34.4) 45.8 713(33.5) 102(44.2) 815(34.5) 12.5 518(30.0) 301(46.9) 819(34.6) 36.7 

Primary 299(19.7) 173(20.5) 472(20.0) 36.7 428(20.1) 42(18.3) 471(20.0) 9.0 340(19.7) 132(20.6) 472(19.9) 27.9 

Secondary 527(34.7) 227(26.8) 753(31.9) 30.1 689(32.3) 64(27.5) 752(31.9) 8.4 595(34.4) 160(24.9) 755(31.8) 21.2 

SLC/higher 250(16.5) 72(8.5) 323(13.7) 22.4 299(14.1) 23(9.9) 322(13.6) 7.1 276(16.0) 49(7.6) 325(13.7) 15.0 

Occupation of mothers 

No work 657(43.3) 281(33.2) 938(39.7) 29.9 823(38.7) 114(49.2) 937(39.7) 12.1 706(40.8) 235(36.6) 941(39.7) 24.9 

Agriculture 647(42.7) 442(52.2) 1089(46.1) 40.6 991(46.5) 95(41.0) 1086(46.0) 8.7 762(44.1) 329(51.3) 1091(46.1) 30.2 

Non-agriculture 213(14.0
) 

123(14.6) 336(14.2) 36.7 315(14.8) 23(9.8) 337(14.3) 6.7 261(15.1) 78(12.1) 338(14.2) 23.0 

Education of husband 
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Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

No education 194(12.9) 167(19.9) 361(15.4) 46.3 327(15.5) 36(15.7) 363(15.5) 10.0 225(13.1) 139(21.9) 364(15.5) 38.3 

Primary 320(21.2) 216(25.8) 535(22.8) 40.3 470(22.2) 62(27.0) 532(22.7) 11.7 374(21.8) 162(25.4) 535(22.8) 30.2 

Secondary 685(45.4) 351(41.9) 1035(44.2) 33.9 932(44.2) 101(43.8) 1033(44.1) 9.8 782(45.6) 255(40.0) 1038(44.1) 24.6 

SLC/higher 309(20.5) 104(12.4) 412(17.6) 25.2 382(18.1) 31(13.5) 413(17.7) 7.6 334(19.5) 81(12.8) 415(17.6) 19.6 

Wealth index 

Poor  563(37.1) 435(51.4) 998(42.2) 43.6 905(42.5) 91(42.3) 996(42.2) 9.1 697(40.3) 305(47.6) 1002(42.3) 30.5 

Middle 345(22.8) 189(22.4) 534(22.6) 35.4 478(22.4) 57(24.8) 536(22.7) 10.7 362(20.9) 175(27.2) 536(22.6) 32.6 

Rich 609(40.1) 222(26.2) 830(35.1) 26.7 746(35.1) 83(35.9) 828(35.1) 10.0 671(38.8) 162(25.2) 832(35.1) 19.4 

Caste or ethnicity  

Brahmin  416(27.4) 220(26.0) 636(26.9) 34.6 590(27.7) 44(19.3) 634(26.9) 7.0 485(28.0) 154(24.0) 638(26.9) 24.1 

Janajati 605(39.9) 294(34.8) 900(38.1) 32.7 811(38.1) 87(37.8) 899(38.1) 9.7 696(40.2) 206(32.2) 902(38.1) 22.9 

Scheduled 207(13.6) 133(15.7) 339(14.3) 39.1 298(14.0) 41(17.8) 339(14.4) 12.1 236(13.7) 105(16.4) 341(14.4) 30.9 

Other 289(19.1) 199(23.5) 488(20.6) 40.7 430(20.2) 58(25.1) 488(20.6) 11.9 313(18.1) 176(27.4) 489(20.6) 36.0 

Religion  

Hindu 1295(85.4) 730(86.3) 2025(85.7) 36.0 1830(85.9) 192(83.3) 2022(85.7) 9.5 1467(84.8) 564(87.9) 2030(85.7) 27.8 
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Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

Non-Hindu  222(14.6) 116(13.7) 338(14.3) 34.3 299(14.1) 38(16.7) 337(14.3) 11.4 262(15.2) 78(12.1) 340(14.3) 22.9 

Age at first birth 

≤20 year 978(64.5) 587(69.5 1565(66.2) 37.5 1407(90.0) 157(10.0) 1564(66.4) 10.0 1128(65.3) 441(68.8) 1569(66.2) 28.1 

>21 year 539(35.5) 258(30.5) 797(33.7) 32.4 722(90.8) 74(9.2) 795(33.7) 9.2 601(34.7) 200(31.2) 801(33.8) 25.0 

Currently breastfeeding 

Yes 1150(75.8) 661(78.2) 1811(76.6) 36.5 1613(75.8) 195(84.4) 1808 (76.6) 10.8 1291(74.6) 528(82.3) 1818(76.7) 29.0 

No 368(24.2) 185(21.8) 552(23.4) 33.4 516(24.2) 36(15.6) 552(23.4) 6.5 438(25.4) 114(17.7) 552(23.3) 20.6 

Exposure to newspapers 

No exposure 1134(74.8) 706(83.5) 1840(77.9) 38.4 1640(77.0) 197(85.4) 1837(77.8) 10.7 1285(74.3) 561(87.4) 1845(77.9) 30.4 

Exposure 383(25.2) 139(16.5) 522(22.1) 26.7 489(223.0) 34(14.6) 523(22.2) 6.5 444(25.7) 81(12.6) 525(22.1) 15.4 

Exposure to radio 

No exposure 707(46.6) 468(55.3) 1174(49.7) 39.8 1034(48.6) 142(61.3) 1173(49.8) 12.0 810(46.9) 367(57.2) 1177(49.7) 31.2 

Exposure 811(53.4) 378(44.7) 1188(50.3) 31.8 1095(51.4) 89(38.7) 1184(50.2) 7.5 919(53.1) 275(42.8) 1193(50.3) 23.0 

Exposure to television  

No exposure 469(31.0) 430(50.9) 900(38.1) 47.8 789(37.1) 109(47.1) 898(38.1) 12.1 574(33.2) 329(51.3) 903(38.1) 36.4 
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Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

Exposure 1048(69.0) 415(49.1) 1463(61.9) 28.4 1340(62.9) 122(52.9) 1462(61.9) 8.4 1155(66.8) 313(48.7) 1468(61.9) 21.3 

Place of residence 

Rural 893(58.9) 588(69.6) 1481(62.7) 39.7 1327(62.3) 154(66.7) 1481(62.8) 10.4 1036(59.9) 451(70.4) 1487(62.7) 30.4 

Urban 624(41.1) 257(30.4) 881(37.3) 29.2 802(37.7) 77(33.3) 879(37.2) 8.7 693(40.1) 190(29.7) 883(37.3) 21.5 

Ecology 

Plain 845(55.7) 485(57.4) 1330(56.3) 36.5 1165(54.7) 165(71.5) 1330(56.4) 12.4 900(52.0) 433(67.4) 1333(56.2) 32.4 

Hill 585(38.6) 284(33.6) 869(36.8) 32.7 809(38.0) 56(24.1) 865(36.6) 6.4 709(41.0) 162(25.2) 871(36.8) 18.6 

Mountains 87(5.8) 77(9.0) 164(6.9) 46.7 154(7.3) 10(4.4) 165(7.0) 6.3 120(7.0) 47(7.3) 166(7.0) 28.2 

Province 

1 254(16.7) 123(14.6) 377(15.9) 32.7 331(15.6) 45(19.4) 376(15.9) 11.9 286(16.6) 92(14.3) 378(16.0) 24.3 

2 407(26.9) 235(27.8) 643(27.2) 36.6 548(25.7) 95(41.2) 643(27.3) 14.8 407(23.6) 237(37.0) 645(27.2) 36.8 

3 250(16.5) 110(13.1) 361(15.3) 30.6 347(16.3) 14(6.15) 361(15.3) 3.9 311(18.0) 52(8.1) 363(15.3) 14.3 

4 129(8.5) 53(6.2) 182(7.7) 29.0 170(8.0) 11(4.7) 181(7.7) 6.0 154(8.9) 28(4.4) 182(7.7) 15.4 

5 276(18.2) 169(20) 445(18.9) 38.0 410(19.3) 34(14.9) 444(18.8) 7.8 324(18.8) 121(18.9) 445(18.8) 27.2 

6 68(4.5) 82(9.7) 150(6.3) 54.9 139(6.5) 12(5.1) 150(6.4) 7.8 96(5.6) 55(8.6) 151(6.4) 36.5 
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Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

7 132(8.7) 73(8.6) 205(8.7) 35.4 184(8.7) 20(8.5) 204(8.7) 9.6 150(8.7) 56(8.7) 206(8.7) 27.1 

Distance to water source 

≤30 minutes 1336 (95.5) 750(94.3) 2086(95.1) 36.4 1883(94.9) 202(96.9) 2085(95.1) 9.6 1528(94.7) 566(96.0) 2094(95.1) 26.9 

>30 minutes 63(4.5) 45(5.7) 108(4.9) 27.9 101(5.1) 6(3.1) 107(4.9) 4.9 85(5.3) 23(4.0) 108(4.9) 16.9 

Health Mothers’ Group 

Not available 800(52.7) 477(56.4) 1277(54.1) 37.4 1135(53.3) 140(60.8) 1276(54.1) 11.0 912(52.8) 368(57.4) 1280(54.0) 28.8 

Available 491(32.4) 283(33.5) 775(32.8) 36.6 710(33.4) 64(28.0) 775(32.8) 8.3 567(32.8) 212(33.1) 779(32.9) 27.2 

Do not know 226(14.9) 85(10.1) 311(13.2) 27.4 284(13.3) 26(11.2) 310(13.1) 8.4 250(14.4) 61(9.5) 311(13.1) 19.6 

Source of water 

Improved  1337(95.6) 748(94.1) 2086(95.1) 35.9 1885(95.0) 202(96.6) 2086(95.1) 6.7 1538(95.4) 555(94.2) 2093(95.1) 26.5 

Unimproved 62(4.4) 47(5.9) 108(4.9) 43.1 99(5.0) 7(3.4) 106(4.9) 9.7 74(4.6) 34(5.8) 108(4.9) 31.4 

Toilet type 

Sanitary  1135(81.1) 534(67.2) 1669(76.1) 32.0 1528(77.0) 140(67.1) 1668(76.1) 8.4 1301(80.7) 374(63.4) 1675(76.1) 22.3 

Unsanitary  264(18.9) 261(32.8) 525(23.9) 49.7 456(3.0) 69(32.9) 525(23.9) 13.1 312(19.3) 215(36.6) 525(23.9) 40.9 

Handwashing place 
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Variables Stunting(n=2363)14 Wasting(n=2360)15 Underweight(n=2370)16  

 No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) No(n,%) Yes(n,%) Total PR(%) 

Overall 1517(64.2) 845(35.8) 2363 35.8 2129(90.2) 231(9.8) 2360 9.8 1729(72.9) 641(27.1) 2370 27.1 

Fixed  1218(80.5) 641(76.0) 1859(78.9) 34.5 1695(79.9) 161(69.6) 1856(78.9) 8.6 1398(81.1) 465(72.7) 1864(78.8) 25.0 

Not fixed  295(19.5) 203(24.0 497(21.1) 40.8 427(20.1) 70(30.4) 497(21.1) 14.1 326(18.9) 175(27.3) 500(21.2) 34.9 

