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ABSTRACT 
 

Unclean drinking water and unhygienic means of waste disposal are common realities for a 

significant percentage of people in the developing world.  The consequences of these 

deficiencies on various aspects of human development have been well studied.  The relationship 

between water and sanitation quality and child malnutrition, which accounts for a significant 

percentage of all global child deaths, is not as clear.  This thesis examines the correlation 

between improving the quality of drinking water sources and sanitation facilities and the 

likelihood that a child will be stunted, wasted, and/or underweight.  Probit models with controls 

for child- and maternal-specific characteristics, household-specific variables, and individual 

countries are used to analyze these relationships in this study, using data collected from 2005-

2009 by the Demographic and Health Surveys from 11 countries in sub-Saharan Africa.  Results 

suggest that there is a strong negative correlation between having optimal sanitation facilities and 

a decrease in the likelihood of a child being chronically malnourished, compared to having 

unimproved sanitation facilities.  This relationship is much more consistently statistically 

significant than the relationship between improved water quality and decreased malnutrition.  

This study concludes that projects to improve sanitation should be given greater consideration 

and that the benefits from reduced child malnutrition should be included in cost-benefit analyses 

of water and sanitation projects. 
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INTRODUCTION  
 

Despite recent global progress in increasing access to clean drinking water and sanitary 

toilet facilities, conservative approximations still estimate that two out of every three people in 

sub-Saharan Africa lack access to decent sanitation (UNICEF 2010) and forty percent still get 

their drinking water from unclean sources (WHO/UNICEF 2010).  Unclean drinking water and 

unsanitary means of waste disposal have been shown to have detrimental effects on sustainable 

development.  Thousands of children die each day from infectious diseases that are spread 

through unclean water and unhygienic sanitation practices (GWTF 2006).  Beyond the 

devastating impact on child mortality rates, unclean drinking water and a lack of sanitation also 

affect economic and social development. Research suggests that children, especially girls, are 

more likely to stay in school and attend more often when their schools provide safe, clean, and 

private sanitation facilities.  Private and accessible sources of drinking water and sanitation 

reduce the time burden on women, who are often the primary gatherers of water for their 

families, freeing them for economic pursuits or other caretaking responsibilities.  Women and 

girls without access to basic sanitation near their homes are often at risk of attack or sexual 

assault when they must search for a private place to take care of their sanitation needs (GWTF 

2006).   Despite the substantial literature on the relationship between water and sanitation and 

various aspects of development, the impact of these improvements on child malnutrition, which 

accounts for a significant percentage of all child deaths, is unclear. 

Height and weight measurements are the most common way of evaluating nutritional 

status in children.  These measurements are appropriate indicators of malnutrition in children, 

since children manifest malnutrition most obviously as failure to grow.  The anthropometric 

indicators most commonly used to measure malnutrition in children are weight-for-height, 
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height-for-age, and weight-for-age.  Low weight-for-height is called wasting, an indicator of 

acute malnutrition.  Stunting, or low height-for-age, is an indicator of chronic or past 

malnutrition.  Inadequate weight-for-age defines a child as underweight, and can be an indicator 

of either chronic, acute, or both forms of malnutrition (Gray et al. 2006). 

In 2000, the United Nations community launched the Millennium Development Goals 

(MDG), which laid out eight development objectives with progress measured from 1990.  The 

first of these goals, to eradicate extreme poverty and hunger, seeks to reduce by half the 

proportion of people who suffer from hunger and is measured, in part, by the proportion of 

children under five years old who are underweight.  Worldwide, one in four children are 

underweight, and even more are stunted (UNICEF 2010).  In developing countries, the problem 

is particularly severe in rural areas, where children are much more likely to be stunted than 

children in urban areas (UNICEF 2010).  Most of the countries in sub-Saharan Africa are not on 

track to meet this MDG (UNICEF 2010).  In sub-Saharan Africa, 32 percent of urban children 

under age five are stunted; the number increases to 48 percent in rural areas.  The effects of 

stunting on children have been shown to be mostly permanent (UNICEF 2010).   

The seventh MDG, ensuring environmental sustainability, includes the following target: 

to halve the proportion of people without sustainable access to safe drinking water and basic 

sanitation by 2015.  Progress has been made with regard to drinking water, with global rates of 

access to safe water rising from 77 percent to 87 percent from 1990 to 2008.  Despite this 

progress, sub-Saharan Africa still lags behind most of the rest of the world, as only 60 percent of 

the population have access to an improved drinking water source.  Worldwide, basic sanitation 

access is unlikely to meet global MDG standards by 2015. In sub-Saharan Africa, two-thirds of 

people lack access to improved sanitation facilities (UNICEF 2010).  Of those who lack basic 
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sanitation, more than one billion must practice open defecation, including 224 million people in 

sub-Saharan Africa (UNICEF 2010).  

The rural-urban disparities emerge again in water and sanitation access.  Globally, 84 

percent of rural residents lack access to an improved drinking water source compared to 16 

percent of urban residents.  Access to improved sanitation eludes 32 percent of people in urban 

areas and 60 percent of those in rural locations (UNICEF 2010). 

Estimates suggest that investments in clean water and adequate sanitation facilities are 

exceedingly cost-efficient with regard to health returns (Montgomery and Elimelech 2007).  This 

study examines the role of improving access to clean and safe water and sanitation on child 

malnutrition, in an effort to identify cost-effective public policy solutions for combating a key 

component of child mortality and morbidity and to provide further incentives for investment in 

water and sanitation.  Data from Demographic and Health Surveys in Ethiopia, Ghana, Kenya, 

Liberia, Namibia, Nigeria, Rwanda, Sierra Leone, Swaziland, Zambia, and Zimbabwe are used 

in this child-level analysis to study whether increasing the quality of drinking water sources and 

sanitation facilities affects the likelihood that a child will be malnourished.  
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L ITERATURE REVIEW  
 

This study examines the relationship between improving household drinking water and 

sanitation access and the likelihood that a child will be stunted, wasted, or underweight.  This 

literature review examines and summarizes key studies on child malnutrition and the health 

effects of improving drinking water and sanitation quality.  Literature exploring the effects of 

clean drinking water and sanitation on child malnutrition is also reviewed, although such 

research is rather limited. 

Child Malnutrition 

Malnutrition accounts for a significant percentage of all deaths for children under five 

years old in the developing world.  Studies vary in their estimates of the global disease burden 

caused by malnutrition.  The World Health Organization (WHO) estimates that malnutrition is 

responsible for 35 percent of deaths of children under five years old (Black et al. 2008).  A 2004 

analysis by Caulfield et al. estimates that undernutrition accounts for 53 percent of young child 

deaths, corroborating a previous study by Pelletier et al. (1995) that estimated the number at 55 

percent.  The WHO finds that 20 percent of all children under five in low- and middle-income 

countries are underweight; 32 percent are stunted; and one in ten are considered wasted 

(WHO/UNICEF 2010). 

Child deaths are not, however, only attributable to the severest cases of malnutrition.   

While the literature regarding child malnutrition tends to agree on the definition of underweight, 

stunting, and wasting as -2 standard deviations (SD) from the reference median, the study by 

Caulfield et al. (2004) found that even children whose weight-for-age z-scores were between -

1.01 and -2.00 standard deviations had mortality rates twice as high as children whose weight-

for-age measurements were greater than 1 standard deviation.  Pelletier et al. (1995) found that 

83 percent of child deaths attributable to malnutrition were in children who were mildly to 
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moderately malnourished rather than severely malnourished.  According to the Caulfield et al. 

study, vast percentages of the leading causes of death for young children result from 

malnutrition: 60 percent of diarrhea deaths, 52 percent of pneumonia deaths, 44 percent of 

measles deaths, and 57 percent of deaths from malaria (2004).  Malnutrition is both the 

underlying cause of many childhood deaths from infectious diseases and is also worsened by 

these diseases as they deplete the body of key nutrients.  Mild cases of intestinal parasites, which 

are often ingested along with unclean water or due to unsanitary hygiene practices, have been 

shown to deplete a child’s energy from nutritional consumption by ten percent (Bartlett 2003). 

Malnutrition is caused directly by either an inadequate diet or by nutrition depletion from 

infectious diseases.  Evidence suggests, however, that there are more nuanced causes of child 

malnutrition than just these immediate causes.  Frongillo et al. (1997) discuss the underlying 

causes of child malnutrition, which include food security, healthcare, and environmental health 

investments, and basic causes, which are factors such as both formal and non-formal institutions 

and political and economic systems.  Their study found that female literacy, gross national 

product, and the availability of energy resources were the most significant factors to explain the 

variation in stunting and wasting rates between nations.   

The effects of malnutrition in children have been found to be long lasting and often 

irreversible (UNICEF 2010).  Malnourished children appear to have increased developmental 

delays, affecting their later school performance even after they recover from malnutrition (de 

Onis et al 2000).  A study by Mendez and Adair (1999) of 2,000 Filipino children found that 

children defined as stunted when they were between birth and two years of age scored notably 

lower on academic tests taken at ages 8 and 11 than non-stunted children did, even after 

controlling for school attendance and enrollment.  Other studies have concluded that 
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malnourished children often experience reduced functionality as adults and thus lower economic 

productivity (Martorell et al. 1992).  According to Hadded and Bouis (1991), each one percent 

loss in adult height due to stunting in childhood is associated with a 1.4 percent loss in economic 

productivity.   

