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Abstract 

Worldwide an estimated 149.2 million children under 5 years were stunted in 2020, 

and 58% lived in low and middle-income (LMIC) countries characterized by poor 

nutrition and poor access to water, sanitation, and hygiene (WaSH) services. The best 

nutrition interventions implemented in LMIC can reduce childhood stunting by up to 

a third of the height deficit; however, evidence that WaSH interventions may also 

reduce stunting is mixed. The objective of this study was to investigate the effects of 

water access on childhood linear growth and stunting. Generalized estimating 

equations framework was used to estimate associations between water access during 

pregnancy and two outcomes: length-for-age z-score (LAZ) and childhood stunting at 

18 months of age using secondary data from a cluster-randomized clinical trial in a 

rural setting. 4,036 mother/infant dyads drawn from 209 clusters were matched on 

water access and child linear growth. HIV and stunting prevalence were 16% and 

33%, respectively; 62% of the households used water from boreholes, and ~1% had 

piped water in their homes. Water volume per capita per day was associated with 

improved child linear growth, mean LAZ = 0.10 (95% CI: 0.004; 0.20), p = 0.04; the 

association was stronger among children born to HIV-infected mothers but not among 

HIV-unexposed children. Distance and one-way walk time to a primary water source 

were weakly associated with linear growth, but water quality was not. Community-

level water access measures were not consistently associated with mean LAZ; volume 

of water per person per day predicted child linear growth, and the impact was greater 

among children born to HIV-infected mothers. Implications for positive social change 

include precision targeting of vulnerable subpopulations, which may be a more 

effective approach to addressing the current child linear growth challenges.   
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Section 1: Foundation of the Study and Literature Review  

Globally 149.2 million children under 5 years were stunted in 2020 according 

to the United Nations Children’s Fund (UNICEF), World Health Organization 

(WHO) and World Bank Joint Child Malnutrition Estimates Group (WHO, 2023). 

The majority of stunted children live in LMIC, where a total of 135.7 million children 

comprising 58% of stunted children worldwide live; 57.5 million of them lived in 

Africa and 78.2 million in Asia (UNICEF et al., 2020). This shows that the burden of 

childhood stunting is disproportionately among children who live in developing 

countries. Over the last decade the prevalence of childhood stunting has been 

decreasing globally; however, the population of stunted children in sub-Saharan 

Africa (SSA) has been increasing with growth of the population in the region (de Onis 

& Branca, 2016; UNICEF et al., 2020).  

There is strong evidence that childhood stunting is associated with poor access 

to water, sanitation, and hygiene (WaSH), which play a key role in preventing the 

spread of infectious diseases that can affect child growth and development (de Onis & 

Branca, 2016; Schmidt, 2014; Spears, 2013). WaSH remains a key determinant of 

child health according to a conceptual framework on childhood stunting, which was 

first proposed by UNICEF and WHO in 1990 and is still being used to explain the 

underlying causes of childhood stunting. Improvements in access to WaSH have been 

observed to result in reductions in child stunting, as witnessed in the case of Brazil 

over the last three decades (Rasella, 2013). Therefore, interventions for reducing 

childhood stunting should include some components of WaSH to be more effective. 

One of the biggest disparities between rural and urban Zimbabwean 

communities is their access to water. In 2012, according to the Progress on Drinking-
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Water and Sanitation Report (WHO & UNICEF, 2014), an estimated 19% of rural 

Zimbabweans did not have access to improved drinking-water compared to only 1% 

in urban areas. The Joint Monitoring Program (JMP) report by WHO and UNICEF 

(2014) also estimated that 34% of the Zimbabwean population in 2012 had access to 

piped water on premises, and the rest, 46%, 15%, and 5% had access to improved 

wells, unimproved wells, and surface water, respectively. Piped water into premises is 

only available in Zimbabwean urban centers, whereas rural water access is mainly 

from wells, boreholes, and even open water bodies. The median distance to water 

points in rural Chirumanzu and Shurugwi Districts in the Midlands Province of 

Zimbabwe was about 361m ranging from 146–848m, and there was a wide seasonal 

variation in access throughout the year (Ntozini et al., 2015). This suggests that 

improvements in WaSH access in rural Zimbabwe may have a significant role in the 

reduction of childhood stunting if water access was improved. 

In this study, I explored the relationship between childhood stunting and 

access to water in the two rural districts of Zimbabwe in the Midlands Province. This 

research fills an important gap in understanding how water-access could affect 

childhood stunting in these rural communities. Findings from this study could have a 

positive social change impact on rural communities by influencing how water services 

may be provided to communities in resource-limited settings in order to impact child 

health outcomes. The impact of these findings could also influence public health 

policy on malnutrition and disease prevention in rural areas in LMIC. 

The foundation section is divided into logical subsections: a brief literature on 

childhood stunting, its consequences, and the link with WaSH including water access 

is discussed in the introduction and background subsections. The public health 
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problem addressed in this study and the purpose of this research are discussed under 

the problem statement and purpose of the study. The research questions and 

hypotheses are then discussed followed by a theoretical framework that guides the 

design of the study and potential pathways to impact. The rest of the section discusses 

the selection of the study design under the nature of the study; the sources of data, and 

definition of terms used; assumptions and scope as well as the significance of the 

study.  

Background 

Stunting, also known as growth retardation, is a phenomenon where a child is 

too short for their stature at a given age. Childhood stunting is technically defined as 

having a length-for-age z-score (LAZ) or height-for-age z-score (HAZ) less than two 

standard deviations below the median length or height on the WHO child growth 

standard (WHO, 2016a). Children below 24 months of age are measured while lying 

down as length, and older children > 24 months are measured while standing up as 

height (WHO, 2016a). Current evidence suggests that stunting begins early in life, 

starting in-utero during fetal development, and continues until between 18 to 24 

months infant age after that stunted children are unlikely to recover to their full 

potential (Victora et al., 2010). 

Childhood stunting is an important indicator of the overall health status of 

children. Stunting is an indicator of a child’s overall well-being and an accurate 

reflection of social inequalities (de Onis & Branca, 2016). Several researchers have 

shown that childhood stunting is associated with multiple public health problems that 

affect their lives from infancy, persist into their adulthood and even affects their 

offspring. According to work by various researchers, the consequences of stunting are 
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summarized as follows:  

 Stunted children are associated with poor early childhood cognitive 

development outcomes, 

 Stunted children are associated with attending less schooling and are 

likely to perform poorly in class, 

 In their adult life, stunted children tend to work in less paying jobs and 

have reduced economic productivity, 

 Stunted children are likely to become more obese in their adult life and 

are more susceptible to non-communicable diseases such as hypertension 

and heart diseases, and  

 Mothers who were stunted as children are more likely to bear stunted 

offspring perpetuating the stunting cycle. (Adair et al., 2013; Black et al., 

2008; Dewey & Begum, 2011; Stein et al., 2005; Victora et al., 2008; 

Vollmer et al., 2014). 

This shows the significance of childhood stunting as an important public health 

problem and highlights the urgency of finding public health interventions that can 

effectively reduce the problem. Due to the complexity and far reaching effects of the 

problem of childhood stunting, action to reduce stunting requires a multi-pronged 

approach involving improvements in multiple domains including WaSH, food and 

nutrition security, education, better health, and reduction in poverty by raising the 

economic and social status of women (de Onis & Branca, 2016). Therefore, 

intervention approaches that target multiple pathways to child stunting may have the 

best chances of tackling the problem of reducing stunting. 

It is estimated that in 2013 between 36–42% of children living in developing 
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countries in SSA and Asia were stunted (Black et al., 2013). In Zimbabwe, for 

example, one of the SSA countries that has high levels of childhood stunting, in 2016 

there was an estimated 35% of children aged under 5 years either stunted, wasted, or 

underweight (WHO, 2016b). It was also reported that routine assessment of child 

height in addition to weight at postnatal visits was only introduced in 2012 on the 

“road to health card”—the postnatal child health card issued to all children at birth in 

Zimbabwe and used to record child growth and development (“Government Unveils 

New Child Health Card, Vaccine,” 2012). Furthermore, only health care staff at 

public health facilities—where anthropometric equipment is available—can complete 

the card while most private health providers generally leave the new sections of the 

updated card blank. This means that even though childhood stunting could be 

monitored at child-level, this is not always happening due to other operational 

constraints in the health care systems in Zimbabwe. The Global Nutrition Profile for 

Zimbabwe (2014) reported that there are wide disparities in the absolute prevalence of 

childhood stunting in Zimbabwe. The report also shows that there were disparities in 

changes in the rates of stunting over time between the rich and the poor. For example, 

in 2011 while the country’s average under-5 stunting prevalence was 32%, only 25% 

of children from the wealthiest quantile were stunted; meanwhile, 36% of children 

from the poorest quantile were stunted. This also shows that children from families 

with low socioeconomic status, who are mainly rural children, are at a higher risk of 

stunting. 

Generally, childhood stunting has remained a hidden public health problem 

that is understood and discussed mostly between academics more than by public 

health practitioners and the affected populations. Childhood stunting often goes 
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unrecognized in communities where short stature is the norm, and that linear growth 

is normally not assessed in most primary healthcare settings (de Onis & Branca, 

2016). Communities with the greatest need for interventions to reduce stunting are not 

aware of this as a problem and children are not getting the attention they need in these 

communities (Said-Mohamed et al., 2015). This suggests that countries that have the 

greatest need to reduce child stunting may not even take it as a serious public health 

problem even though it has serious detrimental consequences to their populations.  

Research into childhood stunting over the last two decades focused mainly on 

understanding the determinants and consequences of childhood stunting. In 1990, 

WHO and UNICEF proposed a comprehensive conceptual framework on childhood 

malnutrition that depicts the basic, underlying, and immediate causes of childhood 

malnutrition and stunting (UNICEF & WHO, 1990). The problems and consequences 

of childhood stunting have since been escalated to the United Nations (UN) and WHO 

platforms and world leaders met in the year 2000 and set some aspirational goals to 

reduce childhood stunting, among other health outcomes. The Millennium 

Development Goals (MDGs) in 2000 as well as the recent Sustainable Development 

Goals (SDGs) in 2015 were targets set to improve child survival and achieve optimum 

growth and development (UN, n.d.-a, n.d.-b). These efforts have seen a steady global 

decline in stunting prevalence from 32.6% in 2000 to 22.2% by 2017; however, in 

SSA the population of stunted children has been increasing over the same period due 

to population growth (de Onis & Branca, 2016; Said-Mohamed et al., 2015; UNICEF 

et al., 2018). This means that even though in some regions stunting may be declining, 

in SSA and Asia the problem persists. 

The underlying causes of childhood stunting act along different pathways and 
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at different levels. There are two prominent pathways to stunting in the framework 

proposed by UNICEF: One pathway acts through inadequate dietary intake, and the 

other pathway is due to disease. The two pathways also interact with disease 

modifying dietary intake and lake of adequate diet making children more vulnerable 

to disease (UNICEF & WHO, 1990). Nutrition interventions target the nutritional 

pathway and attempt to fill in the nutrient gap to improve child growth (Stewart et al., 

2013). However, many studies have shown that good complementary feeding 

interventions may only have a small impact on childhood stunting for children in 

LMICs (Panjwani & Heidkamp, 2017). Nutrition interventions alone are inadequate 

for eliminating childhood stunting. A number of researchers have reported that a large 

part of the disease burden, including childhood stunting, is associated with having 

poor access to water and inadequate sanitation and hygiene (Bartram & Cairncross, 

2010; Cumming & Cairncross, 2016; Prüss‐Ustün et al., 2014). Countries in the world 

worst affected by stunting had correspondingly poor rates of water and sanitation 

coverage, and this association is especially significant in LMIC. Childhood stunting 

has been positively associated with improvements in water coverage (Esrey et al., 

1991; Fry et al., 2010; Rasella, 2013). It is therefore important to examine the level of 

water coverage required to significantly affect child health outcomes. 

Access to water can be assessed in many dimensions; proximity to water 

source, quantity of water used, and the quality of the water used are some dimensions 

used among other measures. It is important to establish which particular dimension or 

dimensions of access to water are the most important to prevent childhood stunting. 

The WHO has not provided sufficient guidance on the quantity of domestic water that 

is required to promote good health (Howard et al., 2020). The availability of 
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freshwater and distance travelled to fetch water adversely affects child health 

outcomes including childhood stunting (Abubakar et al., 2012; Pickering & Davis, 

2012). In terms of amount of water per person per day needed to prevent morbidity 

and mortality in disaster settings, evidence has shown that increasing the amount of 

water used by each person per day reduced the risk of adverse health outcomes (De 

Buck et al., 2015). Water quality is another dimension of water access that may be 

important for childhood stunting. Improving the quality of water, by disinfection and 

practicing hygiene by providing soap, has shown small benefits to linear growth for 

children < 5 years (Dangour et al., 214). However, the quality of the evidence in the 

studies reviewed was poor due to weak methodologies or size of studies was too 

small. This highlighted a gap where more and better quality evidence is required to 

quantify the health benefits associated with improving water quality in resource-

limited settings in order to improve child linear growth and reduce stunting. 

Problem Statement 

UNICEF, WHO, and the World Bank Joint Child Malnutrition Estimates 

Group estimated that globally 149.2 million children under 5 years were stunted in 

2020 (WHO, 2023). In the same period a total of 135.7 million children comprising 

58% of stunted children lived in LMICs; 57.5 million of them lived in Africa and 78.2 

million in Asia (UNICEF et al., 2020). Childhood stunting is a multidimensional 

problem involving many interacting factors; nutrition plays a key role, but the 

environment in which children grow also plays a pivotal role (UNICEF & WHO, 

1990). The UNICEF conceptual framework on childhood malnutrition and stunting 

places access to WaSH as an alternative pathway to childhood stunting mediated 

through diseases (UNICEF & WHO, 1990; Stewart et al., 2013). LMICs, including 
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Zimbabwe, have both poor WaSH coverage and high prevalence of stunting (Spears, 

2013; Schmidt, 2014). According to The Global Nutrition Profile (2014) for 

Zimbabwe, the highest prevalence of childhood stunting is among the rural and 

poorest who also have the poorest access to water. Only 16.5% of rural Zimbabweans 

in Chirumanzu and Shurugwi Districts walked less 100m to fetch drinking water 

(Ntozini et al., 2015).  

A number of studies quantified the health benefit of improving access to 

water; however, they reported mixed results, and the quality of the evidence in some 

of these studies was poor (Esrey et al., 1991; Fry et al., 2010; Overbo et al., 2016; 

Rasella, 2013). For example, Harris et al. (2017) argued that individual-level access to 

WaSH resources might be less important than community-level coverage. Harris et al. 

showed that community latrine coverage was a better predictor of childhood stunting 

than household ownership of a latrine. It is however not clear whether water coverage 

at community-level would also be a better predictor of child growth compared to 

household-level access to water. Hence, this research filled an important gap in the 

literature in trying to explain how individual and community-level access to water 

may affect childhood stunting in rural areas in resource-limited settings. 

Purpose of the Study 

The purpose of this research study was to explore the functional relationship 

between various measures of water access and childhood stunting in resource-limited 

settings. Water access, in this research study, was defined in terms of time or distance 

to water source, the quality of the water source, and the quantity of water used by 

households. I determined the associations between distance to water source, water 

quantity, and water quality with childhood stunting at 18 months of age in the two 
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rural districts of Zimbabwe in the Midlands Province. The research inquiry that I 

followed was a quantitative, analytical research paradigm using secondary data from 

the SHINE Study, a 2x2 factorial cluster-randomized clinical trial that was conducted 

in the two rural districts (The SHINE Team, 2015). 

Research Questions and Hypotheses 

This study was guided by three key research questions (RQs) that I used to 

explore the associations between childhood stunting and access to water at both child 

and community-level. I tested each of the three hypotheses corresponding to these 

research questions. 

 RQ 1: Is there an association between household water quantity and child 

linear growth at the age of 18 months in rural Chirumanzi and Shurugwi? 

 H01: There is no association between household water quantity and 

child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi. 

 Ha1: There is an association between household water quantity and 

child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi. 

 RQ 2: Is there an association between household distance to water source 

and child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi? 

 H02: There is no association between household distance/time to water 

source and child linear growth at the age of 18 months in rural 

Chirumanzi and Shurugwi.  

 Ha2: There is no association between household distance/time to water 
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source and child linear growth at the age of 18 months in rural 

Chirumanzi and Shurugwi. 

 RQ 3: Is there an association between household water quality at source 

and child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi? 

 H03: There is no association between household water quality at source 

and child linear growth at the age of 18 months in rural Chirumanzi 

and Shurugwi. 

 Ha3: There is no association between household water quality at source 

and child linear growth at the age of 18 months in rural Chirumanzi 

and Shurugwi. 

The SHINE Trial dataset provided an extensive list of covariates that were collected 

at baseline and could be used for adjusting the analyses for confounding. The detailed 

description of these is discussed in Section 3. 

Theoretical Framework  

The purpose of this study was to evaluate the effects of water access on 

childhood stunting because stunting is associated with poor access to water. 

Childhood stunting has been shown to be associated with adverse effects on other 

child health and developmental outcomes (de Onis & Branca, 2016). I proposed and 

tested research questions that are in the pathway to childhood stunting according to 

the theoretical model (Figure 1) based on the UNICEF malnutrition and stunting 

model (UNICEF& WHO, 1990). However, I only focused on the water and sanitation 

pathway as a determinant for childhood stunting as shown in Figure 2. The 

hypothesized theoretical model was based on the literature that links water quality, 
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distance to water, and water quantity to childhood stunting. 

Figure 1 

WHO Conceptual Framework on Childhood Stunting 

 

Note. Adapted from “Strategy for improved nutrition of children and women in developing countries. 

A UNICEF Policy Review” by UNICEF, 1990. 

http://repository.forcedmigration.org/pdf/?pid=fmo:3066. Copyright 2022 by UNICEF. In the public 

domain. 

 

Figure 2 

Hypothesized Pathways to Stunting Attributable to Water Access 

 

http://repository.forcedmigration.org/pdf/?pid=fmo:3066
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The overarching theoretical framework for this study was the social ecological 

model (SEM) that justifies the use of multilevel interventions to improve population 

health (Bronfenbrenner, 1994; Bronfenbrenner & Morris, 2006; McLeroy et al., 

1988). Bronfenbrenner (1994) postulated that the environment influences human 

behaviors and actions and that humans create or modify the specific environments in 

which they live. SEMs have been successfully applied in public health to effect 

behavior change (Glanz et al., 2008). Childhood stunting is a complex health problem 

that requires a multilevel and multidisciplinary approach to interventions (de Onis & 

Branca, 2016; Stewart et al., 2013), making the SEM suited to study this situation. 

SEMs have five defining principles that help influence health behaviors 

(Glanz et al., 2008). The first principle asserts that health behaviors are not simple; 

rather there are multiple levels of influence on health behaviors. These multiple levels 

of influence are (a) intrapersonal, (b) interpersonal, and (c) community levels 

affecting organizational behavior and influencing public policy (Barry & Honoré, 

2009). In this study, I examined the association between water access at two levels, 

the individual (household) level and the community level. Results of this study could 

influence institutional behaviors and ultimately affect policy on childhood stunting. 

The second principle of SEMs affirms that environmental contexts are 

important determinants of health behaviors, which means that peoples’ health 

behaviors are determined by the environment in which they live (Glanz et al., 2008). 

For example, in environments where short stature is the norm, childhood stunting is 

not immediately recognized as a health problem. Additionally, in environments where 

water is hard to find people tend to use less water and engage in more risky hygiene 

behaviors such as not washing hands after using the toilet, which could increase the 
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risk of childhood stunting through contraction of diseases. 

The third principle of SEMs points out that influences on behaviors interact 

across the various levels; hence, all levels should be addressed to influence the desired 

health behavior (Glanz et al., 2008). If at household level people are not aware of 

stunting as a challenge needing attention but the health institutions are ready to deal 

with it, then childhood stunting will remain a problem unaddressed. In addition, if no 

policies are put in place to prevent childhood stunting then public health workers will 

be less effective in their endeavors to prevent it. 

The fourth principle of SEMs states that the models should be behavior-

specific, which means that to influence a specific health behavior requires specifically 

tailored interventions (Glanz et al., 2008). For example, providing water chlorination 

chemicals will only improve treatment of drinking water in the household but not any 

other behaviors such as feeding nutritional foods to children. In this study, I examined 

the effects of water treatment on childhood stunting, where water treatment chemicals 

were supplied to the households. 

The last principle of SEMs stresses that interventions that target multiple 

levels should be more effective in changing behaviors (Glanz et al., 2008). The 

WHO/UNICEF Framework for child malnutrition demonstrates this principle by 

separating the different domains that influence childhood stunting into proximal and 

distal determinants (Stewart et al., 2013). In this framework, access to nutrition, 

maternal childcare, access to water and sanitation and access to health services are 

identified as more proximal (or underlying) causes of childhood stunting. This 

framework also shows that disease and inadequate nutrient intake are the more 

proximal determinants of childhood stunting. 
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The SEM framework allowed me to investigate the mechanism through which 

water access may be associated with childhood stunting. This can help public health 

practitioners in resource-limited settings design interventions that are more effective 

to tackle the problem of childhood stunting in rural Zimbabwe and other SSA 

countries with similar settings. 

Nature of the Study 

This study was quantitative in nature; Accordingly, I tested objective 

hypotheses by examining the relationships between quantitative variables (Creswell, 

2009). The purpose of this study was to evaluate the effects of access to water on 

childhood linear growth in a resource limited rural settings. Using specific RQs, I 

determined the association between child linear growth and various water access 

measures. A prospective observational cohort study design was employed to 

investigate the relationship between water access measures assessed at the baseline 

visit during pregnancy and child linear growth assessed at 18 months infant age. In 

this study I followed a question-driven approach where I first formulated the RQs 

then identified a suiTable Bataset to answer them, rather than a data-driven approach 

where a researcher interrogates available data to produce research questions (Cheng & 

Phillips, 2014). I identified a suitable source of secondary data to answer the research 

questions from a randomized clinical trial conducted in Zimbabwe between 2012 and 

2017 in the two districts of Chirumanzu and Shurugwi by the Sanitation, Hygiene, 

Infant Nutrition Efficacy (SHINE) Study Team (SHINE Team, 2015). 

The dependent variables were LAZ and childhood stunting and independent 

variables were distance and walk time to the primary water source, quantity of water, 

and the quality of water source used. Explanatory variables were selected from a list 
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of candidate variables, which include maternal and infant characteristics, household 

and environmental characteristics, and geographical characteristics as well as the 

randomized interventions given in the original trial and other study conduct related 

factors. Community-level variables collected at the cluster and district-levels were 

also used as explanatory variables in the analysis. The full description of methods 

used in this study is discussed in Section 2. 

Details of the Secondary Data Source 

The secondary data source identified for this study was the SHINE study 

conducted in Zimbabwe between 2012 and 2017. SHINE was a cluster-randomized, 

2x2 factorial community based experimental study conducted in the two districts, 

Chirumanzu and Shurugwi in rural Zimbabwe (SHINE Trial Team, 2015). According 

to SHINE Trial Team, the objectives of the study were to investigate the independent 

and combined effects of an improved WaSH intervention and an improved nutrition 

intervention on child growth and anemia at 18 months of age. In this study the authors 

reported that, among HIV-unexposed children at 18 months of age, the nutrition 

intervention improved child linear growth by 0.16 HAZ (95% CI: 0.08–0.23), reduced 

stunting by 25% from 35% to 27%, increased hemoglobin concentration by 2.03 g/L 

(95% CI: 1.28–2.79), and reduced anemia from 13.9% to 10.5% (Humphrey et al., 

2019). They also reported an even higher impact of the nutrition intervention among 

HIV-exposed children, increasing HAZ by 0.26 (95% CI 0.09–0.43) and hemoglobin 

concentration by 2.9 g/L (95% CI 0.90–4.90 (Prendergast et al., 2019). However, the 

authors found no evidence of impact of the WaSH intervention on either child growth 

or anemia among all the children. The SHINE study did not intervene in water access 

but only recorded how participants accessed water for various uses. Variables 
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collected in the SHINE study include water access variables in various dimensions, 

child growth outcomes; and many explanatory variables, which include maternal, 

child, household, and environmental characteristics suitable for analyzing this 

research study. 