Soap and water status 

Available 666(44.0) 225(26.7) 891(37.8) 25.3 823(38.8) 68(29.3) 891(37.8) 7.6 744(43.2) 149(23.3) 893(37.8) 16.7 

Not available  846(56.0) 619(73.3) 1465(62.2) 42.2 1299(61.2) 163(70.7) 1462(62.2) 11.1 980(56.8) 491(76.7) 1471(62.2) 33.4 

Combined WASH 

Available  547(36.1) 173(20.5) 720(30.5) 24.0 670(31.5) 50(21.8) 721(30.5) 7.0 614(35.5) 109(17.0) 722(30.5) 15.1 

Not available  970(63.9) 672(79.5) 1642(69.5) 40.0 1459(68.5) 180(78.2) 1639(69.5) 11.0 1115(64.5) 533(83.0) 1648(69.5) 32.3 

Key: PR: Prevalence Rate
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7.4.4 Effects of household WASH facilities on malnutrition among children under five 

years  

As shown in Table 7.4, children of households with unsanitary toilet facilities were more likely 

to experience stunting (AOR=1.78; 95% CI: 1.25-2.56) compared with children of households 

with sanitary toilets, after adjusting for age of children and mothers, education of mothers and 

their husbands, occupation, wealth index, caste or ethnicity, current breastfeeding status, 

exposure to newspapers, exposure to radio, exposure to television, place of residence, 

geography, province, distance to a water source, and availability of an HMG. Underweight 

children were associated with unsanitary toilet facilities after adjusting potential variables, and 

the results showed that children of households with unsanitary toilet facilities had a 46% higher 

chance of being underweight (AOR=1.46; 95% CI: 1.03-2.07) than children whose households 

did have sanitary toilet facilities. 

Children under five years whose households did not have a fixed place for handwashing were 

more likely to experience wasting (AOR=1.51; 95% CI: 1.00-2.30) compared with children 

whose households did have a fixed place for handwashing. Without adjusting other variables, 

the children of households who did not have soap and water available at home were more likely 

to experience stunting (COR=2.16; 95% CI: 1.75-2.68), wasting (COR=1.53; 95% CI: 1.11-

2.11), and being underweight (COR=2.50; 95% CI: 1.95-3.20) compared with those of 

households who did have soap and water available. 

Distance to a source of water, availability of soap and water, and overall combined WASH had 

no significant effects on each outcome variable. Without adjusting other variables, the children 

of mothers who disposed of their under two years children’s stool in an unsanitary manner were 

more likely to experience stunting (COR=1.41; 95% CI: 1.06-1.88), wasting (COR=1.56; 95% 

CI: 1.08-2.26), and underweight (COR=1.70; 95% CI: 1.27-2.26) compared with those whose 

mothers disposed of their children’s stool in a sanitary manner. However, the unimproved 

source of water was not significantly related to prevalence of stunting, wasting, and 
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underweight with or without adjusting variables.
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Table 7.4: Bivariate and multivariate logistic regression analysis on the effects of WASH variables on malnutrition among children under 

five years 

Variables Stunting Wasting Underweight 

 Bivariate Multivariate Bivariate Multivariate Bivariate Multivariate 

 COR AOR P-value COR AOR P-value COR AOR p-value 

Source of water 

Improved 1 1  1 1  1 1  

Unimproved 1.36(0.90-2.04) 1.14(0.73-1.77) 0.561 0.67(0.3-1.41) 0.71(0.28-1.80) 0.390 1.27(0.83-1.94) 1.35(0.86-2.12) 0.193 

Type of toilet 

Sanitary  1 1  1 1  1 1  

Unsanitary 2.10(1.59-2.76) 1.78(1.25-2.56) 0.002 1.65(1.18-2.29) 1.05(0.69-1.62) 0.811 2.41(1.82-3.19) 1.46(1.03-2.07) 0.033 

Fixed place for handwashing 

Available  1 1  1 1  1 1  

Unavailable 1.31(1.04-1.64) 0.77(0.57-1.04) 0.084 1.74(1.22-2.47) 1.51(1.00-2.30) 0.051 1.61(1.24-2.09) 0.93(0.68-1.27) 0.647 

Soap and water 

Available  1 1  1 1  1 1  

Unavailable 2.16(1.75-2.68) 1.54(0.91-2.62) 0.107 1.53(1.11-2.11) 0.84(0.39-1.78) 0.628 2.50(1.95-3.20) 1.62(0.96-2.75) 0.071 
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Variables Stunting Wasting Underweight 

 Bivariate Multivariate Bivariate Multivariate Bivariate Multivariate 

 COR AOR P-value COR AOR P-value COR AOR p-value 

Combined WASH services 

Available  1   1   1   

Unavailable 2.19(1.73-2.7) 0.99(0.56-1.75) 0.968 1.64(1.17-2.32) 1.39(0.60-3.20) 0.436 2.69(2.04-3.55) 1.00(0.55-1.81) 0.988 

Distance to water source 

≤30 minutes 1 1  1 1  1 1  

>30 minutes 0.68(0.32-1.46) 1.04(0.63-1.70) 0.879 0.49(0.14-1.75) 0.67(0.25-1.80) 0.430 0.53(0.22-1.27) 0.60(0.39-1.23) 0.209 

Child’s stool disposal method  

Safe 1 -  1 -  1  - 

Unsafe 1.41(1.06-1.88) -  1.56(1.08-2.26) -  1.70(1.27-2.26)  - 

Note: Regression models are adjusted for potential confounders (age of child, age of mother, occupation of mother, education of mother, education 

of husband, caste or ethnicity, wealth index, media exposure, breastfeeding status, residence, ecology, province, distance to water source, and 

access to a Health Mothers’ Group). Confounders were identified using DAGs. All odds are from separate models which adjusted for confounders 

of each predictor variable with the outcome variables. 
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7.5 Discussion 

This study investigated the prevalence of diarrhoea and malnutrition among children under five 

years in Nepal. In this study, the prevalence of diarrhoea for children under five years was 

7.6%, which is different from the findings of Nepal’s first micronutrient status survey 

conducted in 2016 [409]. The difference between these two studies is likely to be due to a 

difference in sample size and the exclusion of children under 6 months from the micronutrient 

survey. The prevalence of diarrhoea among children under five years in the present study was 

more than five times lower than a study conducted in the urban slum of the Tansen Municipality 

in Palpa district of Nepal [410]. The different reported rates of diarrhoea of these two studies 

could be due to the season of data collection, geography, and the local context. The average 

prevalence of diarrhoea among children under five years in this study was different from 

findings of previous studies. For example, the prevalence of diarrhoea among children under 

five years was 8.8% in India in 2015–2016 [75], 19% in Pakistan in 2016–2017 [411], and 6% in 

Bangladesh in 2014 [412]. A cross-sectional study in Ethiopia found the prevalence of diarrhoea 

among children under five years was 13.6% in 2019 [413], and the pooled prevalence of 

diarrhoea from 31 studies was 22% in 2018 [414]. The morbidity of diarrhoea in the above-

mentioned studies was found to vary by geography, location, population size and nature, 

seasons, mothers’ education, mothers’ occupation, household wealth index, and WASH-related 

services. 

A study conducted in Pakistan concluded that diarrhoea can be prevented with adequate 

handwashing with soap [415]. This evidence supports the present study. A study conducted in 

Nepal in 2013 supported the suggestion that diarrhoea is prevented through handwashing with 

soap [416]. The present study found that ensuring access to family/household-level-factors 

(combined WASH facilities) is important in reducing diarrhoea among children under five 
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years. If all WASH facilities are present at the household level, there is a low risk of diarrhoeal 

infection. This result indicates that managing comprehensive WASH package (i.e. ensure 

improved water sources, sanitary toilets and proper handwashing facilities with soap) services 

is important for better health outcomes. The stunting, wasting, and underweight rates found in 

the present study are consistent with those of the micronutrient status survey conducted in 

Nepal in 2016, which found prevalence rates of stunting (39%), wasting (12%), and 

underweight (35%) [409]. The latest global figures from UNICEF state that in 2018, more than 

one in five children under five years were categorised as stunted, and one in fourteen children 

had wasting, but the present study’s rates were higher than these global prevalence rates [397]. 

When compared with the results of a study conducted in India in 2017, in which the prevalence 

of stunting among children under five years was 39.9%, wasting at 19.0%, and underweight at 

32.7% [417], the results of the current study are almost identical, except for the lower prevalence 

of wasting. A study conducted in the Banke district of Nepal in 2015 found a higher proportion 

of stunting (55.7%), wasting (18.6%) and underweight (41.4%) than the present study [418]. The 

different rates of stunting, wasting, and underweight are possibly due to the different 

socioeconomic status of the study participants, the different geographical areas and the 

homogeneity of the study population. 

The current study shows WASH components have mixed effects on malnutrition among 

children under five years in Nepal. It is evident that the establishment of a handwashing place 

has a significant positive effect on wasting. A fixed place for handwashing is a primary 

indicator of the standard of living and health of family members and their children under five 

years. Mothers and other family members with children need to have effective practices of 

handwashing with soap, using toilets, and using safe and clean water sources. The present study 

found unavailability of sanitary toilet facilities at home had a significant effect of stunting and 

underweight. Similarly, unsanitary disposal of child faeces had a significant relationship with 
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on malnutrition. While WASH has no direct effect on child malnutrition, it may indirectly 

affect rates of malnutrition. Poor WASH facilities at the household level may lead to diarrhoea 

among children under five years, which can progress to further infection, resulting in 

malnutrition from severe diarrhoea. Other covariates, such as individual-level factors 

(children’s age, maternal age, maternal breastfeeding practices), one family/household-level 

factor (exposure to television), and community-level factors (ecological zones, and provinces), 

have significant effects on stunting and underweight among children under five years 

(Appendix E). This study revealed that children older than 12 months had a higher chance of 

becoming stunting and underweight. This may be because older children who lose weight are 

at greater risk of being overlooked in the provision of supplemental food in this crucial growth 

and development phase. 

Unsanitary methods of child stool disposal, such as disposing of stool in an open area, have a 

negative impact on water and environmental health, as subsequent bacteria and viruses can 

cause child illnesses and wider public health issues [419, 420]. Children affected by these illnesses 

have a higher chance of becoming malnourished [407].The present study’s findings are 

consistent with those of previous studies in Pakistan [421], Ethiopia [422], and the plains region 

of Nepal [218]. 

Use of available WASH services is crucial for reducing diarrhoea rates. The reduction in the 

prevalence of diarrhoea will in turn reduce the incidence of malnutrition by way of preventing 

diarrhoea. Communicable diseases are still a public health challenge in Nepal, and yet most 

current efforts target non-communicable diseases [423, 424]. Giving equal attention to 

communicable diseases, particularly through health promotion programs and interventions, 

would benefit a large proportion of the world’s population, especially in developing countries 

like Nepal. As a result of this study, it is recommended that strategies for reducing 

communicable diseases should be prioritised in conjunction with a combined WASH approach 
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for effective prevention and control of diarrhoea and malnutrition. Such initiatives should be 

practiced by all individuals, with promotion and support from GoN, stakeholders, and 

communities. Context-specific hygiene plans and strategies should be formulated as a matter 

of urgency. This study can be of benefit to researchers in the development of innovative 

models, approaches, and concepts consistent with the new public health/health promotion 

approach, such as the Health Promotion Intervention Mapping [425] and Social Behaviour 

Change Communication approach [278]. 