Improved Water and Sanitation 

Substantial evidence exists documenting the relationship between improved water and 

sanitation and improved health (Montgomery and Elimelech 2007). A recent study by the World 

Health Organization estimated that environmental risk factors account for 34 percent of the 

disease burden in children (Prüss-Üstün and Corvalán 2007).  Unclean water, lack of sanitary 

facilities, and improper hand-washing and hygiene practices due to a lack of proper sanitation 

facilities are key environmental risk factors which are beginning to receive more attention from 

scholars because they are increasingly shown to influence public health significantly.  In 

addition, unlike many other environmental risk factors, drinking water sources and sanitation 

facilities are factors that can be changed, given the appropriate technology and funding 

(Rehfuess et al. 2009).  Recent estimates attribute 1.5 million child deaths each year to unclean 

water, inadequate hygiene, and a lack of adequate sanitation (UNICEF 2010).  Lack of clean 

water and adequate sanitation is the leading contributor to diarrheal diseases in children 

(Gamper-Rabindran et al. 2007), which account for 19 percent of total child deaths (Boschi-Pinto 

et al. 2008).  Improving access to piped water and sanitation has been shown to significantly 

reduce infant mortality rates (Gamper-Rabindran et al. 2007, DaVanzo 1988).  Other studies 

have shown that access to adequate water and sanitation is more highly correlated with decreased 

child mortality than other socioeconomic indicators, such as access to health care or percentage 

of households below the poverty line (Shi 2000).  
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Less research has been done specifically on the relationship between access to water and 

sanitation and child malnutrition.   Evidence does exist that establishes a link between unclean 

water and improper sanitation and infectious diseases (Esrey et al. 1985). Studies also show a 

strong causal relationship between these infectious diseases and increased malnutrition (Bartlett 

2003).  Esrey, in his analysis of the relationship between water and sanitation and child 

malnutrition, found that improving sanitation and water facilities was negatively correlated with 

incidences of child malnutrition (1996). 

Water and sanitation are often studied together to determine their combined impact on 

health since they are assumed to be highly correlated with each other.  A few studies have 

recognized this tendency and attempted to separate the effects of improved water from the effects 

of improved sanitation.  Esrey et al. (1985) designed a study that separately analyzed the effects 

of water quality, water availability, and method of excreta disposal and found that water quality 

does not have as large of an impact on diarrheal diseases as water availability or proper excreta 

disposal.  In another study, by separating water and sanitation, Esrey concluded that child 

nutritional statuses only improved from increased water access when water was increased to the 

optimal level and when sanitation was also improved (1996).  Wibowo and Tisdell (1993) also 

found that improved sanitation had a stronger effect on morbidity than clean water in a study of 

communities in Central Java, Indonesia.   

Rural-urban differences 

Rural-urban differences in child health have been well documented (Shin 2007, Bartlett 

2003, Esrey 1996).  In sub-Saharan Africa, regional variations are pronounced for both child 

malnutrition rates and access to adequate water and sanitation.  Rates of child malnutrition tend 

to be higher in rural areas, while access to improved water and sanitation is much lower in rural 
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areas than in urban areas (UNICEF 2010).  Shin (2007) found that the impact of maternal 

education on child height and weight statistics varies as a function of regional differences in 

Peru.  While descriptive data show that children in rural areas are more likely to be malnourished 

and lack access to improved water and sanitation than children in urban areas, studies that 

control for income or wealth tend to see decreases in the gap between urban and rural children 

(Bartlett 2003).  Esrey (1996) found evidence that urban residents experienced greater health 

effects from increased sanitation than rural residents. 

Cost-benefit analysis of improving water and sanitation 

Cost-benefit analyses of improving water and sanitation find that these investments yield 

positive rates of return.  A study by Hutton and Haller for the World Health Organization (2004) 

found that a US$1 investment in water and sanitation in the developing world yielded returns of 

US$5 to US$28.  Most of the benefit consisted of time saved from gathering clean water or 

securing a private place to defecate, but it also included decreased morbidity and mortality and 

economic savings from avoiding diarrheal disease, both direct savings as the need for health care 

decreases and indirect savings as fewer worker fall ill and are unable to work.  Their study 

estimates that providing water and sanitation services to each person in the world who is 

currently without would cost US$22.6 billion, or US$10.7 per person in the developing world 

per year.  This intervention would yield, they estimate, US$262.8 billion in economic benefits.  

This study only took diarrheal diseases into account as it estimated health impacts.  Including the 

impact of water and sanitation on other diseases and malnutrition should increase the total 

benefit further (Hutton and Haller 2004). 

Millennium Development Goals Progress 
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While global child malnutrition rates decline at a rate of about 0.73 percentage points per 

year, Africa’s rates are declining at 0.26 percentage points per year and, in East Africa, are 

actually increasing by 0.08 percentage points annually (de Onis et al. 2000).  In both water and 

sanitation coverage, sub-Saharan Africa continues to make the least progress toward improving 

access for its entire population (UNICEF 2010).  Much has been made in the development 

literature about the relationship between the first Millennium Development Goal to halve the 

number of underweight children between 1990 and 2015 and the fourth MDG, to reduce the 

under-five mortality rate by two-thirds during this same time period (Hunt 2005).  This paper 

hypothesizes that there is also a relationship between these two goals and the target of the 

seventh MDG, which is to halve the proportion of people without sustainable access to safe 

drinking water and basic sanitation from 1990 to 2015.  Expanding on the approach developed 

by Esrey (1996) to differentiate the effects of water from sanitation, this analysis seeks to add to 

the literature on the effects of these environmental health factors on child malnutrition by 

increasing the number of countries studied and focusing exclusively on sub-Saharan Africa. 
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CONCEPTUAL FRAMEWORK AND HYPOTHESIS 

This study assumes that child malnutrition in sub-Saharan Africa is a function of a 

complex set of interrelated variables.  Household, maternal, and child-specific variables are all 

assumed to impact rates of child malnutrition and to be related to one another.  For example, 

mother’s education is assumed to affect the number of children in the household, her age at the 

birth of her first child, and the family’s income.  Household income affects water and sanitation 

sources, housing quality, household possessions, food availability, and access to healthcare, all 

of which may also affect malnutrition.  The location of the household in either an urban or a rural 

setting is likely to affect child malnutrition rates, water and sanitation access, and these other 

confounding variables. 

This analysis focuses on the effect of access to improved drinking water and sanitation 

sources on child malnutrition.   The main hypothesis of this study is that as a household moves 

from unimproved water to intermediate water to optimal water services, there will be 

corresponding decreases in the probability of malnutrition for children in that household.  

Similarly, as a household moves from unimproved sanitation access to intermediate sanitation to 

optimal sanitation access, it is expected that the household’s children will experience less 

malnutrition.  This analysis, based on previous studies, predicts that improving sanitation will 

have a greater negative impact on the likelihood of a child being malnourished than improving 

water quality will. 

This study also assumes that water and sanitation, while most likely highly correlated, 

will have differing effects on malnutrition.  A major goal of this analysis is to separate out the 

effects of water and the effects of sanitation on child malnutrition.  The effect of improved 

sanitation and water services may, in fact, be a function of the interaction between the two 
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services.  Improving water, while keeping sanitation levels unimproved, for example, may affect 

malnutrition differently than improving water and improving sanitation.  This analysis expects 

that by separating the changes in access to water from changes in access to sanitation, the 

relationship between the two services and their corresponding effects on malnutrition may be 

revealed. 

The Millennium Development Goals set a target of halving the proportion of people 

without access to safe drinking water and basic sanitation by 2015. While current trends indicate 

that sub-Saharan Africa is not likely to meet either target, a substantially higher proportion of the 

population has access to safe water than has access to basic sanitation (60 percent versus 31 

percent, respectively).  If it is determined that one type of service has a greater effect on 

malnutrition than the other, this information should be included in any cost-benefit analysis 

provided to policy makers.  The benefits to the community gained by preventing or limiting child 

malnutrition should be considered when determining the types of environmental health 

investments to fund, especially if one must choose between water and sanitation projects. 
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DATA AND METHODS 
 

 This study models the relationship between improving household water and sanitation 

quality and child malnutrition in 11 sub-Saharan African countries.  The data are provided by the 

Demographic and Health Surveys (DHS) of each country.  This section provides an overview of 

the data, discusses the specific variables that are used in the analysis, and outlines the analytical 

strategy.  

Data 

The data for this analysis come from the Demographic and Health Surveys (DHS) of 11 

countries in sub-Saharan Africa.  Demographic and Health Surveys are sponsored by the U.S. 