Literature Search Strategy 

The literature search strategy involved breaking down the research questions 

into specific subject areas to be able to identify keywords and phrases that describe 

the subject being researched. I searched for journal articles, through the Walden 

Library, Cochrane Online Library, Google Scholar, PubMed, and other scholarly 

databases for publications related to child linear growth, childhood stunting, and 

water access in resource-limited settings. I also searched the UN, UNICEF and WHO 

websites for policy documents related to childhood stunting and water and sanitation. 

I particularly searched for original peer-reviewed research articles and review articles 

that synthesized evidence from several studies. I also followed references in relevant 

articles to identify seminal articles that they cited. I focused on articles that discussed 

childhood stunting in resource-limited settings, water access in resource-limited 

settings, and those that reported the association between childhood stunting and water 

access in resource-limited settings. The keywords that I used in the search included 

child stunting, child malnutrition, linear growth, stunting prevalence, developing 

country, low income, middle income, sanitation access, sanitation coverage, water 

coverage, community coverage, water access, volume of water, water per capita, 

water quantity, water quality, water treatment, and social ecological. The literature 

identified was published between the years 2007 to 2020, but older seminal research 

articles and books were also included for verification and reference. Following is a 



18 

 

synthesis of the available literature on childhood stunting and water access in 

resource-limited settings. 

Theoretical Framework 

The overarching theoretical framework for this research is the SEM. 

Childhood stunting is a multi-factorial problem that requires multi-sectorial solutions 

(Stewart et al., 2013), and the SEM provides the basis for exploring and explaining 

multilevel interventions that might have better impact on addressing the stunting 

challenge. For this research, I tested a theoretical model showing the pathway to 

childhood stunting mediated by access to water, which is based on the WHO/UNICEF 

(1990) stunting model. The theoretical model is based on literature, and links water 

access, water quality, water quantity and distance to water source to poor child growth 

outcomes and childhood stunting. 

Description of Social Ecological Model 

According to the original ecological framework for human development 

proposed by Bronfenbrenner (1989), SEMs have five levels of influence: (a) 

individual, (b) microsystem, (c) mesosystem, (d) exosystem, and (e) macrosystem. 

These were further adapted for application in public health to understand what 

influences health behaviors (Glanz et al., 2008). It is however noted that critics of the 

SEM as a basis for explaining or effecting behavior change cite the difficulties of 

applying the model due to its breath (Glanz et al., 2008). In this study, I examined the 

association between water access and child health at only two levels, the individual 

(household) and community levels. Results of this study could however influence 

other levels such as institutional behaviors and ultimately affect policy on child 

malnutrition, stunting, and water access in LMIC. 
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Constructs of Social Ecological Model 

SEMs are multi-layered constructs with concentric layers of influence. 

Various researchers have labelled these layers of influence differently but they all 

center around the individual. According to Glanz et al. (2008) SEMs have five 

defining principles that help influence health behaviors: (a) individual, (b) 

interpersonal, (c) community, (d) organizational, and (e) policy. Barry and Honoré 

(2009) also specified these multiple levels of influence as (a) intrapersonal, (b) 

interpersonal, and (c) community levels, which affect (e) organizational behavior and 

influence (f) public policy. In Figure 3 I illustrate the levels of the SEM as applied by 

the Centers for Disease Control and Prevention (CDC, 2018) in their violence 

prevention health promotion model. I present and explain each level of the SEM in 

Table 1. 

Figure 3 

The Social Ecological Model 

 

Note. From “The Social Ecological Model: A Framework for Prevention” by Centers for Disease 

Control and Prevention (CDC), 2022, Violence Prevention 

(http://www.cdc.gov/violenceprevention/overview/social-ecologicalmodel.html). Copyright 2022 by 

Centers for Disease Control and Prevention. In the public domain. 

http://www.cdc.gov/violenceprevention/overview/social-ecologicalmodel.html
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Table 1 

Social Ecological Model Levels 

SEM Level Description 

Individual Characteristics of an individual that influence behavior change, including 

knowledge, attitudes, behavior, self-efficacy, developmental history, gender, age, 

religion, racial/ethnic identity, socio-economic status, access to financial resources, 

values, goals, expectations, literacy, and others. 

Interpersonal Both formal and informal social networks and social support systems that can 

influence individual behaviors. These include family members, friends, peers, co-

workers, religious networks, customs or traditions. 

Community  Relationships among organizations, institutions (for example hospitals, clinics, 

schools, and others), and informational networks within defined boundaries, 

including the built environment (business centers, growth points, and others), village 

associations, community leaders, businesses, and transportation. 

Organizational Organizations or social institutions (for example non-governmental organizations 

(NGOs), mission hospitals, and others) with rules and regulations for operations that 

affect how, or how well, for example, maternal and child health services are 

provided to an individual or accessed by groups. 

Policy/Enabling 

Environment 

Local, district, provincial, national and global laws and policies, including policies 

regarding the allocation of resources for maternal, newborn, and child health and 

access to healthcare services, restrictive policies (e.g., high fees or taxes for health 

services), or lack of policies that require improved access to water and sanitation 

services. 

Note. Adapted from “The UNICEF model of Communication for Development (C4D)” by UNICEF, 

2009. Copyright 2022 by Academic Publishing Consortium. In the public domain. 

 

Studies that Applied Social Ecological Models in Public Health 

SEMs are useful theoretical frameworks for promoting, predicting, and 

explaining health behavior change in individuals and populations. Researchers have 

utilized SEMs to design interventions that target determinants of health at multiple 

levels and successfully evaluated these interventions for effectiveness. I reviewed 

literature on programs that used SEMs to promote or explain health behavior change 

using multiple levels of influence. Several researchers used SEMs to design 

interventions that target multiple levels of health determinants. Baruth and Wilcox 

(2013) implemented an intervention guided by the structural ecological model 

focusing on two levels of the SEM, environmental and organizational levels, to effect 

changes in health behavior among church members. The behaviors targeted were 
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improvements in physical activity, consumption of fruit and vegetable, and intake of 

fat and fiber. They reported that nearly half of the participants changed two or more of 

these targeted behaviors. This study showed that improvements in multiple behaviors 

simultaneously was achievable and that faith-based interventions targeting 

environmental and organizational change can successfully change multiple behaviors, 

potentially leading to greater improvements in public health. 

Stark et al. (2017) evaluated the effectiveness of an intervention that applied 

the SEM approach to an online training program on childhood obesity prevention. 

The aims of the study were to measure the extent to which an ecological approach 

was applied at the community level by health staff after a 6-month period post taking 

the training course. Stark et al. also sought to evaluate the individual and 

organizational characteristics associated with a participant’s likelihood of applying an 

ecological approach to prevention of childhood obesity. Findings of this study 

demonstrated successful application of the SEM where three organizational 

characteristics were positively associated with the application of an ecological 

approach, and individual characteristics were negatively associated with the 

application of an ecological approach. 

Kumar et al. (2012) utilized a social ecological framework to examine 

influenza vaccine uptake during the 2009 H1N1 pandemic. Kumar et al. reported that 

uptake of the influenza vaccine was predicted by variables at each level of the SEM. 

Their results showed that the intrapersonal, interpersonal, institutional, and the policy 

and community levels each explained 53%, 47%, 34%, and 8% of the variance 

associated with vaccine uptake respectively. They then concluded that overall, the 

various levels of the SEM altogether explained 65% of the variance, suggesting that 
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interventions targeting multiple levels of the framework would be more effective than 

interventions aimed at any single level. From all these studies it is clearly 

demonstrated that the SEM approach can be a useful framework for designing and 

evaluating public health studies. 

In large-scale population health promotion programs, the SEM framework has 

also been utilized to design public health behavior change interventions targeting the 

population at large. The CDC (2015) adapted the SEM of health promotion in their 

Colorectal Cancer Control Program. This program uses a multi-level approach to 

colorectal cancer prevention with the intervention levels mapped onto the SEM levels 

of influence. At the center of the model is the individual, surrounded by four bands of 

influence representing the interpersonal, community, organizational, and policy 

levels. In another program the CDC used a SEM approach in a violence-prevention 

intervention strategy with a goal of stopping violence before it began by 

understanding the factors that influence violence (CDC, 2018). They employed a 

four-level SEM where the complex interplay between individual, relationship, 

community, and societal factors were considered. This approach enabled CDC to 

understand how violence develops, and the effects that potential prevention strategies 

would have. 

On a similar scale, the American College Health Association (ACHA) 

implemented the Healthy Campus 2020 initiative to improve student and staff health 

on campuses (ACHA, 2018). The ACHA sought to provide answers to the question: 

“How to give everyone on campus a chance to lead a healthy life and to live longer?” 

by emphasizing an ecological approach. The ecological approach taken by ACHA 

focused on both population-level and individual-level determinants of health and 
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interventions. The initiative recognized that campus life is complex, and the ecology 

provides a multifaceted view of the connections among health, learning, productivity, 

and campus structure. 

The U.S. Department of Health and Human Services continues to implement 

the Healthy People 2020 Framework utilizing a SEM approach to improve population 

health (Department of Health and Human Services, n.d.). The Department of Health 

and Human Services emphasizes the importance of an ecological and determinants 

approach to health promotion and disease prevention. The objective of the Healthy 

People 2020 Framework is to enable the population to attain high-quality, longer lives 

free of preventable diseases, disability, injury, and premature death. 

In all these programs the targeted groups are complex populations with 

multiple health determinants. Both CDC (2015, 2018) and ACHA (2018) asserted 

their beliefs that the SEM approach optimizes synergies of the interventions and 

achieves maximum impact when public health activities are implemented at these five 

levels. The ACHA concluded that the SEM approach has the most effective 

interventions targeting determinants at the multiple levels. The CDC (2015) also 

reported that the SEM approach targeting multiple levels improves the likelihood to 

sustain prevention efforts over time than any single intervention. The diversity of 

studies and programs addressing complex public health problems by utilizing the 

SEM framework highlights the suitability of the theoretical framework for the current 

study of childhood stunting. Childhood stunting has determinants at multiple levels 

and requires complex analysis and implementation of interventions that target these 

multiple levels. 
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Literature Review  

Childhood Stunting 

Globally, about 22.2% or 151 million children < 5 years were affected by 

stunting in 2017, and 58.7 million of them lived in Africa and 83.6 million lived in 

Asia (UNICEF et al., 2018). Between 36-42% of these stunted children lived in SSA 

and Asia in 2013 (Black et al., 2013). The problem of childhood stunting is well 

characterized with decades of many national surveys and regional and global meta-

analyses (de Onis & Branca, 2016). It has been shown that stunting begins in-utero, 

continues through the first two years of a child’s life then becomes almost irreversible 

thereafter. This period of the first 1,000 days in a child’s live is usually referred to as 

“the window of opportunity” for stunting interventions, meaning that if proper 

interventions were implemented during this period, then childhood stunting could be 

reversed (de Onis & Branca, 2016). 

Childhood Stunting and Sustainable Development Goals 

Two decades ago the problem of childhood stunting was recognized as an 

important public health problem that requires urgent solutions and was elevated for 

discussion at the highest levels. Governments, through the UN, made commitments to 

reduce childhood stunting and other health problems by setting agreed targets of 

reduction in stunting prevalence worldwide. In the year 2000, MDGs where declared, 

and among these was target 1c with the aim to reduce malnutrition to half by the year 

2015 (UN, n.d.-a). A review of progress toward these targets was done in 2015, and a 

new set of aspirational targets, the SDGs, were adopted. To address the problem of 

childhood stunting, SDG 2 was made with the aim to reduce malnutrition including 

stunting by 2030 to internationally agreed targets (UN, n.d.-b). Periodic evaluations of 
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each nation’s progress toward these targets are regularly compiled and compared. 

Trends in Childhood Stunting 

As a result of the sustained efforts to reduce childhood stunting, globally the 

prevalence of stunting has been declining over the last decade (de Onis & Branca, 

2016; UNICEF et al., 2018). The proportion of stunted children declined from 32.6% 

in 2000 to 22.2% by 2017, and this corresponds to a decline from 198.4 million 

stunted children in 2000 to 150.8 million by 2017 (UNICEF et al 2018). In SSA, the 

prevalence of stunting has also been declining in line with global trends, from 38.3% 

in 2000 to 30.3% by 2017. However, the absolute population of stunted children 

living in SSA increased from 50.6 million in 2000 to 58.7 million in 2017 due to 

population growth in this young population (de Onis & Branca, 2016; UNICEF et al, 

2018). Stunting remains a hidden public health problem often discussed only in 

academic circles but not by public health practitioners or the affected communities 

(Said-Mohamed et al., 2015). In Zimbabwe, according to the last Zimbabwe 

Demographic and Health Survey: 2015 conducted by the Zimbabwe National 

Statistics Agency (ZIMSTAT) and ICF International, stunting has also declined in the 

country from 35% in 2005 to 27% by 2015 (ZIMSTAT & ICF International, 2016). 

However, mapped trends in stunting globally showed reductions in childhood stunting 

worldwide except in SSA (Zimmerman et al., 2018). The evidence shows that 

although stunting may be declining in the rest of the world, SSA still has to grapple 

with the problem and find effective interventions. 

Underlying Causes and Complexity of Childhood Stunting 

Childhood stunting is a malnutrition condition that is intricately linked with 

poverty, disease, and deprivation. When children are stunted it often reflects on a 
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multitude of other social, economic and health related problems that they live in or are 

exposed to during their growing up. Childhood stunting is the best indicator of the 

overall wellbeing of a child (de Onis & Branca, 2016). Stunting may indicate the 

cumulative effects of insults to a child’s life that include nutrient deprivation, hunger, 

disease, and exposure to unsanitary environmental conditions, culminating in stunted 

child growth (de Onis & Branca, 2016). Undernutrition is by far the biggest risk factor 

for stunting, wasting and underweight in children (Black et al., 2008). Stunting is 

associated with poor nutrition, repeated infections, and inadequate psychological 

stimulation (Stewart et al., 2013). Stunting therefore is an important public health 

indicator of insults suffered by a child during early infancy. 

Researchers proposed a number of frameworks and models to explain the 

etiology and determinants of childhood stunting. In 1990, UNICEF proposed a 

framework for explaining underlying determinants of child undernutrition and 

stunting. The basic underlying causes of undernutrition included in this framework 

were environmental, economic, and socio-political factors (UNICEF & WHO, 1990). 

This framework was very important in exploring the determinants of childhood 

stunting as it brings together the linkages among a range of factors and shows how 

they may interact to influence growth and development of a child. The framework 

also shows that some determinants of stunting may be more proximal to the problem 

while others are more distal. In this framework, proximal determinants include 

inadequate dietary intake, which includes exclusive breast-feeding and others infant 

and young child feeding practices, and infection and disease. Distal determinants of 

stunting on the other hand include insufficient access to food, inadequate maternal 

and childcare, and the environment in which the child grows up, that includes access 
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to water and sanitation and inadequate access to healthcare services. Childhood 

stunting is therefore a complex public health problem that has multiple underlying 

causes. To understand it and develop effective interventions to tackle the problem 

requires of childhood stunting requires a multi-sectorial approach. 

Consequences of Childhood Stunting 

The adverse effects of childhood stunting are not only limited to shortness of 

stature, but stunting is also associated with multiple health problems that affect the 

lives of stunted children during infancy, persist into their adulthood and affects even 

their offspring (Black et al., 2008; de Onis & Branca, 2016; Dewey & Begum, 2011; 

Stein et al., 2005). Researchers have shown that stunting can cause both short-term or 

immediate and longer-term health, social and economic problems as outlined in the 

following sections. 

Short-term or immediate consequences of stunting include susceptibility to 

morbidity and mortality; stunted children have higher mortality and morbidity 

compared to non-stunted children. It is estimated that 35% of the global burden of 

disease in children < 5 years in 2008 was attributable to maternal and child 

undernutrition (Black et al., 2008). Globally 3.5 million children < 5 years died from 

maternal and child undernutrition in 2013, and an estimated 14.5% of these child 

deaths were stunted (Black et al., 2008). It has been shown that stunted children also 

have higher morbidity compared to non-stunted children. In the short-term, child 

stunting is associated with increased morbidity from infectious diseases such as 

pneumonia and diarrhea (de Onis & Branca, 2016; Prendergast & Humphrey, 2014; 

and Stewart et al., 2013). Stewart et al. also pointed out that infectious diseases cause 

more stunting, which in turn increases susceptibility to other diseases resulting in a 
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downward spiral in the health status of these affected children. 

In the long-term, some of the consequences of childhood stunting include 

increased risk of being stunted as adults. Poor fetal growth or stunting in the first 2 

years of life leads to irreversible damage in later life. Children who were stunted in 

early life are associated with shorter adult height in their adulthood (Cesar et al., 

2008; Dewey & Begum, 2011). Maternal stunting is a risk factor for infant health and 

survival. Stunted women are associated with many adverse birth outcomes including 

chronic fetal distress, stillbirths, and higher neo-natal mortality (Black et al., 2008; 

Dewey & Begum, 2011). Stunted women are also associated with bearing low birth 

weight and stunted children (Black et al., 2008; Cesar et al., 2008; de Onis & Branca, 

2016; Dewey & Begum, 2011). 

Neurocognitive development is slower in stunted children. Stunting is 

associated with poor early childhood cognitive development outcomes in several 

domains on child development that includes motor stills, language and social (Adair 

et al., 2013; Black et al., 2008; Cesar et al., 2008; Dewey & Begum, 2011; Stein et al., 

2005; Vollmer et al., 2014). Children who were stunted during infancy tend to attend 

less schooling and are likely to perform poorly in class (Adair et al., 2013; Maluccio 

et al., 2009). In their adult life, children who were stunted tend to work in less paying 

jobs and have reduced economic productivity (Adair et al., 2013; Dewey & Begum, 

2011; Maluccio et al., 2009). This therefore means that because of stunted growth in 

infancy there is overall reduced human capital development. 

Finally, in their adult life, children who were stunted in infancy are likely to 

become more susceptible to non-communicable diseases such as hypertension and 

heart diseases (Adair et al., 2013; Victora et al., 2008). Prendergast and Humphrey 
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(2014) discussed the stunting syndrome and presented a summary schematic diagram 

that depicts the intergenerational cycle of stunting highlighting the critical stages for 

interventions to break this vicious cycle of stunting. 

Childhood stunting and WaSH 

Access to clean water and improved sanitation are generally known to improve 

human health and reduce the risk of infection from diseases. Clean drinking water, in 

addition to hydration, reduces the risk of infection from water borne diseases; 

improved sanitation enables safe disposal of excreta creating a safe uncontaminated 

environment; handwashing reduces the risk of infection after contact with infectious 

agents. In the UNICEF Framework for undernutrition, one pathway to childhood 

stunting is through water, sanitation, and hygiene, which is mediated through diseases 

(UNICEF & WHO, 1990). Many observational studies have repeatedly shown strong 

associations between WaSH and disease as well as WaSH and child growth, including 

childhood stunting (Esrey et al., 1991; Fry et al., 2010; see also Lehmann et al, June 

2016). In a study conducted in Mali to investigate community sanitation coverage and 

child growth, a positive association between latrine community coverage and 

childhood stunting was reported (Harris et al., 2017). It is however important for both 

researchers and public health practitioners to understand the role that each component 

of the WaSH interventions plays in improving health outcomes.  

There are very few randomized intervention trials of WaSH with childhood 

stunting as an outcome. Recently three randomized studies of WaSH interventions 

and child growth outcomes reported no association between WaSH and childhood 

stunting (Humphrey et al., 2019; Luby et al., 2018; and Null et al, 2018). In two of 

these trials the WaSH interventions were split into their WaSH components of – 
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sanitation, handwashing, and water treatment (Luby et al., 2018; Null et al., 2018). In 

the other trial all WaSH components were delivered as a combined intervention 

(Humphrey et al., 2019). Findings from these studies contradicted evidence from the 

many observational studies that reported positive associations between childhood 

stunting and access to improved WaSH. However, in all three randomized studies, the 

researchers did not randomize access to water and the role it may play in childhood 

stunting was not evaluated. 

Water Coverage and Childhood Stunting 

A number of studies showed that a large part of child malnutrition, including 

stunting, is associated with poor access to water and having inadequate sanitation and 

hygiene facilities. Lehmann et al. (June 2016) compiled a report in which countries 

were ranked on childhood stunting prevalence, proportion of the population without 

water access, and proportion of the population without access to toilets. Countries 

with the highest prevalence of childhood stunting globally have correspondingly poor 

access to water as well as poor access to toilets (Lehmann et al., June 2016). They 

however noted that water access or water coverage was defined differently in different 

settings and by different agencies, hence may not mean the same in different settings. 

In a report in 2003, Aiga and Umenai highlighted that there was no standard and 

universally agreed definition of water access, and this remains true up to today. It was 

also noted that different government and development agencies used different ways to 

define access to water and progress to meet MDGs and SDGs was measured 

differently according to each country (Aiga & Umenai, 2003). Furthermore, distance, 

time, and water quantity were all used in various ways to define access to water (Aiga 

& Umenai, 2003). For investigating the association between water access and 
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childhood stunting, different researchers have used some of these definitions in their 

analyses. Following is a review of some studies that investigated access to water and 

child health outcomes including childhood stunting. 

Childhood Stunting and Distance or Time to Water Source 

In rural communities in SSA, the distance walked to a water source and time 

taken to fetch water are strongly correlated, hence distance walked to a water source 

is sometimes used interchangeably with walk-time in water and sanitation surveys 

(Esrey et al., 1991; Nygren et al., 2016). The quantity of water used by a household is 

also correlated with the ease of accessing the water source (Nygren, et al., 2016). 

Hence, households that are located further from water sources are expected to use less 

water than those located near the water source. In 1991 Esrey et al. carried out a 

comprehensive review of studies that investigated the effects of WaSH access on 

morbidity, mortality, and child growth. They reported mixed findings on child growth 

but pointed out that in most studies they could not distinguish the effect of water 

quantity or water quality on the child health outcome of interest. In some of these 

studies reviewed, distance to water source was used as a proxy for the quantity of 

water used. 

In 2012 an analysis of data on water access from 200,000 data points from 

Demographic and Health Surveys was carried out in many SSA (Pickering & Davies, 

2012). They investigated the association between water fetching time and child health 

outcomes. The authors found that time spent walking to fetch water was a significant 

predictor of child health outcomes. Availability of freshwater and distance travelled to 

fetch freshwater adversely affected child health outcomes including childhood 

stunting (Pickering & Davies, 2012). They reported that particularly distance walked 
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to fetch freshwater uniquely predicted childhood stunting and underweight in their 

analyses. Pickering and Davies then concluded that a 15-minute reduction in one-way 

walk was associated with an increase of 0.3 standard deviation in HAZ, which is a 

significant reduction in childhood stunting. 

In a study conducted in the Kilimanjaro Region of Tanzania, 44.2% of the 

children aged between 1 to 35 months were stunted (Abubakar et al., (2012). Distance 

to water source was an independent predictor of underweight but not for stunting. In 

this study, despite the high levels of stunting observed – the authors found no 

evidence that availability of water reduced childhood stunting. They further 

recommended that understanding the context matters when designing and 

implementing interventions to reduce child malnutrition and stunting. 