The ecological model has been linked to measure the effects of each individual-

family/households and community-level factors on diarrhoea and malnutrition outcomes. Other 

behavioural change theories (mentioned in chapter 2) are relevant in understanding the 

relationship between each independent variables and outcome of interest. 

Overall the findings demonstrated the value of viewing factors related to watch through an 

ecological lens. Individual level factors can be addressed through health belief model [426]. 

Household level factors, by contract, can be addressed by communication theory[427]. 

Community level factors are more complex, yet illustrate the need for a top down approach to 

community participation approaches [428]. Lack of WASH is a complex issue that requires a 

multifaceted approach [429] and behavioural change communication theories. The ecological 

model provided a comprehensive frameworks for understanding each level of factors related 

to WASH.  

7.6 Strengths and limitations  

The findings from this study are representative of the household mothers of children in Nepal, 

as the NDHS data were collected from different parts of provinces and clusters within the 

diverse geography of Nepal. The NDHS data are valid and were analysed using weighted 

values, which helped to minimise errors in sample distribution. The biomarker questionnaire 
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included in the NDHS allowed data collectors to record the weight and height of children in 

the households. These results provided objective data on child malnutrition categories of 

stunting, wasting, and underweight. 

Nonetheless, some limitations of this study have been identified. Data were not available for 

all children of the interviewed mothers, as children may have been absent at the time of data 

collection or may have refused to provide anthropometric measurements. This may have 

affected the results for malnutrition outcomes. It is possible that households at high risk of not 

having access of WASH facilities had lost children due to diarrhoea and/or malnutrition, and 

thus these children would not have been included in the study. It is also possible that losing a 

child to diarrhoea and/or malnutrition may lead to increased WASH facilities in that household. 

Using national and region-specific measures might be possible in future studies. The WHO 

criteria applied in this thesis was consistent with national micronutrient status survey 2016 [409]. 

This study’s data cannot be used for the analysis of mothers’ or children’s WASH behaviour 

over time due to the cross-sectional study design. This study was conducted before the onset 

of COVID-19. Results of an examination into current WASH facilities and health behaviour 

with regard to WASH might now be different in Nepal. 

7.7 Conclusions 

The present study confirmed that diarrhoea and malnutrition are still major public health 

problems for children under five years in Nepal. The lack of availability of fixed places for 

handwashing has statistically significant associations with diarrhoea and wasting. Household 

family members, including mothers and children, may wash their hands elsewhere without 

using soap or taking the recommended time (20 seconds) for scrubbing both hands; however, 

the rates of availability of a fixed place for handwashing were higher than the rates for 

availability of soap and water in a fixed place in Nepal. This indicates that most households 
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keep soap and water for handwashing elsewhere, rather than at fixed places. In rural remote 

areas of Nepal, people tend to keep soap inside their private rooms rather than at a visible 

handwashing place. The previous study showed that if family members properly use an 

establish a fixed place for handwashing, they will form the habit of keeping soap and water in 

the handwashing place, allowing them to wash their hands effectively [430]. The construction of 

a handwashing place and toilet does not mean that people will use them properly. Therefore, it 

is important to provide high-quality education to household members and communities on the 

importance of handwashing in a fixed place, and properly using a toilet which is regularly 

cleaned. It must be a habit to wash hands with soap in a fixed place and to use sanitary toilets. 

Similarly, the use of unsanitary toilets is associated with stunting and underweight, indicating 

that good sanitation improves the health status of children and reduces the incidence of 

malnutrition. 

Combined WASH is important for the prevention and control of diarrhoea and malnutrition 

among children under five years in Nepal. The regular habit and practice of using WASH 

components is vital. The provision of a single WASH component cannot be seen as evidence 

that households have improved hygiene and sanitation. This finding is consistent with a recent 

systematic and meta-analysis study, which showed that provision of combined WASH 

components was more effective in improving child nutritional status than a single WASH 

component services [34]. Therefore, health promotion planners, policy-makers, and policy-

implementers should strengthen evidence-based practice in order to improve the health status 

of children in a cost-effective way. This can be achieved by implementing WASH interventions 

at the household level. If households have good-quality WASH facilities, mothers and children 

will have good opportunities of utilising them. In the development of strategies for the 

prevention and control of diarrhoea and malnutrition, the policy-makers should consider 

integrated WASH and nutrition public health programs to be delivered through primary health 
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care outreach clinics to reach rural and remote areas. Further research, using a randomised 

controlled trial, is recommended to investigate the association between the single exposure 

variables of water, sanitation and hygiene, and overall combined WASH, with diarrhoea and 

malnutrition affecting children under five years in Nepal. It is recommended that further 

research be undertaken with the consideration of the Sustainable Development Goals (2016-

30) and beyond.  
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8. Chapter 8. General Discussion 

8.1 Foreword  

This thesis aimed to identify the availability of household-level WASH facilities and to 

examine individual-, family/household,- and community-level factors associated with WASH, 

and to assess the effects of households’ WASH facilities on diarrhoea and malnutrition 

(stunting, wasting and underweight) among children under five years in Nepal. This chapter 

discusses the overview of each significant finding, contextualises the findings in light of 

previous studies, identifies strengths and limitations, and specifies implications of this thesis’s 

findings for policy, health promotion programs, and research.  

8.2 Main findings 

The rates of household handwashing with soap and the factors affecting it were determined. 

The rates of handwashing with soap were found to vary in the literature (Chapter 4). Lack of 

knowledge, inadequate availability of soap and water at handwashing places, weak 

management of available resources, and cultural beliefs were identified risk factors for mothers 

not washing their hands at home at critical moments (reported in Chapter 4).  

At the household level in Nepal, the prevalence of an improved water source was 95.5%, for 

sanitary toilet facilities it was 83.9%, for available soap and water it was 46.9%, and for a fixed 

place for handwashing it was 80.9%. Education, wealth index, number of family members in 

the home, and geographical areas such as ecological zone, province and distance to a water 

source were correlated with WASH services at the household level (reported in Chapter 5).  

Individual-level factors that influence WASH in Nepal were found to be education, caste or 

ethnicity, while other individual factors did not influence access to an improved water source. 

Family- level factors such as household wealth index was significantly associated a discrete 
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WASH facilities and combined WASH facilities at the household level. Community-level 

factors that influence sanitation and hygiene were found to be place of residence, ecology, 

province, and distance to water source, while ecology and distance to water sources did not 

influence access to an improved water source for household mothers (reported in Chapter 6). 

Diarrhoea among children under five years in Nepal was more likely to occur when a fixed 

place for handwashing was absent, and when not all WASH services were available at the 

household level. WASH services have different effects on different malnutrition types for 

children. The rates of stunting and underweight in children were significantly associated with 

unsanitary toilets compared with sanitary toilets, while unavailability of a fixed place for 

handwashing was associated with wasting rates among children under five years in Nepal 

(reported in Chapter 7).  

8.3 Handwashing with soap and associated factors 

Firstly, a systematic review of mothers’ existing household handwashing rates and the factors 

associated with the uptake of handwashing in Nepal was conducted. Effective handwashing is 

a public health concern, and handwashing with soap is a major component of WASH [7, 316, 317] 

and needs to be addressed as a priority. The gap between the availability of soap and water, 

and handwashing knowledge and practice has been reported in previous studies [325, 334]. The 

systematic review showed that handwashing with soap is important for improved standards of 

living, health promotion, and disease prevention. There are insufficient studies with a specific 

focus on handwashing with soap for household mothers in Nepal. Nevertheless, a few studies 

have reported on the different rates of handwashing with soap in Nepal [83, 139, 143, 205, 206]. The 

factors preventing handwashing with soap include the absence of soap, water and a fixed place 

for handwashing, and low education levels of mothers and their husbands [328]. The practice of 

handwashing with soap is important for all family members, but it is of great importance for a 
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mother with a child under five years, as children of this age are susceptible to diarrhoea and 

other communicable diseases. This is because mothers have the role of primary caregivers to 

their children in Nepal. 

In Nepal, mothers who are poor and mothers from rural and hard-to-reach areas remain the 

most vulnerable to poor access to handwashing facilities at home, which is a cause of 

communicable diseases among children under five years [71].The six steps of handwashing with 

soap recommended by the World Health Organization [47] are: 

1. Wet hands with water; 

2.  Apply enough soap to cover all surfaces; 

3. Rub hands for at least 20 seconds; 

4. Rinse hands with water; 

5. Dry thoroughly with a single-use towel and use towel to turn off faucet/tap; and 

6. The whole handwashing process should be between 40 and 60 seconds.  

This handwashing technique may be confusing to apply; therefore, handwashing with soap 

with adequate rubbing of the hands for at least 20 seconds is recommended as a practical 

measure [431].    

8.4 Status of household WASH 

Nepal has made significant progress in WASH since 1990 and after the formulation of the 

national sanitation policy in 1994 [432]. The results of this thesis are different to those included 

in the WHO/UNICEF-JMP 2019 reports, approximately 71% of world population have access 

to improved water, 90% have sanitary toilet and 60%  have   handwashing facilities with 

soap.[11]. Whereas the JMP report indicated that basic water access in Nepal was 80%, the 

findings of this thesis indicated 95%. The JMP report also indicated that a basic sanitary 
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disposal of human faeces was 76%, while this thesis finding indicated that the sanitary disposal 

of human excreta is 80%. The basic hand washing facilities was 48% in Nepal, reported by 

JMP report and this thesis report indicated this rate just 47%. Nepal’s sanitation and hygiene 

status is lower than global data, but sources of water facilities are higher. However, there are 

gaps in WASH utilisation between educated and uneducated, rural and urban, poor and rich, 

male and female, and higher and lower caste populations in Nepal [160]. The availability of an 

improved water source in Nepal doubled in the two decades prior to 2019 [433], with the rate 

now consistent with a 2019 study conducted in the Nuwakot district of Nepal [408] and a study 

conducted in India [434]. This study showed that availability of an improved water source was 

higher than for a study based in Namibia [351]. However, an improved water source does not 

always mean the water is definitively safe, as there is a risk of contamination during 

transportation, storage, and handling [435]. This thesis concluded that individual-level factors 

(such as education of respondents), family level factors (number of family members in the 

home and wealth index), and community-level factors (such as distance to water source, 

ecology, and province) influence to have access of all discrete WASH facilities at household 

level in Nepal (reported in Chapter 5). 

In Nepal, the majority of rural households have a natural spring as their main water source, and 

in recent years, the drying up of springs in mid-hill regions has caused a water crisis and led to 

the unequal distribution of improved water sources by households’ geographical region [436]. 

Education is a powerful tool for keeping water sources safe, taking initiative for the making of 

clean water sources through community participation, and safe handling and utilisation of water 

[437]. Having to collect water from a long distance causes a lack of improved water, poor 

sanitation and lack of handwashing practice. Women, who are responsible for fetching water 

in Nepal, can face problems of physical pain due to fetching water from long distances, mental 

stress, and sometimes partner violence in Nepal [85, 329]. 
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Nepal’s geography is diverse, ranging from mountains to plains. This thesis revealed that 

households in mountains regions and remote areas have less improved water sources than 

plains regions and urban areas, because the location of these scattered households mean there 

are few adequate sources of improved water. It is also difficult to establish sanitary toilet 

facilities due to the terrain. A long distance between a water source and the home is likely to 

result in a shortage of water at home, and therefore, these households are also unlikely to have 

sanitary toilets, thus increasing the risk of diarrhoea among children [207]. The urbanization and 

population growth increases the risk of having unimproved water sources in Nepal [438]. The 

scattered distribution of households increases the cost of installing an improved water source 

closer to or within the household premises. 