Agency for International Development (USAID) and implemented by each country, usually by 

the Ministry of Health or Bureau of Statistics with assistance from ICF Macro.  In most cases, 

the sample is created using a two-stage cluster process that involves selecting clusters of 

households from a main sampling frame and then randomly selecting households from each 

cluster.  In the surveys used for this study, men aged 15-59 and women aged 15-49 who were 

usual residents of the household or slept in the household the night before the interview were 

eligible to be interviewed in either all households or half of households.  Selection for this 

analysis was based on the following criteria:  sub-Saharan African countries with DHS data from 

2005-2010, whose data were publicly accessible and available in English.  The countries who 

met this criteria are:  Ethiopia, Ghana, Kenya, Liberia, Namibia, Nigeria, Rwanda, Sierra Leone, 

Swaziland, Zambia, and Zimbabwe.  The subsample for this analysis consists of children under 

five who have been measured for height and weight.  The countries, survey years, sample sizes, 

response rates, and subsample sizes are shown in Table 1. 
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Table 1:  Demographic and Health Survey Data 

Country Survey year 
Sample size 
(households) 

Response rate 
Subsample size 

(children under 5) 
Ethiopia 2005 13,721  99 percent 4,949 

Ghana  2008 11,778 99 percent 3,113 

Kenya  2008-2009 9,057  98 percent 6,165 

Liberia 2007 6,824  97 percent 6,100 

Namibia 2006-2007 9,200  98 percent 5,732 

Nigeria 2008 34,070 98 percent 27,195 

Rwanda 2005 10,272 100 percent 4,163 

Sierra Leone 2008 7,284 98 percent 3,270 

Swaziland 2006-2007 4,843  95 percent 3,119 

Zambia 2007 7,164  98 percent 6,444 

Zimbabwe 2005-2006 9,285  95 percent 5,944 

Total  123,498  
 

76,204 
 

Dependent Variables 

In order to accurately capture the true quality of malnutrition in children, three dependent 

variables are used in this study.  The dependent variables are stunted (=1 if the child is stunted, 

=0 if not), wasted (=1 if the child is wasted, =0 if not), and underweight (=1 if the child is 

underweight, =0 if not).  These dichotomous outcome variables are recodes of the variables 

height-for-age, weight-for-age, and weight-for-height.  These variables are measured as standard 

deviations from the median of the National Center for Health Statistics/World Health 

Organization international reference population.   From 1979 until 2006, the World Health 

Organization (WHO) recommended using standards derived from the National Center for Health 

Statistics (NCHS) international reference population in order to measure whether a child was 

stunted, wasted, or underweight.  The NCHS/WHO growth charts used z-scores to standardize 

the raw data.  A height-for-age z-score of -2 standard deviations (SD) from the reference 

population median is considered stunted; a z-score of -2 SD for weight-for-height indicates 

wasting; and -2 SD for weight-for-age indicates that a child is underweight (Gray et al. 2006).  In 

2006, the WHO published new growth standards based on a new reference population that was 
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more ethnically and racially diverse than the first growth standards and included children who 

were almost exclusively breastfed (Grummer-Strawn et al. 2010).  The data available for this 

study use the previous NCHS/WHO growth standards rather than the new WHO standards. 

For this analysis, the weight-for-height variable is recoded into a binary dummy variable, 

where wasted = 1 indicates a weight-for-height value of less than or equal to -2.0 standard 

deviations (SD) from the reference median; height-for-age is recoded into a binary dummy 

variable, where stunted = 1 indicates a height-for-age value of less than or equal to -2.0 SD from 

the reference population’s median;  and the weight-for-age variable is recoded so that 

underweight is a binary dummy variable equal to 1 if the value for weight-for-age is less than or 

equal to -2.0 standard deviations from the reference median. 

Independent Variables 

Because this study is interested in exploring the effect of drinking water and sanitation 

quality on child malnutrition, the key independent variables in this analysis are source of 

drinking water  and type of toilet/latrine.   In order to compare across countries and account for 

variations in categories of responses, these variables have been recoded into the following 

dummy variables:  optimal sanitation, intermediate sanitation, unimproved sanitation, optimal 

water, intermediate water, and unimproved water.  For the purpose of this analysis, any flush 

toilet or water-based sanitation into a piped sewer system, septic tank, or pit latrine is considered 

optimal sanitation service.  A covered pit latrine or a composting toilet is considered 

intermediate sanitation access.  Shared facilities or other non-covered or uncontained fecal 

disposal systems are considered unimproved sanitation service.  Any drinking water source that 

is piped into or otherwise accessible inside the household or compound is considered optimal 

water access for the purpose of this analysis.  Intermediate water access includes piped water 

outside of the compound, protected sources of water, and rainwater.  Unimproved water access  
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Table 2:  Recoding Sanitation Variables 

Optimal Intermediate Unimproved 
Flush/pour flush to piped sewer 
system 
Flush/pour flush to septic tank 
Flush/pour flush to pit latrine 
Flush toilet 

Composting toilet 
Pit latrine with slab 
Ventilated improved pit (VIP) 
latrine 
Traditional pit toilet 
Ordinary pit latrine 

Any facility shared with other households 
Flush/pour flush not into sewer/septic tank/pit 
latrine 
Pit latrine without slab/open pit 
Bucket 
Hanging toilet/hanging latrine 
No facility/bush/field/stream/river 
Other unimproved   

Table 3:  Recoding Drinking Water Variables 

Optimal Intermediate Unimproved 
Piped into dwelling 
Piped into compound 
Piped water into 
dwelling/yard/plot 
Piped water into plot 
Covered well in compound/plot 

Piped outside compound 
Tube well or borehole 
Protected dug well 
Protected spring 
Rainwater 
Public tap/standpipe 
Public tap 
Covered public well 

Unprotected dug well 
Unprotected spring 
Tanker truck 
Surface water 
Tanker truck/cart with small tank 
Bottled/sachet water 
Open well in compound/plot 
Open public well 
Spring 
River, stream 
Pond, lake 
Dam 
Bottled water 

 
 
 
  
  
 

includes unreliable sources of water and unprotected sources (Esrey 1996).  These breakdowns 

are shown in Tables 2 and 3. The distribution of each level of water and sanitation quality per 

country is illustrated in Table 4. 

 

 

 

 

 

 



16 
 

Table 4:  Percentage Distribution of Drinking Water and Sanitation Quality by Country 

 Optimal 
Sanitation 

Intermediate 
Sanitation 

Unimproved 
Sanitation 

Optimal 
Water 

Intermediate 
Water 

Unimproved 
Water 

Ethiopia 1.1 3.2 95.6 5.9 58.1 35.8 

Urban 4.6 14.8 80.1 40.1 53.2 6.1 
Rural 0.5 1.3 98.2 0.1 58.9 40.8 

Ghana 3.4 4.2 92.2 8.1 69.0 17.8 
Urban 8.0 2.9 88.8 20.9 60.4 5.9 
Rural 1.0 4.9 93.9 1.3 73.5 24.1 

Kenya 5.7 12.9 81.3 16.0 42.1 41.5 
Urban 21.5 5.9 72.5 45.6 42.3 11.5 
Rural 1.1 14.9 83.9 7.2 42.0 50.4 

Liberia 4.5 2.0 92.3 1.9 62.3 34.8 
Urban 11.2 2.8 83.4 5.0 76.6 15.7 
Rural 0.8 1.7 97.1 0.2 54.4 45.0 

Namibia 21.5 4.5 73.8 39.8 45.0 13.2 
Urban 51.2 2.8 45.8 70.6 24.7 1.7 
Rural 7.3 5.4 87.3 25.0 54.7 18.8 

Nigeria 5.9 23.2 69.8 3.3 44.8 50.9 
Urban 15.6 21.4 62.4 8.2 48.1 43.6 
Rural 2.3 23.9 72.6 1.4 37.7 60.5 

Rwanda 1.0 81.7 17.2 3.0 70.6 25.9 
Urban 4.7 68.3 26.7 12.3 74.4 11.6 
Rural 0.03 85.1 14.8 0.6 69.6 29.7 

Sierra Leone 2.6 8.7 88.5 6.5 44.9 48.4 
Urban 7.1 13.8 78.8 16.4 61.0 22.4 
Rural 0.2 5.9 93.6 1.3 36.4 62.1 

Swaziland 10.1 44.6 45.2 27.6 34.4 37.9 
Urban 37.9 17.9 44.2 69.5 22.2 8.3 
Rural 3.0 51.4 45.4 16.9 37.6 45.5 

Zambia 6.5 10.8 82.1 11.1 26.6 59.4 
Urban 19.3 13.0 67.2 32.4 44.2 20.1 
Rural 0.5 9.8 89.1 1.2 18.4 77.7 

Zimbabwe 15.2 20.7 63.6 26.3 44.4 29.3 
Urban 57.5 1.7 39.7 92.5 6.5 0.9 
Rural 1.1 27.0 45.1 4.2 57.0 38.8 
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This analysis assumes that there are other variables that are correlated with both child 

malnutrition and quality of a household’s sanitation facilities and drinking water.  For this 

reason, other independent variables are included as controls in this analysis and include child-

specific characteristics, maternal characteristics, and household-level characteristics.   

Maternal and child-specific characteristics 

Increased maternal education is expected to decrease child malnutrition because maternal 

education is negatively correlated with increased fertility and positively correlated with both 

material well-being and knowledge about nutrition and child health (Shin 2007).  Controlling for 

maternal education is important for this analysis as it is expected to be strongly correlated with 

child malnutrition rates.  In the DHS data, mother’s education is measured as 0 = no education; 

1 = some primary school; 2 = some secondary school; and 3 = higher than secondary school. 

Child’s age, sex, and whether the child is firstborn are included to account for any variation in 

child malnutrition that may be affected by these variables that are specific to the child.  The child 

age variable was collapsed into six new variables, defined as age in months (0-6, 7-12, 13-24, 

25-36, 37-48, 49-60).  Infants (0-6 months) are expected to experience, as a whole, less 

malnutrition than children who must rely on nutrition from sources other than breast milk or 

formula.  As children become mobile, it is expected that they come into closer contact with 

excreta from unsanitary conditions and are predicted to experience greater levels of malnutrition 

until they reach an age where they can be expected to naturally follow more sanitary practices 

(Bartlett 2003). 