Evidence suggesting an association between childhood stunting and distance 

and time travelled to fetch freshwater in rural settings is mixed; however, there are no 

experimental studies that have randomized access to water with child health 

outcomes. This view was also supported in another review of literature on the 

mechanism through which WaSH interventions could reduce childhood stunting 

(Cumming & Cairncross, 2016). Cumming and Cairncross acknowledged that even 

with all the observational evidence suggesting that WaSH could reduce stunting, there 

has never been a trial to intervene on water access and that more evidence was 

required to make causal inference. 

Childhood Stunting and Quantity of Water Used 

Water is essential for child survival and development; however, the quantity 

water required to achieve good health is not well documented. In many studies 

investigating child health outcomes and WaSH, researchers looked at the quantity 
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water required to reduce morbidity and mortality - especially diarrhea as the main 

outcome of interest. In a systematic review of literature on the amount of water per 

person per day needed to prevent morbidity and mortality in emergency settings, the 

authors reported positive correlations between the quantity of water used and reported 

cases of diarrhea from different studies (De Buck et al., 2015). They however reported 

that different amounts of water were required to make an impact in each setting. For 

example, in Ghana a difference of 11 liters per person per day between households 

with and without cases of diarrhea was needed to see a difference. In Kenya, however 

the authors reported that a difference of ~6 liters per person per day was needed to see 

a difference in reported diarrhea cases. The study however reviewed studies 

conducted in refugee camps and not in normal rural settings. A similar approach may 

be necessary to understand the quantity of water required per person per day to reduce 

childhood stunting. 

In a review of studies that implemented WaSH interventions with childhood 

stunting as the outcome, mixed findings were reported for both morbidity and growth 

(Cumming & Cairncross, 2016). The authors of the review noted that no studies that 

they reviewed had evaluated the water quantity component of the WaSH interventions 

to test its impact on stunting. Both Cumming and Cairncross as well as De Buck and 

colleagues concluded that primary evidence was required to make causal inference on 

water quantity required for morbidity, mortality, and growth (Cumming & Cairncross, 

2016; De Buck et al., 2015). 

Childhood Stunting and Water Quality 

Clean water is essential to prevent infections from water borne diseases. Rural 

water is often not treated with chemicals and its quality is usually only determined by 
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the quality of the source used. Even for the purposes of meeting the MDGs and later 

SDGs, countries classify rural populations with access to safe water as those fetching 

drinking water from protected wells and boreholes (WHO, 7 February 2018). In a 

Cochrane systematic review of studies that investigated the effect of interventions to 

improve water supply and quality, provide sanitation, and promote handwashing with 

soap on physical growth in children, Dangour et al. (2013) concluded that improving 

the quality of water had small benefits to linear growth for children < 5 years. 

However, they also reported that the quality of the evidence in the studies that they 

reviewed was poor. This highlights a gap whereby more and better-quality evidence is 

required to quantify the health benefits of improving water quality in resource-limited 

settings in order to improve child linear growth and reduce stunting. 

Current Interventions to Prevent Childhood Stunting 

A systematic review and meta-analysis of complementary feeding intervention 

studies on child growth in LMIC showed that nutrition interventions can reduce 

stunting by up to a third of the deficit, but the remaining gap remains unexplained 

(Panjwani & Heidkamp, 2017). They showed that the best nutrition interventions 

could only reduce stunting by between 10-22% in food-secure and insecure 

environments respectively. WaSH interventions had been suggested as a possible 

solution to reduce the stunting gap (Humphrey, 2009), but little experimental 

evidence was available to support this. Evidence from three recently completed 

randomized controlled intervention trials of WaSH with childhood stunting outcomes 

reported that nutrition interventions improved child growth and reduced stunting by 

between 16 to 22% (Humphrey et al., 2019; Luby et al., 2018; Null et al, 2018). These 

three trials were conducted in different settings, two in Africa and one in Asia, and all 
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three trials did not find an impact of the WaSH interventions on childhood stunting. 

However, all three studies did not intervene on water access, hence more evidence is 

required to understand the role of water on childhood stunting. 

Operational Definitions 

For the purposes of examining the association between childhood linear growth 

and water access, the following key terms are defined as follows: 

Child linear growth: is defined as length-for-age z-score (LAZ) or height-for-

age z-score (HAZ) in comparison to reference growth standards – in this case the 

WHO Multicentre Growth Reference Study Group (2006). 

Childhood stunting: is defined as having LAZ < -2 standard deviations of the 

WHO length-for-age reference curve (WHO Multicentre Growth Reference Study 

Group, 2006). For children below the age of 24 months recumbent length is measured 

instead of standing height to calculate the z-score. 

Cluster: refers to a geographic area within the study districts covered by 1-3 

community health workers that was used as a unit of randomization in the SHINE 

Trial (SHINE Trial Team, 2015). During the SHINE Trial 212 clusters were defined 

across the two study districts. 

Household water access: generally refers to having portable water for the 

household within a reasonable distance, water from a protected source, and water that 

is safe from pathogens and chemical impurities (WHO, 7 February 2018). The WHO 

has used several definitions of water access in different environments: in the cities it 

is defined as access to a safely managed drinking water service that is located on 

premises, available when needed, and free from contamination. In rural areas it is 

defined as access to an improved drinking-water source within a round trip of 30 
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minutes to collect water. In this study the rural definition will be used to define water 

access. 

Household distance/walk-time to water source: distance to a water source in 

this context is defined as the round-trip total distance (or time) walked from the 

household to a water source and back. This is either collected as self-reported distance 

or time, or estimated as the Euclidean distance between two points, or by GPS 

(Pearson, 2016). 

Household water quantity: refers to the total volume of water used by each 

individual household member in a 24-hour period, volume per capita per day 

(Tamason et al., 2016). This is estimated as the total volume of water collected by a 

household divided by the size of the household and number of days the water is used. 

Tamason et al. however noted that there is no reliable standard measure of water 

quantity without metering. 

Household water quality: generally, refers to the chemical, physical, 

biological, and radiological characteristics of water source used by the household. It is 

a measure of the condition of water relative to the requirements of one or more biotic 

species and or to any human need or purpose (Diersing & Nancy, 2009). In this study 

water quality is defined as water collected from a protected water source. 

Protected water source: protected sources are those with barriers or other 

structure to protect the water from contamination. All surface water sources, such as 

lakes, rivers and streams or poorly constructed wells, are examples of unprotected 

sources. Piped water systems, boreholes, and lined deep wells are examples of 

protected sources. (Bruni & Spuhler, 2020). 

Community-level childhood stunting: is defined as the proportion of stunted 
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children (LAZ < -2) within a geographic area or cluster at the age of 18 months. 

Community-level distance to water: is defined as the average of the household 

distance to water sources among all households within a given cluster. 

Community-level water quantity: is the average of the household water 

quantity among all households within a given cluster. 

Community-level water quality: is defined as the proportion of households 

within each cluster fetching household water from a protected water source. 

Assumptions 

In this study I assumed that the two study districts from which participants in 

the original study were recruited have similar settings to other rural districts in the 

country and represent a typical rural setting in a LMIC. I assumed that children who 

were participants in the study are representative of other children in the two districts 

to make general inference about children in low-income rural settings. My other 

assumptions were related to using a secondary data source to conduct research; I 

assumed that respondents provided truthful answers to the survey questions during 

data collection interviews. I also assumed that the coding of the responses in the 

provided dataset are accurate, and that the documentation is complete. One major 

disadvantage of using secondary data to conduct research is that some of the key 

details that would make the data better interpretable may have been removed as a way 

of de-identifying the dataset for public access (Cheng & Phillips, 2014). I assumed 

that when households live closer to a water source or they take less time to fetch 

water, then they will use more water for consumption and hygienic purposes such as 

hand washing, resulting in better health outcomes including child linear growth. I also 

assumed that cleaner water results in less water borne infections leading to better 



38 

 

health outcomes and child growth. I then assume that when a community has higher 

water access they will be healthier and have better child growth. 

Scope and Delimitations 

In this study I set out to understand the association between access to water by 

households and linear growth among their child at 18 months of age for children 

residing in the two rural study districts of Chirumanzu and Shurugwi in the Midlands 

Province of Zimbabwe. Water access was operationalized as three metrics measuring 

quantity, quality, safety, and accessibility: (i) distance to water source, (ii) quantity of 

water used, and (iii) quality of the water source used. These three metrics were 

measured at household-level and computed at cluster-level. Child linear growth was 

measured as LAZ and stunting was computed. This study was limited to children who 

were participants in the SHINE Trial that was conducted between November 2012 

and July 2017 in those two districts (SHINE Team, 2015). 

Limitations of the Study 

This study was observational in nature hence any observed associations may 

not be interpreted as being causal relationships. The study concentrated on the 

observed patterns of water access and usage and measured child linear growth and 

does not attempt to explain why those patterns may have been observed. I 

hypothesized that improved water access in a community would improve the linear 

growth in children and used regression analysis to estimate the population average 

change in LAZ and stunting. 

Another limitation of this study was the use of secondary data. Secondary data 

collected by others for their own specific purposes (Glass, 1976; Smith et al., 2011). 

There are limitations associated with using these data to conduct new research (Cheng 
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& Phillips, 2014), which include: 

 Data may be incomplete; some key variables could be missing in the 

accessible dataset to enable a more complete and proper interpretation 

of results obtained. 

 The data may be too old if data were collected and the situation has 

since changed so much that data may be less representative of the 

current situation in the study area. 

 Some variables may have been measured on a different scale than what 

would be idea to answer the current research questions.  

 Variable definitions could have changed over time during data 

collection in the trial. 

 The study sample may not be representative of the larger population 

from which they were collected such that results will not be 

generalizable to that population. 

 The dataset may have other biases reflecting the views of the 

researchers who conducted the primary study. 

Significance of the Study 

Childhood stunting is a huge public health problem affecting about 149.2 

million children worldwide and if not resolved stunting affects the growth and 

development of children resulting in huge human capital loses when they become 

adults. This study is unique in that it addresses an important but under-researched area 

of public health looking at the role of water access on childhood stunting in resource 

constrained settings. Results of this study could provide evidence showing the role 

that each dimension of water access plays in the development of childhood stunting in 
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these settings. Results of this study could guide how interventions improve child 

linear growth could incorporate water access for better impact in this setting. 

The study can add to the body of knowledge by quantifying the health benefits 

of access to water on childhood stunting in resource-limited settings. Existing 

evidence for example does not give clear guidance as to how much water is required 

to impact childhood stunting in SSA. 

The findings of this study could inform the rural communities on how optimal 

access to water resources could improve child health and prevent childhood stunting. 

The findings could inform local authorities on how they should provide for water 

resources to rural communities. The findings are important to public health providers 

and policy makers as evidence to help them in the planning of malnutrition and 

disease prevention programs through the provision of optimal water resources to 

populations in low-income rural settings. 

Implications for Social Change 

With the current trend towards precision public health, findings of this study 

could change how water services are optimally provided to rural communities in 

resource-limited settings in order to impact childhood stunting. The findings could 

also impact how public health policy on malnutrition and disease prevention are 

implemented. These potential impacts could have a positive social change effect on 

communities in countries where childhood stunting is a significant public health 

problem and water provision is a challenge, which is true for most countries in SSA. 

Summary 

The role of WaSH in human health has been known since the last century; 

John Snow in 1855 attributed the spread of cholera to poor water quality and 
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unimproved sanitation in his ground breaking epidemiologic studies. WaSH continues 

to be as relevant to public health even to this day, and we continue to learn new 

functions that water plays in human health. The control of infectious diseases such as 

cholera, access to clean water is vital. However, understanding the function of water 

in the etiology of childhood stunting remains an area under study as the literature 

reviewed demonstrated. From this review, I concluded that stunting is an intransigent 

problem that is still a major public health challenge in SSA and needs new solutions 

to tackle it. The role of water in the prevention of childhood stunting in LMIC still 

needs to be explored further in order to understand the critical pathways to stunting. 

This section includes a review of studies, models, case studies and other scholarly 

works that discuss childhood stunting, water access, and their association. The section 

therefore, provides a linkage between the research questions and hypotheses identified 

in the last section with the available body of evidence in scientific literature and other 

credible sources. In section 3 I will describe in detail the research design and 

methodology used in conducting the study. 
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Section 2: Research Design and Secondary Data Source 

There are few studies that examined the effect of water access on child linear 

growth in SSA, and no such studies have been carried out in Zimbabwe. Studies of 

predictors of childhood stunting conducted in different settings were investigated; 

however, in the current study population little research has been conducted to 

understand these drivers of childhood stunting and the role that access to water may 

have. Previous studies of childhood stunting in LMICs that focused on WaSH 

interventions reported mixed findings on child growth outcomes, but few of the 

studies attempted to quantify the child health benefits of access to water in rural 

settings in SSA (Esrey et al., 1991; Fry et al., 2010; Rasella, 2013). In this research 

study, I explored the association between child linear growth and stunting with 

various measures of access to water in two rural Zimbabwean districts using 

secondary data from a prospective cohort.  

In this section, I present the methodology used to accomplish the purpose of 

this study. I then follow by discussing the research design employed in this study to 

answer the research questions. I present a detailed description of the study population 

and its settings, the selection of study participants into the study, and describe the 

secondary data source used. I also present and discuss the data analysis plan that 

includes the statistical procedures for testing the hypotheses, presentation, and 

interpretations of findings. Next, I will identify and discuss potential threats to 

internal, external and construct validity of the study, and description of the actions 

taken to address these limitations. Finally, I present a description of the procedures 

undertaken to ensure the conduct of an ethical study. 
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Research Design and Rationale 

The study design was a quantitative, analytic study where I tested objective 

hypotheses by examining the relationships between quantitative variables (see 

Creswell, 2009). The purpose of the research study and the research questions were to 

determine the association between childhood stunting and water access in a resource 

limited rural setting. In this study, I sought to address a gap in the literature on the 

amount of water required to impact childhood stunting; the quality of drinking water 

required to impact childhood stunting; and the distance or time to a water source 

beyond which childhood stunting would not be impacted, or to establish if there was 

such a threshold. I also set out to test if community water coverage was a better 

predictor of child linear growth than household level access to water. The study 

followed a question-driven approach where research questions were formulated first 

then suitable a dataset identified, rather than a data-driven approach where a 

researcher interrogates the dataset to come up with research questions (Cheng & 

Phillips, 2014; Smith et al., 2011). However, this process is often not rigid but 

iterative and final research questions may be modified to best fit available data. 

A randomized placebo controlled double-blinded clinical trial is recognized as 

the gold standard for investigating epidemiological evidence of causality (Hulley et 

al., 2007; Misra, 2012). It is not always possible to use such a design in some cases 

due to practical limitations and ethical considerations. Access to water is one such 

exposure that cannot be masked during a clinical trial. There have not been any 

randomized clinical trials of access to water where water access is randomly allocated 

to study participants. A researcher cannot limit access to water to a population for the 

purposes of conducting an experiment; hence, only quasi-experiments where access to 
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water is only observed during the conduct of a clinical trial can be used. Quasi-

experiments are studies where the researcher conducts an experiment but cannot 

randomly assign the exposure to the participants (Creswell, 2009; Frankfort-Nachmias 

et al., 2015). This study used a prospective cohort study design where children were 

assessed for stunting at the age of 18 months and water access assessed during 

baseline and follow-up was used as the exposure. It has been shown that community-

level factors may be more predictive of childhood stunting than household-level 

factors (Harris et al., 2017). In this research study I also tested the hypotheses at both 

household and community levels. 

Methodology 

Study Settings 

The SHINE study was conducted on a population drawn from two rural 

districts of Chirumanzu and Shurugwi in the Midlands Province of Zimbabwe. 

According to the ZIMSTAT Census Report 2012 (ZIMSTAT, 2013a), the population 

of Zimbabwe is young; 41.1% of the population is under the age of 15 years and 

15.1% are under the age of 5 years. In the Midlands Province where the two study 

districts are located, 44.6% of the population is under the age of 15 years and 15.3% 

are under the age of 5 years (ZIMSTAT, 2013b). In the Zimbabwe Demographic and 

Health Survey 2015 final report, the prevalence of childhood stunting in rural 

Zimbabwe was 28.7% in 2015 and in the Midlands Province was 27.4% (ZIMSTAT 

& ICF International, 2016). HIV prevalence is ~15% among antenatal women in this 

population. Previously across both Chirumanzu and Shurugwi districts, in 2011 only 

16.5% of the study population had access to portable and perennial water less than 

100m from their homes (Ntozini et al., 2015). There are also wide seasonal variations 
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in water access with a decline in functional water sources of 45% between the rain 

and dry seasons. Hence, the study setting is characterized by a young growing 

population with high prevalence of childhood stunting; high prevalence of HIV 

among antenatal women, which means many HIV-exposed children; and poor access 

to water. 

Study Population 

From the general population of all children under the age of 2 years living in 

the two study districts of Chirumanzu and Shurugwi, the target population for this 

research was all children under the age of 2 years residing in the two districts between 

the years 2012 and 2017. This population was selected because the clinical trial on 

which this secondary data analysis research study is based on was conducted in those 

settings by the SHINE trial team. An accessible population includes members of the 

target population remaining after omitting out those who are not willing or available 

to participate (Asiamah et al., 2017). The accessible population for this study is all 

children whose mothers consented to participate in the SHINE Trial study. 

Design of the SHINE Study 

Details of the SHINE Trial Study were described in the 2016 trial design series 

of papers that give detailed background to the SHINE trial interventions. Briefly, 

SHINE was a cluster-randomized, 2x2 factorial community based experimental study 

conducted between 2012 and 2017 in rural Zimbabwe (SHINE Trial Team, 2015). 

The objectives of the study were to investigate the effects of an improved WaSH 

intervention and an improved nutrition intervention on child growth and anemia at 18 

months of age (SHINE Trial Team, 2015). Clusters were defined as the catchment 

area of a group of one to four community health workers working in the communities. 
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The clusters were allocated to one of four treatment groups: a control group, WaSH 

group, infant and young child feeding (IYCF) group, and combined WaSH and IYCF 

group. A constrained randomization technique was applied to achieve balance across 

all four arms for 14 key variables related to geography, demography, water access, 

and sanitation coverage. Recruitment into the trial was by prospective pregnancy 

surveillance and referral to the study of all eligible women found to be pregnant, and 

written informed consent was obtained to join the study. Community health workers 

delivered behavior change interventions; study staff measured outcomes. 

In the SHINE study, distance to water and quantity of water used by each 

household were assessed through interviews and observation. However, water 

treatment at the point of use was provided to households in the experimental arms and 

tested in samples of drinking water collected at the household during home visits. An 

extensive list of covariates, as described in the SHINE statistical analysis plan 

(Ntozini et al., 2018), was collected from study participants by observation and 

interviews that includes maternal and infant characteristics, household characteristics, 

and environmental characteristics. 

Study Sample and Sampling Procedures 

The study sample is all participants who meet all inclusion criteria and are 

selected to participate in a study (Asiamah et al., 2017). The study sample is selected 

from the accessible population by applying further restrictions and then using a 

defined statistical sampling technique. For this research, the study sample is all 

children who participated in the SHINE trial and had a valid LAZ measurement at 18 

months of age such that a stunting outcome could be assessed. The study sample in 

this case comprised almost the entire available accessible population as no sampling 
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was employed. This is one advantage of secondary data analysis—the low cost and 

time saving advantages allows for the analysis of all available data with no additional 

cost or time constraints (Smith et al., 2011). 

Secondary Data Source and Variables 

The analysis of secondary data is an established research methodology that can 

produce high impact research with advantages of lower costs and shorter time (Smith 

et al., 2011). Quantitative data collected during the conduct of the SHINE study 

between 2012 and 2017 in Chirumanzu and Shurugwi districts were used for 

answering research questions for this study. Permission to use de-identified data from 

the SHINE Study in the present analyses was sought from the principal investigator 

(see Appendix A). Variables extracted from the SHINE study for the present analysis 

are grouped into three groups: those that measure the exposure or access to water; 

those that measure the outcomes, which is linear growth; and those that explain the 

setting and context and are used as explanatory factors for adjusting the regression 

models during analyses. 

Exposure Variables 

Access to water was defined using three different metrics: quantity, quality, 

and accessibility. These were operationally defined as reported quantity of water used; 

the primary water source was protected or not; and reported distance or walk time to 

the primary water source. Each of these measured were defined at household level as 

well as at community or cluster level. Water was also classified according to intended 

purpose—either for drinking or for other household uses. Listed in Table 2 are the 

water access exposure variables collected in the SHINE trial that were required for 

this analysis. 
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Table 2 

Water Access Exposure Variables Collected in the SHINE Study at Baseline 

(Antenatal) 

Variable Name Description 

1 HH_ID Household unique ID 

2 MOM_ID Mom unique ID 

3 CLUSTER_ID Randomized cluster identifier 

4 TOT_VOL Total water volume per household per day 

5 VOL_PER_CAPITA Water volume per capita per day 

6 DIST_DRINK_WATER Distance to primary drinking water source 

7 DIST_NONDRINK_WATER Distance to primary nondrinking water source 

8 TIME_DRINK_WATER One way walk time to primary drinking water 

source 

9 TIME_NONDRINK_WATER One way walk time to primary nondrinking 

water source 

10 DRINK_WATER_TYPE Type of primary drinking water source 

11 NONDRINK_WATER_TYPE Type of primary nondrinking water source 

 

Outcome Variables 

Outcomes for the analysis were child anthropometric growth and nutritional 

status indicator, which were assessed at 18 months infant age. A summary of the 

variables collected is presented in Table 3. 

Table 3 

Variables Collected in the SHINE study at 18 Months Infant Age (Outcomes) 

Variable Name Description 

1 CHILDID Child unique ID 

2 MOM_ID Mom unique ID 

3 M18_VDATE Date of 18 months visit 

4 AGE_M18 Age at 18 months visit 

5 M18_MHIV_STATUS Maternal HIV status at 18 months 

6 M18_IHIV_STATUS Infant HIV status at 18 months 

7 WEIGHT_M18 Weight (kg) at 18 months visit 

8 LENGTH_M18 Length (cm) at 18 months visit 

9 HC_M18 Head circumference at 18 months visit 

10 MUAC_M18 Mid-Upper Arm Circumference (mm) at 18 

months visit 

11 LAZ_M18 Length-for-age z-score at 18 months visit 

12 WAZ_M18 Weight-for-age z-score at 18 months visit 

13 WHZ_M18 Wight-for-height z-score at 18 months visit 

14 HCZ_M18 Head circumference z-score at 18 months visit 
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15 MUACZ_M18 Mid-Upper Arm Circumference z-score at 18 

months visit 

16 STUNTING Stunting LAZ<-2 

17 SEVERE_STUNTED Severe stunted LAZ<-3 

18 UNDERWEIGHT Underweight WAZ<-2 

19 WASTING Wasting WHZ<-2 

20 M18_DC Data collector who assessed the child 

 

Explanatory Variables 

In the SHINE study dataset, a rich set of covariates that includes the 

randomized interventions, delivery and uptake of interventions, child growth 

measurements from birth to 18 months, maternal and household characteristics, and 

environmental variables were collected. These altogether were sufficient to answer 

the research questions. In Table 4 are the explanatory variables collected at the 

baseline visit. 