From the analysis of individual WASH components, it is not sufficient just to provide access 

to improved water and sanitation facilities. Without proper handwashing with soap facilities at 

the household level, children under five years will still be vulnerable to communicable diseases 

[62]. Sufficient improved WASH must be managed by all households in order to develop 

positive habits by parents and children towards the prevention and control of communicable 

diseases. Two major indicators, the availability of soap anywhere in the dwelling, and access 

to a fixed place for handwashing with soap and water, were introduced after a large-scale 

review conducted in 2017 [317]. This thesis also intended to determine the status of the 

availability of soap and water, and a fixed place for handwashing near the home. 

The results in Chapter 5 indicate there is a gap in improved water sources and handwashing 

with soap facilities in Nepal. Interestingly, the sanitation status is improving in Nepal because 

of the open-defaecation-free campaign through the toilet construction campaign, so that Nepal 

has been declared open-defaecation-free country on 30 September 2019 [232]. However, the 

western part of the hills region (Provinces 6) has a major public health problem of unimproved 

water sources and a lack of handwashing with soap facilities, while the south-eastern part of 
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the plains region (Province 2) has a sanitation problem. Household poverty is a family level 

risk factor for lack of improved WASH, while the ecology and distance to water sources are 

community-level factors affecting WASH utilisation at the household level in Nepal.    

8.5 Individual-, family-, and community-level factors relating to accessible 

household WASH facilities 

This thesis investigated individual-, family-, and community-level factors which influence 

access to WASH at the household level. The ecological model was the basis for this thesis, and 

was used to identify the individual-level, family-level, and community-level factors (reported 

in Chapter 2, sub-section 2.7). However, the policy- and structural-level factors were not 

included in this thesis because of the lack of variables and data available in the 2016 NDHS.  

Individual-level-factor such as education had significantly association with hygiene and 

sanitation supported by a previous evidence of poor education which is associated with a lack 

of WASH facilities [94]. Household access to combined WASH facilities was influenced by 

individual-level factors of age, education, and caste. Higher levels of education are consistent 

with WASH uptake, a finding confirmed by previous studies [263, 283, 321]. 

Family factors play significant roles in WASH access by the members of household. Wealth 

index is a subjective measure of socioeconomic status, and strongly influences household-level 

WASH commodities. Households with a high wealth index had more adequate WASH 

infrastructure than households with a lower wealth index, a finding which is supported by a 

previous study conducted in Malawi in 2010 [439]. WASH inequality is primarily caused by the 

unequal distribution of wealth [440]. The household mothers and family members who are 

economically strong have the capacity to buy soap and manage water for handwashing. This 

thesis showed that respondents from non-agricultural backgrounds had better socioeconomic 

status and support to increase the rates of improved WASH status. In Nepal, approximately 
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two in three households depend on agriculture-related employment, which creates an economic 

burden and causes poor WASH facilities [110]. 

The community-level-factors such as distance to water source, geography, place of residence 

and health mother group are included in this thesis. The time consumed by travelling longer 

distances to collect water affects children’s health, care, education, and nutrition, and the 

employment and productivity of the household [441]. Relative to respondents from the plains 

regions, those in mountains regions had lower rates of available soap, water, and a fixed place 

for handwashing in Nepal. This is because the mountains region has less market access due to 

the difficult geography and high poverty rate, which reduces the ability to buy soap and obtain 

adequate water. This thesis revealed that households in Province 7 had good access to WASH 

component services. This is due to the implementation of empowerment programs with WASH 

advocacy through multi-sectorial approaches. However, households in Provinces 2 and 6 were 

less likely to have access to improved WASH than in other provinces, due to the lack of 

knowledge of husbands and mothers (reported in Chapter 6). Province 6 is the most 

geographically difficult and also has the second lowest literacy rate of all provinces, and 

therefore has a lower access to WASH compared with the national figures [160]. Similarly, half 

of the people in Province 2 had the lowest level of education of the seven provinces included 

in the study. 

This thesis found that education level, ecology, distance to water source, province, and wealth 

index were statistically significantly related to access to WASH. Household WASH is reliant 

on a number of social factors of health, such as education, employment, income, health care 

services, living standards, and government  support [442]. The current levels of funding for the 

provision of WASH facilities are limited to basic services. Increased expenditure is needed for 

the provision of good-quality WASH facilities [443]. 
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Household mothers usually get to wash their hands last due to a hierarchy set in families in 

Nepal. The mother comes in after her husband and the in-laws. They count mothers’ utilisation 

of WASH services in low esteem, but they expect the mothers to ensure all WASH services at 

home. This results in a negative effect on mothers’ WASH with in household and causes child 

health problems. Therefore, family and community support must be ensured for equal access 

to WASH facilities at home. This result is supported by a previous study on delaying factors 

for maternal service utilisation, and family and community support to overcome barriers of 

poor social networking and passive community involvement [444]. 

Although mothers are ideally placed to model WASH behaviours and advocate for WASH 

facilities, their frequent lack of individual power and autonomy within the family and 

community structures are barriers to this potential response. Women, including mothers, can 

be enabled to advocate for WASH behaviour to assist in preventing disease at every level of 

the ecological model, through policy change, community engagement with families, and family 

engagement and empowerment with female household members. 

Further timely lobbying of local government and concerned authorities for WASH 

infrastructure development must be ensured in Nepal. A number of recent studies have 

indicated that both individual-family-, and community-level factors can influence a 

household’s use of WASH services. A Social Behaviour Change Communication approach 

needs to be applied to develop sustainable WASH facilities for all family members within the 

household. Providing only traditional awareness activities is ineffective in promoting further 

change in WASH practices. Active community participation, such as involving mothers, 

husbands, youth groups, school teachers, students, and local leaders in planning, is crucial for 

change in all preventive health behaviours of family members, particularly in relation to 

WASH service utilisation and communicable diseases in Nepal. This claim is supported by the 

latest intervention study conducted in 2017 in the Parbat district of Nepal [445]. Maximum 
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utilisation of locally available resources with regard to WASH  Product, Price, Promotion, and 

Place [446] must be ensured. 

8.6 Effects of WASH on diarrhoea and malnutrition 

Inadequate WASH is a common risk factor for diarrhoeal disease and other communicable 

diseases. Previous studies have shown that good-quality WASH practices reduce the risk of 

diarrhoea among children. The use of sanitary toilets reduces diarrhoea rates by half and is an 

effective health promotion intervention. Rates of child deaths due to diarrhoeal disease are 

higher for children of poor socioeconomic status [82]. This thesis revealed that diarrhoeal 

disease is more likely to occur when access to combined WASH is limited (reported in Chapter 

7). The absence of a fixed place for handwashing was highly significantly associated with the 

prevalence of diarrhoea among children under five years, as an established handwashing place 

is conducive to maintaining sanitary and hygienic conditions within the home. This is evident 

in a literature review conducted by Kumar and colleagues in 2017, which showed that 

developed countries had higher rates of fixed places for handwashing within the household 

compared with those in developing countries [317]. Those households which have a fixed place 

for handwashing are more likely to have access to a sanitary toilet and an improved water 

source. This thesis found that household family members without access to combined WASH 

services were twice as likely to have children under five years who had diarrhoea than 

household family members who did have access to WASH services. To prevent diarrhoeal 

infection, the principle of the 5F (Flies, Fingers, Faeces, Foods, and Fomites) must be satisfied 

[435]. Sanitation barriers are the process of segregation of human excreta in such a way as to 

break the communicable disease transmission cycle from reservoir to new host [48]. The 

sanitation barriers are interconnected with 5F, and the combined WASH components support 

sanitation barriers. 
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Malnutrition is categorised as stunting, wasting and underweight, and in this thesis it was 

measured in relation to four different WASH components after adjusting for identified possible 

confounders (reported in Chapter 7). This thesis’s results are consistent with those from a 

randomised controlled trial conducted in Bangladesh and Kenya, which showed that combined 

interventions related to WASH had no impact on stunting rates [447, 448]. In this thesis, children 

of mothers with access to sanitary toilets for excreta disposal were found to have a significant 

association with stunting and being underweight, while two recent studies conducted in 

Bangladesh and Kenya did not [447, 448]. The unsanitary disposal of human excreta increases the 

risk of diarrhoea among children under five years, and it can cause linear growth faltering and 

chronic malnutrition [449]. This indicates that malnutrition can increase the risk of contracting 

diarrhoea [379]. Unsanitary toilets can affect children’s linear growth by contributing to the 

frequent infection of diarrhoea [287]. This thesis found a significant association between toilet 

facilities and stunting. It also revealed that wasting of children under five years was 

significantly associated with a fixed place for handwashing. Households with available 

improved WASH facilities had a higher chance of practicing good hygiene and sanitation. Such 

households are likely to have nutrient-rich food and good eating practices, which help to 

improve children’s health status. This thesis found a gap in available WASH facilities 

according to ecology, distance to a water source, and level of education and poverty in Nepal. 

8.7 Strengths and limitations 

This thesis has a number of strengths. Firstly, this thesis used both a systematic review and the 

2016 NDHS data, thus providing a high level of evidence for the findings. The data from the 

2016 NDHS were collected from a large sample, thus providing good generalisability of the 

results. The data collection procedure was standardised across the country, had high response 

rates, and was kept confidential. Secondly, the clusters and households were selected from 
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provinces, and rural-urban settings, accounting for the whole territory of Nepal. A cluster-based 

cross-sectional study design shows population hierarchies and permits data analysis that 

distinguishes between individual-, family-, and community-level factors [294, 450]. Thirdly, 

multistage cluster sampling techniques were systematically applied for the selection of 

participants, and thus reduced selection bias. Anthropometric measurements taken during the 

survey gave accurate results of stunting, wasting, and underweight of children under five years 

[57]. This thesis is the first study in Nepal that used multi-level factor analysis, and provides 

insight into the individual-, family-, and community-level factors which affect WASH, unlike 

previous studies. This thesis employed a multi-level logistic regression analysis, which enabled 

identification of the effects of predictors and outcomes of interest. The Directed Acyclic 

Graphs assisted with identification of the presence of confounders for the causal question, by 

adjusting variables in the multivariate analysis [289]. Also, the analysis of the combination of 

individual WASH components provided further accurate information about the current WASH 

status of households, in the first study of its kind in Nepal. Finally, this thesis raises the public 

health importance of WASH, including handwashing with soap, which is supported by the 

current global COVID–19 prevention and control initiatives. Evidence from the current global 

COVID–19 pandemic has emphasised that handwashing with soap is one of the best disease-

prevention public health measures [451]. In 2020 the international handwashing day on 15th of 

October slogan “hand hygiene for all” further demonstrates its importance. 