Household-level characteristics 

The location of the household (whether urban or rural) is predicted to be correlated with 

the access to both quality sanitation and drinking water, as rural communities tend to have poorer 



18 
 

water and sanitation infrastructures.  In addition, rural households also tend to be poorer than 

their urban counterparts and this disparity will also influence child malnutrition (UNICEF 2010).  

Type of residence (urban or rural) will be controlled for in this analysis.  Household size is 

another important control variable because larger households may have more mouths to feed but 

not necessarily a proportionate increase in food or income for food and must share water and 

sanitation resources with more household members.  In this respect, number of household 

members may be correlated with child malnutrition and water and sanitation sources and so will 

be controlled for in this analysis.  Number of members in the household is categorized as 

follows:  1-4 members, 5-8 members, 8-10 members, or more than 11 members.  An increase in 

children under five in the household is also expected to have an effect on child malnutrition and 

household water and sanitation quality, so this analysis will control for the number of children 

under five per household, categorized as one child, two to three children, or four or more 

children. Whether the household has electricity will be included in the model as it is likely to act 

as a proxy for level of economic development.  Possession of electricity is anticipated to be 

positively correlated with access to sanitation and drinking water and negatively correlated with 

child malnutrition.  Possession of a motorcycle or scooter is assumed to be an indication of 

household wealth and as such is expected to be positively correlated with access to sanitation and 

drinking water and negatively correlated with child malnutrition and so will be included in this 

analysis.  Household wealth index is expected to be among the most strongly correlated 

variables in this model with both child malnutrition and quality of sanitation and drinking water.  

As wealth index level increases, child malnutrition is expected to decrease and quality of 

sanitation and drinking water to increase.  The wealth index is a five point scale, with 1 

identified as poorest, 2 as poorer, 3 as middle, 4 as richer, and 5 as richest. 
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Methods 

 This study focuses on the relationship between drinking water and sanitation quality and 

child malnutrition.  The DHS only collects height and weight measurements for children under 

five years of age.  The subpopulation selected for this analysis, therefore, is children under five 

years old, for whom height and weight measurements were obtained.  Observations for other 

household members were excluded from the dataset. 

The outcome variables in this analysis are binary; children are either stunted or not 

stunted, wasted or not wasted, and underweight or not underweight.  These variables are recodes 

of the height-for-age, weight-for-height, and weight-for-age standard deviations from the 

reference median.  Because the outcomes of interest are binary, a non-linear model is used.  

Probit models are an appropriate method for analyzing equations with binary variables (Greene 

2008).  A probit model was chosen over a logit model because the distribution of z-scores is 

normal, although some argue that the choice between probit and logit models is mostly a matter 

of personal preference (UCLA, “Stata Data Analysis Examples”).  The probit models estimate 

predicted probabilities of a child being malnourished (UCLA, “Stata Annotated Output”).  The 

coefficients resulting from non-linear regressions cannot be interpreted as they are in linear 

models, as the “estimated change in the value of the dependent variable associated with a unit 

increase in the corresponding independent variable” (Zelner 2007, 2).  The coefficients from 

probit regressions do not directly represent such a relationship and cannot be interpreted as such.  

For this reason, the marginal effects are calculated.  As Zelner explains, “the marginal effects of 

the independent variable xj represents the ratio of [predicted] π, the predicted probability of a 

positive outcome, to a change in the value of xj as this change approaches zero, when the other 

independent variables xi≠j are held at specific values” (2007, 2). 
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This analysis also controls for countries, in order to account for any unobserved variation 

that may occur among them.  Dummy variables for each country, excluding Ethiopia as the 

reference category, are included in all models to control for this possible country-specific 

variation.   

Models 

 The first models predict the likelihood of stunting, wasting, and being underweight as a 

function of quality of drinking water and sanitation.  In these models, unimproved sanitation and 

unimproved water are the reference categories.  Country dummy variables are included to control 

for any country-specific variation in these models, as in all of the models used for this analysis. 

A dummy variable for urban residence is also included in all four models. The second models 

predict the likelihood of stunting, wasting, and being underweight as a function of quality of 

water and sanitation and individual child-specific characteristics and mother-specific 

characteristics, including child’s sex, child’s age, whether or not the child is firstborn, and 

mother’s education.  The third model adds household-specific characteristics to the water and 

sanitation variables, including number of household members, number of children under five in 

the household, whether the household has electricity or a motorcycle, and the household’s wealth 

index score.  The fourth model combines models two and three to control for both child- and 

household-specific characteristics.   

 An important goal of this analysis, as previously stated, is to study the effect of the 

interaction between improved water and sanitation services on child malnutrition.  The 

hypothesis was that the effect of having quality sanitation on the probability of a child being 

malnourished will differ as a function of the level of water quality, and vice versa.  In order to 

test this hypothesis, this analysis includes regression models where optimal water is interacted 

with optimal sanitation.  The fifth model of this analysis contains variables for optimal water, 
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optimal sanitation, and the interaction between them.  As with all models in this analysis, country 

dummy variables are included.  The sixth and final model in this analysis adds all of the 

previously mentioned confounding variables to the fifth model.  The reference categories in the 

models with the interaction terms are non-optimal water and non-optimal sanitation.  Once again, 

the coefficients in probit regressions cannot be interpreted straightforwardly as in a linear 

regression and, therefore, marginal effects are calculated. 

Descriptive Statistics 

 The weighted descriptive statistics for this analysis are found in Table 5.  The table 

includes all variables used in this study, their means, and standard errors.  These summary 

statistics reveal a few interesting patterns and seem to validate most of this study’s previous 

assumptions.  In every country in the analysis, rural areas have higher percentages of stunted and 

underweight children, and most of the countries have higher percentages of wasted children in 

rural areas as well.  The relationship between quality of drinking water and sanitation facilities 

and child malnutrition is of key interest to this study, and these summary statistics show that as 

the quality of drinking water and sanitation facilities improve the percent of malnourished 

children decreases.  Increased maternal education, especially going from secondary school to 

higher than secondary school, seems to dramatically reduce the percent of child malnutrition.  

Increasing both the number of all household members and the number of children under five in 

the household appear to increase the percentage of child malnutrition in both rural and urban 

settings. While the presence of most of the other indicators of wealth in the household suggests a 

decrease in child malnutrition, interestingly, the possession of a motorcycle shows an increase in 

malnutrition.  It remains to be seen whether this increase is statistically significant.   
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Table 5:  Descriptive Statistics 
Frequency distribution (%) and standard errors of variables of interest among stunted, wasted, and underweight 
children in urban and rural populations. 

Variable 
Stunted 

(standard error) 
Wasted 

(standard error) 
Underweight 

(standard error) 

 Urban Rural Urban Rural Urban Rural 
Country       

       Ethiopia 26.3 
(.038) 

41.4 
(.012) 

5.6 
(.020) 

9.5 
(.006) 

20.5 
(.031) 

34.5 
(.011) 

       Ghana 15.0 
(.013) 

23.7 
(.012) 

5.4 
(.007) 

7.9 
(.007) 

12.4 
(.013) 

16.9 
(.011) 

       Kenya 19.8 
(.025) 

28.8 
(.010) 

4.2 
(.008) 

5.6 
(.005) 

11.5 
(.017) 

20.5 
(.011) 

       Liberia 22.6 
(.012) 

34.1 
(.013) 

7.3 
(.008) 

4.9 
(.006) 

18.1 
(.012) 

21.9 
(.013) 

       Namibia 17.4 
(.014) 

24.0 
(.009) 

3.5 
(.006) 

7.6 
(.004) 

13.2 
(.013) 

22.5 
(.009) 

       Nigeria 22.1 
(.008) 

31.4 
(.005) 

8.0 
(.005) 

10.5 
(.004) 

15.5 
(.008) 

23.7 
(.006) 

       Rwanda 30.5 
(.019) 

44.9 
(.010) 

3.4 
(.008) 

3.8 
(.004) 

15.2 
(.014) 

22.4 
(.009) 

       Sierra Leone 20.5 
(.022) 

30.1 
(.014) 

7.6 
(.010) 

7.1 
(.006) 

14.6 
(.020) 

23.0 
(.012) 

       Swaziland 15.9 
(.018) 

23.1 
(.010) 

2.7 
(.007) 

2.0 
(.003) 

4.3 
(.009) 

7.4 
(.005) 

       Zambia 30.1 
(.017) 

36.6 
(.010) 

3.4 
(.005) 

4.6 
(.003) 

15.2 
(.012) 

18.0 
(.007) 

       Zimbabwe 18.4 
(.012) 

27.1 
(.010) 

3.4 
(.005) 

6.1 
(.004) 

8.8 
(.008) 

16.2 
(.007) 

Dependent Variables       

Source of drinking water       

      Optimal 17.9 
(.007) 

21.0 
(.012) 

4.0 
(.003) 

5.6 
(.005) 

11.0 
(.006) 

13.7 
(.010) 

      Intermediate 22.2 
(.006) 

31.5 
(.004) 

6.6 
(.003) 

7.1 
(.002) 

15.0 
(.005) 

21.8 
(.004) 

      Unimproved 27.6 
(.012) 

33.4 
(.004) 

7.6 
(.008) 

7.9 
(.003) 

18.6 
(.001) 

22.8 
(.004) 

Type of sanitation facility       

      Optimal 15.8 
(.006) 

18.4 
(.013) 

4.6 
(.003) 

5.6 
(.007) 

9.8 
(.005) 

10.5 
(.011) 

      Intermediate 24.7 
(.006) 

32.1 
(.003) 

6.8 
(.004) 

7.5 
(.002) 

16.6 
(.006) 