Table 4 

Explanatory Variables Collected in the SHINE Study at Baseline (Antenatal) 

Variable Name Description 

1 HH_ID Household unique ID 

2 MOM_ID Mom unique ID 

3 CLUSTER_ID Randomized cluster identifier 

4 DISTRICT Study district 

5 MOM_AGE  Mothers' age at enrollment 

6 MOM_HEIGHT Mom height (cm) 

7 MOM_MUAC Maternal Mid-Upper Arm Circumference (cm) 

8 MOM_EDU Education (highest class completed) 

9 PARITY Parity at baseline 

10 MARRIED Marital status 

11 EMPLOYED Mom employment status 

12 MOM_MDDS  Mom meets dietary diversity 

13 RELIGION  Religion 

14 PREG_HIV_STATUS Maternal HIV status during pregnancy 

15 SES_SCORE Baseline wealth index 

16 CSI Coping strategy index 

17 ANYLATRINE Any latrine at household? 

18 IMPROVE_LATRINE Improved latrine at household? 

19 OPEN_DEF Mom open defecation at house? 

20 PROP_OPENDEF Proportion open defecation at house? 

21 FECESOBSERVED Feces observed in the yard 

22 IMPROVEDFLOOR Improved floor at house? 
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23 TIMETOWATER Time to the water point in minutes 

24 TREATWATER Treat water in any way 

25 HHSIZE Household size 

26 FEMALE Child sex 

27 BIRTHWEIGHT  Infant birth weight (kg) 

28 GEST_WEEKS  Gestation age in weeks 

29 LOW_BW Birth weight <2500g 

30 PREMATURE Premature (gestation age < 37weeks) 

 

Data Analysis Plan 

Data Exploration and Cleaning 

Prior to analyzing the data, I first carried out data exploration and cleaning to 

check that the secondary data source met the requirements for answering the research 

questions. A major limitation of secondary data is that researchers may remove some 

key variables that they may deem to be sensitive before making the data available for 

public access to maintain confidentiality of their respondents (Cheng & Phillips, 

2014). I checked the data for completeness, consistency, and the level of missing data 

in the responses. Data-cleaning is an important step to catch any errors in the data 

before any quantitative data analysis can be undertaken (Frankfort-Nachmias et al., 

2015). I also checked the level of measurement scales used on key variables to 

ascertain if data were collected at the level of detail required for the analysis 

(Frankfort-Nachmias et al., 2015). 

Descriptive Statistics 

Descriptive statistics are an essential first step when conducting quantitative 

data analysis as they enable a research to understand their data better (Frankfort-

Nachmias et al., 2015). In the study, descriptive statistics were generated to describe 

the study population; these included measures of central tendency and dispersion of 

key variables – mean and standard deviation (SD) for normally distributed continuous 
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variables, median and interquartile range (IQR) for continuous non-normal variables; 

proportions and frequency distributions for factor variables. Graphical summaries 

were also generated to explore univariable and bivariate relationships between 

variables. In addition, I generated maps to visualize the spatial distribution of some 

key exposure and outcome variables. Frankfort-Nachmias et al. (2015) asserted that 

presenting data graphically helps researchers visualize the data better to see any 

patterns and relationships. I analyzed the data using IBM PC SPSS version 25 to 

generate tables and graphs; Stata version 14.1 to perform the regression analyses; and 

Quantum Geographic Information Systems (QGIS version 2.8.3) to construct 

geospatial maps. 

Inferential Statistics 

Testing the Research Questions and Hypotheses. Regression analysis is one 

of the main quantitative methods used to test the nature of relationships between a 

dependent variable and one or more independent variables (Dudovskiy, 2018; 

Montgomery et al., 2012). Since the SHINE study was designed as a cluster 

randomized trial, data collected on child linear growth outcomes was also clustered 

around community health worker catchment areas. I therefore used regression 

methods that take into account this design to test the hypotheses. Generalized 

estimation equations (GEE) models are used to estimate population average changes 

in outcomes variables for longitudinal and clustered data (Wang, 2014). Wang 

described the conditions under which GEE models are used and the assumptions 

associated with their application. The general form of a GEE regression models is 

given in Equation 1. 

g(µ𝑖𝑗) = ∑ 𝑋′𝑖𝑗𝛽𝑖  ......................................................................  (1) 
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Where: g(.) is a known link function for the response variable, 

µi is the mean vector of observations Yi in the i-th cluster, 

X is an (n × p) vector of predictor variables xij where i = 1,...,n observations 

and j = 1,...,p predictors; and β is a (p × 1) vector of regression coefficients 

obtained. 

 

The regression coefficients β are estimated by solving Equation 2: 

∪(𝛽) =  ∑ 𝐷′
𝑖

𝐾
𝑖=1 𝑉𝑖

−1(𝑌𝑖 − 𝜇𝑖) = 0 .........................................  (2) 

Where 𝐷𝑖 = 𝜕𝜇𝑖/𝜕𝛽’ and 𝑉𝑖 is the variance-covariance matrix for 𝑌𝑖  

Therefore, I used a GEE framework with appropriate link function and an 

exchangeable correlation structure to assess each hypothesis. I computed robust 

standard error estimates and their corresponding 95% confidence intervals to account 

for the clustered study design. I used the Wald Test statistic to assess model fit (Liu, 

2015). 

Model for Continuous Normally Distributed Response Variables. When 

the dependent variable was continuous (LAZ), I tested the associations with water 

access using the GEE models with a Gaussian distribution family, an identity link 

function g(.), and an exchangeable correlation structure to estimate the mean 

difference in LAZ at various levels of the water access predictor variables as the 

exposure (see Equation 3). 

g(µ𝑖𝑗) = µ𝑖𝑗 = ∑ 𝑋′𝑖𝑗𝛽𝑖  ............................................................   (3) 

µi is the mean vector of normally distributed observations Yi in the i-th cluster, 

X is an (n × p) vector of predictor variables xij where i = 1,...,n observations 
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and j = 1,...,p predictors; and β is a (p × 1) vector of regression coefficients 

obtained that gives the predicted mean differences. 

Model for Dichotomous Distributed Response Variables (Stunting). When 

the dependent variable was dichotomous such as childhood stunting, the variable was 

coded ‘1’ when a child was stunted and ‘0’ when not stunted. I tested the associations 

with water access using GEE models with a Binomial family and a log link function, 

also known as a log binomial regression model, to estimate relative risk (RR) of 

stunting at each level of the exposure. Log binomial models facilitate estimation of 

the RR as a measure of association (Huang, 2019). These models follow the general 

format shown in Equation 4. 

g(𝜋𝑖𝑗) = log (𝜋𝑖𝑗) = ∑ 𝑋′𝑖𝑗𝛽𝑖  ...................................................  (4) 

Where: i is the probability of stunting for the i-th observation 

X is an (n × p) vector of predictor variables xij where i = 1,...,n observations, j 

= 1,...,p predictors; and β is a (p × 1) vector of regression coefficients obtained 

such that eβj gives the RR of stunting from the j-th predictor. 

Model for Response Variables as a Proportion (Prevalence). When the 

dependent variable was a proportion such as percentage of stunted children in a 

cluster, which is bounded between 0 and 1, I tested the associations with water access 

using fractional regression models with a logit link function (Papke & Wooldridge, 

1996; Woodrige, 2010). Fractional regression models enable estimation of percentage 

change in the outcome variable for each percentage or unit change in the predictor 

variable by estimating marginal effects as described in “Fractional outcome 

regression”, StataCorp (2019). Fractional regression models follow the general form 

shown in Equation 5. 
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E[𝑦 ˅ 𝑥] =  𝑒∑ 𝑋′𝑖𝑗𝛽𝑖

1 − 𝑒∑ 𝑋′𝑖𝑗𝛽𝑖
⁄  .............................................  (5) 

Where: yi is the fractional outcome variable bounded between 0 ≤ y ≤ 1; 

logit(y) = y/(1-y) = X’β; X is an (n × p) vector of predictor variables xij where 

i = 1,...,n observations,  j = 1,...,p predictors; and β is a (p × 1) vector of 

regression coefficients. The percentage change in y relative to predictor x is 

then estimated by calculating the marginal effects, that is differentiating the 

likelihood function. 

Testing the Study Hypotheses 

I used different regression models as described above to test each of the 

hypotheses and answer the three research questions that follow: 

 RQ 1: Is there an association between household water quantity and child 

linear growth at the age of 18 months in rural Chirumanzi and Shurugwi? 

 H01: There is no association between household water quantity and 

child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi. 

 Ha1: There is an association between household water quantity and 

child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi. 

 RQ 2: Is there an association between household distance to water source 

and child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi? 

 H02: There is no association between household distance/time to water 

source and child linear growth at the age of 18 months in rural 
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Chirumanzi and Shurugwi. 

 Ha2: There is no association between household distance/time to water 

source and child linear growth at the age of 18 months in rural 

Chirumanzi and Shurugwi. 

 RQ 3: Is there an association between household water quality at source 

and child linear growth at the age of 18 months in rural Chirumanzi and 

Shurugwi? 

 H03: There is no association between household water quality at source 

and child linear growth at the age of 18 months in rural Chirumanzi 

and Shurugwi. 

 Ha3: There is no association between household water quality at source 

and child linear growth at the age of 18 months in rural Chirumanzi 

and Shurugwi. 

For each of the three research questions, I tested associations between LAZ 

and water access using GEE models for continuous normally distributed outcomes 

and estimated mean differences. For associations between childhood stunting and 

water access, I used GEE models for binary outcomes and estimated RR. The 

independent variables were either factor variables such as “water quality” or 

continuous variables such as “distance to a water source”. 

To test each hypothesis at community-level, I first generated community-level 

variables from the dataset using the following methodology: I computed summary 

measures of each exposure and outcome variable at the cluster-level and created a 

new dataset for the analysis. These were means, medians, or proportions depending 

on the distribution and form of the input variable. For normally distributed continuous 
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variables, I computed the mean value for each cluster; for continuous variables that 

had skewed distributions, I computed the median value for each cluster; and for 

binary variables I computed the mean value to estimate the cluster-level prevalence. I 

then estimated the community-level water access effects on cluster-level mean child 

linear growth and on the proportion of stunted children per cluster using linear 

regression analysis. I then employed fractional regression models with a logit link 

function and estimated percentage change in the outcome variable for each percentage 

or unit change in water coverage by estimating the marginal effects. 

Adjusting for Confounding 

Many study designs in epidemiology are susceptible to confounding due to the 

absence of randomization of the exposure of interest that makes them prone to many 

kinds of biases including selection bias, response bias, and recall bias among other 

biases (Creswell, 2009; Delgado-Rodriguez & Llorca, 2004; Hulley et al., 2007). In 

all regression analyses, I estimated univariable and multiple variable regression 

models and computed unadjusted and adjusted estimates of each measure of 

association and their corresponding 95% confidence intervals (95%CI) and p-values. 

To control for confounding, I selected explanatory variables from a list of available 

candidate variables that include maternal and infant demographic characteristics, 

household characteristics, and geographical or other structural characteristics could be 

associated with child growth and access to water. 

Interpretation of Significance Levels 

Two-sided p-values where used to declare statistical significance. The null 

hypotheses were not rejected when the associations were not statistically significant. 

P-values are derived on a continuous scale as a measure of the strength of evidence 
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against the null hypothesis H0 (Ramsey & Schafer, 2012). I used the scale proposed 

by Ramsey and Schafer (2012) to rank the strength of evidence against the null 

hypothesis as either being very strong p  0.01, strong 0.01 < p  0.05, and weak 0.05 

< p  0.10 or no evidence of an association p > 0.1. 

Treatment of Missing Values 

Missing data can increase the risk of bias in observational research studies if 

they are not carefully assessed (Murray, 1998; Little & Rubin, 2014). Missing data 

mechanisms may not be random or independent of the outcome of interest (Murray, 

1998). For example, in a survey where older respondents did not answer a question 

about exposure to a risk factor of a disease that has a higher risk in older people, then 

if analyses is performed on available responses from the younger respondents then 

this systematically missing response could underestimate the risk hence biasing the 

inference. Missing values were assessed and reported, if rates were lower (≤ 5%) then 

complete case analysis was conducted, however if missing data rates were higher (> 

5%) then multiple imputation methods were considered in sensitivity analysis (Little 

& Rubin, 2014; Murray, 1998; Sterne et al., 2009). Multiple imputation, originally 

proposed by Rubin (1987) and further explained by Little and Rubin (2014) is a 

mechanism for filling in the missing data with plausible values but maintaining the 

variability in the responses and has become a preferred method of imputing missing 

data. 

Effect Modification 

The magnitude of the effect of an exposure on an outcome variable may vary 

depending on the presence of a third variable. The nature of this effect is called 

mediation, interaction, or effect modification (Corraini et al., 2019). I investigated the 
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presence of effect modification, interaction, and mediation for some key variables that 

could modify the effect of water access on childhood stunting interest in this study. 

From the published results of the SHINE study, infant exposure to maternal HIV was 

the main effect modifier that I included in the analyses. I tested the models for 

interaction between water access measures and maternal HIV-status. If the results 

showed evidence of an interruption (p < 0.10), I then presented results of each 

regression model stratified by maternal HIV-status. 

Threats to Validity 

Internal Validity 

The internal validity of a study deals with the degree to which the results 

generated in the research are attributable to the independent variable and not any other 

possible explanation (Frankfort-Nachmias et al., 2015). Threats to internal validity of 

studies originate from multiple sources; measurements instruments used, sample 

selection procedures, and data collection methods. Threats to internal validity of 

research studies that perform secondary analysis of data also originate from the data 

sources used by inheriting the weaknesses of the original studies as well as 

introducing new ones. The current study will be based on secondary analysis of data 

collected in the SHINE Trial, a cluster randomized trial to test the efficacy of 

experimental interventions on child growth. Evidence from the implementation of the 

trial show high internal validity following extensive feasibility studies, pilot testing of 

the instruments, and regular standardization of data collectors (SHINE Trial Team, 

2015). However, the threat to internal validity cannot be completely eliminated, but it 

can be minimized; for example, some data were collected from caregiver recall, which 

is prone to recall bias, then medical records were reviewed where possible to 
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triangulate the information. Distance to a water source, for example was collected as 

both time to water as well as distance to water source, and this allowed for validation 

of the metric. The current study is an observational study based on data from a clinical 

trial. Confounding is a serious threat to the internal validity of observational studies 

(Delgado-Rodriguez & Llorca, 2004). To increase the internal validity of this current 

observational study, all regression analysis will be adjusted for confounding using all 

available covariates that could be related to childhood stunting. I will also check for 

the presence of effect modification and interaction between variables; if found I will 

present results stratified according to the modifying variables. 

External Validity 

External validity is concerned about the degree to which results of a research 

study are applicable to the larger population. Threats to external validity may come 

from both the sample size and sampling methods used (Cheng & Philips, 2014). 

When a study lake power because of the sample size being too small, the results 

obtained may not be valid and cannot be inferred to be true to for the population. 

Likewise, if the sampling method selects a non-representative sample from the 

population, then results from such a study cannot be transferred to the target 

population (Delgado-Rodriguez & Llorca, 2004). To minimize selection bias and have 

sufficient power in this study, the entire SHINE study sample meeting inclusion 

criteria will be used for conducting this research. For any excluded participants, I will 

present a comparison of key variables between those included compared to those 

included in the analysis. 

 Missing data can increase risk of bias that can threaten the external validity of 

research studies if they are not carefully assessed (Murray, 1998). Missing data 
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mechanisms might not be random or independent of outcome of interest (Murray, 

1998); for example, in a survey where older respondents systematically skip a 

question about exposure to a risk factor to a disease that has a higher risk in older 

people, then if such data were analyzed the results are likely to underestimate the risk 

in the target population. To minimize this threat in this study, missing values will be 

assessed and may be imputed if above certain threshold values as recommended by 

different researchers (Murray, 1998; Sterne at al., 2009). 

Ethical Procedures 

Protecting human participants is a mandatory step in any human participant 

research. To protect the research participants, their privacy, confidentiality, and 

freedom from potential risks must be always guaranteed. During the conduct of the 

SHINE trial, two Institutional Review Boards (IRBs) approved the original study 

(SHINE Trial team, 2015). For the current study, approval was obtained from the 

Walden University IRB to perform analysis of secondary data and answer the new 

research questions posed (IRB approval number 09-23-19-0582321). De-identified 

data was obtained from the Principal Investigator in the SHINE Study and used to 

perform these analyses (see Appendix A). Secondary analysis of data is normally 

performed on de-identified datasets to protect the participants’ identities (Cheng & 

Philips, 2014). I also obtained Human Subject Research training in Good Clinical 

Practice and ICH (GCP) from the Collaborative Institutional Training Initiative (CITI 

Program ID: 37917231). 

Summary 

This quantitative analytic observational cohort study was designed to explore 

the association between childhood stunting and water access in rural resource limited 
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settings. The design and rationale of the study were discussed and the methodology 

explained. The data source was discussed, various threats to the validity of the study 

were explored and measures to address them explained. Procedures to ensure an 

ethical conduct of research on human participants were outlined. Finally, a detailed 

data analysis plan taking all the precautions was presented. The use of generalized 

linear models, including fractional regression and log-binomial regression analysis to 

assess the associations between dependent and independent variables, were discussed. 

In section 3 I present the results of my data analysis and findings of the study. 
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Section 3: Presentation of the Results and Findings  

Introduction 

The purpose of this prospective, observational, quantitative cohort study was 

to explore the association between childhood stunting and access to water in two 

districts in Zimbabwe. Access to water was operationally defined as three metrics: 

reported distance to water source; reported quantity of water used; and assessed 

quality of water used. The research three research questions assessed whether there 

was an association between household water quantity, household distance/time to 

water source, and household water quality at source and child linear growth at the age 

of 18 months in rural Chirumanzu and Shurugwi. Each of these exposure variables 

was defined at both household level and community or cluster levels. Water access 

was assessed for both drinking and non-drinking water sources.  

Next, I briefly describe how the data were analyzed. I then present the study 

findings starting with summary descriptive statistics of the study participants and their 

settings and summaries of each exposure and outcome variable. This is followed by 

the main findings from each research question. The results include tables, graphs, and 

maps. 

Data Analysis 

I analyzed the data using IBM PC SPSS version 25 to generate tables and 

graphs, Stata version 14.1 to perform the regression analyses, and Quantum 

Geographic Information Systems (QGIS version 2.8.3) to construct geospatial maps 

for visualization. I conducted descriptive statistical analysis to describe maternal, 

infant, and household demographic characteristics and study settings. I then generated 

descriptive statistics of child growth (the study outcomes) as well as water access (the 
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study exposure variables) to describe the study population. I generated maps to 

illustrate the spatial distribution of child anthropometric measures as well as various 

water access metrics across the study area. To test the hypotheses at the child-level, I 

used GEE models to estimate population averaged effects of each exposure on the 

outcome and obtained robust standard error estimates. For the continuous outcome 

(LAZ) that is normally distributed, I used a Gaussian distribution family and identity 

link function to facilitate estimation of the mean difference in LAZ. For the binary 

outcome (child stunting), I used a binomial distribution family and log-link function 

to facilitate estimation of RR of child stunting. When the distribution of water access 

variables was skewed, I used a log10 transformation to stabilize the variance and bring 

the distribution of the transformed variable to near normality. I estimated the 

community-level water access effects on the mean child growth measures per cluster 

using linear and fractional regression analysis. 

In all the analyses, I estimated the effect of water access on child growth in 

three steps: (a) The first model was not adjusted for any covariates; (b) the second 

model was minimally adjusted for confounding using study design factors of the 

original study, which include survey assessor, survey timing, and study randomized 

arms; and c) the third and final model was adjusted for confounding by putting in all 

the other measured covariates that could confound the effects of access to water on 

child growth. All covariates included in the analyses had < 5% missing values. I used 

the Wald Chi-Squared Test for assessing model fit (Liu, 2015). I tested the models for 

interaction between water access measures and maternal HIV-status, if results were 

statistically significant (p < 0.10) I then presented results of analysis stratified by 

maternal HIV-status. 
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Study Results 

Derivation of Study Sample 

In Figure 4 is a summary of how the participants included in this analysis were 

selected from the secondary dataset analyzed. A total of N = 4,843 participants, 

recruited into the original study between 2012 and 2017, had child growth 

measurements at 18 months. Twenty-six children were excluded from analysis 

because their sex was missing from the dataset and a LAZ value; hence, stunting 

outcome could not be computed. An additional n = 781 participants did not have any 

water access measurements and were excluded from the analysis. This left N = 4,036 

children in the final analysis. Study participants were drawn from a total of 209 

randomized clusters with about 52 clusters in each study arm. 

Figure 4 

Derivation of Participants and Distribution by Randomized Study Arm and Clusters 

 

Note. LAZ = length-for-age-z-score; SOC = standard of care; IYCF = infant and young child feeding; 

WASH = water, sanitation, and hygiene. 
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Characteristics of Study Participants 

The baseline characteristics of the participants are summarized in Table 5. 

Mothers were mean  SD: 26  7 years, medium height 160  6 cm, had good 

nutritional status, normal hemoglobin levels and had attained at least secondary 

education. Most of the mothers were unemployed. The majority were married, 40% 

met the minimum dietary needs, and 16% were HIV positive. The dominant religion 

was Apostolic, 45%. Twenty-two percent of the children were born premature and 8% 

were low birthweight. Only 36% of the women had an improved latrine at the 

household. There were 3 - 4% more women in the WASH and WASH+IYCF arms of 

the study compared to those in the SOC and IYCF arms. 

Table 5 

Explanatory Variables Collected in the SHINE Study at Baseline (Antenatal) 

Continuous variables  n Mean SD Median 
IQR 

LL UL 

Maternal age (years)  3863 26.3 6.6 25.7 20.7 31.3 

Maternal height (cm) 3996 160 5.9 160 156 164 

Maternal mid upper arm 

circumference (cm) 4022 26.4 3.0 26 24.3 28 

Maternal hemoglobin (g/L) 3565 120 14.2 121 112 129 

Maternal education (years) 3870 9.5 1.8 10 9 11 

Parity 3243 1.9 1.4 1 2 3 

Household size 3895 4.9 2.2 5 3 6 

Infant birth weight (kg) 3703 3.1 .5 2.8 3.1 3.4 

Factor variables n %     

Married (%) 3670 95.6     

Unemployed (%) 3670 91.3     

Wealth quintile (%)       

1 (lowest) 769 19.1     

2 (lower) 796 19.8     

3 (middle) 821 20.4     

4 (higher) 815 20.3     

5 (highest) 818 20.4     

Religion (%)       

Apostolic 1800 44.6     

Other Christian 1742 43.2     

Muslim and other 494 12.2     

Mother meets minimum 1550 39.5     
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dietary diversity (%) 

HIV positive mothers (%) 645 16.0     

Female children (%) 2013 49.9     

Birthweight <2500g (%) 323 8.0     

Premature, GA<37wks (%) 888 22.0     

Any latrine (%) 1615 40.3     

Improved latrine (%) 1421 35.5     

Improved floor (%) 2158 53.5     

Study arm (%)       

SOC 935 23.2     

IYCF 938 23.2     

WASH 1049 26.0     

WASH+IYCF 1114 27.6     
Note. N=4,036; SD=standard deviation; IQR=Inter-quartile range; LL=lower limit; UL=upper limit; 

GA=gestation age; SOC=standard of care; IYCF=infant and young child feeding; WASH=water, 

sanitation and hygiene. 

 

Child Growth and Nutritional Status at 18 months 

A summary of anthropometric measures of the children in the study at 18 

months of age are summarized in Table 6. Children in the study, at 18 months were on 

average 1.6  1.1 standard deviations below their expected height according to the 

WHO growth standard, 0.7  1.0 standard deviations below their expected weight; 

however, they were not wasted or malnourished. WHZ and MUACZ were 0.03  1.07 

and 0.01  0.89 respectively. A third of the children were stunted, 9% of them were 

severely stunted and 10% were underweight but only 3% were wasted. 

Table 6 

Child Growth and Nutritional Outcomes at Age 18 Months Among Study Participants 

Continuous variables n Mean SD 

Child weight (kg) 4018 9.9 1.2 

Child length (cm) 4036 77.7 3.2 

Child head circumference (cm) 4007 46.6 1.6 

Child mid upper arm circumference (MUAC) (mm) 4012 148 11 

Child length-for-age z-score (LAZ) 4036 -1.57 1.09 

Child weight-for-age z-score (WAZ) 4018 -.72 1.03 

Child weight-for-height z-score (WHZ) 4014 .03 1.07 

Child head circumference z-score (HCZ) 4007 -.26 1.09 

Child mid upper arm circumference z-score (MUACZ) 4012 .01 .89 
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Factor variables n %  

Child stunting, LAZ<-2 (%) 1343 33.28  

Child severe stunting, LAZ<-3 (%) 366 9.07  

Child underweight, WAZ<-2 (%) 418 10.40  

Child wasting, WHZ<-2 (%) 114 2.84  
Note. N=4,036; SD=standard deviation. 
 