Along with these strengths, the research included in this thesis has limitations. Firstly, as the 

thesis involved analysis of a secondary source of data, it was only possible to consider the study 

variables available in the 2016 NDHS data, thus limiting the study areas of WASH and 

communicable diseases. For example, WASH variables were related to facilities availability 

and access at the household level, and thus did not allow study of the actual practice of WASH, 

which may be lacking. Access and practice are different things. Secondly, the data collected 
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from a cross-sectional survey of the respondents was based on their past experiences, behaviour 

and outcomes, which might be subject to recall bias. Similarly, because of the cross-sectional 

design of the study, the data analysis provides evidence of associations between WASH and 

diarrhoea and malnutrition, but it cannot display temporal or causal relationships [452]. Thirdly, 

the measurement of WASH components by frequent observations is a more reliable method 

than single observation data, as was used in this study, and thus, there may be some inaccuracy 

in the data. Then, due to the missing data in the survey, the outcome results may be 

underestimated in this thesis. For example, some children had missing values for height and 

weight due to their absence or refusal to participate during data collection. Finally, the health 

status of children under five years in this study is limited to diarrhoea and malnutrition. 

Therefore, further study is required to understand children’s physical, mental, and social health 

status in relation to WASH in Nepal. The WHO/UNICEF’s ‘Hand Hygiene for All’ road map 

must be adopted through political commitment and leadership, creating enabling environments 

and increasing the supply and demand for handwashing with soap at multiple settings in Nepal. 

8.8 Implications for further research 

Further research should address the following issues. 

Firstly, this thesis showed different rates of WASH coverage by an individual-, family- and 

community factors, showing the value of this approach as an instrumental tool for further 

research. For example, spatial analysis of unimproved WASH in Nepal could be expanded to 

consider factors at each level, in addition to area. Critical evaluation of multi-level factors 

would provide understanding of the influences on actual use of WASH services. Secondly, 

there are now further opportunities for analysing policy level factors using primary sources of 

data, which were unavailable in the 2016 NDHS. Thirdly a greater understanding of the 

individual drivers of WASH uptake is needed to develop policies and practices that will 
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encourage use of WASH at the individual level. Finally, qualitative investigations in those 

areas with WASH facilities and poor WASH uptake are warranted.  

8.9 Implications for policy and practice 

This thesis has implications for health promotion practice and policy. The thesis found that the 

individual-level factors that influence WASH uptake included poor knowledge of husbands 

and mothers, as well as family-level factors, including poverty. Community-level factors 

included ecology and distance to water source, and this has significant implications for future 

research. Other individual factors, such as age of mothers and children, occupation, caste or 

ethnicity, and family-level factors exposure to newspapers and television, were found to be 

significant factors for sanitation and hygiene. Community-level factors, such as rural-urban 

residence and province, were also influencing factors for sanitation and hygiene in Nepal. 

Mothers who were connected with Health Mothers’ Groups (HMGs) had a higher chance of 

having a sanitary toilet in the home. Similarly, both a fixed place for handwashing with soap 

and combined WASH facilities had significant implications in relation to diarrhoea, type of 

toilet played a significant role in stunting, and fixed place for handwashing played a significant 

role in wasting. Other identified individual- family-, and community-level factors, such as age 

of children and mothers, current breastfeeding practice, exposure to television, and ecology 

and province, have considerable implications for diarrhoea and malnutrition in Nepal. 

From the above, it can be seen that research into WASH must take account of individual, 

family, and community factors, noting that not all factors are responsible for improving WASH 

and reducing rates of diarrhoea and malnutrition. The GoN must consider the most important 

factors when developing WASH-related policies and program implementation strategies. 

Further studies should be undertaken to explore these issues in more detail. 

Within this discourse, firstly, the local, provincial and central governments should set a clear 
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target, in line with the Nepal Health Sector Strategy-Implementation Plan and SDG–6, to 

improve household-level WASH facilities, particularly with a focus on handwashing with soap. 

Secondly, WASH facilities must be based on WHO criteria. Then individual factors, such as 

knowledge of WASH and diseases risks, must be improved through targeted health promotion 

and education interventions. Poverty must be reduced through income generation programs 

and community participation. Furthermore, traditional cultural beliefs related to WASH 

utilisation by gender, and caste or ethnicity should be changed through family and community 

education. Finally, the GoN should construct roads, bridges, and other community 

development projects, with community partnership and ownership, to help households gain 

access to improved water sources. This suggests that policies which consider individual, family 

and community factors (education, poverty, geography and distance) and make use of mass 

media may be successful in improving WASH facilities. To achieve this, advocacy and 

education about WASH, provision of WASH services, and WASH policy development must 

be implemented in Nepal. 

Mass media, such as television and newspapers, have a positive influence on household 

members and the wider community with regard to increasing awareness of WASH services. 

Newspapers are more effective for communicating with those with higher levels of education, 

while television is more effective for those with lower education levels. The type of mass media 

must take into account the target population and the geography of their area. The HMG is an 

effective means of delivering health messages to mothers, particularly regarding the benefits 

of using sanitary toilets. For other WASH components, such as improved water source and 

handwashing with soap, community discussions are more effective. Therefore, further study 

must be undertaken to determine the effectiveness of HMG and discussion sessions. An 

observational study of behaviour in the household would address the inadequacies of single 

observations and self-reports of WASH facilities and practices. Behavioural studies must be 
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conducted to address the gap in knowledge due to use of self-reported behaviour of WASH 

facilities. The most effective methods for public health intervention, therefore, would be those 

that tackle behavioural changes of all household family members including mothers and 

children. The timing of the intervention also plays a significant role, in that health education 

requires repetition to reinforce its message. A WASH service approach, such as the provision 

of toilets, soap, water and a fixed place for handwashing, an information centre, and 

supermarkets or grocery shops, must be ensured through maximising available resources. It is 

important to motivate local leaders and community members to provide improved water 

sources and adequate sanitation facilities. Appropriate handwashing policy must be formulated 

by GoN in Nepal, since the rate of handwashing with soap is almost half the rates of provision 

of improved water sources and sanitary toilet facilities, and handwashing with soap has been 

proven to be an important method for prevention and control of communicable diseases. 

8.10 Conclusions 

In Nepal, WASH is significantly associated with individual-, family-, and community-level 

factors. Household heads and mothers with higher levels of education have better WASH 

access. Those with a water source further than 30 minutes’ distance from their households had 

lower rates of access to WASH. Wealth index, ecology and remoteness of the household 

influence access to WASH. This thesis concludes there are gaps in access to WASH between 

rural and urban, poor and rich, and educated and uneducated people. 

The use of a sanitary toilet in the household is negatively associated with stunting and 

underweight in children under five years. Similarly, a fixed place for handwashing is 

significantly negatively associated with diarrhoea and wasting. Households without a fixed 

place for handwashing are likely to be of low economic status and uneducated, and its members 

are likely to have poor hygiene status. Due to poor hygiene, a child living in such a household 
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may become infected with diarrhoea, and chronic diarrhoea may cause nutrient depletion and 

wasting. Therefore, hygiene and sanitation are interconnected with the income of people and 

their food consumption, and deficiencies in these factors can lead to diarrhoea and malnutrition. 

Combined WASH has a positive impact by reducing the prevalence of diarrhoea, but does not 

reduce overall malnutrition rates. Well-designed and well-implemented interventions on 

handwashing behaviours, adequate improved water sources and sanitary disposal of human 

excreta, and addressing local culture, norms and resources, can result in significant 

improvements in WASH facilities in Nepal. Child mortality in Nepal will be addressed when 

WASH facilities are available to and used by all. Community-based WASH initiatives aimed 

to improve household-level WASH facilities should be strengthened. Therefore, it can be 

concluded that the combination of good WASH and good nutrition must be ensured for a 

healthy family and their children.  

8.11 Key recommendations 

From the results of this thesis, the following key recommendations have been developed for 

the GoN, MoHP, MoSD, political authorities, municipalities and rural municipalities, and all 

concerned stakeholders: 

1. Further research on household-level WASH behaviours is required to fill the 

knowledge gap regarding WASH facilities and how they are used within households by 

individuals and families. It is important to investigate the effectiveness of handwashing 

with soap, both using and not using the six steps. This thesis identifies the need to 

initiate further study on uptake of improved water sources and toilet facilities which 

ultimately support effective handwashing with soap practices at the household level. 

2. Health promotion and education interventions are important for all citizens to establish 

sound WASH practices at the household level, and television is one effective mass 
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medium for delivering WASH messages and thereby preventing from diarrhoea, 

stunting and underweight among children under five years. Traditional folk media 

interventions are further investigated at local level. 

3. In this thesis, the hills region had access to less improved water sources, and in the 

mountains region, there was less availability of soap, water and fixed handwashing 

places. Therefore, the establishment of fixed places for handwashing and improved 

water purification techniques at the household level must be a priority in these 

ecological zones, through community participation and under the leadership of local 

government. Province 2, in the plains region, is a sanitation and hygiene ‘dark zone’. 

There are still high rates of absence of handwashing facilities, and poor environments 

Therefore, health education programs are needed here. The Sanitation and Hygiene in 

Priority (SHP) program is proposed to introduce and implement WASH in sustainable 

ways. Province 2 and Karnali are priority areas in need of an effective and sustainable 

implementation of the SHP program. 

4. The use of sanitary toilets must be promoted and provided. 

5. The lack of combined WASH facilities increase the risk of diarrhoea among children 

under five years but not with malnutrition. Therefore, combined WASH activities 

should be implemented to prevent communicable diseases. 

6. A fixed place for handwashing is an indicator of a health-minded household and helps 

to prevent diarrhoea and wasting among children under five years. Handwashing with 

soap is seen as one of the best methods for preventing diarrhoea. Therefore, local 

governments should develop a handwashing policy for households adopting the 

WHO/UNICEF “Hand Hygiene for All” road map, including the use of soap and the 

establishment of a fixed place for handwashing. 
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7. WASH services should be accessible for all family members, including mothers and 

children, and the wider society. It is an individual’s responsibility, with family support, 

to maintain safe water, sanitary toileting and handwashing practices. 

8. Collective initiatives strong leadership, political willpower and transparency remain 

unstudied. These issues warrant further investigation. 

Low levels of education, poverty, geography are the barriers for improved WASH facilities 

in Nepal. Family and community support must be provided to improve WASH facilities and 

thereby improve child health status of Nepal. Additionally, a better understanding of 

individual drivers of WASH uptake must be developed to ensure a reduction in child 

morbidity and mortality. In addition to policies focusing on soap, water, and effective 

handwashing, provision of education is recommended. This is consistent with the Ottawa 

Charter for Health Promotion strategies [453] for high-quality health services and to meet the 

SDGs.   
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9. Chapter 9. Policy Brief: ‘The Importance of Handwashing 

and Opportunities for Improvement’  

9.1 Background 

Globally, in 2016, one in five deaths occurred due to communicable diseases, and 99% of these 

deaths occurred in developing countries, including Nepal. Approximately 10% of these deaths 

were mainly associated with lack of handwashing practices. Absence of a fixed place for 

handwashing is associated with higher rates of diarrhoea and wasting among children under 

five years. Combined WASH facilities, that is an improved water source, a sanitary toilet, and 

available handwashing facilities with soap and water, promote handwashing with soap 

behaviour of household family members. Less than half of the households have handwashing 

with soap facilities; this is a lower percentage than sanitary toilets and improved water sources 

in Nepal. Most available previous policies, guidelines, strategies and directives related to 

WASH addressed water and sanitation but handwashing issue is yet to be addressed. This 

limitation can fulfill the gap of formulating handwashing policy in line with SDG-6 and the 

constitution of Nepal. However handwashing with soap is becoming a habit among population 

after COVID-19 but its sustainability remains challenging and therefore this is important to 

explore handwashing policy in Nepal. 