22.2 
(.003) 

      Unimproved 27.9 
(.013) 

33.9 
(.006) 

7.2 
(.009) 

7.4 
(.004) 

18.8 
(.012) 

22.8 
(.006) 

Child- and Maternal-
Specific Variables 

      

Child’s age (months)       

     0-6 6.0 
(.006) 

7.8 
(.004) 

4.4 
(.005) 

5.2 
(.003) 

2.6 
(.004) 

3.9 
(.003) 

     7-12 16.1 
(.011) 

23.1 
(.007) 

8.7 
(.007) 

10.1 
(.005) 

14.9 
(.010) 

22.4 
(.007) 
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Variable 
Stunted 

(standard error) 
Wasted 

(standard error) 
Underweight 

(standard error) 

 Urban Rural Urban Rural Urban Rural 
     13-24 29.5 

(.010) 
40.6 

(.006) 
7.9 

(.005) 
10.5 

(.004) 
19.3 

(.008) 
28.6 

(.006) 
     25-36 24.6 

(.009) 
35.5 

(.006) 
5.9 

(.005) 
6.8 

(.003) 
17.4 

(.008) 
25.4 

(.006) 
     37-48 23.3 

(.009) 
35.4 

(.006) 
5.1 

(.004) 
6.0 

(.003) 
13.4 

(.007) 
22.0 

(.005) 
     49-60 22.8 

(.009) 
37.0 

(.007) 
4.4 

(.004) 
6.3 

(.003) 
13.6 

(.008) 
23.3 

(.006) 
Child’s sex       

      Male 23.1 
(.006) 

33.2 
(.004) 

6.6 
(.003) 

7.7 
(.002) 

15.0 
(.005) 

22.6 
(.004) 

      Female 20.2 
(.006) 

30.8 
(.004) 

5.4 
(.003) 

7.2 
(.002) 

13.6 
(.005) 

21.3 
(.004) 

Child is firstborn 20.0 
(.007) 

30.4 
(.006) 

5.1 
(.004) 

7.2 
(.003) 

12.6 
(.006) 

20.9 
(.005) 

Maternal education       

      None 29.1 
(.011) 

35.7 
(.005) 

10.2 
(.008) 

10.2 
(.003) 

23.3 
(.010) 

28.1 
(.005) 

      Primary school 26.8 
(.009) 

33.0 
(.005) 

5.8 
(.004) 

6.1 
(.002) 

15.8 
(.007) 

20.3 
(.004) 

      Secondary school  18.0 
(.006) 

24.9 
(.007) 

5.3 
(.003) 

5.3 
(.003) 

11.5 
(.005) 

14.4 
(.005) 

      Higher than secondary 
      school 

11.6 
(.009) 

19.7 
(.013) 

2.9 
(.004) 

2.9 
(.005) 

6.5 
(.006) 

9.2 
(.009) 

Household-Specific 
Variables 

      

Household members       

      <4 19.5 
(.007) 

30.6 
(.005) 

5.5 
(.004) 

7.3 
(.003) 

12.2 
(.006) 

20.3 
(.005) 

      5-7 21.4 
(.007) 

33.1 
(.004) 

6.0 
(.003) 

7.3 
(.002) 

13.8 
(.006) 

22.2 
(.004) 

      8-10 23.2 
(.010) 

32.1 
(.006) 

6.1 
(.005) 

7.6 
(.003) 

15.6 
(.008) 

23.2 
(.005) 

      >11 27.0 
(.012) 

30.4 
(.008) 

7.4 
(.010) 

7.9 
(.004) 

20.2 
(.013) 

21.7 
(.007) 

Children under age 5 in 
household 

      

      1 18.5 
(.006) 

30.4 
(.005) 

5.3 
(.003) 

7.2 
(.003) 

12.3 
(.005) 

20.0 
(.004) 

      2-3 23.2 
(.007) 

33.1 
(.004) 

6.2 
(.003) 

7.4 
(.002) 

14.7 
(.005) 

23.0 
(.004) 

      >4 27.8 
(.017) 

31.0 
(.009) 

8.5 
(.011) 

8.6 
(.005) 

22.4 
(.015) 

22.0 
(.008) 

Has electricity (yes) 18.7 
(.006) 

24.7 
(.008) 

6.0 
(.003) 

7.2 
(.005) 

12.3 
(.005) 

16.5 
(.008) 

Has electricity (no) 27.3 
(.008) 

33.1 
(.003) 

6.1 
(.004) 

7.5 
(.002) 

18.0 
(.006) 

22.8 
(.003) 
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Variable 
Stunted 

(standard error) 
Wasted 

(standard error) 
Underweight 

(standard error) 

 Urban Rural Urban Rural Urban Rural 
Has motorcycle/scooter 
(yes) 

23.2 
(.010) 

30.3 
(.008) 

8.4 
(.007) 

9.1 
(.005) 

17.1 
(.009) 

22.1 
(.007) 

Has motorcycle/scooter (no) 21.4 
(.005) 

32.2 
(.003) 

5.5 
(.003) 

7.2 
(.002) 

13.8 
(.004) 

22.0 
(.003) 

Wealth Index       

      Poorest 37.1 
(.027) 

34.3 
(.005) 

9.0 
(.015) 

9.0 
(.003) 

26.9 
(.024) 

25.2 
(.005) 

      Poorer 29.7 
(.020) 

34.3 
(.005) 

8.2 
(.011) 

8.2 
(.003) 

21.6 
(.016) 

23.6 
(.005) 

      Middle 29.2 
(.011) 

30.4 
(.006) 

8.2 
(.008) 

6.5 
(.003) 

21.3 
(.012) 

20.0 
(.005) 

      Richer 23.4 
(.008) 

28.2 
(.007) 

6.0 
(.004) 

5.1 
(.003) 

15.2 
(.006) 

17.5 
(.006) 

      Richest 16.9 
(.006) 

22.8 
(.011) 

5.0 
(.003) 

4.6 
(.006) 

10.4 
(.005) 

13.4 
(.009) 

Number of observations 4,653 17,474 1,285 4,306 3,088 12,162 
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RESULTS 
 

 The fundamental hypothesis of this analysis is that a lack of adequate drinking water and 

sanitation facilities is correlated with child malnutrition and that increasing the quality of 

drinking water and sanitation sources will correspond with a decrease in child malnutrition.  This 

study presumes that child malnutrition in sub-Saharan Africa is a function of a complex set of 

interrelated variables and thus employs various multivariate regressions in order to estimate the 

relationship between drinking water, sanitation, and child malnutrition.   

Multivariate Regression Results 

 Having established that there are correlative relationships, respectively, between drinking 

water and sanitation sources and the likelihood of child malnutrition, this analysis then employs 

multivariate regressions to control for the expected confounding relationships other child-

specific, maternal-specific, and household-level characteristics have on both quality of drinking 

water and sanitation and the likelihood of child malnutrition.  The probit regression results with 

sanitation and water as the independent variables of interest, controlling for various 

combinations of confounding variables, are shown in three separate tables.  Table 6 contains the 

results of models 1 through 4 on stunted, Table 7 for wasted, and Table 8 for underweight.  

Country dummies are included in each model, excluding Ethiopia as the reference category.  

Because this analysis utilizes three different dependent variables for child malnutrition, the 

results for each variable are examined individually. 

Stunted 

 As previously explained, a label of stunted reflects a low height-for-age measurement and 

is an indicator of chronic malnutrition.  Model 1 illustrates the relationship between the effects of 

water and sanitation quality and the likelihood of being stunted, controlling for urban or rural 
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residence and the specific countries.  In model 1, having optimal sanitation is associated with a 

9.7 percentage point decrease (p < 0.001) in the likelihood of being stunted compared to having 

unimproved sanitation, holding the other variables constant.  In this model, intermediate 

sanitation is not statistically significant at any conventional level.  In model 1, having optimal 

water is associated with a 3.6 percentage point decrease in the likelihood of being stunted, 

compared to having unimproved water, and is statistically significant at the 99.9 percent 

confidence level.  Similarly, intermediate water is associated with a 2.2 percentage point 

decrease in the likelihood of being stunted, compared to having unimproved water (p-value 

<0.001).   

 Model 2 introduces variables to control for the child’s demographic and maternal 

characteristics.  When adding child’s sex, child’s age, whether the child is firstborn, and the 

child’s mother’s level of educational attainment, optimal sanitation continues to be associated 

with a statistically significant decrease in the likelihood of being stunted, compared to 

unimproved sanitation.  The results suggest that we can say, with 99.9 percent confidence, that a 

child in a household with optimal sanitation is predicted to be 7.5 percentage points less likely to 

be stunted, compared to a child in a household with unimproved sanitation. Intermediate 

sanitation is not statistically significant.  Optimal water is associated with a 2.5 percentage point 

decrease in the likelihood of being stunted at a 0.01 significance level  and intermediate water is 

associated with a 2.1 percentage point decrease in the likelihood of being stunted at a 0.001 

significance level, relative to having unimproved water.  In this model, children in all age 

categories are more likely to be stunted than children age zero to six months, supporting the 

presupposition that children older than six months of age begin to rely on nutrition from sources 

other than breast- or formula-feeding and are thus more prone to malnutrition.  In addition, we 
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suggested that as children become more mobile they are expected to come into greater contact 

with excreta from unsanitary conditions and thus are predicted to experience greater levels of 

malnutrition from disease than children who have reached an age where they can be expected to 

practice better hygiene (Bartlett 2003).  The fact that children age 13 to 24 months show the 

biggest increase in the likelihood of being stunted, compared to children age 0 to 6 months, 

seems to confirm this hypothesis.  In this model, males are 2.7 percentage points more likely to 

be stunted than females, holding all other variables constant (p-value <0.001).  Mother’s 

education level is statistically significant at all levels in model 2, suggesting that an increase in a 

child’s mother’s educational attainment reduces the likelihood of a child being stunted.   