Sources of Water for Household Water and Their uses 

Each household identified the primary sources of water that they used for 

drinking as well as for other household purposes. There were 15 different types of 

water sources. The distribution of water source types used for drinking and for other 

uses is shown in Figure 5. The most common sources for drinking water were 

boreholes, protected and unprotected deep wells, as well as unprotected shallow wells. 

About 9% of households used either surface water in rivers or dams or the river bed as 

their primary source of water for drinking. The predominant source of water for other 

household uses was surface water from a river, dam, stream, or lake. Over half of the 

participants (55%) used the same water source for both their drinking needs as well as 

other household water uses. However, among those who used an alternative water 

source for non-drinking purposes, more than half of the participants (54%) used 

unprotected surface water. There were virtually no piped water systems in all the 

households; only 1% of households had water piped into their plots and not into 

houses. The sources of water were further classified into four categories: piped on-

plot, improved off-plot, unimproved ground water, and surface water according to 

their degree of protection and distance from the household. In Table 7, I summarize 

the distribution of the water sources according to their types and uses. 
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Table 7 

Distribution of Households According to Water Source Class and Their Uses 

Type of primary water source 
Drinking  Non-drinking 

N %  N % 

Piped on-plot 50 1.2  32 .8 

Improved off-plot 2477 61.7  1341 33.5 

Unimproved ground water 1140 28.4  1176 29.4 

Surface water 351 8.7  1451 36.3 
Note. N = 4,018. 

 

Figure 5 

Distribution of the Types of Water Sources by Use 

 

Measures of Household Water Access 

Household water access was measured in three ways as volume of water used, 

distance or walk time to a water source, and water source quality. The distribution of 

volumes of water collected were clustered in multiples of 20 liters as shown in Figure 

6. The total volume of water fetched to the home by households in the last 24 hours 

was very variable and skewed to high with median 40 (IQR: 20-45) liters. Water 

volume used by each household member per-day was very limited with a median of 7 
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(IQR: 5-12) liters. 

The average distance walked to a water source used for drinking was median 

400 (IQR: 100-1,000) meters away from the homes, or a one-way walk time to the 

water source took median 10 (IQR: 5 to 20) minutes. The distribution of distance to 

water source used for drinking is shown in Figure 7. I also found a similar distribution 

for distance to non-drinking water sources. 

Figure 6 

Distribution of the Total Volume of Water Collected by Each Household Per-Day 

 
 

Figure 7 

Distribution of the Distance of Households from the Primary Drinking Water Sources 
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The key measures of access to water and the quality of water used by 

households in the study are summarized in Table 8. About 26% of the households 

walked less than 100 meters to their primary drinking water source and 13% walked 

more than a kilometer. For 38% of households, one-way walk time was within 5 

minutes; however, 7% of households walked more than 30 minutes to their primary 

water source. For most households, the primary water source for non-drinking 

purposes was located a similar distance to their primary sources for drinking water. 

Almost two thirds, 63% of households used protected water sources as their primary 

drinking water source, and 34% used protected water sources for others uses. Only 

13% of households treated their drinking water in any way. Due to the skewed 

distribution of most of the water access variables, I used a log10-transformation to 

stabilize the variance and bring the distribution to approximate normality for the 

regression analyses. Summary measures of the transformed variables are also 

included in Table 8. 

Table 8 

Access to Water Among Households in the Study 

Continuous variables n Mean SD Median 
IQR 

LL UL 

Total water volume fetched to 

the home in 24hrs (liters) 

3441 42.7 46.7 40 20 45 

Log10(Total water volume) 3441 1.53 0.30 1.60 1.30 1.65 

Water volume per person per 

day (liters) 

3328 9.6 8.6 7.1 5 11.7 

Log10(Water volume per person 

per day) 

3328 .88 .32 .85 .70 1.07 

Distance to drinking water 

source (m) 

4014 655 817 400 100 1000 

Log10(Distance to drinking 

water source) 

4014 2.26 1.33 2.6 2 3 

Distance to non-drinking water 

source (m) 

4003 623 851 400 100 900 

Log10(Distance to non-drinking 

water source) 

4003 2.18 1.37 2.60 2 2.95 

Time to drinking water source 4012 14.8 16.4 10 5 20 
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(min) 

Log10(Time to non-drinking 

water source) 

4012 0.87 0.67 1 0.70 1.30 

time to non-drinking water 

source (min) 

4002 14.2 16.9 10 5 20 

Log10(time to non-drinking 

water source) 

4002 0.83 0.68 1 0.70 1.30 

Factor variables n %     

Distance from household to 

water source used for drinking 
  

    

0-100m 1041 25.9     

100-500m 1517 25.9     

500-1000m 930 23.2     

>1000m 526 13.1     

One way walk time from 

household to water source used 

for drinking 

      

0-5 minutes 1,531 38.2     

5-15 minutes 1,344 33.5     

15-30 minutes 871 21.7     

>30 minutes 266 6.6     

Drinking water from a protected 

source (%) 

2527 62.9     

Water for other uses fetched 

from a protected source (%) 

1373 34.3     

Treat water in any way (%) 504 12.7     

Note. N=4,036; SD=standard deviation. IQR= Inter-quartile range; LL=lower limit; UL=upper limit. 

 
Predictors of Child Growth 

Before testing the study hypotheses, I first investigated predictors of child 

growth that I could use as covariates in the multivariable regression models for testing 

each hypothesis. Variables that were statistically significant (p < 0.1) in univariable 

regression models predicting LAZ are shown in Table 9. 

Table 9 

Association of Maternal, Household and Infant Characteristics, and Child LAZ at 18 

Months 

Variable N 
Mean 

difference  

95% CI 
P 

LL UL 

Mother HIV-status during pregnancy 

 
HIV-positive 654 reference - - - 

HIV-negative 3382 .317 .224 .410 <.001 

Maternal height (cm) 3996 .051 .048 .056 <.001 

Maternal MUAC (cm) 4022 .050 .040 .061 <.001 
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Mother employment status 

 
Not employed 3670 reference - - - 

Employed 348 -.073 -.206 .060 .284 

Mother’s religion 

 

Apostolic 1800 reference - - - 

Protestant 1742 .117 .050 .185 .001 

Muslim and other 494 -.016 -.138 .107 .802 

Improved household floor 

 
Basic mud floor 1812 reference - - - 

Improved floor 2158 .119 .046 .191 .001 

SES quintile 

 

Lowest 771 reference - - - 

Lower middle 795 .121 .021 .221 .017 

Middle 825 .150 .042 .257 .006 

Upper middle 804 .293 .178 .407 <.001 

highest 827 .290 .182 .398 <.001 

Child low birth-weight 

 
>2500g 3381 reference - - - 

2500g 323 -.750 -.864 -.635 <.001 

Child sex 

 
Male 2023 reference - - - 

female 2013 .305 .238 .372 <.001 

Child born premature 

 
GA>37 weeks 3148 Reference - - - 

GA37 weeks 888 -.332 -.406 -.257 <.001 

Note. CI=confidence interval; LL=lower limit; UL=upper limit; MUAC=mid-upper arm circumference; 

SES=socio-economic status; GA=gestation age. 

 

Hypothesis 1: Effect of Water Quantity on Child Linear Growth 

The quantity of water used in the home was first measured as a gross amount 

brought to a home in the last 24-hours. Secondly, per capita water volume was 

calculated by dividing the gross water quantity by the size of the household. I tested 

the association of the gross amount and per capita water volumes with child growth, 

LAZ and stunting at 18 months. 

Exploring the Distribution of Total Water Volume on Child LAZ  

In Figure 8, I used histograms and scatterplots to explore and visualize the association 

between gross water volume and child LAZ. I first plotted a histogram showing the 
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distribution of gross water volume shown in panel a, and a scatter plot of LAZ versus 

gross water volume shown in panel c. I then added a locally weighted scatterplot 

smoothing (LOESS) curve to visualize if there was a suggested trend between LAZ 

and gross water volume (Cleveland, 1979). The histogram shows that gross water 

volume is skewed to high with most frequent values of water volume lying between 0-

100 liters and fewer households using up to 500 liters. The scatterplot shows a slightly 

positive gradient; however, the Pearson correlation coefficient (r = 0.042) shows no 

relationship, suggesting that LAZ may not be associated with volume of water used 

by a household. Due to the skewed distribution, I transformed gross water volume 

using a log10 transformation and plotted the semi-log histogram and scatter plot shown 

in Figure 8, panels b and d. The distribution of transformed water volume is closer to 

normality and the scatterplot values are distributed more evenly across the range of 

water volumes, however the correlation coefficient remained very weak (r=0.042) 

suggestion no association between LAZ and log10 water volume. 

Figure 8 

Gross Water Volume Per Day Used by Household and LAZ 

 



74 

 

Note. Shown in the panels are a) gross water volume per day, b) log10 gross water volume with a 

normal distribution overlay, c) scatter plot of LAZ and gross water volume per day, and d) scatter plot 

of LAZ and log10 gross water volume per day used by household. The scatter plots have a locally 

weighted scatterplot smoothing (LOESS) curve overlay; r is the Pearson correlation coefficient. 

 

Exploring the Distribution of Water Volume per Capita per Day on Child LAZ 

Using a similar approach used for gross water volume, I plotted histograms 

and scatterplots of the original water volume per capita per day data (see Figure 9 

panels a and c). The distribution of water volume per capita per day was skewed to 

high, hence I transformed the data using a log10 transform and the distribution shows a 

nearly normal distribution (see Figure 9, panel b). I then overlaid LOESS trend lines 

on the scatter plots (see panels c and d) that shows flat gradients and very weak 

Pearson correlation coefficients (r=0.027 and r=0.033) suggesting no association 

between LAZ and per capita water volume consumed by household members per day. 

Figure 9 

Per Capita Water Volume per Day Used by Household Members 

 
Note. Shown in the panels are a) histogram of per capita water volume per day used by household 

members, b) a histogram of log10 per capita water volume with a normal overlay, c) a scatter plot of 

LAZ and per capita water volume, and d) a scatter plot of LAZ and log10 per capita water volume per 

day used by household. The scatter plots have a locally weighted scatterplot smoothing (LOESS) curve 

overlay; r is the Pearson correlation coefficient. 
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Association Between Water Volume and LAZ at 18 months 

To test the association between water volume and child LAZ, I used GEE 

regression models to estimate the population-averaged changes in LAZ for each liter 

of water used. I conducted a three-stage analysis starting with and unadjusted model, 

then partially adjusting for trial related factors, and lastly the fully confounder 

adjusted analysis. 

Unadjusted Analysis. I first ran four GEE models to estimate the unadjusted 

population averaged changes in LAZ for each measure of water volume, results are 

summarized in Supplementary Table B1. Total water volume was associated with 

gross water volume used by a household, mean LAZ increased by 0.001 (95%CI: 

0.002, 0.017); p = 0.01, for each additional liter of water used. The results remained 

significant in the second GEE model using the log10 transformed gross water volume. 

The unadjusted model testing the association between per capita water volume and 

LAZ showed a weak association after the log10 transformation, mean LAZ changed by 

0.106 (95% CI: -0.006; 0.218), p = 0.06, for each 1- log10 increase in liters per person 

per day. 

Partially Adjusted Analysis. The second set of four minimally adjusted GEE 

models estimating population averaged changes in LAZ for each measure of water 

volume, results are summarized in Supplementary Table B2. In each of these models, 

I adjusted for the following covariates: Study arm – WASH and IYCF; data collector 

who took the measurement; and the calendar period of assessment. The above 

variables were factors that could have biased the measurement of each child’s 

anthropometric measurement and are related to the design and conduct of the study 

that generated the data. Total water volume was strongly associated with LAZ; mean 



76 

 

LAZ increased by 0.001 (95%CI: 0.003, 0.017); p = 0.007, for each additional liter of 

water used. This association remained significant in the second model using the log10 

transformed gross water volume. The minimally adjusted model testing the 

association between per capita water volume versus LAZ showed strong evidence of 

an association in the log10-transformed per capita water volume, the mean change in 

LAZ was 0.11 (95% CI: 0.0004; 0.220), p = 0.05. 

Adjusted Analysis. I then conducted a third and final set of adjusted GEE 

models estimating the population averaged changes in LAZ for each measure of water 

volume; results are summarized in Table 10. In each of these models, I adjusted the 

models for baseline maternal, household, child, and environmental factors that were 

associated with the outcomes in univariable analyses (previously shown in table 6) as 

well as those related to the design of the study that generated the data. Total water 

volume was not associated with LAZ even after the log10 –transformation; the mean 

difference in LAZ was 0.0004 (95% CI: -0.0001; 0.001), p = 0.14. Water volume per 

capita per day showed strong evidence of an association with LAZ in the model using 

the log10 transformed water volume per capita per day. The mean change in LAZ was 

0.100 (95% CI: 0.004; 0.196); p = 0.04, for each 1-log10 increase in liters per capita 

per day. 

Table 10 

Adjusted Association of Water Volume Used by Household and LAZ at 18 months 

Water Access Variable n 
Adjusted mean 

difference  

95% CI 
p 

LL UL 

Total water volume fetched to the 

home in 24hrs (liters) 
3392 .0004 -.0001 0.001 .14 

Log10(Total water volume) 3392 .056 -.039 0.151 .25 

Water volume per person per day 3281 .003 -.001 0.006 .16 
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(liters) 

Log10(Water volume per person per 

day) 
3281 .100 .004 0.196 .04 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor; CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. 

 

 

Exploring the Distribution of Water Volume and Child Stunting 

The median volume of water used by households who had a stunted child was 

very similar to that used by households who had non-stunted children, median 40 

(IQR: 20; 50) liters and 40 (IQR: 20; 40) liters respectively. In Figure 10, I present a 

Kernel Density Plot (Cleveland & Devlin, 1988), showing the frequency distribution 

of log10 transformed total water volumes used by households with stunted and non-

stunted children. The shape of the distribution shows clumping around log10 = 1.30, 

1.6, 1.78 corresponding to volumes of 20, 40, and 60 liters that is consistent with 

volumes carried in multiples of 20-liter plastic containers that are usually used by 

these households to bring water to their homes. 

Figure 10 

Distribution of Log10 Transformed Gross Water Volume Per Day Used by Households 

With a Stunted- and Non-Stunted Child 

 

Note. Vertical lines mark volumes corresponding to 20, 40, and 60 liters. 
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Exploring the Distribution of Per Capita Water Volume and Child Stunting 

I explored the characteristics of water volume per capita per day; the median 

volume of water used by households per capita per day was 7.5 (IQR: 5; 12) liters for 

households with non-stunted children while 6.7 (IQR: 5; 11.2) liters was used by 

households with a stunted child. Figure 11 illustrates a Kernel Density Plot showing 

the frequency distribution of log10 transformed per capita water volumes stratified 

according to child stunting. The plots show very similar distributions of water volume 

per capita among households with and without stunted children, which suggests that 

there may be no association between per capita water volume used by households and 

child stunting. I performed the formal testing of this association in the next section. 

Figure 11 

Distribution of log10 Transformed Water Volume Per Capita Per Day Used by 

Household Stratified by Child Stunting 

 

 

Association Between Water Volume and Child Stunting at 18 months 

To test the association between water volume and child LAZ, I used GEE 

regression models to estimate the population-averaged changes in LAZ for each liter 
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of water used. I conducted a three-stage analysis starting with and unadjusted model, 

then partially adjusting for trial related factors, and lastly the fully confounder 

adjusted analysis. 

Unadjusted Analysis. I estimated the unadjusted RR using four GEE 

regression models, results are shown in Supplementary Table B3. In these models, 

only the untransformed total water volume was weakly associated with child stunting, 

unadjusted RR 0.999 (95% CI: 0.997; 1.000); p = 0.05, for each additional liter of 

water used. Water volume used per capita was not associated with child stunting in 

unadjusted analysis. 

Partially Adjusted Analysis. I estimated population averaged RR of stunting 

using four GEE models, but this time the models were minimally adjusted for study 

design factors only, results are shown in Supplementary Table B4. The total volume 

of water was moderately associated with stunting at 18 months, adjusted RR 0.999 

(95%CI: 0.997, 1.00); p = 0.04, for each additional liter of water used. This 

association however was not statistically significant in the log10-transformed 

regression model. Water volume per capita was not associated with child stunting in 

both partially adjusted regression models of untransformed and log10-transformed 

water volume measures. 

Adjusted Analysis. In fully adjusted GEE regression models, results are 

shown in Table 11; both total water volume used and water volume usage per capita 

per day were not associated with child stunting at 18 months. The adjusted RR of 

stunting was 0.96 (95% CI: 0.82, 1.13); p = 0.64, for each log10-increase in total water 

volume used by a household. The adjusted RR for stunting was 0.93 (95% CI: 0.80, 

1.07); p = 0.30, for each 1-log10 increase in per capita water volume usage per day. 
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Table 11 

Adjusted Association of Water Volume Used by Household and Child Stunting at 18 

Months Months 

Water Access Variable n 
Adjusted 

RR  

95% CI 
p 

LL UL 

Total water volume fetched to the home 

in 24hrs (liters) 
3392 .999 .998 1.00 .25 

Log10(Total water volume) 3392 .96 .82 1.13 .64 

Water volume per person per day (liters) 3281 .998 .99 1.00 .44 

Log10(Water volume per person per day) 3281 .93 .80 1.07 .30 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor. CI=confidence interval; LL=lower limit; UL=upper limit. 

 

Interaction of Maternal HIV Status with Water Volume and Child LAZ  

To assess if there were differences in the effect of water volume on child linear 

growth according to child HIV exposure, I tested the interaction (p < 0.1) between 

water volume used by the household and maternal antenatal HIV-status. Results of the 

tests for interaction of maternal HIV-status during pregnancy and water volume 

measures on child LAZ are summarized in Supplementary Table B5. There was a 

weak statistical interaction between maternal HIV status and total water volume used 

by a household; the difference-in-difference estimate (β) was -0.003 (95% CI: -0.007, 

0.001); p = 0.09. This interaction suggested that the effect of water volume used by 

households on child linear growth may be different among children born to HIV-

infected mothers compared to children not exposed to HIV. Due to the presence of a 

significant interaction, I analyzed the association of water volume and child LAZ 

stratified by maternal HIV-status. 
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Association Between Water Volume and Child LAZ among HIV-Unexposed 

Children 

Unadjusted Analysis. I estimated the unadjusted effects of water volume on 

LAZ among children born to HIV-uninfected mothers, results are shown in 

Supplementary Table B6. Total volume of water fetched to the home in 24 hours was 

associated with increased child LAZ. This was significant in both the untransformed 

volume of water fetched as well as log10-transformed measure. The unadjusted mean 

difference was 0.0007 (95% CI: 0.0003, 0.001); p = 0.04, per each additional liter 

used by a household and 0.12 (95% CI: -0.0028, 0.235); p = 0.06 per each 1-log10 

increase in liters of water used by a household. Water volume used per capita per day 

was also weakly associated with increased child LAZ, unadjusted mean difference in 

log10 liters of water per person per day was 0.106 (95% CI: -0.011, 0.223), p = 0.07. 

Adjusted Analysis. In Table 12, I summarize the adjusted effects of water 

volume on child LAZ among children born to HIV-uninfected women. Estimates 

from the GEE regression models adjusted for possible confounders were not 

statistically significant, all water volume measures were not associated with child 

LAZ among HIV-unexposed children. 

Table 12 

Adjusted Association between Water Volume Used by Household and LAZ at 18 

Months Among HIV-unexposed Children. 

Water Access Variable N 
Adjusted Mean 

difference 

95% CI 
p 

LL UL 

Total water volume fetched to the 

home in 24hrs (liters) 
2848 .0002 -.0003 0.0007 . 44 

Log10(Total water volume) 2848 .025 -.085 0.136 .65 

Water volume per person per day 2751 .001 -.003 0.005 .54 



82 

 

(liters) 

Log10(Water volume per person 

per day) 
2751 .069 -.037 0.176 .20 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: height, 

MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and household 

factors: SES, improved floor; CI=confidence interval; LL=lower limit; UL=upper limit. 

 

Association Between Water Volume and Child LAZ among HIV-Exposed Children 

Unadjusted Analysis. I estimated the unadjusted and adjusted effects of water 

volume on LAZ among children born to HIV-infected mothers. In unadjusted 

analysis, results shown in Supplementary Table B7, total water volume fetched to the 

home in 24hrs was associated with increased child LAZ; unadjusted mean difference 

0.004 (95% CI: 0.0004, 0.008); p = 0.03 for each additional liter used by a household. 

Water volume per person per day was also weakly associated with increased child 

LAZ; unadjusted mean difference was 0.013 (95% CI: -0.002, 0.029); p = 0.09 for 

each additional liter used by a person per day. The log10 transformed water volume 

measures were not significantly associated with child linear growth. 

Adjusted Analysis. In multivariable GEE models, Table 13 shows the 

adjusted effects of water volume on LAZ among children born to HIV-infected 

mothers. Total water volume fetched to the home in 24 hours was weakly associated 

with increased child LAZ with adjusted mean difference of 0.003 (95% CI: 0.0001, 

0.007); p = 0.06 per each additional liter of water used by a household. Water volume 

per person per day was strongly associated with increased child LAZ in adjusted 

analyses; adjusted mean difference 0.014 (95% CI: 0.002, 0.025); p = 0.02 per each 

additional liter used by a person per day. Log10-transformed volume measures were 

not statistically significant in adjusted GEE regression models. 
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Table 13 

Adjusted Association of Water Volume Used by Household and LAZ at 18 Among 

Months Among HIV-Exposed Children 

Water access variable n 
Adjusted mean 

difference 

95% CI 
p 

LL UL 

Total water volume fetched to the 

home in 24hrs (liters) 
544 .003 -.0001 .007 .06 

Log10(Total water volume) 544 . 59 -.141 .450 .30 

Water volume per person per day 

(liters) 
530 .014 .002 .025 .02 

Log10(Water volume per person 

per day) 
530 .175 -.103 .452 .22 

Note. The regression models were adjusted for study related factors: study arm – WASH and 

IYCF, data collector who took the measurement, and calendar period of assessment; Maternal 

factors: height, MUAC, and employment status; Child factors: birth weight, sex, and 

prematurity; and household factors: SES, improved floor. CI=confidence interval; LL=lower 

limit; UL=upper limit; Significant associations are in bold face. 

 

Hypothesis 2: Effect of Distance of Household from Water Source on Child 

Linear Growth 

Available data included distance of each household from the primary water 

sources used for both their drinking needs as well as for other household uses. 

Therefore, I tested the hypotheses that distance to a primary drinking and non-

drinking water source was associated with child LAZ and stunting at 18 months. 

Exploring the Distribution of Distance to Primary Water Source and LAZ 

In Figure 12 I show graphs summarizing the distribution of distance to 

drinking water source. The histogram in panel A shows that distance to drinking water 

source has a positive skewness. The histogram of the log10-transformed distance to 

drinking water source (panel B) is closer to a normal distribution. The LOESS curve 

on the scatter plot in panel C shows that the distribution of distance to drinking water 

source and child LAZ has a slight negative correlation meaning that LAZ decreases 
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with increasing distance from a source of drinking water. However, the trend in the 

log10-transformed distance graph in panel D is almost flat suggesting that the 

association between distance to drinking water source and child linear growth may be 

very weak. I repeated the same exploratory analysis on distance to primary water 

source used for non-drinking purposes (graph not shown). I found that the distribution 

of distances was very similar to that of drinking water and the trend between child 

LAZ and distance to non-drinking water source was very similar to that seen with 

drinking water. 