9.2 Introduction 

Handwashing with soap remains a health promotion challenge. It is an issue that has been 

historically neglected in health policy and also by the general population [323]. Approximately 

53% of Nepalese people do not use soap and water for handwashing on any occasion. A 

conducive environment, incorporating factors such as motivation, knowledge, behaviour, 

income, and a fixed place for handwashing [454], is crucial for the prevention of communicable 
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diseases, such as diarrhoea and, most recently COVID–19 [130]. In Nepal, 47% of household 

members including mothers use soap and water and 20% of households did not have access to 

soap and/or other cleaning agents at the handwashing place [57]. The absence of a fixed place 

for handwashing precludes available soap and water. This policy briefing was conducted using 

available existing WASH related plans, policies, guidance, strategies, procedures and standard. 

Firstly the intended audience for these policy recommendations are political leaders [76]. In 

addition, the recommendations may be relevant to the government and non-government 

authorities that represent education, agriculture, water and sanitation, transport, planning, and 

health. Then, media organisations are instrumental in delivering information regarding 

handwashing with soap to the general public, and they also have the capacity to influence 

political leaders. Therefore, the media should be included in the target audience. Finally, the 

general population can benefit from this policy. 

Handwashing was not addressed in 15th five year plan of Nepal as well as in the district, 

municipality and village WASH strategies plans. Advocating this issue in the future will draw 

attention to keep it prioritized in the periodic national plan. 

The general population tends not to undertake preliminary precautions, and policy-makers are 

not proactive in the preparation and implementation of plans to combat the risk of 

communicable diseases [455]. This policy briefing seeks to report health promotion evidence on 

the “importance of handwashing and opportunities for improvement in Nepal”. 

9.3 Critical reflection 

9.3.1 To What extent do existing WASH policies support handwashing with soap? 

Existing policies related to WASH indirectly support handwashing by providing access to 

water and toilet facilities. In 2019, the Ministry of Water Supply developed a guideline for WASH 

plan which aimed to get implemented at all local level but it remains challenging to do so due to 
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the situational alteration in different regions [456]. There is a guidance note on minimum WASH 

requirements in COVID-19 quarantine and isolation centers [457], however, there remains a need 

to develop a standard national hand washing policy in Nepal. 

The Rural Water Supply Policy of 2004 supported good handwashing practices by ensuring 

adequate water supplies. The communication of this policy was via locally accepted channels, 

which increased awareness of it [222]. The Urban Water Supply and Sanitation Policy in 2008 

endorsed core principles, such as public health, economic growth, social inclusion, protecting 

and optimising investment, environmental protection, urban water supply, and sanitation [223]. 

The Sanitation and Hygiene Master Plan of 2011 emphasised the importance of handwashing 

with soap at critical moments [106]. Significantly, none of these initiatives included strategies 

for handwashing in households or institutions.  However, the Constitution of Nepal, the NHSS–

IP (2016-21), and the Sustainable Development Goals (SDGs) have given priority to this issue 

[231]. The Sector Development Plan (2016-30) addressed the importance of handwashing with 

soap [227]. The National Standard for WASH in health facilities of Nepal 2018 has also 

considered handwashing with soap as a priority action [147].  The School WASH procedure was 

launched to promote WASH at public and private schools, which encourages students, teachers 

and parents to practice handwashing with soap. However the household members might have 

obstacle to access handwashing with soap practice due to lack of knowledge about 

handwashing with soap, lack of soap and water in the handwashing places and absence of a 

clear plan of handwashing. The WASH policy must include the burden of communicable 

diseases, health care system, efficiency gains and value of money. The magnitude and burden 

of diseases help to estimate budget and WASH intervention plans during the planning phase.  

Therefore these components are interconnection and need to consider during planning. 

Available directives and strategies communication related to handwashing must be 

implemented throughout the country and timely revised them.  A handwashing policy is 
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urgently required but yet to be developed. Communities would best benefit from locally 

appropriate handwashing policy and implementation. 

9.3.2 What action can policy-makers take towards improving rates of handwashing with 

soap? 

This is the right time to give importance to handwashing by policy-makers in Nepal. A 

proposed handwashing policy in Nepal should be consistent with the main mandate of the 

Constitution of Nepal, NHSS–IP (2016-21), Nepal’s SDGs-6, and policy recommendations 

discussed here. Policy-makers should work to ensure all people are aware of the principles and 

practices of good handwashing with soap. A situational analysis of handwashing must first be 

conducted through context-specific workshops and studies. Secondly, culturally appropriate 

health promotion handwashing approaches should be adopted, including providing education 

on the rules of handwashing and ensuring the availability of soap, water and fixed handwashing 

places. Then, collaboration and coordination between health and non-health actors should be 

tailored to the needs of the lower socioeconomic population, as this group would benefit most 

from these interventions. Finally, handwashing policy needs to be compared with those of 

WHO, Centre for Disease Control and Prevention and the United Nations Children’s Fund to 

ensure its effectiveness and validity, while remaining culturally appropriate to Nepalese 

communities. 

9.4 Policy recommendations 

1. Formulate National, Provincial and Local level WASH steering committees to function 

at all levels. 

2. All levels of health education must include the topic of handwashing with soap and 

create an enabling environment. Other WASH components such as improved water and 

sanitary toilet provision must be ensured to establish sustainable handwashing practices 
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by all. 

3. Audio-visual communication methods and media for health promotion of handwashing 

practices are more effective than printed materials, so a focus on multimedia channels 

is recommended. All health facilities must establish health education corner with 

television broadcasting which helps to recall the importance of handwashing. This 

might be feasible through the joint leadership of municipalities and district health 

offices. 

4. Health literacy regarding handwashing with soap must be provided in multiple 

languages since Nepal is a multilingual nation. 

5. It is important to provide access to an improved water source, soap, and a fixed place 

for handwashing through a multi-sectorial approach for all households. 

6. The Price, Product, Promotion and Place approach for promotion of use of soap and 

water must be applied in the development of handwashing strategies and programs. 

7. A comprehensive health promotion and risk reduction plan must be formulated. 

8. Empowering marginalized group of people such as women, children and people living 

with disability must be the champions of handwashing with soap in the households by 

heads of the household, family members and community to support them in this 

endeavor. 

9. Handwashing should be promoted as an individual responsibility and a GoN’s strategy. 
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11. Appendices 

Appendix A. Nepal Demographic and Health Survey questionnaires 

Appendix A.1 Household Questionnaire used for this study  

         Formatting Date: 20 May 2015 

   English Language: 5 June 2016 

Nepal 

Ministry of Health and Population  

Nepal Demographic and Health Survey 2016 

Household questionnaires used for this study 

 

Identification 

Name and code of district:  

Name and code of village/municipality: 

Ward Number: 

Name of household head: 

Cluster number: 

Household number: 

Household selected for man’s survey? (1=Yes, 2=No) 
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INTRODUCTION AND CONSENT 

 

Hello. My name is _______________________________________. I am working with 

Ministry of Health. We are conducting a survey about health and other topics all over Nepal. 

The information we collect will help the government to plan health services. Your household 

was selected for the survey. I would like to ask you some questions about your household. The 

questions usually take about 20 to 30 minutes. All of the answers you give will be confidential 

and will not be shared with anyone other than members of our survey team. No part of this 

interview is being recorded in tape or video. You don't have to be in the survey, but we hope 

you will agree to answer the questions since your views are important. If I ask you any question 

you don't want to answer, just let me know and I will go on to the next question or you can stop 

the interview at any time. 

Do you have any questions? 

May I begin the interview now? 

Signature of interviewer ……………………………………………Date…………………… 

Respondent doesn’t agree to be interviewed. 2 (End) 

Respondent agree to be interviewed…1 (Continue) 

Record the time: Hours …………………………................   Minutes….................................. 

 

ID  Questions Options 

V104 What is current age? …………. Years 

V103 Sex of the household heads Male (1)    Female (2) 
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ID  Questions Options 

V60 What is the highest level of school 
(NAME) has attended? 

0=Preschool 

1=Primary 

2=Secondary 

3= SLC or higher 

8= Don’t know 

V69 What is (NAME)'s current marital 
status? 

1= Currently married 

2=Divorced/separated/ 

3= Widowed 

4= Never married 

 No of household members? ….. 

V85 Place of residence 1= Urban, 2= Rural 

V185 Place name  Ecology:  

1=Mountain, 2= Hills, 3= Plain 

V27 Place name Provinces: 

1,2,3,4,5,6,7 

 

V174 Wealth Index Calculated based on household assets  

 How long does it take to go there, get 
water, and come back? 

Minutes…  , Don’t Know… 998 

V85 What is the main source of drinking 
water for members of your 
household? 

    Piped water 

    11=Piped into dwelling 

    12=Piped to yard/plot 

    13=Piped to neighbour 

    14=Public tap/standpipe 

    Tube well water 

    21=Tube well or borehole 
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ID  Questions Options 

    Dug well (open/protected) 

    31=Protected well 

    32=Unprotected well 

    Surface from spring 

    41=Protected spring 

    42=Unprotected spring 

    43=River/dam/pond/stream/canal  

    51=Rainwater 

    61=Tanker truck 

    62=Cart with small tank 

    71=Bottled water 

    96=Other 

V89 What kind of toilet facility do 
members of your household usually 
use? 

 

If not possible to determine, ask 
permission to observe the facility. 

    Flush toilet 

    11=Flush to piped sewer system 

    12=Flush to septic tank 

    13=Flush to pit latrine 

    14=Flush to somewhere else 

    15=Flush, don't know where 

    Pit toilet latrine 

    21=Ventilated Improved Pit latrine   

    22=Pit latrine with slab 

    23=Pit latrine without slab/open pit 

    No facility 

    31=No facility/bush/field 

    41=Composting toilet 

    42=Bucket toilet 

    43=Hanging toilet/latrine 

    96=Other 
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ID  Questions Options 

V110 We would like to learn about the 
places that households use to wash 
their hands. Can you please show me 
where members of your household 
most often wash their hands? 

 

     1=Observed, fixed place 

     2=Observed, mobile place 

     3=Not observed: not in dwelling 

     4=Not observed: no permission to see 

     5=Not observed: other reason 

 Observe presence of soap, detergent, 
or other cleansing agent at the place 
for handwashing. 

Record observation. 

a= soap or detergent 

(bar, liquid, powder, paste)  

b = ash, mud, sand   

y= None. 

 Observe presence of water at the 
place for handwashing. 

Record observation. 