 Model 3 introduces household demographics to the equation in model 1. Controlling for 

number of household members, number of children under five in the household, household 

possession of a motorcycle, household possession of electricity, and household wealth index, 

optimal sanitation is associated with a 6.8 percentage point decrease in the likelihood of being 

stunted at the 0.001 significance level.  Intermediate sanitation remains statistically insignificant.  

With the introduction of household characteristics, both optimal and intermediate water cease to 

be statistically significant.  These results suggest that the variation in child malnutrition that was 

being attributed to drinking water quality is more accurately a function of household-specific 

characteristics, most likely factors reflecting household wealth.  In model 3, increasing number 

of members of the household is associated with a statistically significant increase in the 

likelihood of being stunted.  Increasing the number of children under five in the household from 

one to two or three increases the likelihood of being stunted by 1.9 percentage points (p-value < 

0.001).  Having four or more children in the household, compared to just one, however, is not 

statistically significant on the likelihood of being stunted in this model.  Possession of a 
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motorcycle is not statistically significant at any conventional level in this model.  Having 

electricity is associated with a 2.2 percentage point decrease in the likelihood of being stunted (p-

value <0.001), and a one unit increase in the wealth index is associated with a 2.9 percentage 

point decrease in the likelihood of being stunted at the 0.001 significance level.   

In Model 4, in which all of the confounding variables are included, having optimal 

sanitation is associated with a 5.5 percentage point decrease in the likelihood of being stunted, 

compared with having unimproved sanitation.  This result is statistically different from zero with 

99.9 percent confidence. Intermediate sanitation is not statistically significant for stunted, and, 

therefore, we cannot say with any confidence that the outcome is not the result of random 

chance.  Once again, by controlling for household demographics, optimal water and intermediate 

water are not statistically significant.   As in model 2, child age remains highly statistically 

significant and correlated with a increase in the likelihood of being stunted in all age groups, 

relative to children under six months old.  Males are again more likely to be stunted than females 

(p-value <0.001) and being firstborn is not statistically significant.  In this model, mother’s 

primary education is not statistically significant but having a secondary education or higher is 

statistically significant and associated with a decrease in the likelihood of the child being stunted.  

Increasing number of household members continues to be associated with an increase in the 

likelihood of being stunted, with the exception of 8 to 10 members, which is not statistically 

significant in this model at a conventional level.  Increasing the number of children under five in 

the household is also associated with a statistically significant increase in the likelihood of being 

stunted.  Having a motorcycle continues to be insignificant, as it has been in all models for 

stunted, but possession of electricity and increasing household wealth index are both significant 

and associated with a decrease in the likelihood of a child being stunted. 
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Table 6:  Regression Results for Dependent Variable Stunted 

 Model 11 Model 21 Model 31 Model 41 
Pseudo R2 0.0229 0.0710 0.0281 0.0747 
N 76204 71910 76132 71858 

Variable Probit 
Estimate  

Marginal 
Effect 

Probit 
Estimate  

Marginal 
Effect 

Probit 
Estimate  

Marginal 
Effect 

Probit 
Estimate  

Marginal 
Effect 

Intercept -0.191***  -1.138***  -0.067*  -1.063***  
Urban -0.196*** -0.066 -0.160*** -0.052 -0.051** -0.017 -0.048** -0.016 

Optimal sanitation -0.311*** -0.097 -0.241*** -0.075 -0.213*** -0.068 -0.174*** -0.055 

Intermediate 
sanitation 

-0.011 -0.004 -0.015 -0.005 0.001 0.0002 -0.002 -0.001 

Optimal water -0.109*** -0.036 -0.076** -0.025 0.022 0.007 0.033 0.011 

Intermediate water -0.065*** -0.022 -0.062*** -0.021 -0.011 -0.004 -0.020 -0.007 

Child age (ref = 0-6) 
months) 

        

7 to 12 months   0.673*** 0.259   0.678*** 0.251 

13 to 24 months   1.167*** 0.430   1.182*** 0.434 

25 to 36 months   1.019*** 0.375   1.031*** 0.380 

37 to 48 months   1.007*** 0.370   1.018*** 0.374 

49 to 60 months   1.045*** 0.387   1.053*** 0.389 

Child sex (male)   0.082*** 0.027   0.082*** 0.027 

Child firstborn   0.010 0.003   0.034* 0.012 

Mother’s education 
(ref = no education) 

        

Primary    -0.032* -0.011   0.003 0.001 

Secondary    -0.204*** -0.065   -0.129*** -0.042 

Higher than 
secondary  

  -0.404*** -0.118   -0.230*** -0.091 

Number of 
household members 
(ref = 1-4) 

        

5 to 7 members     0.043** 0.015 0.033* 0.011 

8 to 10 members     0.043* 0.015 0.025 0.008 

11 or more members     0.089*** 0.031 0.069** 0.023 

Number of children 
under five (ref = 1 
child) 

        

2 to 3 children under 
five 

    0.055*** 0.019 0.079*** 0.026 

4 or more children 
under five 

    0.038 0.013 0.080** 0.027 

Motorcycle     0.034 0.012 0.022 0.007 

Electricity     -0.066*** -0.022 -0.052** -0.017 

Household wealth 
index  

    -0.085*** -0.029 -0.074*** -0.025 

*p-value < .05  **p-value < .01  ***p-value < .001 

                                                           
1 Country dummies are included in all models 
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Wasted 

 Wasting is defined as a low weight-for-height measurement and is an indicator of acute 

malnutrition.  Wasting appears not to vary as a function of sanitation and water quality as much 

as stunting does.  In model 1, which shows the effects of water and sanitation quality on the 

probability of being wasted, optimal sanitation is associated with a 2.1 percentage point decrease 

in the likelihood of being wasted, compared to unimproved sanitation (p-value < 0.001).  The 

coefficients on intermediate sanitation, optimal water, and intermediate water are not statistically 

different from zero in this model. 

 In model 2, controlling for child demographics, optimal sanitation is associated with a 1.1 

percentage point decrease in the likelihood of being wasted, but is only significant at the 95 

percent confidence level.  Intermediate sanitation, optimal water, and intermediate water 

continue to be statistically insignificant.  As for the confounding variables, living in an urban 

area is not statistically significant in this model.  All age groups show an increase in the 

likelihood of being wasted compared to children age 0 to 6 months with at least 95 percent 

confidence, except children age 37 to 48 months.  Being male is associated with a 0.6 percentage 

point increase in the likelihood of being wasted compared to being female (p-value < 0.001).  

Mother’s education at all levels is associated with a decrease in the likelihood of being wasted, 

compared with having no education, at the 0.001 significance level.   

 Model 3 controls for household-specific characteristics in determining the effects of 

water and sanitation quality on the likelihood of being wasted.  In this model, optimal sanitation 

continues to be statistically significant and associated with a 1.1 percentage point decrease in the 

likelihood of being wasted (p-value < 0.05), controlling for the household-specific variables.  

Intermediate sanitation, optimal water, and intermediate water continue to be statistically 
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insignificant.  As with stunting, increased household wealth is associated with a decrease in the 

likelihood of being wasted in model 3 at the 0.001 significance level.  Unlike stunting, however, 

number household members, number of children under five, and possession of electricity are not 

statistically significantly in this model for the likelihood of being wasted.   

 Model 4 adds both child and household demographic variables to the equation which 

regresses the likelihood of being wasted on water and sanitation quality.  In this model, optimal 

sanitation ceases to be statistically significant and intermediate sanitation, optimal water, and 

intermediate sanitation also remain statistically insignificant.  All categories of child age, with 

the exception again of children age 37 to 48 months, are still associated with statistically 

significant increases in the likelihood of being wasted, compared to children under six months of 

age.  Being male is still significant and associated with an increase in the likelihood of being 

wasted, relative to females.  Increasing mother’s education at all levels is statistically significant 

and associated with a decrease in the likelihood of being wasted, compared to a mother with no 

education.  Increasing household wealth is also associated with a statistically significant decrease 

in the likelihood of a child being wasted. 