Figure 12 

Distance to Drinking Water and LAZ and Distance to Primary Water Source Used for 

Drinking by Household Members 

 

Note. Panels (a) shows a histogram of distance to drinking water source; (b) shows a histogram of log10 

distance to drinking water source; (c) shows a scatterplot of LAZ and distance to water source in 

meters; (d) shows scatterplot of LAZ and log10 distance to water source. 
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Association Between Distance to Primary Water Source and Child LAZ 

To test the association between distance to water source and LAZ, I used GEE 

regression models to estimate the population-averaged changes in LAZ for each 

measure of distance to water source. I conducted a three-stage analysis starting with 

and unadjusted model, then partially adjusting for trial related factors, and lastly the 

fully confounder adjusted analysis. 

Unadjusted Analysis. Results of unadjusted analysis are shown in 

Supplementary Table B8; child LAZ at 18 months was not associated with distance to 

a primary water source for drinking; the mean difference in LAZ was -0.010 (95%CI: 

-0.036, 0.016); p = 0.47 for each 1-log10 increase in distance in meters walked. Child 

LAZ at 18 months was however weakly associated with distance to a primary source 

of water for other non-drinking purposes, the mean difference in LAZ was -0.023 

(95%CI: -0.048, 0.003); p = 0.09 for each 1-log10 increase in distance in meters 

walked. 

Partially Adjusted Analysis. I estimated the population-averaged changes in 

LAZ for each measure of distance to water source using partially adjusted GEE 

models accounting for the design of the trial, results shown in Supplementary Table 

B9. In each of the four GEE models, I adjusted for the same trial factors: study arm – 

WASH and IYCF; the data collector who took the measurement; and calendar period 

of assessment. Distance to a primary water for either drinking or for other uses was 

not associated with child LAZ at 18 months in any of the regression models. 

Adjusted Analysis. In fully adjusted GEE models estimating the adjusted 

population-averaged changes in LAZ for each measure of distance to water source; 

results are summarized in Table 14. In each of these regression models, the factors 
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that I adjusted for are noted in the footnote of each table. The only statistically 

significant result was distance to water for non-drinking purposes with adjusted mean 

difference in LAZ of 0.00003 (95% CI: -0.0000, 0.0001); p = 0.08. However, this 

weak association was not significant in the regression model using the log10-

transformed distance to source suggesting it might be a spurious result. 

Table 14 

Adjusted Association of Distance to Primary Water Source and LAZ at 18 Months 

Water access variable n 
Adjusted mean 

difference 

95% CI p 

LL UL  

Distance to primary water 

source for drinking (m) 
3954 .0000 -.0000 .0001 .57 

Log10(Distance to primary water 

source for drinking) 
3954 .0068 -.0170 .0307 .58 

Distance to primary water 

source for other uses (m) 
3943 .00003 -.0000 .0001 .08 

Log10(Distance to primary water 

source for other uses) 
3943 .0008 -.0226 .0242 .95 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor. CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. 

 

Exploring the Distribution of Distance to Primary Water Source and Child Stunting 

I examined summary descriptive statistics of distance from household to 

primary water sources according to presence of stunted child in the home. Households 

with a stunted child walked slightly further to fetch drinking water than households 

with non-stunted children, median 500 (IQR: 100; 1,000) and 400 (IQR: 100; 1,000) 

respectively. Distance to non-drinking water sources was similar between both 

households with and without a stunted child. 

Figures 12 shows boxplots illustrating the distribution of distance to primary 

water source for drinking and for other uses respectively. Panels A and C shows the 
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distribution of distance in meters to a drinking and non-drinking water sources 

respectively, according to presence of stunted child in the home. The distributions are 

skewed to high, hence I also plotted the distribution of distance to water sources after 

the log10-transformation that are more symmetric (panels B and D). Even though most 

households were within one km of their primary water source, some households 

travelled up to 10 km to fetch their water. In the next section, I then tested these 

associations using regression models. 

Figure 13 

Boxplots of Distance to Primary Water Sources by Child Stunting 

 

Note. Panel (a) distance to drinking water source, and (b) log10 transformed distance to drinking water 

source. Panel (c) distance to primary non-drinking water source, and (d) log10 transformed distance to 

primary non-drinking water source. 

 

Association of Distance to Primary Water Source and Child Stunting at 18 months 

I conducted the three-stage analysis starting with and unadjusted model, then 

partially adjusting for trial related factors, and finally running the fully confounder 
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adjusted analysis. 

Unadjusted Analysis. I first estimated unadjusted RR of stunting for each 

measure of distance to water, results shown in Supplementary Table B10. Distance to 

water source was not associated with child linear growth for either drinking purposes 

or other household uses, the 95% confidence interval around each unadjusted RR 

estimate included 1.0 for all the GEE regression models. 

Partially Adjusted Analysis. I then estimated partially adjusted GEE 

regression models adjusted only for study related factors only, results shown in 

Supplementary Table B11. Again, none of the regression estimates were significant as 

all the 95% confidence intervals around each estimated adjusted RR included 1.0 and 

p-values > 0.1. 

Adjusted Analysis. In fully adjusted GEE models, the distance of household 

to their primary water sources for any uses, drinking or other uses, was not associated 

with child stunting at 18 months, results are shown in Table 15. The analysis shows 

that risk of childhood stunting does not depend on the distance walked to fetch water, 

even after taking into account all possible confounders that were measured. 

Table 15 

Adjusted Association of Distance to Primary Water Source and Child Stunting at 18 

Months 

Water access variable n 
Relative risk 

of stunting 

95% CI 
p 

LL UL 

Distance to primary water source 

for drinking (m) 
3954 1.00 1.00 1.00 .74 

Log10(Distance to primary water 

source for drinking) 
3954 .996 0.96 1.03 .79 

Distance to primary water source 

for other uses (m) 
3943 .99999 .9999 1.00 .66 

Log10(Distance to primary water 3943 .99 .96 1.03 .71 



89 

 

source for other uses) 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor. CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. 

 

Interaction Between Maternal HIV-Status with Distance to Primary Water Source 

and Child LAZ  

Exposure to maternal HIV did not modify the association between LAZ and 

distance to primary water sources for any use. I did not find any statistically 

significant interactions between maternal HIV status and any measure of distance to 

primary water source used by households in the study; results are summarized in 

Table 16. Hence, I did not conduct stratified results in this analysis. 

Table 16 

Interaction Between Distance to Primary Water Source and Maternal HIV status on 

Child LAZ at 18 months 

Water access variable n β 
95% CI p 

LL UL  

Maternal HIV status × Distance to 

primary water source for drinking (m) 
4014 -.00004 -.0002 .0001 .53 

Maternal HIV status × Log10(Distance to 

primary water source for drinking) 
4014 -.037 -.116 .042 .36 

Maternal HIV status × Distance to 

primary water source for other uses (m) 
4003 -.00004 -.0002 .0001 .49 

Maternal HIV status × Log10(Distance to 

primary water source for other uses) 
4003 -.035 -.106 .037 .34 

Note. β = Difference-in-difference estimate; CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. Interaction P<0.10 was considered as evidence of interaction. 

 

Hypothesis 2a: Effect of Walk-time to Primary Water Source on Child Linear 

Growth 

I first explored using graphics the bivariate relationships between water access 



90 

 

measures and each child growth outcomes. I then conducted regression analyses using 

both walk-time to drinking and walk-time to non-drinking water sources as predictors 

of child linear growth and stunting. 

Exploring the Distribution of One-Way Walk-Time to Primary Water Source and 

LAZ 

To explore the association between walk-time to water and LAZ, I first plotted 

scatterplots showing the distribution of one-way walk-time to drinking water source 

and child LAZ shown in Figure 14. The graphs shown shows the distribution of walk-

time in minutes (panel a) that is skewed to high, and in panel b the distribution of 

log10 transformed walk-time that is nearly normally distributed. I then plotted a 

LOESS curve on the scatterplot to visualize the trend between LAZ and walk-time in 

minutes. The plot exhibits a slight negative gradient meaning that LAZ decreases with 

increasing walk-time to a drinking water source used by a household. 

I repeated the same analysis this time exploring walk-time to primary water 

source used for non-drinking purposes by households, and plotted graphs similar to 

Figure 14 (not shown). There was very little variation in LAZ as walk-time to non- 

drinking water source increases that may mean that the association between child 

linear growth and walk-time taken fetching water for non-drinking purposes could be 

very weak. I then proceeded to test these associations using regression models. 
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Figure 14 

Histograms and Scatterplots of LAZ and One-Way Walk-Time to Primary Water 

Source Used by Household Members 

 

Note. Panel (a) shows histograms of walk-time to drinking water source in minutes; (b) histogram of 

log10 walk-time to drinking water source; (c) scatterplot of LAZ and walk-time to drinking water 

source in minutes; and (d) scatterplot of LAZ and log10 walk-time to drinking water source. 

 

Association Between One-Way Walk-Time to Primary Water Source and Child LAZ 

I conducted a three-stage analysis starting with and unadjusted model, then 

partially adjusting for trial related factors, and lastly the fully confounder adjusted 

analysis. 

Unadjusted Analysis. I first conducted an analysis using GEE models to 

estimate the unadjusted population averaged changes in LAZ for each measure of 

walk-time to a water source, results shown in Supplementary Table B12. The only 

significant model was for LAZ and one-way walk-time to primary water source for 

drinking; unadjusted mean difference in LAZ of -0.002 (95% CI: -0.005, -0.000) and 
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p = 0.05. However the log transformed walk-time did not reach statistical 

significance; mean difference in LAZ of -0.041 (95% CI: -0.091, 0.009); p = 0.11. 

Time to non-drinking water was not associated with child linear growth. 

Partially Adjusted Analysis. I conducted the second stage of my analyses 

estimating a set of GEE models partially adjusted for trial design factors. None of the 

associations were statistically significant, results shown in Supplementary Table B13. 

The model for one-way walk-time to primary water source for drinking, which was 

significant in unadjusted analyses had a mean difference in LAZ of -0.002 (95% CI: -

0.004, 0.001); p = 0.14. 

Adjusted Analysis. Lastly, I conducted the third stage of my analysis by 

estimating a set of GEE models fully adjusted for any confounding, and the estimated 

population averaged changes in LAZ for each measure of walk-time to a water source 

are summarized in Table 17. The only association reaching a very weak statistical 

significance level was one-way walk-time to primary water source for other uses; 

mean LAZ was 0.002 (95% CI: -0.0003, 0.003); p = 0.10. None of the other 

associations tested were statistically significant. 

Table 17 

Adjusted Association of Walk-Time to Primary Water Source and LAZ at 18 months 

Water access variable n 
Adjusted mean 

difference 

95% CI p 

LL UL  

One-way walk-time to primary water 

source for drinking (mins) 
3953 -.001 -.003 .002 .66 

Log10(One-way walk-time to 

primary water source for drinking) 
3953 .010 -.036 .056 .67 

One-way walk-time to primary water 

source for other uses (mins) 
3943 .002 

-

.0003 
.003 .10 

Log10(One-way walk-time to 

primary water source for other uses) 
3943 .026 -.020 .071 .27 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 
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status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor; CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. 

 

Exploring the Distribution of One-Way Walk-Time to Primary Water Source and 

Child Stunting 

A summary of walk-time to primary water source is given in Figure 15. There 

were no observed differences in either one-way walk-time to primary water sources 

for drinking or non-drinking among households with stunted and stunted children. 

The median time to the water source was 10 minutes (IQR: 5, 20) among both stunted 

and non-stunted household to any water source. 

Figure 15 

Boxplots of One-Way Walk-Time to Primary Water Sources Used by Household For 

Drinking and Non-Drinking by Child Stunting 

 
Note. Panels (a) shows the distribution of walk-time to drinking water; (b) shows distribution of log10 

walk-time to drinking water source; (c) shows the distribution of walk-time to non-drinking water 

source; and (d) shows distribution of log10 walk-time to non-drinking water source. 
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Association of One-Way Walk-Time to Primary Water Source and Child Stunting 

At 18 Months 

I conducted a similar three-stage analysis starting with and unadjusted model, 

then partially adjusting for trial related factors, and lastly the fully confounder 

adjusted analysis. 

Unadjusted Analysis. In unadjusted GEE models estimating the RR of 

stunting for each measure of walk-time to a primary source of water, results shown in 

Supplementary Table B14; only one-way walk-time to primary water source for 

drinking was weakly associated with child stunting; unadjusted RR 1.00 (95% CI: 

1.00, 1.01); p = 0.07. However, when walk-time was log10 transformed the model did 

not research statistical significance; unadjusted RR 1.04 (95% CI: 0.97, 1.11); p = 

0.29. Walk-time to the primary water source for non-drinking was not associated with 

child stunting. 

Partially Adjusted Analysis. In the second set of models that I estimated, 

partially adjusting for trial related factors, results shown in Supplementary Table B15; 

– none of the measures of walk-time to primary water source were associated with 

child stunting; walk-time to any primary water source for either drinking or non-

drinking purposes was not associated with child stunting after adjusting for study 

design structural factors. 

Adjusted Analysis. Similarly, in fully adjusted analysis, results shown in 

Table 18, none of the associations estimated by the GEE models were statistically 

significant. One-way walk-time to a primary water source for all purposes – drinking 

or non-drinking was not associated with child stunting after adjusting for the 

measured potential confounders. 
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Table 18 

Adjusted Association of Walk-Time to Primary Water Source and Child Stunting At 18 

Months 

Water access variable n Adjusted RR 
95% CI 

p 
LL UL 

One-way walk-time to primary water 

source for drinking (minutes) 
3953 1.00 .998 1.00 .71 

Log10(One-way walk-time to primary 

water source for drinking) 
3953 .98 .92 1.05 .62 

One-way walk-time to primary water 

source for other uses (minutes) 
3943 .999 .997 1.00 .56 

Log10(One-way walk-time to primary 

water source for other uses) 
3943 .97 .90 1.04 .36 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor. CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. 

 

Interaction Between Maternal HIV-Status with Time to Primary Water Source On 

Child LAZ  

The effect of walk-time to water source on the risk of childhood stunting was 

not modified by infant exposure to maternal HIV. I did not find any statistically 

significant interactions between maternal HIV status and any measure of one-way 

walk-time to primary water source used by households in the study. Hence, I did not 

conduct stratified analyses for this hypothesis. 

Hypothesis 3: Effect of Primary Water Source Quality on Child Growth 

The water quality of each primary drinking and non-drinking water sources for 

the household was assessed. Water quality was classified as either safe if the source 

was protected or unsafe if the water source was unprotected. I tested the hypotheses 

that water quality was associated with LAZ and child stunting at 18 months, testing 

the associations for both drinking and non-drinking water sources separately. 
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Exploring Water Source Quality and Child LAZ at 18 Months 

I summarized the descriptive statistics and the distribution of child LAZ by 

water source quality. Children from households with protected water sources used for 

any use had higher mean LAZ by between 0.04 and 0.05 standard deviations. The 

boxplots depicted in Figure 16 however shows that the distributions of LAZ were 

very similar between groups. 

Figure 16 

Boxplots of LAZ by Water Source Quality 

 

Note. Panel (a) shows the distribution of LAZ by drinking water quality, and (b) shows distribution of 

LAZ by non-drinking water quality. 

 

Association of Water Source Quality and LAZ at 18 Months 

Following the three-stage analysis approach where I start with unadjusted 

models, then partially adjusting for trial related factors, and finally fully confounder 

adjusted analysis, I tested the association between LAZ and water source quality.  

Unadjusted Analysis. Results of unadjusted GEE models estimating the 

population averaged mean difference in LAZ for each type of water source are 

showed in Supplementary Table B16; none of the associations between LAZ and 

water source quality were statistically significant. The estimated unadjusted mean 

difference in LAZ for children from households with protected water sources was 
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0.04 (95% CI: -0.04, 0.12); p = 0.32, and the estimated effect size for non-drinking 

water sources was even less. 

Partially Adjusted Analysis. After partially adjusting the estimates for study 

design related factors, results shown in Supplementary Table B17; estimated effect 

sizes were very similar and associations between LAZ and water source quality were 

not significant. Water source quality was not associated with child linear growth after 

partially adjusting for trial design factors. 

Adjusted Analysis. The quality of water for any household use was not 

associated with child linear growth after fully adjusting for confounding and trial 

design related factors (see Table 19). The estimated effect size of the adjusted mean 

difference in LAZ between children from households with protected and unprotected 

water sources were very similar and not statistically significant. 

Table 19 

Adjusted Association of LAZ at 18 Months with Quality of Primary Water Sources 

Water access variable n 
Adjusted mean 

difference 

95% CI 
p 

LL UL 

Primary source of water 

for drinking is protected 
3958 -.03 -.09 .04 .44 

Primary source of water 

for other uses is protected 
3940 -.02 -.09 .05 .55 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor. CI=confidence interval; LL=lower limit; UL=upper limit; 

Significant associations are in bold face. 

 

Exploring Water Quality and Child Stunting at 18 months 

The prevalence of stunting was marginally lower among children from 

households with access to protected water sources compared to children with access 
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to unprotected water sources. The proportion of stunted children from households 

with access to protected water was 34% (514/1,491) and 32% (821/2,527) in 

households with access to unprotected water sources. 

Association of Water Quality and Child Stunting at 18 Months 

Unadjusted Analysis. Starting with unadjusted GEE models, I tested the 

association between stunting and water source quality to estimate unadjusted RR of 

stunting, results shown in Supplementary Table B18. When compared to children 

from households with protected sources of drinking water, children from households 

with unprotected sources of drinking water had similar risk of stunting – unadjusted 

RR 0.95 (95% CI: 0.86, 1.05); p = 0.29 and 0.98 (95% CI: 0.89, 1.08); p = 0.69 

respectively. None of the associations were however statistically significant. 

Partially Adjusted Analysis. After partially adjusting the GEE models for 

study design factors, results shown in Supplementary Table B19; the estimates did not 

change much from the unadjusted effect sizes. Protected water sources were 

associated with a slightly reduced risk of stunting, however the effect sizes were not 

statistically significant. 

Adjusted Analysis. In fully adjusted GEE models, results shown in Table 20, 

water quality was not associated with child stunting, and the adjusted RR was almost 

1.0 for both drinking and non-drinking water sources. 

Table 20 

Adjusted Association of Water Source Quality and Child Stunting at 18 Months 

Water access variable n Adjusted RR 
95% CI 

p 
lower upper 

Primary source of water for 

drinking is protected 
3958 1.01 .93 1.10 .80 
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Primary source of water for 

other uses is protected 
3940 1.01 .92 1.11 .82 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: HIV 

status, height, MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and 

household factors: SES, improved floor. RR=relative risk; CI=confidence interval; LL=lower limit; 

UL=upper limit; Significant associations are in bold face. 

 

Interaction Between Maternal HIV Status and Water Source Quality on Child LAZ  

Results of tests for interaction between maternal HIV status and water source 

quality on child LAZ are summarized in Table 21. I found a statistically significant 

interaction between maternal HIV-status and drinking water source quality, the 

estimated difference-in difference β was -0.189 (95% CI: -0.367, -0.012); p = 0.04. 

Due to this significant interaction, I tested RQ3 stratified by maternal HIV-status. 

Table 21 

Interaction Between Water Source Quality and Maternal HIV Status on Child LAZ at 

18 Months 

Variable  n β 
95% CI p 

LL UL  

Maternal HIV status × Primary source of 

water for drinking is protected 
4018 -.189 -.367 -.012 .04 

Maternal HIV status × Primary source of 

water for other uses is protected 
4000 .073 -.127 .273 .48 

Note. β = Difference-in-difference estimate; CI=confidence interval. Interaction P<0.10 was considered 

as evidence of interaction. 

 

Association of Water Source Quality and Child LAZ Among HIV-Unexposed 

Children 

Among households with HIV-negative mothers, the quality of primary water 

sources used for drinking as well as for other household purposes was not associated 

with child linear growth. In the adjusted analysis, results shown in Table 22, the 

quality of both water sources used for drinking and for other purposes was not 
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associated with child LAZ. 

Table 22 

Adjusted Association of Water Source Quality and LAZ at 18 Months Among HIV-

Unexposed Children 

Water access variable n 
Adjusted mean 

difference 

95% CI p 

LL UL  

Primary source of water for 

drinking is protected 
3316 -.052 -.120 .018 .15 

Primary source of water for 

other uses is protected 
3299 .005 -.074 .083 .91 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: height, 

MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and household 

factors: SES, improved floor; CI=confidence interval; LL=lower limit; UL=upper limit; Significant 

associations are in bold face. 

 

Association of Water Source Quality and Child LAZ among HIV-Exposed Children 

In unadjusted analysis, the water quality of primary water source for drinking 

was significantly associated with improved child linear growth among children born 

to HIV-infected women. The estimated change in LAZ was 0.180 (95% CI: 0.016, 

0.344); p = 0.03. However, non-drinking water source quality was not associated with 

child linear growth. 

After fully adjusting for confounders, the association of drinking water source 

quality and child linear growth among children born to HIV- infected women was no 

longer statistically significant. Table 23 shows the adjusted effects of water source 

quality on LAZ among children born to HIV-infected mothers. The estimated adjusted 

mean difference in child LAZ was 0.045 (95% CI: -0.122, 0.211); p = 0.60. There was 

very weak evidence of an association between non-drinking water source quality and 

child LAZ; the adjusted mean difference in LAZ was -0.143 (95% CI: -0.306, 0.020); 
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p = 0.09, however the direction of the estimated association went in the opposite 

direction to what I had hypothesized. 

Table 23 

Adjusted Association of Water Source Quality and LAZ at 18 Months Among HIV-

Exposed Children 

Variable n 
Adjusted mean 

difference 

95% CI p 

LL UL  

Primary source of water for 

drinking is protected 
642 .045 -.122 .211 .60 

Primary source of water for 

other uses is protected 
641 -0.143 -0.306 0.020 .09 

Note. The regression models were adjusted for study related factors: study arm – WASH and IYCF, 

data collector who took the measurement, and calendar period of assessment; Maternal factors: height, 

MUAC, and employment status; Child factors: birth weight, sex, and prematurity; and household 

factors: SES, improved floor; CI=confidence interval; LL=lower limit; UL=upper limit; Significant 

associations are in bold face. 

 

Effect of Community Water Coverage on Child Linear Growth 

To test the hypothesis that child linear growth was associated with 

community-level water coverage, first I constructed a dataset where I computed the 

summary exposure and outcome variables per cluster. I computed the following 

summary measures by cluster: mean LAZ, prevalence of stunting, median of total 

volume used by households, median of water volume per capita per day, median 

distance to water source, median one-way walk-time to water source, prevalence of 

safe drinking water, and summary of other covariates used for adjusting regression 

models. I then conducted univariable and multivariable linear regression analyses on 

these cluster-level variables to test the hypotheses. 

Spatial Distribution of Cluster-Level Child Linear Growth  

To visualize the spatial distribution of child linear growth across the study 
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area, I plotted maps showing the spatial distribution of LAZ and stunting across the 

study area shown in Figure 17. Mean LAZ for each cluster ranged from -0.24 to -2.68, 

with most clusters having mean LAZ in the middle two bands: -2.19 to -1.70 and -

1.70 to -1.21 (see panel A). The map also shows that there are some clusters with 

severely retarded child growth, having LAZ down to -2.68 in the western regions of 

the study area. The average stunting prevalence per cluster ranged from less than 1% 

to over 90% as shown in Figure 17 panel B. Child stunting was clustered around 

certain regions within the study area, and it is then important to explore if these same 

regions had correspondingly poor water coverage, which is explored in the next 

section. 

Figure 17 

Maps Showing the Spatial Distribution of Cluster-Level Child Growth 

 
 

Note. Panels (a) shows mean LAZ by cluster with deeper red for lower LAZ; and (b) shows stunting 

prevalence by cluster with light color representing lower stunting. 