1=Water is available  

2= Water is not available 

Source: https://www.dhsprogram.com/pubs/pdf/fr336/fr336.pdf (Nepal Demographic and 

Health Survey 2016 report, Appendix F, pp 413-425)  

  

https://www.dhsprogram.com/pubs/pdf/fr336/fr336.pdf
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Appendix A.2 Women’s Questionnaire used for this study 

   Formatting Date: 20 May 2015 

   English Language: 5 June 2016 

Nepal 

Ministry of Health and Population  

Nepal Demographic and Health Survey 2016 

Women’s questionnaire used for this study 

 

Identification 

Name and code of district: 

Name and code of village/municipality: 

Ward Number: 

Name of household head: 

Cluster number: 

Household number: 

Name and Line Number of women: 

Check Cover page of household questionnaire: Household selected for man’s survey/DV 

module? (1=Yes, 2=No) 

Check Household questionnaire DVH01: Women selected for DV Module? (1= Yes,2=No) 
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INTRODUCTION AND CONSENT 

 

Hello. My name is _______________________________________. I am working with the 

Ministry of Health. We are conducting a survey about health and other topics all over Nepal. 

The information we collect will help the government to plan health services. Your household 

was selected for the survey. I would like to ask you some questions about your household. The 

questions usually take about 20 to 30 minutes. All of the answers you give will be confidential 

and will not be shared with anyone other than members of our survey team. No part of this 

interview is being recorded on tape or video. You don't have to be in the survey, but we hope 

you will agree to answer the questions since your views are important. If I ask you any question 

you don't want to answer, just let me know and I will go on to the next question or you can stop 

the interview at any time. 

Do you have any questions? 

May I begin the interview now? 

Signature of interviewer ……………………………………………Date…………………… 

Respondent doesn’t agree to be interviewed. 2(End) 

Respondent agrees to be interviewed…1 (Continue) 

Record the time: Hours …………………………................   Minutes….................................. 

 

ID  Questions Options 

V102 In what month and year were you 
born? 

Month….. 

Don’t know Month…. 

Year……. 
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ID  Questions Options 

Don’t know year… 

V593 What is the highest grade you 
have completed? 

If completed less than one grade, 
record 00 

Grade……. 

V1418 Respondent's occupation  

V1410 Husband’s education  

V644 Wealth Index  

V609 What is your caste/ethnicity? 

Write caste/ethnicity in the line 

……………………………. 

(Caste/ethnicity) 

V608 What is your religion? Hindu…………………..1 

Buddhist………………..2 

Muslim…………………3 

Kirat……………………4 

Christian ……………….5 

Other……………………6 

V686 Age of respondent at 1st birth  

V1003 Are you still breastfeeding? Yes………………............1 

No…………………….....2 

V631 Do you read a newspaper or 
magazine at least once a week, 
less than once a week or not at all 

At least once a week…….1 

Less than once a week…..2 

Not at all………………...3 

V632 Do you listen to the radio at least 
once a week, less than once a 
week or not at all 

At least once a week…….1 

Less than once a week…..2 

Not at all………………...3 
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ID  Questions Options 

V633 Do you watch television at least 
once a week, less than once a 
week or not at all 

At least once a week…….1 

Less than once a week…..2 

Not at all………………...3 

V1925 Place of residence 1=Urban, 2=Rural 

V1714 Place name Ecology:  

1= Mountain, 2=Hill, 3= Plain 

V449 Place name Provinces: 

1, 2, 3, 4, 5, 6, 7 

V1908 Health Mothers’ Group in this 
ward 

Yes……………..1 

No……………....2 

Don’t know…….8 

V1098 Disposal of youngest child's 
stools when not using toilet 

1=use toilet/latrine 

2=put/rinsed in toilet/latrine 

3=put/rinsed into drain or ditch 

4=throw into garbage 

5=bury 

9=leave in the open/do not 
disposed of it 

96=Other 

 Child’s date of birth Day….. Month…… Year 

V657 Sex of Child 1=Male 

2=Female 

V469 Had diarrhoea recently among 
children under five  

0=No 

2=Yes, last two weeks 

8=Don’t know 

V1321 Child’s weight in kilograms ………….. 
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ID  Questions Options 

9994=Not present 

9995=Refused 

9996=Other 

V1322 Child's height in centimetres …………… 

9994=Not present 

9995=Refused 

9996=Other 

Source: https://www.dhsprogram.com/pubs/pdf/fr336/fr336.pdf  ((Nepal Demographic and 

Health Survey 2016 report, Appendix F, pp. 429–432, 544–547, and 575).  

https://www.dhsprogram.com/pubs/pdf/fr336/fr336.pdf


 

283 
 

Appendix B. Ethical approval letters 

Appendix B.1 Ethical approval from the University of Newcastle 
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Appendix B.2 Approval letter for the use of NDHS 2016 dataset 
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Appendix C. Summary of article search strategy 

Database(s): Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and 
Daily 1946 to November 07, 2019 
Search Strategy: 

# Searches Results 

1 Handwashing.mp. or Hand Disinfection/ 6303 

2 Situation.mp. 149716 

3 households.mp. or Family Characteristics/ 48061 

4 1 or 2 or 3 202641 

5 Mothers/ or Mothers.mp. 150026 

6 Children.mp. or Child/ 2012115 

7 5 or 6 2104630 

8 Determinants.mp. 151783 

9 Knowledge/ or Health Knowledge, Attitudes, Practice/ 116543 

10 Soap.mp. or Soaps/ 5976 

11 Health education.mp. or Health Education/ 85051 

12 8 or 9 or 10 or 11 343876 

13 Nepal.mp. or Nepal/ 10711 

14 4 and 7 and 12 and 13 58 

 

Database(s): PsycINFO 1806 to October Week 4 2019 
Search Strategy: 

# Searches Results 

1 Handwashing.mp. 162 

2 Situation.mp. 95719 

3 households.mp. 11444 

4 Mothers.mp. or exp Mothers/ 95720 
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5 children.mp. 514655 

6 1 or 2 or 3 107032 

7 4 or 5 565155 

8 Determinants.mp. 41239 

9 Knowledge.mp. 300762 

10 soap.mp. 713 

11 Health education.mp. or exp Health Education/ 29176 

12 8 or 9 or 10 or 11 360295 

13 Nepal.mp. 1296 

14 6 and 7 and 12 and 13 10 

 

Database(s): Embase 1947 to 9 Nov 2019 
Search Strategy: 

# Searches Results 

1 Handwashing.mp. or handwashing/ 13721 

2 Situation.mp. 246330 

3 households.mp. or household/ 56559 

4 1 or 2 or 3 314617 

5 Mothers.mp. or mother/ 219548 

6 Children.mp. or child/ 2341181 

7 5 or 6 2476177 

8 Determinants.mp. or "social determinants of health"/ 187215 

9 Knowledge.mp. 873291 

10 Soap/ or Soap.mp. 9349 

11 Health education.mp. or health education/ 120991 

12 8 or 9 or 10 or 11 1157688 
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13 Nepal.mp. or Nepal/ 13087 

14 4 and 7 and 12 and 13 76 

 

 

Database(s): CINAHL until 9 Nov 2019 
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Appendix D. Strengthening the reporting of observational studies in epidemiology (STROBE) checklist, 

including paper grading 

STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

Title and abstract       

  1 a) Indicates the study’s 
design with a commonly 
used term in the title or the 
abstract. 

X X X X X X X 

    b) Provides in the abstract 
an informative and balanced 
summary of what was done 
and what was found  

X X X X X X X 

Introduction    

Background/ 
rationale  

2 Explains the scientific 
background and rationale 
for the investigation being 
reported  

X X X X X X X 
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

Objectives  3 States specific objectives, 
including any respecified 
hypotheses  

X X X X X X X 

Methods      
    

   

Study design  4 Presents key elements of 
study design early in the 
paper/report 

X X X 
 

X X X 

Setting  5 Describes the setting, 
locations, and relevant 
dates, including periods of 
recruitment, exposure, 
follow-up, and data 
collection  

X X X 
 

X X X 

    b) Cohort study: For 
matched studies, gives 
matching criteria and 
number of exposed and 
unexposed Case-control 
study: For matched studies, 
gives matching criteria and 
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

the number of controls per 
case  

Variables 
 

Clearly defines all 
outcomes, exposures, 
predictors, potential 
confounders, and effect 
modifiers. Gives diagnostic 
criteria, if applicable  

X X X 
 

X X  

Data sources/ 
measurement  

8 For each variable of interest, 
gives sources of data and 
details of methods of 
assessment (measurement). 
Describes comparability of 
assessment methods if there 
is more than one group  

X X 
 

X X X  

Bias  9 Describes any efforts to 
address potential sources of 
bias  

X 
 

X 
 

X   
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

Study size  10 Explains how the study size 
was arrived at  

X X X X X  X 

Quantitative 
variables  

11 Explains how quantitative 
variables were handled in 
the analyses. If applicable, 
describes which groupings 
were chosen and why  

X X X X X   

Statistical 
methods  

12 a) Describes all statistical 
methods, including those 
used to control for 
confounding 

X X 
 

X X X  

    b) Describes any methods 
used to examine subgroups 
and interactions 

    
   

    c) Explains how missing 
data were addressed 

    
   

    d) Cohort study: If 
applicable, explains how 
loss to follow-up was 
addressed 
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

    Case-control study: If 
applicable, explains how 
matching of cases and 
controls was addressed 

    
   

    Cross-sectional study: If 
applicable, describes 
analytical methods, taking 
account of sampling 
strategy 

  
X 

 
 X X 

    e) Describes any sensitivity 
analyses  

    
   

Results      
    

   

Participants  13 a) Reports numbers of 
individuals at each stage of 
study, e.g. numbers 
potentially eligible, 
examined for eligibility, 
confirmed eligible, included 
in the study, completing 
follow-up, and analysed 

X X X X X X X 
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

    b) Gives reasons for non-
participation at each stage 

    
   

    c) Considers use of a flow 
diagram  

    
   

Descriptive 
data  

14 a) Gives characteristics of 
study participants (e.g. 
demographic, clinical, 
social) and information on 
exposures and potential 
confounders  

X X X X X X X 

    b) Indicates number of 
participants with missing 
data for each variable of 
interest 

    
   

    c) Cohort study: 
Summarises follow-up time 
(e.g. average and total 
amount)  

 
X 

  
   

Outcome 
data  

15 Cohort study: Reports 
numbers of outcome events 
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

or summary measures over 
time 

    Case-control study: Reports 
numbers in each exposure 
category, or summary 
measures of exposure  

X 
   

   

    Cross-sectional study: 
Reports numbers of 
outcome events or summary 
measures  

  
X 

 
 X  

Main results 16 a) Reports the numbers of 
individuals at each stage of 
the study, e.g. numbers 
potentially eligible, 
examined for eligibility, 
confirmed eligible, included 
in the study, completing 
follow-up, and analysed 

X X 
 

X X X  

    b) Gives reasons for non-
participation at each stage 
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

    c) Considers use of a flow 
diagram  

    
   

Other 
analyses  

17 Reports other analyses done, 
e.g. analyses of subgroups 
and interactions, and 
sensitivity analyses  

    
   

Discussion    

Key results  18 Summarises key results with 
reference to study objectives  

X X X X X X X 

Limitations  19 Discusses limitations of the 
study, taking into account 
sources of potential bias or 
imprecision. Discusses both 
direction and magnitude of 
any potential bias  

X X X X X   

Interpretation  20 Gives a cautious overall 
interpretation of results, 
considering objectives, 
limitations, multiplicity of 
analyses, results from 

X X X X X X  
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STROBE 

Item 
No.  

Recommendation  Gautam 
et al. 

Rhee 
and 
Mullany 

Osrin 
et al. 

Langford 
and 
Penter- 
Brick 

Miller 
et al 

Kafle 
and 
Pradhan   

Kandel 
P. 