 These results suggest that improving drinking water or sanitation quality is not correlated 

with a substantial decrease in the probability of a child being wasted.  Since wasting is a 

measurement of acute malnutrition, it suggests that acute malnutrition may be less a function of 

complex social characteristics, like drinking water quality and improved sanitation facilities, for 

example, and may instead be more a function of direct inputs, such as illness or an immediate 

lack of food. 
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Table 7:  Regression Results for Dependent Variable Wasted 

 Model 12 Model 22 Model 32 Model 42 
Pseudo R2 0.0215 0.0390 0.0261 0.0411 
N 76204 71910 76132 71858 

Variable Probit 
Estimate  

Marginal 
Effect 

Probit 
Estimate  

Marginal 
Effect 

Probit 
Estimate  

Marginal 
Effect 

Probit 
Estimate  

Marginal 
Effect 

Intercept -1.301***  -1.484***  -1.107***  -1.356***  

Urban -0.083*** -0.010 -0.033 -0.004 0.046* 0.006 0.043 0.005 

Optimal sanitation -0.184*** -0.021 -0.092* -0.011 -0.094* -0.011 -0.046 -0.006 

Intermediate 
sanitation 

0.017 0.002 -0.006 -0.001 0.030 0.004 0.006 0.001 

Optimal water -0.066 -0.008 -0.060 -0.007 0.040 0.005 0.007 0.001 

Intermediate water -0.031 -0.004 -0.012 -0.001 0.020 0.003 0.019 0.002 

Child age (ref = 0-6) 
months) 

        

7 to 12 months   0.372*** 0.058   0.375*** 0.058 

13 to 24 months   0.379*** 0.057   0.382*** 0.057 

25 to 36 months   0.151*** 0.020   0.154*** 0.021 

37 to 48 months   0.050 0.006   0.055 0.007 

49 to 60 months   0.070* 0.009   0.073* 0.010 

Child sex (male)   0.051*** 0.006   0.052*** 0.006 

Child firstborn   0.015 0.002   0.019 0.002 

Mother’s education 
(ref = no education) 

        

Primary   -0.163*** -0.020   -0.132*** -0.016 

Secondary 
education 

  -0.267*** -0.030   -0.208*** -0.024 

Higher than 
secondary  

  -0.529*** -0.046   -0.460*** -0.042 

Number of 
household members 
(ref = 1-4) 

        

5 to 7 members     0.003 0.0004 0.011 0.001 

8 to 10 members     0.017 0.002 0.015 0.002 

11 or more members     0.041 0.005 0.023 0.003 

Number of children 
under five (ref = 1) 

        

2 to 3 children under 
five 

    -0.005 -0.001 0.005 0.001 

4 or more children 
under five 

    0.010 0.001 0.013 0.002 

Motorcycle     -0.010 -0.001 -0.012 -0.001 

Electricity     -0.010 -0.001 0.020 0.003 

Household wealth 
index 

    -0.087*** -0.011 -0.065*** -0.008 

*p-value < .05  **p-value < .01  ***p-value < .001 

                                                           
2 Country dummies are included in all models. 
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Underweight 

A child with a low weight-for-age measurement is defined as underweight.  This 

measurement can be an indicator of either chronic, acute, or both forms of malnutrition.  In 

model 1, which shows the effects of water and sanitation quality on the likelihood of being 

underweight, optimal sanitation is associated with a highly statistically significant 8.7 percentage 

point decrease in the likelihood of being underweight, compared to unimproved sanitation (p-

value < 0.001), controlling for urban residence and country effects. Intermediate sanitation is not 

statistically significant at any conventional levels.  Optimal and intermediate water are both 

associated with statistically significant decreases in the likelihood of a child being underweight 

at the 99.9 percent confidence level.   

Model 2 introduces child- and maternal-specific variables.  In this model, optimal 

sanitation is again statistically significant at all conventional levels and associated with a 7 

percentage point decrease in the likelihood of being underweight, while intermediate sanitation 

remains insignificant, compared to unimproved sanitation.  Optimal water is associated with a 

1.7 percentage point decrease in the likelihood of being underweight at the 0.05 significance 

level and intermediate water is associated with a 1.2 percentage point decrease in the likelihood 

of being underweight at the 0.001 significance level, relative to having unimproved water 

quality.  All of the confounding variables included in this model are statistically significant with 

at least 95 percent confidence and reflect the directions this analysis expected. 

Model 3 controls for household demographics.  In this model, optimal sanitation is 

associated with a 6.1 percentage point decrease in the likelihood of being underweight, compared 

to unimproved sanitation and holding the other variables in this model constant (p-value < 

0.001).  Intermediate sanitation is statistically significant in this model, but is associated with a 1 
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percentage point increase in the likelihood of a child being underweight (p-value < 0.05).  

Optimal water is also associated with a slight increase in the likelihood of being underweight (p-

value < 0.05).  Intermediate water is not statistically significant in this model, when household 

variables are included.   The coefficient on urban is not statistically significant in this model and 

suggests that there is some variation in the likelihood of being underweight that was previously 

attributed to living in an urban area that is more accurately a function of specific household 

characteristics, presumably wealth.  As for the other independent variables, increasing the 

number of household members is associated with a statistically significant increase in the 

likelihood of being underweight.  Moving to two or three children under five in the household 

from just one child under five is associated with a 1.3 percentage point increase in the likelihood 

of being underweight (p-value < 0.001).   Moving to four or more children, however, is not 

statistically significant in this model.  Having a motorcycle is statistically insignificant, but 

having electricity in the household is associated with a 1.9 percentage point decrease in the 

likelihood that a child will be underweight (p-value < 0.001).  Household wealth is also 

statistically significant and suggests a 2.9 percentage point decrease in the likelihood that a child 

will be underweight. 

Model 4 adds all of the confounding variables to the regression.  In this case, optimal 

sanitation is associated with a 5.5 percentage point decrease in the likelihood of being 

underweight, compared to having unimproved sanitation (p-value < 0.001).  Intermediate 

sanitation, optimal water, and intermediate water are not statistically significant at any 

conventional level in model 4.  These results again suggest that the variation in child 

malnutrition that was being attributed to drinking water quality is more accurately a function of 

household-specific characteristics, mostly likely factors reflecting household wealth.  Child age,  
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Table 8:  Regression Results for Dependent Variable Underweight 

 Model 13 Model 23 Model 33 Model 43 
Pseudo R2 0.0265 0.0724 0.0348 0.0777 
N 76204 71910 76132 71858 

Variable Probit 
Estimate 

Marginal 
Effect 

Probit 
Estimate 

Marginal 
Effect 

Probit 
Estimate 

Marginal 
Effect 

Probit 
Estimate 

Marginal 
Effect 

Intercept -0.379***  -1.352***  -0.204***  -1.268***  
Urban -0.184*** -0.048 -0.125*** -0.032 -0.002 -0.0004 0.004 0.001 

Optimal sanitation -0.369*** -0.087 -0.309*** -0.070 -0.250*** -0.061 -0.238*** -0.055 

Intermediate 
sanitation 

0.028 0.008 0.012 0.003 0.038* 0.010 0.022 0.006 

Optimal water -0.103*** -0.027 -0.069* -0.017 0.061* 0.017 0.058 0.015 

Intermediate water -0.056*** -0.015 -0.048*** -0.012 0.011 0.003 0.001 0.0002 

Child age (ref = 0-6) 
months) 

        

7 to 12 months   1.020*** 0.342   1.029*** 0.345 

13 to 24 months   1.216*** 0.397   1.230*** 0.401 

25 to 36 months   1.113*** 0.361   1.127*** 0.365 

37 to 48 months   0.974*** 0.310   0.987*** 0.314 

49 to 60 months   1.014*** 0.329   1.022*** 0.331 

Child sex (male)   0.046*** 0.012   0.047*** 0.012 

Child firstborn   0.034* 0.009   0.066*** 0.017 

Mother’s education 
(ref = no education) 

        

Primary    -0.150*** -0.038   -0.108*** -0.027 

Secondary 
education 

  -0.327*** -0.078   -0.239*** -0.058 

Higher than 
secondary  

  -0.597*** -0.117   -0.474*** -0.100 

Number of 
household members 
(ref = 1-4) 

    

5 to 7 members     0.040** 0.011 0.043* 0.011 

8 to 10 members     0.084*** 0.023 0.072*** 0.019 

11 or more members     0.128*** 0.036 0.108*** 0.029 

Number of children 
under five (ref = 1) 

        

2 to 3 children under 
five 

    0.048*** 0.013 0.079*** 0.020 

4 or more children 
under five 

    0.024 0.007 0.078** 0.021 

Motorcycle     0.036 0.010 0.026 0.007 

Electricity     -0.071*** -0.019 -0.046* -0.012 

Household wealth 
index 

    -0.109*** -0.029 -0.088*** -0.023 

*p-value < .05  **p-value < .01  ***p-value < .001 

                                                           
3 Country dummies are included in all models 
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child sex, child being firstborn, number of household members, and number of children under 

five are all associated with a statistically significant increase in the likelihood of being 

underweight, relative to their respective reference categories.  Mother’s education, household 

possession of electricity, and household wealth index are all correlated with a statistically 

significant decrease in the likelihood of being underweight, relative to their respective reference 

categories, and holding all of the other variables in the model constant.   

Discussion 

These results suggest that there is a strong negative correlation between having optimal 

sanitation facilities and the likelihood of a child at least being chronically malnourished, 

compared to having unimproved sanitation facilities.  This relationship is much more 

consistently statistically significant than the relationship between improved water quality and 

malnutrition.  Furthermore, the magnitude of the decreases in the likelihood of child malnutrition 

associated with having optimal sanitation are greater than the estimated decreases attributed to 

increased water quality.  For example, the results suggest that having optimal sanitation is 

associated with a 9.7 percentage point decrease in the likelihood of a child being stunted, 

compared to having unimproved sanitation, but optimal water is associated with only a 3.6 

percentage point decrease, compared to having unimproved water.  The greater magnitude of the 

decrease in malnutrition associated with optimal sanitation continues throughout all of the 

models until optimal water ceases to be statistically significant.   These results appear to confirm 

the hypothesis that improving sanitation quality has a greater impact on child malnutrition than 

improving water quality. 