 

Spatial Distribution of Cluster-Level Water Access 

To visualize the spatial distribution of different water access measures across 
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the study area, I plotted five maps shown in Figure 18 that depicts the variation of 

cluster-level median total water volume, median per capita water volume, median 

distance to drinking water source, median time to drinking water source, and 

proportion of safe drinking water. The first map in panel (A) shows the variation in 

mean distance to drinking water source by cluster. The map shows that households in 

most clusters were between 25m to 620m with a few clusters up to 3km. The second 

map in panel (B) shows the spatial variation of one-way walk-time to the primary 

drinking water source by cluster. There appears to be a wider spatial variation in 

walk-times compared to distance, however there is some correlation between the 

distance and time maps. The third map in panel (C), shows the spatial distribution of 

median water volume by cluster. The map suggests that the variation in the medians 

of total water volume of water collected by households per day is wide. This clearly 

shows that most households collected between 20 to 44 liters and very few 

households collected larger volumes up to 140 liters. The fourth map panel (D) shows 

the spatial variation of per capita water volume used by household members per day. 

There is a wide spatial variation in the cluster median per capita water volume used 

by household members per day. The map also shows that household in the eastern 

region of the study area used more water than those on the western regions. This 

correlates well with the observation from Figure 16 that stunting was less prevalent in 

the eastern region compared to the western region. The last map panel (E) shows the 

spatial distribution of safe drinking water by cluster. This map shows that the 

prevalence of safe drinking water sources is higher in the southern region than the 

northern. However, this distribution does not correlate well with the observed spatial 

distribution of LAZ or stunting that means that there may be a weak or no association 
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between drinking water quality and child growth in the study area. 

Figure 18 

Maps Showing the Spatial Distribution of Cluster-Level Water Access 

 
Note. Panels (a) median distance to drinking water (in km) by cluster, the deeper green color represents 

longer distance; (b) median walk-time to drinking water by cluster, here the deeper green color 

represents longer times; (c) median of total water volume by cluster, here the deeper green color 

represents more water; (d) median volume of water per capita per day in each cluster, the deeper green 

color represents more water used; (e) prevalence of safe drinking water by cluster, the deeper blue 

color represents a higher proportion of households with safe water. 
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Exploring Cluster-Level Mean LAZ and Cluster-Level Water Coverage 

I explored trends between mean cluster-level length-for-age z-score and 

cluster-level water coverage indicators. I plotted bivariate scatterplots between the 

cluster-level mean LAZ and various cluster-level water coverage indicators that 

include: median total water volume, median per capita water volume, median distance 

to drinking water source, median time to drinking water source, and proportion of safe 

drinking water. The scatterplots showed a trend generally depicting that: Clusters with 

higher average water volume had better child growth, with the exception of two 

outlier clusters with median volume > 100 liters but low mean LAZ. The trend 

between mean LAZ and median per capita volume was non-linear; mean LAZ and per 

capita water volume was positively correlated for lower per capita water volumes 

however progressively poorer growth when per capita volume >15 liters per person 

per day. The trend between mean LAZ and median distance to drinking water was 

however counter intuitive – clusters with shorter median distance to drinking water 

exhibited poorer child growth. I also observed a similar trend with median time to 

drinking water, however there were a few outlier clusters that could have influenced 

this observed trend. A more consistent trend was observed in the scatterplot of mean 

LAZ by proportion with safe drinking water; clusters with higher prevalence of safe 

drinking water had better child mean LAZ. I performed a similar exploratory analyses 

to understand the bivariate association between LAZ and water access to non-drinking 

water and observed similar trends. 

Association Between Cluster-Level Mean LAZ and Water Access 

Results of unadjusted linear regression models testing the association between 

cluster-level mean LAZ and cluster-level water access, summarized in Supplementary 
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Table B20, showed that neither the volume of water nor quality of the water used by 

households was associated with mean LAZ. However physical accessibility of water 

sources for both drinking and non-drinking was strongly associated with mean LAZ. 

The median distance to water sources for both drinking and non-drinking were 

strongly associated with child linear growth. The mean difference in cluster-level 

mean LAZ (95% CI) was 0.0001 (0.00001, 0.0003); p = 0.03 and 0.002 (0.00001, 

0.0004); p = 0.004 for each additional meter walked respectively. The median time to 

water sources for both drinking and non-drinking were associated with child linear 

growth, mean difference in cluster-level mean LAZ (95% CI) was 0.006 (-0.0004, 

0.013); p = 0.07 and 0.007 (0.0006, 0.013); p = 0.03 for each additional minute 

walked respectively. Results of unadjusted analyses could be affected by confounding 

as the point estimates are going in the opposite direction to the hypothesized, they all 

suggest that clusters that were further from water sources were associated with better 

child growth. 

Results shown in Table 24 are the fully adjusted linear regression models of 

mean LAZ by cluster-level water access measures. All the community-level water 

access measures – median distance, median time, and prevalence of safe water were 

not associated with cluster-level mean LAZ. Results that were statistically significant 

in unadjusted analyses were no longer significant after accounting for confounding. 

Table 24 

Adjusted Association Between Cluster-Level Mean LAZ at 18 Months and Cluster-

Level Water Access 

Water access variable   
Adjusted  

β 

95% CI 
p 

LL UL 
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Median of total volume of water used by 

households in each cluster (liters) 
.001 -.003 .004 .67 

Median of per-capita volume of water 

used by each household member in each 

cluster (liters) 

.004 -.014 .023 .65 

Median of distance to drinking water by 

households in each cluster (m) 
.0001 -.0001 .0002 .21 

Median of distance to water used for other 

uses by households in each cluster (m) 
.0001 -.00002 .0003 .11 

Median of time to drinking water by 

households in each cluster (minutes) 
.004 -.002 .010 .18 

Median of time to water used for other 

uses by households in each cluster 

(minutes) 

.004 -.003 .010 .26 

Proportion of households with safe 

drinking water per cluster (%/10) 
-.002 -.019 .015 .80 

Proportion of households with safe water 

used for other uses per cluster (%/10) 
.004 -.021 .028 .77 

Note. N=209 clusters, β=Difference in mean LAZ, CI=confidence interval; LL=lower limit; UL=upper 

limit. All regression models were adjusted for the following factors: maternal- mean age, mean height, 

mean nutrition status (mid-upper arm circumference MUAC), and proportion HIV negative; Child: 

proportion of female children, prevalence of low birthweight, prevalence of premature; Household: 

mean SES score, proportion of households with any type latrine, proportion of households practicing 

open defecation; study arm: WASH and IYCF. Significant associations are in bold face. 

 

Exploring Cluster-Level Proportion Stunted and Cluster-Level Water Coverage 

I explored graphically the bivariate associations between prevalence of child 

stunting and the same five water coverage indicators. Scatterplots showing cluster-

level prevalence of child stunting by cluster-level drinking water coverage exhibited a 

general trend showing that clusters with higher average water volume had lower 

prevalence of child stunting, however two clusters were outliers, which was consistent 

with the LAZ analysis. For median per capita water volume, the scatterplot showed 

that the prevalence of stunting was negatively correlated with median per capita water 

volume, two clusters were also visible as outliers at the high end of water volumes per 

capita. The same trend in stunting prevalence is observed with both distance to water 

source and walk-time to water source. Clusters with higher prevalence of child 

stunting had lower prevalence of safe water for drinking. I performed a similar 
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exploration to understand the bivariate association between child stunting and water 

access to non-drinking water sources and found similar trends. 

Association Between Cluster-Level Proportion Stunted and Cluster-Level Water 

Access 

I first conducted unadjusted analyses using fractional logistic regression 

models to test the association between cluster level prevalence of stunting and cluster-

level water access, results shown in Supplementary Table B21. Volume of water used 

by households was the only measure not associated with child stunting, difference in 

proportion stunted (95% CI) -0.001 (-0.002, 0.001); p = 0.30. Median per-capita 

volume of water used by household members in each cluster was weakly associated 

with reduction in prevalence of stunting, difference in proportion stunted (95% CI) -

0.007 (-0.015, 0.001); p = 0.09. The median of distance to non-drinking water by 

households had a stronger unadjusted association with stunting prevalence compared 

to distance to drinking water, similar effect size - difference in proportion stunted 

(95% CI) -0.0001 (-0.0001, -0.0000); p = 0.04 and p = 0.005 respectively. The median 

of walk-time to non-drinking water by households also had a stronger unadjusted 

association with stunting prevalence compared to walk-time to drinking water, 

difference in proportion stunted (95% CI) -0.003 (-0.006, -0.0004); p = 0.025 and -

0.003 (-0.005, 0.000); p = 0.05 respectively. The prevalence of safe water for drinking 

was however more strongly associated with the prevalence of child stunting compared 

to non-drinking water, the difference in proportion stunted was (95% CI) -0.008 (-

0.014, -0.001); p = 0.028 compared to -0.010 (-0.020, -0.0001); p = 0.048. 

I then conducted adjusted analyses using fractional logistic regression models 

to test the association between cluster level prevalence of stunting and cluster-level 
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water access adjusting for confounding variables, results are summarized in Table 25. 

In adjusted analyses, only two water access measures remained statistically 

significant. Median distance to water used for other uses by households in each cluster 

was associated with the proportion of stunted children in that cluster, the estimated 

adjusted difference in the proportion of stunted children was -0.0001 (95% CI: -

0.0001, 0.0000); p = 0.06. Median time to water to drinking water by households in 

each cluster was associated with the proportion of stunted children in that cluster, the 

estimated adjusted difference in the proportion of stunted children was -0.0021 (95% 

CI: -0.0047, 0.0004); p = 0.10. All other community-level water coverage measures 

were not associated with child stunting at 18 months of age. 

Table 25 

Adjusted Association of Mean Stunting at 18 Months with Median Distance to 

Primary Water Sources Used by Household 

Water access variable   
Adjusted 

β 

95% CI 
p 

LL UL 

Median of total volume of water used by 

households in each cluster (liters) 
-0.001 -0.002 .001 .42 

Median of per-capita volume of water used by 

each household member in each cluster (liters) 
-0.004 -0.011 .004 .33 

Median of distance to drinking water by 

households in each cluster (m) 
-0.00003 -0.0001 .00002 .23 

Median of distance to water used for other uses 

by households in each cluster (m) 
-0.0001 -0.0001 .000 .06 

Median of time to drinking water by 

households in each cluster (minutes) 
-0.002   -0.005 .0004 .10 

Median of time to water used for other uses by 

households in each cluster (minutes) 
  -0.002 -0.005 .001 .11 

Proportion of households with safe drinking 

water per cluster (%/10) 
-0.003 -0.010 .004 .47 

Proportion of households with safe water used 

for other uses per cluster (%/10) 
-0.003 -0.013 .007 .57 

Note. N=209 clusters, β=Difference in proportion stunted, CI=confidence interval; LL=lower limit; 

UL=upper limit; All regression models were adjusted for the following factors:- maternal: mean age, 

mean height, mean nutrition status (mid-upper arm circumference MUAC), and proportion HIV 

negative; Child: proportion  of female children, prevalence of low birthweight, prevalence of 

premature; Household: mean SES score, proportion of households with any type latrine,  proportion of 
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households practicing open defecation; study arm: WASH and IYCF. Significant associations (p<0.10) 

are in bold face. 

 

Summary 

In this section, I presented the purpose and research questions for the study 

and the hypotheses that were tested. I discussed the statistical methodology used for 

analyzing the data and described data transformations used. I described an outline of 

how the 4,036 participants who met inclusion criteria for this study were drawn from 

the secondary dataset. I then presented their summary characteristics, including socio-

demographic and study settings, nutritional status as well as water access 

characteristics. Of note is that one third of children in the study were stunted; mean 

LAZ = -1.57 and 16% of the mothers were HIV-infected. I presented analysis of each 

research question in turn, presenting descriptive statistics, unadjusted and adjusted 

regression models. I tested each exposure-outcome pair for effect modification by 

maternal HIV exposure and presented stratified analyses when there was a significant 

interaction. I found that maternal HIV exposure was an important effect modifier 

some of the associations. Finally, I tested the effects of community-level water 

coverage on child linear growth; first constructing maps showing the spatial 

distribution of exposures and outcomes, then running regression models to estimate 

effect sizes. In section 4 I interpreted these findings in relation to the theoretical 

framework, conceptual models, and compare the findings with those found in the 

literature. I then make recommendations and present my conclusions. 
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Section 4: Application to Professional Practice and Implications for Social Change  

Introduction 

The purpose of this quantitative prospective cohort study was to explore the 

effects of access to water on child linear growth and stunting at 18 months of age 

among children born in two rural districts in Zimbabwean. This study was aimed at 

assessing if access to water was an important determinant of child growth and 

stunting in a rural setting in LMICs. The study was conducted using secondary data 

from the SHINE study, a cluster-randomized clinical trial that was conducted in two 

rural districts in Zimbabwe. The current study included a large cohort of 4, 036 

mother/infant dyads who had matched water access and child linear growth 

measurements. Study participants were drawn from contiguous clusters across two 

districts in central Zimbabwe and balanced across the four study arms of the original 

trial (Humphrey et al., 2018; Prendergast et al., 2019; SHINE Team, 2015). 

In this section, I summarize the key findings of this study and interpret them in 

relation to the theoretical framework, conceptual models, and the literature. I therefore 

compare the study findings with those found in literature and discuss how these 

findings add to the body of knowledge. I conclude by making recommendations based 

on the findings, discussing the implications for social change of these results, then I 

present my conclusions. 

Summary of Key Findings 

The context of the study setting and participants was well described. Women 

were on average in their late 20s and had medium height. They had mostly attained 

secondary education, a vast majority of women were unemployed, and most were 

married. Further, they received good nutritional diet; 40% met the minimum dietary 
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needs and had normal hemoglobin levels. These are among some of the known 

maternal risk-factors for child linear growth (Amugsi et al., 2019; Prado, et al., 2019). 

The dominant religion was “apostolic faith” comprising 45% of the women, which 

was reported as a strong risk factor for maternal and child health underutilization in 

Africa (Ha Salama et al., 2014). HIV prevalence was high among the women, as 16% 

were HIV-positive; however, HIV incidence among children was very low with only 

~ 3% of the children being positive at 18 months of age. A high proportion (22%) of 

children were born premature and 8% had birthweight < 2,500g. The prevalence of 

child stunting in the study districts was high, 33.3% of the children were stunted at 18 

months with a mean LAZ of -1.57. 

WaSH coverage was low in the study setting; only just over a third, 36% of 

the women had an improved latrine at the household and there were virtually no piped 

water systems in this population with ~1% having water piped into their homes. The 

predominant sources of water were boreholes used by two thirds of households for 

drinking. Unprotected surface and ground water was used by 65% of households for 

non-drinking purposes. During the implementation of the original study, there were 3-

4% more women in the WASH and WASH+IYCF arms of the study compared to 

those in the SOC and IYCF arms. 

The results from regression analyses of the association between child LAZ or 

stunting and water access showed that water volume per capita per day was positively 

associated with improved child linear growth. The effect was more pronounced 

among children born to mothers who were HIV-infected but not for those born to 

HIV-negative mothers. Distance to water for non-drinking purposes was weakly 

associated with LAZ, but one-way walk time to any water source was not associated 
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with child linear growth. Water quality was not associated with child linear growth; 

however, on stratifying results by maternal HIV-status there was very weak evidence 

of an association between non-drinking water quality and child LAZ. 

Using spatial analysis, I revealed some patterns in the occurrence of stunting 

and water access the study area. Mean LAZ among the clusters ranged from -0.24 to -

2.68, with most clusters having mean LAZ in the middle two bands. Average stunting 

prevalence per cluster ranged between 1% and 90%. Median distance to primary 

water sources in most clusters was between 25m to 620m, with a few clusters up to 

3km away. One-way walk time to the primary drinking water source varied more by 

cluster when compared to distance; however, there was strong correlation between 

two measures. Total water collected by households per day varied widely between 

clusters from 20 to 44 liters; very few households collected larger volumes up to 140 

liters per day, which could indicate other uses such as agricultural uses or laundry. 

However, all the community-level water access measures: median distance, median 

time, and prevalence of safe water were not associated with mean LAZ. The only 

association that I found with community water-coverage was weak between median 

distance to non-drinking water and the proportion of stunted children. 

Interpretation 

Finding 1: Effect of Water Quantity on Child Linear Growth 

In this study I showed that the volume of water used by households was 

clustered in multiples of 20 liters and can be attributed this to the nature of containers 

used for collecting water because the most common types of containers used 

measured 20 liters. I found that gross volume of water used by a household was not 

associated with child LAZ and stunting at 18 months of age. These finding were 
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consistent with earlier observations that quantities of water used by rural households 

do not vary much unless the water source was either very close to the home (on plot) 

in that case they used a large volume or very far (Cairncross & Feachem, 1993; 

Howard et al., 2020). This is a water plateau of indifference; hence, child linear 

growth may also not vary with total water volume used (Howard et al., 2020). 

Water volume used by each household member per day was positively 

associated with improved child linear growth. This was an important finding in that 

even with small average water volume per person found in this study, this was still 

able to have a significant effect on child linear growth. The average per capita water 

in this population was only median 7.1 liters (IQR: 5, 11.7) even though the UN 

recommends 50 to100 liters per person per day (UN & WHO, 2010). The findings are 

consistent with those reported on the effect of water volume on infectious morbidity 

where ~6 and 11 liters per person per day were needed to see a difference in reported 

diarrhea cases in Kenya and Ghana respectively (De Buck et al., 2015). The findings 

however differed with studies that implemented WaSH interventions with childhood 

stunting as the outcome and reported mixed findings for both morbidity and growth 

(Cumming & Cairncross, 2016). Some studies have reported positive benefits of 

WaSH improving growth or reducing morbidity, and other studies reviewed found no 

benefit of WaSH on either child growth or morbidity. 

I also found a significant interaction between maternal HIV-status during 

pregnancy and water volume used by the household on child linear growth. The effect 

of water volume on child linear growth was different between HIV-exposed compared 

to HIV-unexposed children. Among children born to HIV-negative women, there was 

no evidence of association between child growth and water volume. However, 
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children born to women living with HIV had better liner growth when they had access 

to higher volumes of water in the household when compared to children born to HIV-

negative women during pregnancy. It is known that HIV-exposed children are more 

likely to catch infectious morbidity even when they themselves are not infected with 

HIV (Koyanagi, et al., 2011; Evans, et al., 2021). Higher water volume promotes 

better hygienic practices, which could have resulted in lower exposure to infectious 

morbidity. Nutritional interventions have also been shown to be more efficacious in 

children exposed to HIV compared to those unexposed; an intervention combining 

WaSH and small quantity lipid-based nutrient supplement (sqLNS) was more 

effective in improving neurodevelopment scores among HIV-exposed children 

compared nutrition or WaSH interventions given separately (Chandna et al., 2020) 

Hence, access to higher quantities of water among these HIV-exposed children may 

also have resulted in better linear growth. 

Finding 2: Effect of Household Distance from Water Source on Child Linear 

Growth 

I was able to examine the effect of distance to water according to the intended 

use of the water—drinking and non-drinking household purposes. The ability to 

separate these effects was an added strength of this study. However, I did not find any 

association between child linear growth and distance to drinking water source. This 

finding agrees with results that distance to water source was an independent predictor 

for underweight but not stunting in both Tanzania and Ghana (Abubakar et al., 2012). 

This results however contradict findings that distance walked to fetch freshwater 

uniquely predicted childhood stunting and underweight in Demographic Health 

Survey analyses from SSA countries (Pickering & Davies, 2012). 
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I also found very weak evidence of an association between distance to non-

drinking water source and child linear growth. This points to a possible link between 

child linear growth and hygiene. A similar association between WaSH and child 

growth was observed but only in observational and not experimental studies, and 

attributed the association to the effects of unobserved and unmeasured confounding 

(Stewart et al., 2019). 

The median distance to a primary water source in this study was 400 meters 

(IQR: 100, 1,000) and less than 1% of households had piped water connection into 

their homes. This distance is too far from the home to affect volumes of water used 

and hence the health of children (Cairncross & Feachem, 1993). A water plateau is 

when the volume of water used declined sharply over the first few meters from the 

home, levelled out as distance increased up to 1,000 meters, thereafter the volumes 

declined further with distance. The lack of association between distance to water 

sources and child linear growth in this study was therefore consistent with their 

findings. 

Finding 3: Effect of Walk-time to Primary Water Source on Child Linear 

Growth 

Time taken to walk to a water source is strongly correlated with distance to the 

source but also reflects the effort imposed by the terrain or other obstacles in the path. 

In the analysis I found that one-way walk-time to a primary water source for drinking 

was only weakly associated with child LAZ and stunting in unadjusted analyses and 

child stunting was not associated with walk-time to non-drinking water sources in 

both unadjusted and adjusted analyses. The lack of effect of one-way walk-time to 

water and child linear growth was consistent with the previous finding with distance 
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to water as reported by Howard et al. (2020). Walk-time to water sources is usually 

trusted to capture better the effort to fetch water than just Euclidean distance. It is also 

believed that most households poorly estimate distance as compared to time hence 

should be a better estimate of water access. Maternal HIV-status in pregnancy did not 

modify the association between one-way walk-time to water and child linear growth. 

This was not expected as I had anticipated that water fetching would be more difficult 

for HIV-infected women. 

Finding 4: Effect of Primary Water Source Quality on Child Linear Growth 

The quality of water used by households in the study was classified according 

to the degree of protection of the water source. Chemical analysis of water quality 

was not reported in the original study. Generally water quality in rural SSA is not 

monitored for quality (Smiley, 2017). I found the use of both safe and unprotected 

water high in the study; In Malawi and other SSA countries, households make 

complex decisions to use both clean and unsafe water in their homes (Smiley, 2017). 

Non-drinking water is then collected from open water sources while drinking water 

collected from protected sources. I found that child linear growth was not associated 

with the quality of water used by households for either drinking or other purposes, I 

did not find any differences in the impact of drinking or non-drinking water on child 

linear growth. The level of water pollution found in rural Zimbabwean water sources 

may not be as very high to affect child health in a similar was to that found in the 

cities where sewerage and industrial effluent are sometimes discharged into rivers. 

However, I found a strong interaction between maternal HIV status and water quality 

suggesting that the effect of water quality on child linear growth is modified by infant 

exposure to maternal HIV and I conducted stratified analyses to test the hypothesis 
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among HIV-exposed and HIV-unexposed children separately. 

Among HIV-unexposed children, water quality was not associated with either 

LAZ or stunting. However, among HIV-exposed children I found a significant 

association between drinking water quality and LAZ, but only in unadjusted analysis 

where the mean change in LAZ was 0.18 standard deviations higher among children 

born to HIV-infected women and had access to clean water compared to those 

without. The effect was however not significant after adjusting for confounders. I did 

not expect this since HIV-exposed children have been shown to lag in many growth 

and development domains when compared to HIV-unexposed children (Rosala-Hallas 

et al., 2019; Ntozini, et al., 2020), and are more amenable to interventions (Chandna, 

et al., 2020), making them respond more to minor improvements in water quality than 

HIV-unexposed children. In this study however, I did not find any evidence 

supporting this and possibly due to lower levels of pollution in rural water sources to 

make a significant difference in linear growth. 

Finding 5: Effect of Community Water Coverage on Child Linear Growth 

In the study, I derived community water coverage from the clusters and used 

regression analyses to test the hypothesis. Spatial analysis revealed some uneven 

distribution of water access and child growth. I found significant associations between 

child growth and several community-level water coverage indicators, but only in 

unadjusted analyses. In adjusted models, LAZ was no longer associated with any of 

the water coverage indicators. Stunting was however weakly associated with some 

coverage indicators, distance and time to both drinking and non-drinking water 

sources. These had very small but positive impacts on child growth such that a small 

increase in distance was associated with a corresponding increase in the proportion of 
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stunted children or a reduction in mean LAZ. Overall, community-level water access 

was weakly associated with child liner growth that is in contrast with results reported 

in Mali where found strong evidence of an association between community sanitation 

coverage and child growth was reported (Harris et al., 2017). In Mali they were 

looking at the full WaSH coverage whilst in this study I only examined water access 

and water alone may not have a strong enough effect on child linear growth.  