(X) (X) (X) (X) (X) (X)  

similar studies, and other 
relevant evidence  

Generalisabil
ity  

21 Discusses the 
generalisability (external 
validity) of the study results  

    
X   

Other information    

Funding  22 Gives the source of funding 
and the role of the funders 
for the present study and, if 
applicable, for the original 
study on which the present 
article is based  

X X X X X   

  
Total score 21/22 20/22 18/22 15/22 19/22 17/22 14/22 

  Percentage 95% 91% 82% 68% 86% 77% 67% 
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Appendix E. Bivariate and multivariate logistic regression analysis on the effects of covariates on diarrhoea and 

malnutrition among children under five years 

Variables Diarrhoea Stunting Wasting Underweight 

COR AOR COR AOR COR AOR COR AOR 

Age of the children 

<12 1 1 1 1 1 1 1 1 

13–24 0.82(0.59-1.14) 0.82(0.54-1.24) 2.84(2.05-3.94) 2.85(2.01-4.04) 0.58(0.39-0.88) 0.66(0.42-1.04) 1.59(1.18-2.14) 1.65(1.19-2.23) 

25–36 0.61(0.39-0.95) 0.61(0.40-0.95) 3.64(2.69-4.94) 4.00(2.92-5.49) 0.32(0.20-0.51) 0.31(0.18-0.55) 1.72(1.25-2.36) 1.83(1.27-2.63) 

37–48 0.50(0.35-0.70) 0.44(0.30-0.66) 3.01(2.17-4.17) 3.38(2.34-4.90) 0.31(0.20-0.49) 0.34(0.19-0.59) 1.57(1.15-2.14) 1.78(1.21-2.61) 

49–59 0.37(0.22-0.61) 0.35(0.18-0.69) 3.10(2.18-4.41) 5.59(2.45-5.25) 0.32(0.20-0.54) 0.35(0.21-0.59) 1.70(1.25-2.32) 2.15(1.45-3.17) 

Age of mother 

15-24   1 1 1 1 1 1 

25-34   1.22(0.96-1.54) 1.09(0.86-1.37) 0.83(0.60-1.14) 0.90(0.61-1.33) 1.38(1.08-1.77) 1.39(1.05-1.83) 

35+   1.53(1.05-2.22) 1.04(0.69-1.58) 0.92(0.57-1.46) 0.96(0.55-1.69) 1.41(0.97-2.05) 1.35(0.86-2.12) 

Education of mother 

No education 1 1 1 1 1 1 1 1 

Primary 0.98(0.73-1.31) 1.27(0.69-2.31) 0.68(0.53-0.88) 0.82(0.61-1.11) 0.69(0.42-1.14) 0.61(0.35-1.08) 0.67(0.50-0.89) 0.95(0.68-1.33) 
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Variables Diarrhoea Stunting Wasting Underweight 

COR AOR COR AOR COR AOR COR AOR 

Secondary 0.71(0.52-0.96) 1.20(0.66-2.18) 0.51(0.40-0.64) 0.89(0.63-1.26) 0.64(0.43-0.96) 0.63(0.38-1.06) 0.46(0.35-0.60) 0.99(0.68-1.44) 

SLC or higher 0.88(0.51-1.52) 0.96(0.60-1.55) 0.34(0.24-0.48) 0.71(0.42-1.20) 0.53(0.31-0.91) 0.66(0.31-1.40) 0.30(0.21-0.44) 0.69(0.38-1.26) 

Occupation of mother 

No work 1 1 1 1 1 1 1 1 

Agriculture 0.67(0.48-0.91) 0.77(0.55-1.09) 1.60(1.29-1.97) 1.15(0.88-1.49) 0.69(0.52-0.92) 0.93(0.65-1.32) 1.30(1.01-1.67) 1.33(0.98-1.80) 

Non-agriculture 1.30(0.91-1.86) 1.44(1.00-2.09) 1.36(0.99-1.86) 1.62(1.11-2.38) 0.52(0.31-0.87) 0.91(0.51-1.65) 0.90(0.61-1.33) 1.44(0.90-2.31) 

Education of husband 

No education 1 1 1 1 1 1 1 1 

Primary 0.76(0.49-1.17) 0.81(0.54-1.23) 0.78(0.58-1.07) 1.01(0.69-1.49) 1.20(0.72-2.01) 1.62(0.91-2.89) 0.70(0.50-0.97) 1.12(0.79- 1.59) 

Secondary 0.65(0.44-0.94) 0.77(0.49-1.20) 0.59(0.45-0.79) 1.02(0.72-1.46) 0.98(0.61-1.56) 1.39(0.82-2.38) 0.53(0.40-0.70) 0.98(0.68-1.42) 

SLC or higher 0.81(0.54-1.22) 1.02(0.62-1.68) 0.39(0.27-0.58) 0.84(0.51-1.40) 0.74(0.40-1.37) 1.19(0.56-2.51) 0.39(0.27-0.58) 1.19(0.73-1.97) 

Wealth index 

Poor 1 1 1 1 1 1 1 1 

Middle 1.22(0.81-1.84) 1.28(0.86-1.93) 0.71(0.54-0.92) 0.78(0.56-1.08) 1.19(0.80-1.77) 0.78(0.46-1.32) 1.10(0.82-1.48) 0.96(0.66-1.41) 

Rich 1.15(0.86-1.54) 1.30(0.89-1.91) 0.47(0.37-0.60) 0.75(0.53-1.06) 1.11(0.78-1.57) 1.17(0.73-1.86) 0.55(0.42-0.72) 0.82(0.56-1.21) 

Breast feeding 
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Variables Diarrhoea Stunting Wasting Underweight 

COR AOR COR AOR COR AOR COR AOR 

No 1 1 1 1 1 1 1 1 

Yes 1.48(1.08-2.02) 1.06(0.70-1.61) 1.14(0.90-1.46) 1.37(1.03-1.79) 1.74(1.08-2.80) 1.06(0.64-1.75) 1.58(1.19-2.10) 1.75(1.23-2.47) 

Caste or ethnicity 

Brahmin/Chhetri 1 1 1 1 1 1 1 1 

Janajati 1.49(1.03-2.16) 1.64(1.10-2.44) 0.92(0.71-1.19) 0.92(0.67-1.27) 1.43(0.97-2.08) 1.11(0.71-1.75) 0.93(0.68-1.28) 0.83(0.60-1.16) 

Scheduled 1.39(0.81-2.40) 1.44(0.88-2.36) 1.21(0.87-1.69) 0.94(0.64-1.39) 1.83(1.11=3.02) 1.17(0.67-2.05) 1.41(0.97-2.05) 0.89(0.60-1.32) 

Other 1.80(1.08-2.99) 1.82(1.01-3.28) 1.30(0.97-1.73) 1.06(0.69-1.63) 1.79(1.21-2.64) 0.79(0.41-1.52) 1.77(1.33-2.36) 0.86(0.53-1.39) 

Exposure to newspaper 

No 1 1 1 1 1 1 1 1 

Yes 0.83(0.56-1.24) 1.05(0.69-1.59) 0.58(0.44-0.77) 1.10(0.74-1.62) 0.57(0.37-0.89) 1.12(0.63-2.01) 0.42(0.31-0.57) 0.86(0.59-1.27) 

Exposure to radio 

No 1 1 1 1 1 1 1 1 

Yes 0.81(0.63-1.04) 1.28(0.85-1.72) 0.71(0.57-0.87) 0.85(0.66-1.10) 0.60(0.43-0.83) 0.86(0.56-1.33) 0.66(0.52-0.84) 0.99(0.74-1.32) 

Exposure to television 

No  1 1 1 1 1 1 1 

Yes 0.75(0.49-1.12) 0.63(0.42-0.96) 0.43(0.35-0.53) 0.59(0.45-0.78) 0.66(0.49-0.90) 0.74(0.51-1.06) 0.47(0.37-0.61) 0.63(0.46-0.85) 
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Variables Diarrhoea Stunting Wasting Underweight 

COR AOR COR AOR COR AOR COR AOR 

Place of residence 

Rural 1 1 1 1 1 1 1 1 

Urban 1.14(0.77-1.68) 1.23(0.92-1.65) 0.62(0.50-0.79) 0.96(0.75-1.23) 0.82(0.60-1.14) 1.09(0.76-1.57) 0.63(0.49-0.81) 1.05(0.82-1.34) 

Ecological zone 

Plain 1 1 1 1 1 1 1 1 

Hills 0.72(0.46-1.13) 0.84(0.55-1.28) 0.84(0.67-1.06) 0.83(0.60-1.17) 0.48(0.34-0.70) 0.86(0.47-1.58) 0.48(0.37-0.61) 0.58(0.40-0.83) 

Mountains 0.58(0.38-0.88) 0.64(0.38-1.10) 1.52(1.07-2.18) 1.18(0.75-1.85) 0.47(0.25-0.89) 0.54(0.23-1.26) 0.82(0.54-1.23) 0.61(0.37-1.00) 

Provinces 

1 1 1 1 1 1 1 1 1 

2 1.19(0.77-1.85) 0.76(0.45-1.27) 1.19(0.87-1.63) 0.87(0.57-1.33) 1.29(0.78-2.11) 1.00(0.55-1.84) 1.82(1.19-2.77) 1.30(0.76-2.22) 

3 1.27(0.65-2.48) 1.34(0.82-2.20) 0.91(0.59-1.41) 1.09(0.71-1.67) 0.30(0.14-0.66) 0.35(0.15-0.82) 0.52(0.28-0.98) 0.78(0.47-1.27) 

4 0.49(0.26-0.93) 0.68(0.34-1.36) 0.84(0.54-1.32) 1.12(0.70-1.78) 0.47(0.23-0.98) 0.47(0.22-1.00) 0.57(0.33-1.00) 0.79(0.46-1.37) 

5 1.14(0.75-1.73) 1.13(0.72-1.80) 1.26(0.84-1.89) 1.31(0.87-1.95) 0.62(0.35-1.11) 0.60(0.32-1.12) 1.17(0.74-1.84) 1.10(0.71-1.72) 

6 0.82(0.53-1.26) 0.95(0.53-1.70) 2.51(1.74-3.63) 1.91(1.22-2.98) 0.62(0.34-1.16) 0.66(0.32-1.39) 1.79(1.16-2.76) 1.71(1.07-2.74) 

7 0.84(0.55-1.29) 1.26(0.76-2.08) 1.13(0.77-1.66) 1.04(0.67-1.61) 0.79(0.43-1.43) 0.86(0.43-1.70) 1.16(0.76-1.77) 1.14(0.72-1.81) 
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Variables Diarrhoea Stunting Wasting Underweight 

COR AOR COR AOR COR AOR COR AOR 

Health mother group 

No 1 1 1 1 1 1 1 1 

Yes 0.83(0.62-1.11) 1.05(0.74-1.50) 0.97(0.77-1.22) 1.03(0.78-1.36) 0.73(0.51-1.05) 0.86(0.57-1.29) 0.93(0.73-1.18) 1.03(0.78-1.36) 

Do not know 0.96(0.64-1.43) 0.88(0.58-1.37) 0.63(0.44-0.92) 0.73(0.50-1.07) 0.74(0.45-1.21) 0.94(0.52-1.71) 0.60(0.43-0.86) 0.67(0.44-1.03) 
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Appendix F. Letter of statistical support 