Intermediate sanitation quality confounds expectations in all models for all of the 

outcome variables.  This incongruity may be a reflection of a limitation in the variable’s code, 
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although these results remained similar despite many incarnations of intermediate sanitation 

attempted in this analysis.  Intermediate sanitation is defined in this study as a covered pit latrine 

or a composting toilet that is not shared by more than one household.  In may be the case that 

successfully containing human waste is not sufficient for reducing the risks of contamination and 

illness.  Optimal sanitation, defined here as flush toilets or water-based sanitation, removes the 

waste from the household or communal areas and it may be this function that reduces the risks of 

child malnutrition rather than just waste containment. 

Interaction Effects 

 An additional goal of this analysis was to separate out the effects of water and the effects 

of sanitation on child malnutrition. The hypothesis was that the effect of having quality 

sanitation on the probability of a child being malnourished will differ as a function of the level of 

water quality, and vice versa.  This analysis employs interaction variables to test for these 

effects.  In model five, optimal water and optimal sanitation are interacted and a regression is run 

without confounding variables, with the exception of country dummy variables to control for any 

country-specific variation.  In model six, the other confounding variables in this study are 

included, along with the interaction term.  In both of these models, the reference categories are 

any quality of drinking water source other than optimal and any quality of sanitation facility 

other than optimal. 

Stunted 

 In model 5, which includes optimal sanitation, optimal water, and the interaction between 

them, the coefficient on optimal sanitation is negative and statistically significant (p-value < 

0.001), relative to non-optimal sanitation, while the coefficient on optimal water is not  
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statistically significant, relative to non-optimal water.  The coefficient on the interaction term is 

statistically significant at the 0.001 significance level.  The marginal effects of the interaction 

term suggest that having optimal sanitation and non-optimal water decreases the probability of 

being stunted to a greater degree than having optimal water and non-optimal sanitation.  Having 

both optimal sanitation and optimal water decreases the probability of being stunted by roughly 

the same magnitude as having optimal sanitation but non-optimal water.  The coefficient on the 

interaction term in model 6, when all of the confounding variables are controlled for, is not 

statistically significant, indicating that it cannot be said with any certainty that the results are not 

the result of random chance.  These results are shown in Table 9. 

Table 9:  Interaction Results for Dependent Variable Stunted 
Regression results for models with interaction between optimal sanitation and optimal water when dependent 
variable = stunted. 

 Model 5 Model 6 

Variable Probit estimate Margin Probit estimate Margin 
Optimal sanitation  -0.490***  -0.191***  

Optimal sanitation = 0  0.297  0.295 

Optimal sanitation = 1  0.159  0.238 

Optimal water 0.015  0.076  

Optimal water = 0  0.294  0.291 

Optimal water = 1  0.234  0.301 

Interaction between optimal sanitation and 
optimal water 

-0.211***  -0.047  

Optimal sanitation = 0 & Optimal water =  0  0.304  0.294 

Optimal sanitation = 0 & Optimal water =  1  0.240  0.303 

Optimal sanitation = 1 & Optimal water =  0  0.159  0.236 

Optimal sanitation = 1 & Optimal water =  1  0.163  0.258 

*p-value < .05  **p-value < .01  ***p-value < .001    
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Table 10:  Interaction Results for Dependent Variable Wasted 
Regression results for models with interaction between optimal sanitation and optimal water when dependent 
variable = wasted. 

 Model 5 Model 6 
Variable Probit estimate Margin Probit estimate Margin 
Optimal sanitation  -0.220***  0.019  
Optimal sanitation = 0  0.075  0.075 

Optimal sanitation = 1  0.049  0.076 

Optimal water -0.005  -0.058  

Optimal water = 0  0.074  0.075 

Optimal water = 1  0.068  0.085 

Interaction between optimal sanitation and 
optimal water 

-0.038  0.134  

Optimal sanitation = 0 & Optimal water =  0  0.076  0.074 

Optimal sanitation = 0 & Optimal water =  1  0.070  0.085 

Optimal sanitation = 1 & Optimal water =  0  0.049  0.077 

Optimal sanitation = 1 & Optimal water =  1  0.049  0.069 

*p-value < .05  **p-value < .01  ***p-value < .001 

 

Wasted 

 The coefficients on the interaction term for the likelihood of being wasted are not 

statistically significant at any conventional level in either model 5 or model 6.  These results are 

shown in Table 10. 

Underweight 

 As with stunting, the coefficient on optimal sanitation is negative and statistically 

significant (p-value < 0.001), while the coefficient on optimal water is not statistically 

significant, in model 5.  The coefficient on the interaction term is statistically significant at the 

0.001 significance level and the marginal effects suggest, again, that having optimal sanitation 

and non-optimal water decreases the probability of being underweight to a greater degree than 

having optimal water and non-optimal sanitation.  Once again, when the other confounding 

variables are held constant at their means, the coefficient on the interaction term in model 6 is 

not statistically significant at any conventional level.  These results are shown in Table 11. 
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Table 11:  Interaction Results for Dependent Variable Underweight 
Regression results for models with interaction between optimal sanitation and optimal water when dependent 
variable = underweight. 

 Model 5 Model 6 

Variable Probit estimate Margin Probit estimate Margin 

Optimal sanitation  -0.535***  -0.230***  

Optimal sanitation = 0  0.206  0.205 

Optimal sanitation = 1  0.092  0.150 

Optimal water 0.035  0.084  

Optimal water = 0  0.203  0.201 

Optimal water = 1  0.157  0.215 

Interaction between optimal sanitation and 
optimal water 

-0.221***  -0.033  

Optimal sanitation = 0 & Optimal water =  0  0.211  0.204 

Optimal sanitation = 0 & Optimal water =  1  0.162  0.217 

Optimal sanitation = 1 & Optimal water =  0  0.092  0.148 

Optimal sanitation = 1 & Optimal water =  1  0.097  0.167 

*p-value < .05  **p-value < .01  ***p-value < .001 

 

 The results from the interaction models continue to support the rest of the analysis.  

Water and sanitation quality seems to have a much more strongly correlated relationship with 

chronic malnutrition than acute malnutrition.  In addition, these interaction regressions 

corroborate the original hypothesis that improving sanitation facilities will decrease child 

malnutrition to a greater degree than improving water quality.  The decrease in the likelihood of 

chronic child malnutrition associated with improving sanitation is more or less constant whether 

water is of optimal or non-optimal quality.  The decrease in the likelihood of child malnutrition 

associated with improving water quality, however, gets larger when the household moves from 

non-optimal sanitation to optimal sanitation.  These results suggest that improving drinking 

water quality will only have best possible result on child malnutrition when sanitation facilities 

are also of high quality, but the improvement in child malnutrition associated with improving 

sanitation is minimally affected by water quality.  These conclusions are significant only when 

other variables are not included in the model. 
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POLICY IMPLICATIONS AND CONCLUSIONS 
 

 Sub-Saharan Africa lags behind the rest of the world in access to clean drinking water 

and adequate sanitation facilities (WHO/UNICEF 2010).  This deficiency contributes to 

increased child mortality, decreased economic growth, and, as this analysis shows, increased 

probability of child malnutrition.  This analysis contributes to the literature that proposes that 

there are significant economic and social development implications of increasing access to clean 

drinking water and basic sanitation.  It further adds to the limited literature on child malnutrition 

and drinking water/sanitation quality by increasing the number of countries used, focusing 

exclusively on sub-Saharan Africa, using more recent data, and exploring the relationship 

between the interactions of water quality and sanitation quality. 

 This analysis concludes that a child living in a household with a flush toilet or water-

based sanitation into a piped sewer system, septic tank, or pit latrine is less likely to be 

chronically malnourished than a child living in a household with unimproved sanitation and that 

this relationship holds true even when controlling for household wealth, maternal education, and 

child age, among other confounding variables.  Improving drinking water quality is, in some of 

the models, also associated with a decrease in the likelihood of a child being chronically 

malnourished, but these results are less often statistically significant, and when they are 

significant, the magnitude of the decrease is smaller.  This analysis appears to corroborate the 

claims of previous studies that improving sanitation facilities has a greater effect on health than 

improving water quality.   

Water and sanitation are almost always discussed together, and while they are correlated, 

clean drinking water does not guarantee adequate sanitation nor vice versa. This analysis 

suggests that health benefits, specifically to child nutrition, provided by improving drinking 
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water quality will be greater when sanitation is at an optimal quality. The effects of improving 

sanitation on child malnutrition, however, do not vary markedly whether water is of optimal or 

non-optimal quality. Furthermore, this analysis suggests that improving sanitation quality alone 

is more likely to reduce child malnutrition than improving water quality alone.  This analysis 

submits that the implication for policy makers needs to be a greater focus on improving 

sanitation facilities.  This increased focus will involve both a redirection of resources from 

improving clean water to greater investment in improving sanitation facilities and also an 

increase in the research and development of sustainable sanitation technologies.   

This analysis found conflicting and unexpected results when sanitation facilities are 

upgraded from unimproved to intermediate levels of quality.  This limitation requires further 

study.  Further, it is clear that there are many more variables that affect child malnutrition than 

could be included in this analysis, and these should be controlled for in future studies.  Cost-

benefit analyses of global sanitation coverage versus global clean water provision have not 

included savings from preventing or alleviating child malnutrition.  This study and others like it 

should be used to create more accurate cost-benefit analyses that include the differing effects of 

water and sanitation quality on child malnutrition.  More accurate numbers are crucial to 

providing the best possible information to policy makers and aid organizations, when 

determining the direction and scope of project funding. 

Access to clean drinking water and safe sanitation facilities is important for human health 

and well-being.  This analysis suggests such access is also important to the nutritional welfare of 

children and should, therefore, be of significant consequence to international development policy 

makers. 
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