Most evidence for WaSH interventions have been from observational studies 

and very few experimental studies, especially provision of water. According to the 

Provision of water is a human right, hence any researcher designing an experimental 

study to examine the benefits of access to water must tread the fine path balancing 

between the human rights, ethical obligation of providing water to the needy and the 

scientific rigor of experimental studies (UN & WHO, 2010). Observational studies are 

prone to both measured and unmeasured confounding biases (Creswell, 2009; 

Delgado-Rodriguez & Llorca, 2004; Hulley et al., 2007), hence a step-wedge design 

might offer the best way to evaluate the effects of water access while satisfying both 

needs (Hemming et al., 2015). A step-wedge design is a quasi-experimental design 

that allows a staggered rollout of a water access improvement program over time 

while evaluating health outcomes before and after receiving the intervention to 

compare effectiveness. 

Limitations 

The study was observational, that is water access was not assigned by the 

researcher but only observed during the conduct of the trial, hence the findings are 

prone to confounding with other unmeasured biases (Creswell, 2009; Delgado-

Rodriguez & Llorca, 2004; Hulley et al., 2007). Results can only be associational and 
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not taken as causal. 

This research study was limited to households that participated in the original 

trial meeting the inclusion criteria for that study. The study is limited to mothers and 

children who resided in the two study districts during 2012 to 2017. 

Most of the limitations of secondary data apply to this study since it was 

collected by others for their own specific purposes (Glass, 1976; Smith et al., 2011). 

Some of the limitations associated with using these data to conduct new research 

(Cheng and Philips, 2014), include:  (a) Data may be incomplete, some key variables 

could be missing in the accessible dataset to enable a more complete and proper 

interpretation of results obtained. For example, GPS coordinates of the households 

would have provided a means to plot spatial distribution of the sample in the districts 

to get more accurate maps, however these were not available –removed as a measure 

of de-identifying participants to protect their identity and confidentiality; (b) The data 

may be too old if data were collected and the situation has since changed so much that 

data may be less representative of the current situation in the study area. The 

economic situation in Zimbabwe is fast changing and the conditions that obtained in 

2012-2015 when baseline assessments were carried out and 2017-2018 when endline 

interviews were done might be quite different now; (c) Some variables may have been 

measured on a different scale than what would be ideal to answer the current research 

questions. Here community water access was never an objective of the original trial 

however I created proxy variables to estimate community coverage that may not be 

the true coverage in those communities; (d) Variable definitions could have changed 

over time during data collection in the trial. For example, access to sanitation changed 

during the conduct of the trial from the baseline since toilets were provided as part of 
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the trial interventions. Socio-economic status may also have changed during the 

conduct of the trial because the trial provided some inputs such as cell phones and 

solar chargers that are normally factored into assessments of SES; (e) the study 

sample may not be representative of the larger population from that they were 

collected such that results will not be generalizable to that population. Here the 

sample of women and children included in the trial may be different to the population 

of the study districts such that the results may not be generalizable to the two districts; 

and (f) the dataset may have some other biases reflecting the views of the researchers 

who conducted the primary study. For example, water access was assessed by 

maternal interview that could be prone to recall biases. 

Recommendations 

This study was designed to analyze secondary data to examine associations 

between water coverage in rural LMIC countries and child linear growth. I found 

some important associations that need a study specifically designed to examine these 

hypotheses. 

Water access has been defined in many different ways in different 

communities, hence it is important to be specific which definition is used for any 

study. Several definitions can be used in order to triangulate the effects. In this study I 

used several definitions to describe water access that includes distance, time and 

quality. Each captures a different aspect of water access that together gives a full 

description of water access. 

HIV modified the effect of water access on child growth. In the study I found 

improvements in water access had better child linear growth among children born to 

HIV-infected mothers, whether they themselves are infected or just exposed to HIV. 
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In populations where HIV is a major public health challenge it is important check 

intervention effects stratified by HIV exposure. Interventions focusing on this 

vulnerable population of children should include provision of clean water. 

Community coverage is an important indicator of the degree of access a target 

population has, for example to a public health intervention. Community water 

coverage is hard to quantify accurately from survey data not designed for spatial data 

collection. In the study, I derived useful summary data that can be used for further 

analysis to understand population risk. I found some interesting associations between 

LAZ and stunting with the derived community water coverage indicators. 

The use of spatial analysis also helps reveal subtle patterns in the data and 

should be used studies or programs examining water access and health. Plotting 

spatial maps showing distribution of public health outcomes of interest is an important 

way to visualize potential hotspots of public health challenges. In the study, I showed 

the spatial distribution of child stunting, water quantity and quality, as well as time 

taken to fetch water. With additional spatial data for the study area, one can also 

examine other geographical features and climatic conditions that may affect water 

access such as the terrain, drainage, rainfall pattern, among others to understand how 

they influence water access. 

Rural water access alone is not enough to prevent child stunting. In this study I 

did not find any significant associations between water access and child linear growth. 

I found water was between 100-400m from homes which is still too far and many 

household still used less than recommended water quantity of 15-20 liters per day. To 

have positive impact on health and growth of children, water sources may have to be 

brought into the homes to lessen the burden of water fetching. The provision of water 
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to rural populations as per the current recommended in the SDGs “within 1,000m” is 

not enough to impact child linear growth as results of this study have shown. 

Water quality should be accurately assessed. Depending on the degree of 

protection of the water source may not capture the true quality of water used in rural 

homes. I did not find a strong association between water quality and child growth 

maybe because water may have been contaminated on the way to the home. In the 

absence of a chemical water quality assessment it is hard to assess the true effects of 

water quality on child linear growth. 

Child stunting is a complex public health problem that has remained stubborn 

for decades and requires multiple levels of interventions. Focusing on one type of 

intervention at a time may not explain or solve the problem of stunting. Combining 

multiple interventions know to have an effect of child health may have synergistic 

effects. 

Other health conditions or comorbidities affecting children may complicate 

their response to interventions. For example I found a strong interaction between 

water access and exposure to HIV through infected mothers. Other chronic diseases 

may also have similar effects on child stunting modifying the effects of water access 

on linear growth. 

Implications for Social Change  

Stunting remains such a public health problem that it is now a target for 

reduction included among the UN targets since the last decade; initially among the 

MDGs and now in the SDGs (UN, n.d.-a; UN, n.d.-b). Finding solutions to the child-

stunting problem has remained a high priority over the last decade. Finding a solution 

to this problem would have an important public health impact and a saving on 
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resources being expended in search for solutions. 

Results of this research could potentially inform local authorities and beyond 

with information on the expected impact of their current and future water access 

interventions in similar settings. The results could be used to guide decision making 

on the optimal provision of water services in similar settings; For example, this 

research showed that distance or walk-time to water sources will not impact child 

health if the distance is beyond a certain threshold. This could be used to inform the 

design of future rural water projects if child health is the outcome. 

Covering whole communities has also remained a sought after target for 

WaSH interventions wishing to make greater impact in those communities. This 

research showed that community water coverage is important but not enough to 

impact child linear growth alone. Other complementary interventions may be required 

to complement water access improvements to impact child health. 

This study showed that investing in water quality interventions in the study 

district was not able to impact child linear growth except for some vulnerable 

populations. The need for targeted public health interventions; –precision public 

health, continues to be promoted as the most effective way to address current public 

health challenges. Identifying vulnerable population sub-groups that could benefit 

more from each intervention is very important in order to optimize resources. In this 

research, I identified a potential vulnerable population that could benefit from targeted 

water access interventions with greater impact. HIV exposure was only one of many 

potential exposures that make sub-populations more vulnerable; hence, more research 

is needed to identify such populations and design effective interventions for them.  
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Conclusion 

In this study, the effect of water access on child linear growth was assessed 

using data from a cluster-randomized study conducted in two rural districts in 

Zimbabwe. Over 4,000 mother-infant dyads were included in the analyses. The study 

was conducted is a population with high prevalence of stunting and maternal HIV. 

Analysis of effects of various water access measures on LAZ and stunting showed 

that volume of water per capita per day, improved water quality, and community-level 

coverage were all important determinants of child linear growth in the study. 

Furthermore, the growth of children born to HIV-infected mothers showed greater 

response to water access compared to HIV-unexposed children who showed no 

impact. Distance or walk-time to a primary water source showed no impact on child 

linear growth that was attributed to having water sources located too far from the 

households to change consumption levels sufficiently to affect child health. Results of 

this study showed the importance of identifying vulnerable populations that could be 

targeted by public health interventions to have better impact. The study also showed 

that, for maximum impact, it is important to design interventions that target 

individuals as well as community-level factors that determine population health. 

Finally, this study suggested that further research with more appropriate study designs 

to answer questions on water access and child growth.   
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Appendix B: Supplementary Results 

Table B1 

Unadjusted Association of Water Volume Used by Household and LAZ at 18 Months 

Water Access Variable n 

Unadjusted 

mean 

difference 

95% CI 

p 
LL UL 

Total water volume fetched to the home 

in 24hrs (liters) 
3441 .001 .0002 .002 .01 

Log10(Total water volume) 3441 .143 .032 .253 .01 

Water volume per person per day (liters) 3328 .003 -.001 .008 .17 

Log10(Water volume per person per day) 3328 .106 -.006 .218 .06 

Note. CI=confidence interval; LL=lower limit; UL=upper limit; Significant associations are in bold 

face. 

 

Table B2 

Partially Adjusted Association of Water Volume Used by Household and LAZ at 18 

Months 

Water Access Variable n 

Partially 

adjusted mean 

difference  

95% CI 
p 

LL UL 

Total water volume fetched to the home 

in 24hrs (liters) 
3440 .001 .0003     .002 .007      

Log10(Total water volume) 3440 .142 .029     .254 .01      

Water volume per person per day (liters) 3327 .004 -.001     .008 .13     

Log10(Water volume per person per day) 3327 .110 .0004     .220 .05      

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment; CI=confidence interval; LL=lower limit; 

UL=upper limit; Significant associations are in bold face. 

 

Table B3 

Unadjusted Association of Water Volume Used by Household and Child Stunting at 

18 Months 

Water Access Variable n 
Unadjusted 

RR 

95% CI 
p 

LL UL 

Total water volume fetched to the home in 

24hrs (liters) 
3441 .999 .997 1.00 .05 

Log10(Total water volume) 3441 .92 .80 1.07 .27 

Water volume per person per day (liters) 3328 .998 .99 1.00 .53 

Log10(Water volume per person per day) 3328 .96 .82 1.12 .56 
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Note. CI=confidence interval; LL=lower limit; UL=upper limit; Significant associations are in bold 

face. 

 

Table B4 

Partially Adjusted Association of Water Volume Used by Household and Child 

Stunting at 18 Months 

Water Access Variable n 
Partially 

adjusted RR 

95% CI 
p 

LL UL 

Total water volume fetched to the home in 

24hrs (liters) 
3440 .999 .997     1.00 .04      

Log10(Total water volume) 3440 .93 .809      1.06 .27      

Water volume per person per day (liters) 3327 .997 .99     1.00 .39      

Log10(Water volume per person per day) 3327 .95  .82     1.10 .47       

Note. All models were adjusted for the following covariates: study arm – WASH and IYCF, data 

collector who took the measurement, and calendar period of assessment; CI = confidence interval; LL 

= lower limit; UL = upper limit; Significant associations are in bold face. 

 

Table B5 

Interaction Between Water Volume Measures and Maternal HIV Status on LAZ at 18 

Months 

Interaction term n β 
95% CI p 

LL UL  

Maternal HIV status × Total water volume fetched to 

the home in 24hrs (liters) 
3441 -.003 -.007 .001 .09 

Maternal HIV status × Log10(Total water volume) 3441 .062 -.458 .334 .76 

Maternal HIV status × Water volume per person per 

day (liters) 
3328 .011 -.028 .005 .18 

Maternal HIV status × Log10(Water volume per 

person per day) 
3328 -.030 -.380 .320 .87 

Note. β = Difference-in-difference estimate; CI = confidence interval; LL = lower limit; UL = upper 

limit; Significant associations are in bold face; Interaction p<0.10 was considered as evidence of 

interaction. 
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Table B6 

Unadjusted Association of Water Volume Used by Household and LAZ at 18 Months 

Among HIV-Unexposed Children 

Water Access Variable n 

Unadjusted 

Mean 

difference  

95% CI 
p 

LL UL 

Total water volume fetched to the home in 

24hrs (liters) 
2892 .0007 .00003 .0013 .04 

Log10(Total water volume) 2892 .116 -.003 .235 .06 

Water volume per person per day (liters) 2793 .002 -.002 .007 .35 

Log10(Water volume per person per day) 2793 .106 -.011 .223 .07 

Note. The regression models were adjusted for study arm only – WASH and IYCF; CI = confidence 

interval; LL = lower limit; UL = upper limit; Significant associations are in bold face. 

  

Table B7 

Unadjusted Association of Water Volume Used by Household and LAZ at 18 Months 

Among HIV-Exposed Children 

Water access variable n 

Unadjusted 

mean 

difference 

95% CI 
p 

LL UL 

Total water volume fetched to the home in 

24hrs (liters) 
549 .004 .0004 .008 .03 

Log10(Total water volume) 549 .185 -.173 .551 .31 

Water volume per person per day (liters) 535 .0134 -.002 .029 .09 

Log10(Water volume per person per day) 535 .135 -.185 .454 .41 

Note. The regression models were adjusted for study arm only – WASH and IYCF; CI=confidence 

interval; LL=lower limit; UL=upper limit; Significant associations are in bold face. 

 

Table B8 

Unadjusted Association of Distance to Primary Water Source and LAZ at 18 Months 

Water access variable n 
Unadjusted 

mean difference 

95% CI p 

LL UL  

Distance to primary water source 

for drinking (m) 
4014 -.000 -.0001 .000 .64 

Log10(Distance to primary water 

source for drinking) 
4014 -.010 -.036 .016 .47 

Distance to primary water source 

for other uses (m) 
4003 .000 -.00004 .0001 .82 
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Log10(Distance to primary water 

source for other uses) 
4003 -.023 -.048 .003 .09 

Note. CI = confidence interval; LL = lower limit; UL = upper limit; Significant associations are in bold 

face. 

 

Table B9 

Partially Adjusted Association of Distance to Primary Water Source and LAZ at 18 

Months 

Water access variable n 

Partially 

adjusted mean 

difference 

95% CI p 

LL UL  

Distance to primary water source for 

drinking (m) 
4011 -.000 -.000     .000 .91 

Log10(Distance to primary water 

source for drinking) 
4011 -.003 -.028     .023 .83 

Distance to primary water source for 

other uses (m) 
4000 .00002 -.00002     .0001 .44 

Log10(Distance to primary water 

source for other uses) 
4000 -.015 -.040    .011 .26 

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment. CI = confidence interval; LL = lower limit; UL = 

upper limit; Significant associations are in bold face.  

 

Table B10 

Unadjusted Association of Distance to Primary Water Source and Child Stunting at 

18 Months 

Water access variable n 
Unadjusted 

RR 

95% CI 
p 

lower upper 

Distance to primary water source 

for drinking (m) 
4014 1.00 1.00 1.00 .26 

Log10(Distance to primary water 

source for drinking) 
4014 1.01 .980 1.05 .48 

Distance to primary water source 

for other uses (m) 
4003 1.00 .99997 1.00 .46 

Log10(Distance to primary water 

source for other uses) 
4003 1.02 .98 1.05 .31 

Note. CI=confidence interval; LL=lower limit; UL=upper limit; Significant associations are in bold 

face. 
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Table B11 

Partially Adjusted Association of Distance to Primary Water Source and Child 

Stunting at 18 Months 

Water access variable n 

Partially 

adjusted 

Relative risk 

95% CI 
p 

Lower Upper 

Distance to primary water source for 

drinking (m) 
4011 1.00 1.00 1.00 .41 

Log10(Distance to primary water 

source for drinking) 
4011 1.00 .97 1.03 .91 

Distance to primary water source for 

other uses (m) 
4000 1.00 . 99996 1.00 .84 

Log10(Distance to primary water 

source for other uses) 
4000 1.01 .98 1.04 .60  

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment. CI = confidence interval; LL = lower limit; UL = 

upper limit; Significant associations are in bold face. 

 

Table B12 

Unadjusted Association of Walk Time to Primary Water Source LAZ at 18 Months 

Water access variable n 

Unadjusted 

mean 

difference 

95% CI 
p 

LL UL 

One-way walk-time to primary water 

source for drinking (mins) 
4012 -.002 -.005 -.000 .05 

Log10(One-way walk-time to primary 

water source for drinking) 
4012 -.041 -.091 .009 .11 

One-way walk-time to primary water 

source for other uses (mins) 
4002 -.0003 -.002 .002 .76 

Log10(One-way walk-time to primary 

water source for other uses) 
4002 -.036 -.089 .016 .18 

Note. CI = confidence interval; LL = lower limit; UL = upper limit; Significant associations are in bold 

face.   

 

Table B13 

Partially Adjusted Association of Walk Time to Primary Water Source and LAZ at 18 

Months 

Water access variable n 

Partially 

adjusted mean 

difference 

95% CI p 

LL UL 
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One-way walk-time to primary water 

source for drinking (mins) 
4009 -.002 -.004 .001 .14 

Log10(One-way walk-time to primary 

water source for drinking) 
4009 -.016 -.067 .034 .53 

One-way walk-time to primary water 

source for other uses (mins) 
3999 .0005 -.002 .003 .61 

Log10(One-way walk-time to primary 

water source for other uses) 
3999 -.005 -.057 .046 .85 

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment. CI = confidence interval; LL = lower limit; UL = 

upper limit; Significant associations are in bold face. 

 

Table B14 

Unadjusted Association of Walk Time to Primary Water Source and Child Stunting at 

18 Months 

Water access variable n 
Unadjusted 

RR 

95% CI 
p 

LL UL 

One-way walk-time to primary water 

source for drinking (mins) 
4012 1.00 1.00 1.01 .07 

Log10(One-way walk-time to primary 

water source for drinking) 
4012 1.04 .97 1.11 .29 

One-way walk-time to primary water 

source for other uses (mins) 
4002 1.00 .999 1.00 .40  

Log10(One-way walk-time to primary 

water source for other uses) 
4002 1.04 .97 1.11 .30 

Note. CI = confidence interval; LL = lower limit; UL = upper limit; Significant associations are in bold 

face.  

 

Table B15 

Partially Adjusted Association of Walk Time to Primary Water Source and Child 

Stunting at 18 Months 

Water access variable n 
Partially 

adjusted RR 

95% CI 
p 

LL UL 

One-way walk-time to primary water 

source for drinking (mins) 
4009 .999 1.00 1.00 .21 

Log10(One-way walk-time to primary 

water source for drinking) 
4009 1.00 .94 1.07 .95 

One-way walk-time to primary water 

source for other uses (mins) 
3999 1.00 .998 1.00 .84 

Log10(One-way walk-time to primary 

water source for other uses) 
3999 .9998 .94 1.07 .996 

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment. CI = confidence interval; LL = lower limit; UL = 

upper limit; Significant associations are in bold face. 
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Table B16 

Unadjusted Association of Water Quality and LAZ at 18 Months 

Water access variable n 

Unadjusted 

mean 

difference 

95% CI 
p 

LL UL 

Primary source of water for drinking is 

protected 
4018 .04 -.04 .12 .32 

Primary source of water for other uses 

is protected 
4000 .02 -.06 .09 .65 

Note. CI = confidence interval; LL = lower limit; UL = upper limit; Significant associations are in bold 

face. 

 

Table B17 

Partially Adjusted Association of Water Quality and LAZ at 18 Months 

Water access variable n 

Partially 

adjusted mean 

difference 

95% CI 
p 

LL UL 

Primary source of water for 

drinking is protected 
4015 .04 -.03     .11 .27 

Primary source of water for 

other uses is protected 
3997 .04 -.04     .11 .35 

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment. CI = confidence interval; LL = lower limit; UL = 

upper limit; Significant associations are in bold face. 

 

Table B18 

Unadjusted Association of Water Quality and Child Stunting at 18 Months 

Water access variable n  
Unadjusted 

RR 

95% CI p 

LL UL  

Primary source of water for 

drinking is protected 
4018 .95 .86     1.05 .29 

Primary source of water for 

other uses is protected 
4000 .98 .89     1.08 .69 

Note. RR = relative risk; CI = confidence interval; LL = lower limit; UL = upper limit; Significant 

associations are in bold face. 
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Table B19 

Partially Adjusted Association of Water Quality and Child Stunting at 18 Months 

Water access variable n 
Partially 

adjusted RR 

95% CI 
p 

LL UL 

Primary source of water for 

drinking is protected 
4015 .94  .86     1.04 .22      

Primary source of water for 

other uses is protected 
3997 .97 .88    1.06 .45 

Note. All regression models were adjusted for: study arm – WASH and IYCF, data collector who took 

the measurement, and calendar period of assessment. RR = relative risk; CI = confidence interval; LL = 

lower limit; UL = upper limit; Significant associations are in bold face. 

 

Table B20 

Unadjusted Association Between Cluster-Level Mean LAZ at 18 Months and Cluster-

Level Water Access 

Water access variable   
Unadjusted 

β 

95% CI 
p 

LL UL 

Median of total volume of water used by 

households in each cluster (liters) 
.0003 -.002 .004 .88 

Median of per-capita volume of water used by 

each household member in each cluster (liters) 
.012 -.009 .030 .31 

Median of distance to drinking water by 

households in each cluster (m) 
.0001 .00001 .0003 .03 

Median of distance to water used for other uses 

by households in each cluster (m) 
.0002 .0001 .0004 .004 

Median of time to drinking water by households 

in each cluster (mins) 
.001 -0.0004 .013 .07 

Median of time to water used for other uses by 

households in each cluster (mins) 
.000 0.001 .013 .03 

Proportion of households with safe drinking 

water per cluster (%/10) 
.065 -0.010 .023 .43 

Proportion of households with safe water used 

for other uses per cluster (%/10) 
.013 -0.010 .039 .25 

Note. N = 209 clusters, β = Difference in mean LAZ, CI = confidence interval; LL = lower limit; UL = 

upper limit; Significant associations are in bold face. All regression models were partially adjusted for 

study arms only: WASH and IYCF. 
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Table B21 

Association Between Mean Stunting at 18 Months and Median Distance to Primary 

Water Sources Used by Household, Partially Adjusted for Trial Study Arms Only 

Water access variable   
Unadjusted 

β 

95% CI 
p 

LL UL 

Median of total volume of water used by 

households in each cluster (liters) 
-.001 -.002 .001 .30 

Median of per-capita volume of water used by 

each household member in each cluster (liters) 
-.007 -.015 .001 .09 

Median of distance to drinking water by 

households in each cluster (m) 
-.0001 -.0001 -.000 .04  

Median of distance to water used for other uses 

by households in each cluster (m) 
-.0001 -.0001 -.000 .005 

Median of time to drinking water by households 

in each cluster (mins) 
-.003 -.005  .000 .05 

Median of time to water used for other uses by 

households in each cluster (mins) 
-.003 -.006 

-

.0004 
.025  

Proportion of households with safe drinking water 

per cluster (%/10) 
-.008 -.014 -.001 .028 

Proportion of households with safe water used for 

other uses per cluster (%/10) 
-.010 -.020 

-

.0001 
.048  

Note. N = 209 clusters, β = Difference in proportion stunted, CI = confidence interval; LL = lower 

limit; UL = upper limit. All regression models were partially adjusted for trial study arms only: WASH 

and IYCF.  Significant associations are in bold face. 
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